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Preface

The Learning Ideas Conference began life in 2008 as the International Conference
on E-Learning in the Workplace (ICELW), which focused on new and interesting
work relating to workplace learning. As ICELW evolved, it began to seem more
and more critical to integrate work from higher education along with workplace
learning, broadening the focus to adult learning in various forms, and to expand
beyond the term “e-learning.” The conference integrated one of its sister confer-
ences, the International Conference on Interactive Collaborative and Blended
Learning (ICBL), added the more technical Adaptive Learning via Interactive,
Collaborative and Emotional Approaches (ALICE) workshop as a special track, and
was reborn and rebranded as the Learning Ideas Conference.

With the subtitle “Innovations in Learning and Technology for the Workplace
and Higher Education,” the conference’s goal is to bring together people from
around the world to help reimagine what learning can be, particularly using, and
inventing, new technologies.

The Learning Ideas Conference 2021 was held as a fully online event due to the
COVID-19 pandemic and was the first conference under the new name. The con-
ference featured 5 fantastic keynote speakers:

Prof. Dr. Ilona Buchem, Professor of Media and Communication, Faculty of
Economics and Social Sciences, Beuth University of Applied Sciences Berlin,
Berlin, Germany. “Wearable Enhanced Learning (WELL): Trends, Opportunities,
and Challenges.”

Deborah Howes, Professor, Museum Studies Program, Johns Hopkins
University, and President of Howes Studio Inc, New York, NY, USA. “Museums
as Catalysts for Digital Learning.”

Michael Kanaan, Director of Operations, Department of the Air Force/MIT
Artificial Intelligence, Cambridge, Massachusetts, USA. “Artificial Intelligence:
Reaching the End of the Rainbow.”

David Kelly, EVP and Executive Director, The Learning Guild, New York, NY,
USA. “A Look Ahead: The Now and the Next of Learning and Technology within
Organizations.”

v



Alicia Sanchez, Ph.D., Director of Innovation, Defense Acquisition University,
Department of Defense, Fort Belvoir, Virginia, USA. “Learning on the Seam: The
Intersection between Learning Science and User-Centered Design.”

The conference featured a panel discussion entitled “The Future of Learning:
Reimagining Education and its Impact on Society,” along with dozens of other
sessions, over a 5-day period, from June 14 to 18, 2021. All papers were
double-blind peer reviewed.

I very much appreciate all of the work it took to make The Learning Ideas
Conference 2021 a success, from our keynotes, our Executive Committee and
Program Committee members, our reviewers, and of course our conference orga-
nizing team.

I am looking forward to The Learning Ideas Conference 2022, to be held as a
hybrid event, both in New York and online.

David Guralnick
Conference Chair, The Learning Ideas Conference 2021
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Dynamic Plan Generation and Digital
Storyboarding for the Professional Training

of Accident Prevention with Time Travel Games

Oksana Arnold1, Ronny Franke2, Klaus P. Jantke3(B), and Hans-Holger Wache4

1 Fachhochschule Erfurt, Altonaer Str. 25, 99085 Erfurt, Germany
oksana.arnold@fh-erfurt.de

2 Fraunhofer Institut für Fabrikbetrieb und -Automatisierung IFF, Sandtorstr. 22,
39106 Magdeburg, Germany

3 ADICOM Software, Frauentorstr. 11, 99423 Weimar, Germany
klaus.p.jantke@adicom-group.de

4 Berufsgenossenschaft Rohstoffe und Chemische Industrie, Präventionszentrum Berlin,
Innsbrucker Str. 26/27, 10825 Berlin, Germany

Abstract. Time travel games are a recent form of edutainment media having high
potential in areas such as environmental education and prevention training. Time
travel prevention games for purposes such as accident prevention in the industries
are advantageous due to their conservation of resources including human health
and lives. They are affective by allowing for unprecedented learner/player/trainee
experiences, and they are effective due to the fascination of application-oriented
game play including opportunities to influence the fate, the latter being less close
to reality — but the more attractive and worth telling. Digital storyboarding is
the ultimate design methodology allowing for properly dovetailing pedagogical
and game design. It works simultaneously bottom-up, top-down, or both at once
in interdisciplinary teams flexibly in space and time. Storyboarding is the organi-
zation of future learner/player/trainee experiences. The expressive power and the
reach of digital storyboarding is due to its roots in dynamic plan generation for
the mastery of disturbances in the industries. Storyboards are finite hierarchically
structured families of graphs small in size encoding patterns of game design, prin-
ciples of didactics, and their interference. The technology particularly supports the
design of time travel adaptive to the players’ needs and goals aiming at affective
experiences and effective learning.

Keywords: Time travel game · Time travel prevention game · Game design ·
Didactic design · Design of experience · Dynamic plan generation · Adaptivity ·
Accident prevention training · Patterns of game design · Didactic principles

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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4 O. Arnold et al.

1 Introduction

It makes a difference whether a human learner or trainee has experienced an accident,
especially a self-induced one. However, this shall not be misinterpreted as a call for a
didactic principle of deliberately damaging industrial installations or injuring humans
at their workplace for more affective and effective learning about accident prevention.

Apparently, there is an alternative— virtual training environments in which humans
can act and interact without fear and without the danger of real damages and injuries.
The authors’ approach is to offer affecting experience to learn from—preferably human
experience so touching and exciting that learners and trainees find it worth telling.

This includes that damage happens, that accidents take place — of course, virtually.
But how to learn effectively? Just making a mistake does not imply that you learn from
it. The key idea advocated by means of this paper is, roughly, virtual time travel.

The term time travel prevention game has been coined at the conference and expo
Deutscher Präventionstag in 2015 with a focus on crime prevention [18]. Currently,
we consider so-called time travel games, in general, and classify according to didactic
concepts into time travel exploratory games [6] and time travel prevention games as
dealt with in the present contribution.

Before we introduce the technicalities in as much detail as necessary and before we
demonstrate how to wield the tools, this section shall be completed by an illustration.

Imagine a training session inwhich a trainee is striving hard to solve a certain problem
in the virtual world of the training environment. Training is particularly relevant for
tasks of high complexity and risk. Consequently, incorrect operations and inaccuracies
are likely. If a virtual accident occurs in the virtual world, it is impressively animated to
clearly articulate the problem. But trainees should not get stuck at any point of no return.
Therefore, they get offered time travel opportunities indicated by iconic visualizations,
such as the Tardis-like one in Fig. 1. This is accompanied by an information of what to
do next.

Fig. 1. Entrance point to time travel.

Travelling back in time brings with it a chance to think about what went wrong and
to act more successfully the next time. Even repeated journeys in time may take place
(Fig. 2).
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Fig. 2. These three screenshots visualize one of the authors’ implementations of a time tunnel.
The objects in the tunnel represent a trainee’s activities and move backwards or forwards, resp.,
in dependence on pressing the upper left or right button. A click to the central button selects the
object on display and starts a journey in time back to the point of handling the current object.

2 Dynamic Plan Generation

In complex dynamic environments — the application domain of reference [1] is the
therapy of disturbed industrial installations that shall be brought back to a normal mode
of operation — it is undecidable at the time of plan generation whether a plan under
construction will ultimately succeed or not.

Therefore, plan generation does not result in a single plan, but in a space of plans.
At execution time, this space is dynamically traversed. Decisions are made at the time
of execution in dependence on dynamic data. As a result, there emerges a successful
conventional plan in the very end — planning is learning [5].

The aim of this section is to survey the essentials of dynamic plan generation with
technicalities as few as possible. The focus is on those concepts that are important to
the authors’ storyboarding approach and to the development of time travel prevention
games and their deployment in practical training for accident prevention.

2.1 Concepts of Dynamic Plan Generation

Finite directed graphs with entry nodes and exit nodes — graph concepts that are called
pin graphs [14] — are the building blocks of plans. If one keeps these graphs small and
simple in structure, this will lead to explainable plans and allows for the negotiation
of planning details in interdisciplinary teams of stakeholders. Later on, the authors’
storyboarding approach will substantially rely on this simplicity and its relevance for
the co-operation of interdisciplinary teams of educators, psychologists, game designers,
AR and VR specialists, and others.
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All graphs may have two types of nodes — compound nodes and elementary nodes.
The latter are having a semantics in the domain such as a repair action or cooling a
unit for a certain duration. There may be alternative meanings having conditions of
execution to control their respective deployment. Compound nodes are placeholders for
graph substitution. At this place, it becomes obvious that we need a whole set of pin
graphs.

Fig. 3. By way of illustration, we present some pin graph, not from the process therapy domain,
but from the domain of time travel prevention games to be studied in more detail subsequently.

The collapsed boxes in Fig. 3 denote elementary nodes, whereas the larger boxes are
compound nodes. The semantics of the ‘Result’ node depends on some data from the
actions performed before and may be a cutscene displaying the successful completion
of the task or, alternatively, an animated accident. There may be varying substitutions
for compound nodes, such as a dialogue to prepare for time travel. The ‘Execution’
compound node may be replaced by varying sequences of actions.

Following reference [1], a plan P is a finite hierarchically structured family F of
pin graphs together with a distinguished graph G1 in F, which is considered top level.
Furthermore, every compound node in any graph in F gets assigned the graphs that may
be used to expand this node. In addition, every graph has a substitution condition that
determines the dynamic conditions in which this graph may be used.

The hierarchical structure of F is due to the regulations of substituting pin graphs
into one another. There are a few more technicalities that may remain under the hood.

2.2 Dynamic Plan Generation as Graph Expansion

At planning time, the values of variables that occur in logical conditions like those for
the replacement of a node by a graph may be unknown and substitution is suspended.

At execution time, current values of variables determine admissible replacements.
Sometimes, substitutions take place immediately before the execution of the actions.

The authors are aware of the problem that the presentation of the plan generation
algorithm on display in Fig. 4 is a bit dense, so to speak. For the purpose of the present
contribution, some essentials of dynamic planning that are relevant to the storyboarding
approach shall be discussed in more detail. In doing so, we will use a slightly simplified
font.
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Fig. 4. This plan generation algorithm from reference [3], Figure 4 on page 23 (see also reference
[1], Figure 3.12 on page 149), demonstrates that the process of planning effectively is graph
processing [4]. The decisive plan generation steps are graph rewriting — see step 3.3.3.i in this
figure — and graph substitution — see step 3.3.3.ii.

The top-level graph of a plan above is named Gi. A family of graphs F’ contains
all the available alternative substitutions for compound nodes. By way of illustration,
readers may have a look at Fig. 3 with the compound node ‘Time Travel.’ Fig. 5 shows
an expansion of this node by substitution of a whole graph.

The expansion begins at the entry nodes of Gi as a leftmost depth-first rewriting.
The flat nodes of a graph like ‘Result’ in Fig. 3 are called elementary. Elementary nodes
are no subject to expansion, as they have an operational meaning in the domain. This
motivates the introduction of the term active. A node is active — see step 3.1 in the
description of the planning algorithm — if it is a compound node and all preceding
nodes are elementary.

Intuitively, active nodes are compound nodes that are ‘reached’ in the planning
process. All preceding substitution decisions have been made. It is now time to decide
about the active node. It may happen that this takes place as late as at execution time.
At earlier time points, data to resolve conflicts of graph substitution may be missing.

Substitution of a compound node v by a graph of F’ brings in new nodes. These nodes
may be elementary or compound. In case there is at least one new compound node, the
algorithm needs to find an active one — intuitively, one that is leftmost. Therefore,



8 O. Arnold et al.

we speak about leftmost rewriting. Those compound nodes are replaced next. When
newly introduced compound nodes are replaced, further compound nodes may occur.
The planner is called recursively (see step 3.3.2.iv of the planning algorithm). Finally,
if the substitution of the node v including all newly introduced lower level compounds
is completed and only elementary nodes are left over, the process of plan generation
proceeds, so to speak, to the right. The rewriting is leftmost depth-first.

Notice that the process of plan generation is — to some extent — non-deterministic.
There is a set of active nodes A. The selection of a node v from A is not controlled.
Furthermore, sub(v) is a set of all the graphs — more precisely, the names of the graphs
— that are foreseen as potential replacements for the compound node named v. When
t0 is the time point of expanding the node v, the planner checks the current data of the
system, the process, and the environment (see the lower and upper indices t0 and cons,
resp., in step 3.2). Names of graphs that are admissible for substitution — i.e., their
substitution conditions are currently consistent with the data, are collected in some set
named subcurr(v). From these graphs in F’, the algorithm selects one for the replacement
of the compound node v. When dealing with severely disturbed industrial processes, the
occurrence of non-determinism is a lucky case. It means that there is more than only one
repair action – therapy action in reference [1] – executable.

In edutainment and, in particular, in game-based learning, the non-determinism in the
process of unfolding player/learner/trainee experience at the time of learning, playing,
or training brings with it variety — an important criterion of didactic quality.

The planning methodology sketched above will be carried over to didactic and game
design subsequently called digital storyboarding.

3 Digital Storyboarding

Digital storyboards are highly modular design documents that specify on hierarchical
layers of granularity — see the concept of layered languages of ludology introduced by
reference [15] and applied to complex game studies by reference [26] – even large-scale
applications [2].

The advantage of the present digital storyboard concept over earlier conventional
approaches is that the digital storyboards developed on the basis of dynamic planning
are executable. With an appropriate interpreter at your fingertips you can run a dig-
ital storyboard — the storyboard itself is the program. This innovative methodology
that unfortunately goes far beyond the limits of the present conference paper is called
storyboard interpretation technology [11].

Essentials of the authors’ concepts of storyboards and storyboarding as introduced
by reference [20] are carried over from the dynamic planning approach as sketched in
the preceding section.

Basically, a storyboard is a hierarchically structured family of directed pin graphs
with compound nodes and/or elementary nodes. The compound nodes are named
episodes and the elementary nodes are scenes.

Logical conditions that control the expansion of episodes and that determine the
scenes’ semantics, respectively, refer to the interaction history — i.e. to game play and
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Fig. 5. Replacement of the episode ‘Time Travel’ by some graph (surrounded by a dashed line)
that consists of 2 episodes ‘Offering Time Travel’ and ‘Choice of Destination’ and of 2 scenes.

its effects, to the player/learner/trainee profile, and to environmental data. Consider, by
way of illustration, the episode ‘Time Travel’ in the graph on display in Fig. 3.

Figure 5 shows one alternative result of replacing the episode — compound node,
in terms of dynamic plan generation — ‘Time Travel’ in the storyboard graph of Fig. 3.
A potential expansion of the new episode ‘Offering Time Travel’ will be presented in
Sect. 5 below. A variant of how to perform a ‘Choice of Destination’ is sketched in Fig. 2
via the authors’ time tunnel with the opportunity to select objects on display.

The scenes ‘UM’ and ‘VWU’ mean user modeling and virtual world updates, resp.
All edges in a storyboard graph have their execution conditions. The edges out of the
‘VWU’ scene have complementary conditions that refer to the destination selected.

Storyboarding means the design of experience, as reference [20] put it. The design
process is iterative and interdisciplinary. Take the design of user models that evolves
throughout negotiations of where, when, and why to use these data.

4 Patterns of Didactics and Game Design

Storyboarding allows for a much more precise and in-depth treatment of patterns in
game design than some previous approaches like reference [8]. The authors keep the
present section on patterns short and refer to another very recent discussion in reference
[6], Sect. 8.

Very roughly speaking, storyboard graphs represent ideas, principles, and concepts
of pedagogy, of game design, and of the interference of them. Those concepts that are
implemented become structurally visible. From this particular perspective of design,
digital storyboarding is the methodology of interdisciplinary didactic and game design,
and storyboard graphs are the carriers that bring these ideas into the media system.

4.1 Patterns and Varying Instances

A particular aspect not to be underestimated when dealing with time travel games shall
be briefly illustrated and discussed — repeated time travel.

Figure 6 shows a refinement of the graph in Fig. 5. There are two edges outgoing from
the episode node ‘Offering Time Travel’ that need complementary conditions. When it
may happen that players fail to master a certain task repeatedly and, therefore, need
several attempts to try it again, an adaptive system assistance is required [22, 25]. For
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Fig. 6. Refinement of the pattern of time travel to deal with some repeatedly occurring accident.

this purpose, a time travel counter is inserted into the user model. Designers, especially
educators and domain specialists, decide howmany times they want to allow the trainees
to choose their destinations when traveling backward in time by themselves. If a limit is
set, the actual value is checked, and if the limit is exceeded, the system can take over and
determines the point in time to travel to. Setting varying limits leads to varying training
experiences.

4.2 Occurring Instances and Their Patterns

Which instances of a pattern really occur when a time travel prevention game is used
may inform the designers about the effectiveness of their design decisions.

The occurrence of instances can be used as indicators ofmastery [16].Hence, patterns
and their occurring instances open access to a systematic assessment. Needless to say,
this brings with it several issues of data protection and privacy.

4.3 Patterns of Game Characteristics

Taxonomies are key to the understanding and to the mastery of digital games, especially
for their exploitation aiming at affective and effective learning [19]. Reference [16]
explicitly relate taxonomies to storyboard patterns, whereas references [10, 12], and
others, do not identify any connection like this.

By way of illustration, let us have a closer look at pervasive games in which human
players act in the real world that is virtually interwoven with a digital game world. What
players may experience and, thus, potentially learn or train does essentially depend on
characteristics of the dovetailing of these two worlds. In pervasive games [27], story-
boards explicitly represent features decisive to learning [2, 7, 21]. Storyboards — more
precisely, patterns in storyboards— explicate the way in which data flow from oneworld
in the other and how and why virtual objects establish meaning in the real world.

As discussed above and to be demonstrated in the next section, storyboarding is an
appealing methodology of interdisciplinary communication in game design superior to
tables of parallel text proposed elsewhere [13].
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By way of illustration, let us briefly analyze the question for forward time travel
in prevention games. Recall the representation of backward time travel as specified by
storyboard graphs on display in the Figs. 4 and 6 and think of our time tunnel.

Fig. 7. Virtual forward time travel that leads to completely new phenomena visualized; dotted
and dashed lines are not new features of storyboards; they shall only simplify references.

In a time travel prevention game, backward time travel is initiated by an accident or
by any other undesirable event. Forward time travel is intended to provoke the human
player’s imagination. “Have you any idea of the implications of your doing? Let’s have
a look into the future.” Something like that may be the form of offering a virtual time
travel.

But to what point in time to travel forward …? There are no objects familiar to the
trainee that could be visualized in the time tunnel. How to name future events Fi …?

Assume that a human trainee has been traveling forward in time to F1, F2, or F3.
What is an appropriate point in time to return to afterwards (dotted lines in Fig. 7)?
Definitely, this should not be the time point of departure, because at this point, it may
be too late to correct earlier erroneous behavior. Is repeated time travel still useful?

There are other designs than the one on display in Fig. 7. However, a storyboard
graph like the one above is an ideal tool for communication among different experts. It
makes certain characteristics of the ideas under discussion explicit.

5 Time Travel Prevention Games at Work

This section is intended to deepen the discussion of the authors’ methodology and tech-
nology by way of illustration. Several details may be supplemented en passant. Because
of space limitations, not all storyboard graphs are presented in every detail. Sometimes,
it is sufficient to show how graphs unfold, so to speak, at execution time.
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Fig. 8. These 4 screenshots illustrate the authors’ implementation developed at Fraunhofer IFF
and deployed by industrial co-operation partners, as well as within the fourth author’s BG RCI
prevention center on varying hardware and software platforms incl. mobile 3D kiosk terminals.

The last screenshot of Fig. 8 in the lower right position shows a certain workplace.
Subsequently, we will discuss a training session at this workplace dealing with the task
of decanting a flammable liquid from a larger source container to a barrel.

5.1 Main Training Session Case Study

Assume a design of training, game play, and interaction as laid out in Fig. 6 before.
During the execution of the ‘Task Formulation’ episode, trainees get detailed advice
describing the task to be performed. The system performs the actions of this episode.

When the ‘Task Formulation’ episode is completed, the system initiates the next
episode by a scene placing the trainee in a working environment such as the virtual
locations displayed in Fig. 8. The game is experienced in a first person perspective, very
much like a conventional first person shooter. The only difference lies in the trainee’s
weapons and, naturally, in the tasks to be performed.

Next, it is the trainee’s turn to interact with the environment. Usually, the episode
offers varying alternatives. A trainee selects one, then possibly another one and so on.

What is shown abstractly in Fig. 9 will be illustrated by means of the authors’ game
for training accident prevention in practice. Three subsequent figures are presenting
subsequent screenshots of game play from a single training session.

The first screenshot in Fig. 10 shows the personal protective equipment. After dress-
ing, the trainee has several opportunities. One is to turn on the de-aeration as on display
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Fig. 9. A history of game play that unfolds at execution time; the actions abstractly presented are
both actions of the system and the trainee’s actions. The whole action sequence is recorded.

Fig. 10. Three screenshots from a training session show the unfolding experience of game play.

in the middle. In Fig. 10, the third screenshot illustrates that the trainee has provided the
target barrel.

Notice that, in Sect. 5.2 below, we will discuss an extension that, if applicable, might
change the unfolding game play history prior to the rightmost screenshot above. Recall
that a digital storyboard being a hierarchically structured family of pin graphs, does not
represent a single action sequence, but a large — even potentially infinite — space of
experiences one of which unfolds at execution time.

Fig. 11. Three screenshots continuing the survey of the human’s unfolding training experience.
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Fig. 12. The pump is inserted into the source container (left), the counter is installed and the pump
nozzle is connected to the target container (middle), and the suction device is in place (right).

Fig. 13. The trainee’s last action was to turn on the pump. According to the logical conditions of
execution, the following action is not the one decanting the fluid from the source container to the
target barrel, but the accident action executed by the system and denoted by !!! in Fig. 9.

On the left in Fig. 11, the source container has been supplied. In the middle, the
trainee inspects the available equipment and, on the right, has attached the grounding
cables.

All preparations are completed and the decanter installation is fully set up. Let’s go!
Unfortunately, as on display in Fig. 12, an explosion-proof pump was not selected.

In this case, the ‘Result’ scene is implemented by an animated accident visualized
on the left in Fig. 13. The ‘Result’ scene has other semantics available for execution.
But their conditions of execution are, unfortunately, not satisfied. From the two edges
outgoing from the ‘Result’ scene, only the one leading to the ‘Offering Time Travel’
episode has a valid condition of deployment (in the right screenshot; for the readers’
convenience, we have changed the text from German to English, except the button).

If the accident that just happened — virtually only, fortunately — took place for the
first time in this training session, the following episode is ‘Choice of Destination’ where
the authors’ time tunnel comes into play. The trainee can literally play with the time
tunnel and ponder the question how far to travel back in time.

Otherwise, adaptivity as discussed in Sect. 4.1 comes into play and leads to the
‘Destination Assignment’ episode, if the limit set by the designers is exceeded.
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5.2 Case Study Extensions

Experience shows that members of interdisciplinary designer teams frequently come up
with more and more additional ideas to enrich a training session. Domain experts may
be interested in integrating further hazard sources.

Fig. 14. The workplace needs to be tidied up prior to performing the main task.

In the first screenshots of Fig. 14, the working trolley at the workplace carries a
mobile phone and a small radio that both are hazard sources because of their batteries.
Integrating such an extension brings with it several more problems to be negotiated
within the team of designers. Does it play a role in how far away the trolley is moved;
how to integrate distances like that into the edutainment system’s bookkeeping; which of
the possibly following actions including, if applicable, the accident action executed by
the system have execution conditions that refer to this distance value; or what formulas
are needed to process this value appropriately?

Usually, educators bring in different desirable extensions in comparison to what
domain experts (see above) or AR and VR technicians suggest. One may expect more
adaptivity to the human trainee’s needs and desires, more guidance, and, possibly,
more variety of experience. This may be accommodated by further storyboard graphs
with appropriate execution conditions of their edges, as well as substitution conditions.
Stakeholder ideas result in emerging storyboards and novel player experiences.

6 Summary and Conclusions

Although there are many more aspects to be reported, many more questions to be asked
and a few of them to be answered, the authors want to stay within the limits and — with
a metaphorical tear in the eye — come to an end.

6.1 Related Work

There is time travel galore in commercial video games; hundreds of them are listed
online under https://en.wikipedia.org/wiki/List_of_games_containing_time_travel.

https://en.wikipedia.org/wiki/List_of_games_containing_time_travel
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In contrast, time travel games for purposes of education are rare. An ERASMUS+
project named “Game Based Learning to Alleviate Early School Leaving” running from
2015 to 2017 educed a guidebook tool [9] describing, in some detail, 38 games that
might be useful in elementary school classes. Just one single game on the list draws
benefits from time travel ideas — the game “The Silent Age.” This is an extremely
simple point and click adventure. The player’s time travel does not explicitly serve a
particular learning purpose and does not reflect any explicit pattern of didactics. This
digital game is considered useful for the development of writing skills, when students
are encouraged to take notes and to write simple reports [9, pp. 97/98].

For more affective virtual time travel with the potential of effective learning and/or
training results, there is a need of more sophistication including a dovetailing of both
game design principles and didactics [24].

6.2 State of the Art

To the authors’ very best knowledge, their learning idea—aword chosen to refer to the
conference title — of time travel prevention games is an original one. The digital game
designed and developed— see Sect. 5 for a survey within given limits— is the first time
travel prevention game for training of accident prevention in the industries world-wide.

Several of the concepts and results underlying the authors’ present approach have
their particular strength. The graph-based approach to dynamic plan generation has
turned out to be provably more expressive than all earlier alternatives [23]. Pattern con-
cepts that take the form of pin graphs in a storyboard are appropriate to clearly formalize
patterns of pedagogy that are likely to remain blurred otherwise [17]. Furthermore, stud-
ies of occurring instances of patterns are suggesting new avenues to the assessment of
learning and training [16].

Intuitively, time travel prevention games in practical training are advantageous over
conventional approaches because they prevent trainees from getting stuck at points of
no return, help to avoid frustration, and motivate pondering the alternatives for doing it
better the next time.

Despite this good baseline, systematic studies of training effectiveness are pending,
among others due to reduced trainings during the Sars-Cov-2 pandemic.

6.3 A Glance in the Crystal Ball

Encouraged by the current success of their time travel prevention game approach to
accident prevention, the authors are planning further developments and applications in
areas such as machine safety.

Furthermore, there are negotiations ongoing about time travel prevention games for
health care topics addressing school children and young adults in settings such as the
so-called flying classroom [6].

Acknowledgments. The authors gratefully acknowledge an anonymous reviewer’s fruitful sug-
gestions. Particularly exciting was his challenge to have a closer look at the distinction between
virtual time travel for a training purpose back to the past and forward to the future. Taking up this
challenge led the authors to a few ideas reflected in Sect. 4.3 above.
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Abstract. The e-REAL voice and speech analysis app helps medical simulation
instructors to track learners individually with a focus on multiple factors such as
tone of voice and spoken words, volume, rhythm, and other relevant aspects that
are essential to provide a semantic and pragmatic overview of the interpersonal
communication that is happeningwithin a simulation setting. Functions and visual
outputs include the following: 1. An integral transcript or a dialogue which can
be visualized — audio clips, automatically divided phrase by phrase, are also
available. 2. A word counter shows the number of spoken words per minute. 3.
An internal search engine enables keyword search, highlighting the words in the
transcript. 4. A word cloud tool visually summarizes the most spoken words. 5.
A Voice Analysis tool is available in order to measure and visualize waveform
(Decibel), perceived loudness (Hertz), and pitch.

Keywords: Speech analysis · Verbal communication ·Medical simulation

1 An Innovative Voice and Speech Analysis App for Medical
Simulation

1.1 The e-REAL Voice and Speech Analysis App

The e-REAL® voice and speech analysis app has been designed and developed by
CentroStudiLogos (Turin, Italy) in collaborationwithLogosnet (Lugan, Switzerland and
Houston, Texas), the Polytechnic School of Turin (Italy), the Italian National Research
Council (CNR, ISTI Dept., Pisa), the Tiny Bull Studios (Turin, Italy), and the Center for
Medical Simulation (Boston, Massachusetts). It helps simulation instructors to track the
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learners individually with a focus on multiple factors such as tone of voice and spoken
words, volume, rhythm, and other relevant aspects that are essential to provide a semantic
and pragmatic overview of the interpersonal communication that is happening within a
simulation setting.

The use of medical simulation is growing exponentially in academic and service
settings. Simulation can enable both students and new graduates, as well as experienced
professionals, to develop clinical competence and confidence in caring for patients in
a learning environment that is cognitively and emotionally realistic [1]. Simulation is
a technique that creates a situation or environment to allow persons to experience a
representation of a real event for the purpose of practice, learning, evaluating, testing, or
gaining an understanding of systems and human actions [2]. Usually, simulation replaces
or amplifies real experiences with guided experiences, often immersive in nature, that
evoke or replicate substantial aspects of the real world in a fully interactive fashion [3].

Reflective practice is an important strategy for learning through practice experiences
and is triggered by a debriefing phase, which purpose is to assimilate new learning
with the intent to transfer it to future clinical situations. During the debriefing phase,
reflective thinking is encouraged, and feedback is given on the simulation performance.
Participants are encouraged to question, explore emotions, and give feedback to each
other [4], within a learning setting that is cognitively and emotionally demanding.

Despite the availability of some powerful audio-visual recording platforms, the exist-
ing solutions are not allowing for individual recording, speech-to-text transcription, and
communicative analysis that are the specific features of the e-REAL speech analysis
system. It uses a variety of techniques from communicative analysis, which not only
focus on spoken words, but consider other features such as intonation, pitch, tempo, and
nonverbal cues.

The e-REAL speech analysis functions include the following:

– An integral transcript
– Audio clips, automatically divided phrase by phrase and speaker by speaker
– A word counter that shows the number of spoken words per minute
– An internal search engine that enables keyword search, highlighting the words in the
transcript

– A word cloud tool that summarizes the most spoken words
– A voice analysis tool that measures and visualizes waveform (Decibel), perceived
loudness (Hertz), and pitch

Some of these features are visible in Fig. 1.
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Fig. 1. The main features of the e-REAL® Voice and Speech Analysis App: speech to text tran-
script, audio clips automatically divided phrase by phrase and speaker by speaker, word counter
displaying the number of spoken words per minute, search engine, word cloud to summarize
the most spoken words, and voice analysis that measures and visualizes waveform (Decibel),
perceived loudness (Hertz), and pitch.

A video introduction is available via the following URL:
https://youtu.be/3-hOdSYOmwg.

1.2 Debriefing and Communication Analysis

An effective debriefing should offer the opportunity to analyze interpersonal commu-
nication. Unfortunately, the existing audio-visual recording platforms currently used
are not designed to do so. As a consequence, instructors explore with learners, then
discuss and summarize the factors related to interpersonal communication with a very
“subjective touch.” Furthermore, a number of observations are difficult to be related to
communicative and behavioral evidence, mainly because evidence is from subjective
observation and becomes highly disputable.

So far, in medical simulation, we are used to analyzing these aspects with our compe-
tence and our sensibility, but the risk of misinterpretation is high, and sometimes we feel
like human attention is not enough to intercept all the complexity of a communication.

To solve this issue, we began thinking: what about having the possibility to record
and analyze in real time both the verbal and non-verbal aspect of speech? So, three
years ago, we began working on the speech analysis tool, and today we have a reliable
instrument that helps us during debriefing with an objective tracking of the speech and
voice.

https://youtu.be/3-hOdSYOmwg.
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2 The Main Features of the Voice and Speech Analysis App

2.1 Verbal Communication Analysis

In Fig. 2, we see a representative report that is usually delivered as a final output of a
session.

Fig. 2. Representative output from a simulation session.

On the top, we have the indication of the session duration and the total number of
spoken words.

On the left side, we have four different commands:

– Transcript that shows the entire verbal communication (Fig. 3).

Fig. 3. Representative dialogue.
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– Dialogue that shows in a dialogic way the spoken words.
– Word counting and keywords spotting that shows how many times a specific word has
been pronounced during the simulation.

– Word cloud that shows the words used more often, providing a visual representation
of the main topics shared (Fig. 4).

Fig. 4. Representative word cloud.

2.2 Non-verbal Communication and Emotion Analysis

In Fig. 5, the graphic visualizations show key non-verbal aspects regarding the
communicative analysis.

The visualization of the non-verbal aspects of the communication is made phrase
by phrase. Starting from the top, there are the Speech Waveform, then a blue line that
represents the Perceived Loudness and, in black, the pitch.

Each speaker has his speaking style that gives a typical graphic representation. What
is interesting is analyzing perturbations of this style during the speech. This is the field
of emotion analysis that is about vocal behavior as a marker of affect (e.g., emotions,
moods, and stress), with a focus on the non-verbal aspects of speech.

The basic assumption of the speech analysis app is that there is a set of objectively
measurable voice parameters that reflect the affective state a person is currently expe-
riencing. This assumption appears reasonable, given that most affective states involve
physiological reactions that modify different aspects of the voice production process.

The speech expresses emotional meaning not only through semantics, but also by
varying vocal attributes of the voice such as pitch, loudness, vocal tone, and average
speaking rate (expressed in words per minute: the number on the upper right side of the
screen).

As such, being able to analyze the specific words and voice-related KPIs during
a simulation could be strategic to improve communicative skills. The speech analysis
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Fig. 5. Representative diagrams related to non-verbal communication.

tool aims to help simulationists on this task and also opens a window on the emotional
tension, analyzing not only the spoken words, but also the physical properties of the
recorded voices such as pitch, tone, and speed.

3 Emotional Intelligence and Teamwork Effectiveness
as Debriefing’s Key Element

3.1 Emotion Analysis and Interpersonal Communication

According to the US National Center for Voice and Speech, the average conversation
rate for English speakers in the United States is about 150 words per minute, but several
factors could affect the overall speaking rate, such as mental fatigue and emotional
tension [5].

Hence, deduction of human emotions through voice and speech analysis has a prac-
tical plausibility and could potentially be beneficial for improving human conversational
skills. With different emotions and moods, not only does the tonal quality vary, but the
associated speech patterns change, too. For instance, people may tend to talk in loud
voices when angry and use high-pitched voices when in a scared or panicked emotional
state.

By the speech analysis app, vocal behavior can be analyzed as a marker of emo-
tions and stress. There is increasing interest in the role that emotional intelligence has in
medical training, but it is still a nascent field. Although there are many unanswered ques-
tions, an effective debriefing may offer many benefits to the development of emotional
intelligence.

Emotional intelligence can be defined as an individual’s alertness on emotions,
together with an alertness of the emotions in other people and the capacity to manage
them and act appropriately. We can say that it is the processing of emotional infor-
mation and that it reflects the ability to 1. monitor one’s own and others’ emotions,
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2. discriminate among them, and 3. use this information to guide one’s thinking and
actions [6]. Higher emotional intelligence contributes to interpersonal communication
and relationships, increased empathy, stress management, teamworking, and leadership,
among other concepts and relationships. For example, talking to each other is crucial
for utilizing the collective expertise of a team.

According to the Institute of Medicine, approximately 98,000 Americans die annu-
ally due to health care errors. One of the most cited factors that lead to medical errors
is communication: for example, nearly 45% of all operative adverse events stem from
poor communication [7].

Simulation can be particularly effective for empowering emotional intelligence and
for training non-technical teamworking skills, such as communication, decision-making,
leadership, task management, and monitoring— all skills which are known to be critical
to effective teamwork and vital to the prevention of errors and adverse events in health-
care. In particular, speech analysis reveals naturally occurring communication strategies
that trigger actions relevant for safe practice and, thus, provides supplemental insights
into what comprises “good” team communication, mainly in medical emergencies.

3.2 Teamwork and Interpersonal Communication

To optimize treatment and to coordinate team activities, communication amongst team
members is crucial for utilizing the collective expertise during team interactions. Com-
munication skills are highly emphasized both in emergency team training and in the
assessment of team performance. Recommendations for standardized communication,
including closed loop communication, have been obtained mainly from work in the
defense and aviation communities. However, the extent to which such communication
strategies are implemented in medical practice remains unclear. An additional concern
is that the functions of medical emergency team talk — that is, the relationship between
what is said and what is done — have remained more or less unexplored [8].

Transcription is a decisive element in communicative analysis, as well as the other
features highlighted above regarding both verbal and non-verbal communication. Tran-
scription, in particular, offers a way to translate the content and structure of an interaction
into a written format that helps the simulation instructors notice details that are not read-
ily apparent through observation. Transcription is, thus, an important tool for capturing
interactional dynamics and for identifying patterns. Word cloud and counting, as well
as keywords spotting, jointly with speech waveform and perceived loudness, are other
essential tools to understanding more about the interconnections between team talk and
actions.

We developed the e-REAL voice and speech analysis tool because to be effective,
the debriefing phase has to be based on evidence from analyzing the interconnections
between interpersonal communications, emotions, and actions — and not on subjective
feelings.

4 Current State of Use and Future Development

So far, the Speech Analysis App is being used mainly for healthcare simulation into
the field of crisis resource management. Enhancing awareness about how to use verbal
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communication allows for an improved performance. Moreover, it is very useful for the
learners to understand when their behaviors were mainly impacted (sometimes affected)
by the emotions.

The appreciation for this tool is very high: on a 0–10Likert scale, the average output is
9 and the principal reason is that the speech analysis app allows for a comparison among
the different communication’s patterns and styles performed during the simulation.

By September 2021, a dry run will be performed online, into the e-REAL virtual
platform: learners are expected to be provided with an analytical report about verbal and
paraverbal key-aspects of their communication. Because of the high volume of remote
working, a focus not only on the verbal but also on the paraverbal dimensions of the
communicative performance is of the highest relevance.

By November 2021, the Speech Analysis Tool will be tested also for the debriefing
training in a very peculiar way, with the learners enabled to perform in self-training
with one or more digital humans able to be in a direct dialogue. As a main output, the
learner is expected to be delivered with an automated feedback about: 1. The ability to
perform the 3 phases of a debriefing as stated by theCenter forMedical Simulationmodel
(Reactions, Understanding and Summary, as shown below in Fig. 6); 2. key-questions
asked during the debriefing; and 3. number of spoken words (in general and per minute)
by both the learner and the digital humans.

Fig. 6. Debriefing structure: Courtesy of the Center for Medical Simulation (all rights reserved),
Boston, MA, USA.
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Abstract. Data literacy can be improved by teaching data science methods and
tools. Bothmethod-kit and tool-kit are eclectic and interdisciplinary, posing poten-
tial threats for students’ understanding and motivation, especially at a business
school where the focus is not on IT. We found that a broad spectrum of methods
and tools can be helpful, rather than a hindrance, when teaching data science to
absolute beginners. This case study investigates how teaching and learning work-
flows can be improved when systematically deploying a wide array of digital tools
in an introductory online data science class at a large German business school,
taught in the winter term of 2020, during the COVID-19 pandemic lockdown.
The class was offered to all students of the school as part of the extracurricular
program. Several such tools were selected, introduced, and used, with a special
emphasis on tools to enhance teaching and learning productivity in and between
live sessions. Tools included: the GitHub global code repository, the Emacs editor
with ESS and Org-Mode markdown, Kahoot! Games, screencasting, video tuto-
rials and podcasts, external assignment tools like DataCamp and Celonis, and a
Moodle platform to pull all of these together. Participation and explicit student
feedback were very positive and have already initiated curricular changes at the
school. In this paper, the course rationale, goals, content, tools, and preliminary
findings are presented and discussed, and an outlook for further research is given.

Keywords: Data science · Tools · Business school

1 Introduction

Data science is an interdisciplinary field of applied study that investigates the use of
algorithms to extract insights from structured and unstructured data. It is considered
essential for developing digital business and for transforming traditional business into
digitally enabled enterprises [1]. Due to the nature of typical data science problems
and the tools required to tackle these problems, the skills for successful data science
work are highly interdisciplinary, technical, and dependent on domain knowledge [2].
The corresponding skill stack is therefore challenging for students, especially beginners.
This also means that additional tools to enhance learning performance and productivity
could be important to a successful data science learning experience. Due to COVID and
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lockdown policies, teaching and learning conditions were particularly challenging. For
this case study, I focus on a new introductory data science class in the extracurricular
program of a largeGerman business school. The course was taught synchronously online
between October 2020 and February 2021.

The methodology is a descriptive single case study [3]. The main data for the case
study consist of teachingmaterials and activities spread out over several online platforms,
learning analytics data obtained within the Moodle learning management system (e.g.,
completion progress, access protocols), the web conferencing system Big Blue Button
(BBB; e.g., saved chat conversations and live session recordings), and anonymous feed-
back solicited from the students throughout. All data are accessible upon request. The
case study describes the phenomenon in question in a comprehensive manner in order
to generate a compelling, dense narrative [4]. Methodologically, this seems justified,
especially because we are unlikely to meet the same, or even a similar, set of teaching
conditions as at the end of 2020 again any time soon. This investigation can also be
classified as systemic action research in participant-observer mode [5], with the author
acting as designer, lecturer, and investigator of a course.

2 Course Rationale

Data science courses are by now common electives in Master programs at business
schools.However, outside of dedicated programs, the subject is often seen as too difficult,
both technically and conceptually, to be an undergraduate offering. Data science skills
are a potpourri of different skills rarely gathered into one classroom course. Courses
in Extracurricular Studies (in German: “Studium Generale”) at the Berlin School of
Economics and Law are open to students at any level from all departments. Therefore, a
course taught in this program can serve as a piloting platform before introducing it into
the standard curriculum. However, “hard science” courses that involve maths or coding
are rare in this program because the courses are optional and do not carry many credits.
Those students who attend them are there because they are really interested in a subject
that is not offered anywhere else. Arguably, “data science,” even at an introductory level,
is such a course: it is both “hard” (involves maths and coding), and it is of great interest
to many students, because many jobs in the market for business administration alumni
require data analytics skills and a higher than average data literacy [6]. An additional
reason for offering such a course was provided by the global pandemic, which led
to an increased interest in predictive methods, meaningful visualizations, and honest
communication [7].

3 Course Goals

The target audience of an extracurricular course can be expected to be non-uniform
(which indeed it turned out to be). Therefore, the course was announced with the subtitle
“Introduction to data science: grow your data skills stack,” and the course description
emphasized that this course was meant for absolute beginners, with “no prior knowledge
required.“ The only requirements were technical: an Internet connection to participate in
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live sessions, and a computer with an operating system capable of running the statistical
programming language R [8].

The explicit course objectives were to:

1. Organize data visually
2. Find and use real-world data
3. Easily format data into graphs
4. Understand statistical data
5. See modern productivity tools in action
6. Complete an Exploratory Data Analysis (EDA) project.

These objectives were chosen because of my experience in class and during under-
graduate and graduate research and thesis projects: many business students were bliss-
fully unaware of the existence and the possibilities of state-of-the-art, open source (i.e.,
freely available) tools. As a result, their presentations and theses were often bland, bor-
ing, and imprecise. The tools I was offering could dramatically improve students’ ability
to express their thoughts, get and summarize available data, and use data to “tell a story”
[9]. The secondary agenda of the course was linked to this observation. I wanted to
improve students’ computational and critical thinking skills. The course content should
have high practical value for them and be immediately transferable to their other work.
These goals are important but a little lofty, too; they are hard to measure and verify,
but there is agreement in the data science literature and in industry-related publications
that these goals constitute data literacy: “the ability to consume for knowledge, produce
coherently, and think critically about data.” [10].

4 Course Content

There were four different topical parts of the course: (1) preparation, (2) programming,
(3) visualization, and (4) use cases/productivity tools. Table 1 gives an overview of the
content in each phase and the number of live sessions needed.

Table 1. Course phases with content and number of sessions per phase.

Phase Content Sessions

Preparation Course organization, an overview of data science, and installation
and first steps with R

2

Programming Arithmetic with R and basic data structures to learn EDA (vectors,
factors, data frames)

4

Visualization Basic plotting with R and plotting with ggplot2 3

Productivity Literate Programming and R notebooks, and process mining
techniques

2

Asmentioned above,R is a popular statistical programming language well suited for
data science beginners. ggplot2 is a popular graphics R graphics package enabling users
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to quickly generate complex plots using the “Grammar of Graphics” (GG) framework
[11]. This framework is used to map tabular data to visual aesthetic categories (e.g., dot
and line types, plot types, colors).

Literate Programming (LP) is a programming paradigm created by Knuth [12], the
creator of the TeX andMetafont typesetting systems. A programwritten in this paradigm
favors documentation (to be read by humans) and also contains code (to be executed by
machines). LP is also the main idea behind EDA notebooks, which are widely used in
data science to collaborate on coding projects [13].

Process Mining (PM) is a method to analyse processes using event logs, simple
data sets consisting of a time stamp, an activity, and an ID. PM is used for process
discovery, optimization, and to check process conformance against existing models. It
is an innovative technology that is quickly becoming operationally very important [14].

5 Course Process and Tools

This section provides a short account of the course processes and of the tools used.
All of the listed materials and activities were made accessible via the Moodle learning
platform.

Live Sessions. Optional, weekly live sessions, 90 min long, took place in BBB. The
sessions began with a ritual, the “simultaneous sip”: all session participants would drink
one sip at the same time. The bulk of the time was spent on lectures and practice. There
was always space for discussion. These sessions were kept interactive and lively through
frequent polls, group exercises, collaborative Kanban boards, or small challenges. The
interaction took place mostly through the chat, rarely via audio/video, though student
webcams were allowed throughout. During most sessions, only my webcam was open.
The sessions were attended bymore than half of the participants on average, even though
they were optional. After the session, a session recording was available for viewing. My
presentations for the live sessions were usually created on the fly from Org-mode files
in Emacs.

Tests. In between sessions, students could play an optional weekly Kahoot quiz to test
their understanding of the course content, and to remind themselves of the last session.
These quizzes could be played anonymously without time restriction. I offered detailed
feedback via video after the quiz deadline.

Assignments. Every week, in lieu of attendance, participants had to complete one
assignment at DataCamp, the well-known data science course provider. The assign-
ment consisted in one chapter from one of DataCamp’s more than 300 courses. These
were available to us as part of an academic alliance deal, free of charge. Completing
50% or more of these assignments was equivalent to a passing grade. As a nice bonus,
completing all assignments would give the students three DataCamp certificates.

Lectures. Lecture scripts were made available as a GitHub repository. Each lecture
was pre-recorded and served in the form of a playlist consisting of an introductory video
followed by screencasts. These lectures contained a wealth of additional material such as
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links to literature and additional exercises with solutions. The GitHub site also included
a wiki where I covered off-topic issues irregularly, and a file with over 1,000 curated,
commented data science bookmarks.

Messages: Regular communication included one message per week at a minimum sent
as a Moodle message, and reaching the students via email (19 messages were sent this
way in total). An FAQ forum and file were available, partly so that I would not be
overwhelmed with private emails.

Podcasts. A weekly podcast was featured in Moodle. Each podcast related to the topic
covered in class that week and offered an opportunity to link the students up with
practitioners of data science in industry and academia.

Further Reading. The Moodle platform featured feeds from several prominent data
science blogs anddiscussion sites, likeR-Bloggers, TowardsDataScience.com,Analytics
Vidhya, and Reddit. Though technically often too demanding for beginners, these sites
gave the participants something to aim at as well as many different ideas for their own
projects and applications.

Table 2 lists all tools used in the course together with a short explanation (in alpha-
betical order). I have also indicated if an application is part of our school’s infrastructure
(HWR), and if it is part of an academic alliance program (aa).

Table 2. Tools and applications used in the course.

Tool/application Description Free

Big Blue Button Web conferencing software Yes (HWR)

DataCamp Data science online course provider No (aa)

Celonis Process mining software No (aa)

Emacs + ESS + Org-mode Extensible text editor Yes

Github (scripts, wiki) Code & document repository Yes

Ideaboardz Cloud-based Kanban board Yes

Kahoot Cloud-based quiz platform No

Moodle (email, forum) Learning management system Yes (HWR)

RStudio-cloud R programming environment Yes

Videos Screencasts/presentation software Yes/No

YouTube/Vimp Lecture video hosting platform Yes (HWR)

R Statistical computing language Yes

6 Summary Statistics

On the Moodle, Kahoot, and DataCamp platforms, personalized data were collected. I
am presenting only those data here that seem to be meaningful in the chosen context.
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Overall Stats. InMoodle, there were 100materials and activities available for viewing.
On average, only 9% of these online resources were viewed by the students.1 The course
had a total of 85 participants, of which 65were enrolled for credit (and passed), while the
remaining 20 were acquired during the term, as the news about the course spread in the
school. Of the participants, 55% were female, 45% were male. Furthermore, 66% were
enrolled in Bachelor programs and 34% in Master programs. Of the Bachelor students,
53% were undergraduates in their first year of study. In total, 34% of the remaining
graduate students were business informatics majors.

Kahoot Tests. Before the course began, participants were asked to complete an entry
quiz of 20 questions that covered most of the course topics. They answered 41% of the
questions correctly. A total of 159 players registered. I created 13 Kahoot quizzes with
208 questions altogether, with the number of questions per quiz varying between 10

Fig. 1. Rate of correct answers and number of players for each test.

1 However, this number may not reflect the true use of the resources, because students had to
check off most of these activities themselves and may not have bothered to do so after viewing.
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and 25. On average, the students who participated answered 37.85% of the questions
correctly. Figure 1 shows the rate of correct quiz answers over time (for each test),
alongside the number of students who played a quiz (indicated by point size). The
outlier quiz (Nov. 11) was concerned with installing the R language and customizing
the working environment.

DataCamp Assignments. There were 16 assignments in total, for every week of the
term except during the Christmas holidays. All assignments were of comparable length,
consisting of 2–4 videos and exercises in between. I estimated the time for comple-
tion of one assignment to be 30 min, or 8 practice hours in total during the term. The
assignments were taken from four different DataCamp courses corresponding to the four
phases of the course. Two of these courses did not involve coding (“Data science for
everyone”, “Visualization for everyone”), while the other two developed R coding skills

Fig. 2. Completion rate and number of completed submissions for each assignment.
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(“Introduction to R”, “Introduction to the Tidyverse”). Figure 2 shows the rate of com-
pleted assignments over time (for each assignment), alongside the number of students
who completed a specific assignment (indicated by point size).

7 Course Feedback and Findings

The students were asked formally at the start and at the end of the course to give anony-
mous feedback. This section contains a selection of positive and negative comments and
a summary of lessons learned.

At the beginning of the course, the students were asked a single question anony-
mously: “What did you like and what did you not like in this first block of the course?
Please be specific!” Twelve students (18%) answered in great detail — unusual for our
students. Table 3 shows all replies that have general value and are not referring to specific
course details or program specifics.

Near the end of the course, the end of the course, the students were asked to answer
a large set of standard questions. This survey is always given to students of a new
course. The return is typically very low, rarely higher than 10% — partly because the
students are already in the exam phase and also because most of them dislike lengthy
questionnaires, which they are asked to fill in for several courses in the same time period.
The survey return for this course, however, was high, with 23.2% of the participants. For
the summary evaluation, the students were asked to place the course on a scale from 1
(completely agree/very good) to 5 (don’t agree at all/very bad). The participants gave a
1 (completely agree/very good) in all available categories:

• I really like the format of this course (block or weekly)
• The lecturer has clearly defined teaching and learning goals for this course
• The course is well structured
• The lecturer has got the technical competence to teach this course
• The lecturer is committed and enthusiastic regarding the course subject
• The lecturer makes the lessons interesting and involving for me
• The lecturer motivated me to actively contribute to the class
• Overall the course was very good

The participants were also given the opportunity to make free-style comments, listed
in Table 4.
Summary of Findings

Public Goals. All but one of the original course goals could be reached. The only goal
that almost completely failed was the creation of small data science projects. Here, the
students had been given abundant examples, but only one team turned in a project. Its
members were graduate students of business informatics, who had already done data
science work in Python. They submitted a Kaggle notebook with an EDA.

Private Goals. I am very happy with the results on a professional and on a personal
level. I could create a course that is both new to the school and to me. By piloting the
course in the extracurricular study program, valuable data could be gathered from a wide
student population.
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Table 3. Feedback shortly after the start of the course.

»I liked the appropriate balance of the course structure: giving a compensated “direct” input
during the wednesday live session (which was also very entertaining though! – so I got even
more curious to proceed), and having the extras / self study items in the moodle course so we
can increase our knowledge the way each one prefers. For me the first class that adopted its
didactic concept in a good way to the online learning format. Thanks a lot!«

»You are amazing. I think this class would be my best online course experience. Thank you so
much for putting so much effort into this course. I am looking forward to the rest of the
sessions. What I really appreciate and like: 1. the way you clarify and explain everything 2.
your really good mood 3.recording the course 4. the data camp idea and certificates 5. all the
text you provided for each session 6. Kahoot quizzes 8. Clear, organized, and amazingly
flexible structure of the course I am sure there are more than these.«

»I really like how structured this course is and especially the moodle page. It makes it really
easy to find everything and everything you need is there. First, I was a bit overwhelmed by the
amount of resources and material we have. However, as I looked at all of it started to make
sense and I really appreciate all the extras and the mandatory uploads. Especially the data
camp assignments seem like a fun way of learning more. The lecture itself was also really
interesting. Even though it was late in the evening I was able to follow everything you said and
did not zone out. I think 1,5 h of online lecture is the perfect time frame. I feel like you are really
motivated to do this course and you enjoy doing it which makes it even easier to listen to you.«

»Positive Feedback: I really liked your energy and enthusiasm for the topic, it is contagious!
The way you conducted the class was unlike my other online classes, it was interactive and its
always nice when the Professor/ Lecturer is tech-savvy and use technology to aid the class,
instead of it being as an obstacle! Access to Datacamp and getting the homework there is for
me, as a total beginner really helpful, because the explanation is simple and I can re-watch the
videos. Negative Feedback (but not really): Some participants have very advanced Data
Science knowledge. When they ask questions about Python or R, I feel overwhelmed. It then
feels like I cannot participate in the discussions because I haven’t got any idea what is going
on!«

»I really like how the moodle page is set up. Even though I missed the beginning of the class, I
easily oriented myself thanks to the detailed path and information given on Moodle. I also feel
that my interest for the course grew because of this.«

»I really liked your introduction to the topic: The kanban board made the beginning of the
session a bit interactive and your hand-drawn “emotional change over time” diagrams gave
me a first impression on the topic instead of jumping right into it, which is good in my opinion.
Also, I have to say that it’s great that we can enjoy the privilege of having access to datacamp
for free since their content is really well made.«

»What did I like? – Clear structure of the course syllabus – Interaction with students – Course
is very well prepared (e.g. Datacamp access, FAQ section, Github Access, Presentation of first
lecture, Kahoot, Summary of previous lecture) – It feels like that you are very proficient in what
you are doing. – English – Quick responses to students’ questions in the moodle forum What
did I not like? – So far, nothing.:)«
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Table 4. Feedback near the end of the course.

»Covering different topics and demonstrating how each of them can be used and be helpful in
professional life. The professor is amazing and makes the course more interesting to follow and
he records the course so we have a chance to watch them later. The professor is so organized.«

»The Moodle page is very well structured, easy to understand and has an attractive layout.
Much information was offered and one could continue learning outside of class. It was obvious
that [the lecturer] enjoy teaching this subject and puts a lot of effort into it. I like that there are
many short videos instead of one video of 90 min length. I also really liked DataCamp.«

»[The lecturer] is very committed and motivated to pass on as much as possible to his students,
but sometimes the amount of material was a little overwhelming.«

»I think the course is too time-consuming for only one credit point. That’s not a critique of the
effort. It takes time to learn this subject but one should get at least 3 or 4 credit points for it.«

Participation. As the course statistics show, a large group of students stayed with the
course to the end and completed most of the assignments. The visible trend (lowered
activity towards the end of the course, visible from the test and assignment participa-
tion) is typical. The number of participants is extraordinarily high for an extracurricular
(voluntary, low credit) course; the average number of participants for courses in this
program is below 10. In fact, Master students from executive programs, who wanted to
participate, were not allowed in — otherwise, the number would have been even larger.

Return on Investment. My personal effort for this course was unusually high — at a
level that I will not easily be able to repeat any time soon. This is mostly the result of
offering the students so many different, parallel avenues for entering the data science
field. The uptake of these additional offerings was not pursuant to the effort. Though the
feedback shows that the students clearly appreciated the effort, only few of them used
all or even many of the offerings.

It would be interesting to compare the results and the feedback with a course on
the same topic that offers much less — more on the level of a MOOC. However, it is
well known that the success rate of MOOCs is rarely higher than 15%, which is in stark
contrast to my findings [15].

8 Limitations of This Case Study

This study is missing a review of the literature on the experiences of other business
schools with teaching data science. I am not able to estimate the influence of the local
conditions of our school and student population. Since this is the first course of its type
at our school, I cannot compare the findings with another course. Lastly, the action
research methodology applied here to create the case study, with me as both creator and
investigator of the course and observer of its students, leaves me wide open to errors of
interpretation.
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9 Conclusions and Outlook

The course presented an opportunity to teach data science in an interdisciplinary fashion,
with an emphasis on improving data literacy of the participants and putting them on the
path to data-driven storytelling. An interdisciplinary approach is generally accepted as
a way of embedding computing in a non-STEM environment such as a business school,
since “technical and computational abilities are essential within every discipline” [16].
But the business school environment also influences the teaching of computing by “bring-
ing a holistic and multidisciplinary perspective to Computer Science that is sometimes
lacking in programs at large institutions” [17]. Studies investigating the interdisciplinary
teaching of data science are rare [18]. At this stage of the field, our best hope for business
school education is for lecturers to integrate data science tools and methods into their
classes, flanked by introductory courses like the one discussed here, to increase the data
literacy of a large, diverse student body. An adaptive approach that provides tutoring and
additional activities could improve student’s learning [19]. More research is needed to
identify the specific impact of the pandemic on both teachers and learners [20].
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Abstract. Students stay in school at higher rates if they understand the value of
their learning and if they are intrinsically motivated by the topics. The student-
centered program Make it Matter is designed to give students a reason to persist
through school. This open inquiry-based process guides students through the pro-
cess of doing research and producing outcomes (such as an event, a publication,
or a work of art) and can be applied to any topic. Pilots are being run over a range
of education levels on a variety of topics, including English Language Arts and
undergraduate STEM research opportunities, whichwe discuss here. Initial results
from the high school English Language Arts program showed a 30% reduction in
failing grades as compared with the previous quarter.

Keywords: Intrinsic motivation · Persistence · Open inquiry ·
Technology-enabled

1 Introduction

In the United States, 38% of students who enter higher education don’t graduate [1]. Of
those who do graduate, 29% are underemployed due to a lack of critical job skills [2].
Recent work suggests that the reasons for this lack of persistence to graduation are not
simple single variables, such as lack of financial aid, but complex ideas such as a sense
of belonging or an understanding of the value of learning [3]. Similarly, programs that
emphasize intrinsic motivation through student-led experiences have shown as much as
50% higher knowledge retention [4] and 12% increases in persistence to graduation [3].
These are some of the best results of any available educational intervention.

An inquiry approach is a strong way to bring intrinsic motivation to learning. Aca-
demic researchers and practitioners recognize the significance of student-generated ques-
tions. Asking productive questions relates to key cognitive skills, such as critical think-
ing and problem solving [5]. The quality of the questions that students ask also reveals
howmuch they know and howwell they learn [6]. Although question asking is generally
encouraged and considered a sign of motivation, many researchers note that high-quality
student-generated questions are scarce and that many students rarely ask questions at all
[7]. For an introduction to inquiry techniques, see, for example, Littleton et al. [8].
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In order to help educational institutions take full advantage of these strong results, we
havedeveloped a student-centered, intrinsicallymotivatedprogramstructure calledMake
it Matter.Make it Matter is designed to give students a reason to persist through school,
whether delivered online or in person. To support use of the program online, Beagle
Learning, Inc., has developed a software platform to guide students through a student-led
experience, including step-by-step processes, team collaboration, and optional grading
by an instructor.

2 The Make It Matter Program

2.1 Program Overview

Make it Matter is a highly engaging persistence program that guides students through
an open-inquiry, action-oriented process to identify a challenge relevant to their local
community, to research the challenge, and to takemeaningful actionbasedon the research
done. This program trains and makes explicit use of transferable skills like leadership,
consensus-building, research skills, writing, speaking, and question-asking.

Make itMatter combines three supports necessary to launch new programs in today’s
educational system:

1. A Program Structure, skill rubrics, and facilitator’s guide to lead participants
through their research process.

2. Professional development to support staff in launching the program.

Fig. 1. Make itMatter is divided into five phases calledElements, each ofwhich provides structure
for one important step in the social action process.
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3. Beagle Learning Web App for managing inquiry in person or remotely.

The program structure is divided into five phases called Elements (Fig. 1). Students
are divided into small teams of 4 to 30. Every project starts with Element 1. After each
Element, each student team reflects on progressmade and chooses which Elementmakes
the most sense to move to next. They are, thus, likely to visit the same Elements multiple
times throughout a project. Each element is regarded as a tool to be used as needed
throughout the program and beyond in each student’s own life.

Of particular importance is Element 2: Research. This element takes advantage
of the Beagle Inquiry Framework, a model for inquiry-based work developed by Bea-
gle Learning in collaboration with Arizona State University (ASU). In this process,
students repeatedly choose Natural Next Questions (NNQs) that they feel need to be
answered to gain deeper understanding about the topic of their project. They then indi-
vidually research an answer, finding sources online, in libraries, or through interviews
with experts. They summarize this information and share it with their team, before
repeating the cycle (Fig. 2).

Through early testing of the process, we found that teams would often allow the
natural excitement about the work to pull them towards topics of research that did
not directly support their goal. The Distillation cycle was added to address this. Every
two to four inquiry cycles, teams review all they have learned and put together a concise
graphical summary of the key ideas. This gives the teamand instructor a tool for assessing
progress and a way to course-correct if needed.

Fig. 2. The beagle inquiry framework is divided into two cycles, a “learn” cycle during which
students ask questions and research answers to those questions, and a “distill” cycle, during which
they summarize everything their group has learned.

Make it Matter is currently being used in 9 pilot classes across 4 locations. Each
class operates as a kind of makerspace, which is — especially in technology — a place
in which people can gather to work on projects while sharing ideas and equipment. In
the case ofMake it Matter, the makerspace provides a supported framework for student
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inquiry, research, and reflection, while maintaining student choice, decision, and action
at all times.

2.2 Software Supports

To support these programs, Beagle Learning, Inc., has developed the Beagle web app.
DuringMake it Matter pilot programs like those described below, three key needs were
identified.

1. Consistent, step-by-step processes so students can complete work at home.
2. A collaborative space for students to share their work.
3. A competency-based grading system that allowed instructors to identify and validate

learning whenever it happened in the process.

To combine assigned work with easy collaboration, the web app guides students
through assignments but then saves the work done in a collaborative mind map, where
students can post new ideas, comment, upvote, and share outside the context of assign-
ments. Existing systems seem to divorce collaboration and discussion from assigned
work and required learnings. The result was that discussion or team work always felt
like an unnecessary burden to a large number of students. By creating a system that
integrates the two, and where the outcome of required work is clearly seen in the collab-
orative space, our goal is to help connect team work directly to the intrinsic motivation
each student has identified for themselves.

By documenting the work students do in an online system, we are able to analyze the
problem-solving processes they use. To assess the value of the questions students ask
as they work towards their big goal, we defined the Question Productivity Index (QPI)
[9, 10]. Most methods of reviewing questions, like Bloom’s Taxonomy [11] or Depth of
Knowledge [12], focus on understanding and use of the content being reviewed. In the
case of a project, questions have to be evaluated based on their value to achieving the
student’s ultimate goal. This was the goal of the QPI, which assesses based on the value
to the goal, the specificity of the phrasing and the overall scale of the question.

Future work on the QPI involves the training of a neural net to automatically rate
questions that students post to the Beagle platform. These ratings can be used as con-
tinuous, formative assessments of student thinking skills. In the future, the team plans
to include other higher-order-thinking skill assessments in the platform to help inform
teaching of a variety of vital skills.

3 Example Applications

3.1 English Language Arts Program

For the majority of at-risk students in U.S. middle and high schools who fall behind, it is
nearly impossible to catch back up. Our educational partner, Riverview High School in
Mesa, Arizona, is an alternative placement school that works primarily with the at-risk
students who have been expelled from their district’s traditional schools, been sent to
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juvenile detention, or have repeatedly failed classes. About 2,000 school districts across
theUnited States have alternative placement schools that serve students with disciplinary
or academic problems. These schools serve approximately 400,000 students. More than
half of these schools have drop-out rates of 50% or more [13]. Class failure rates can be
above 90%.

Students at these schools often miss weeks, months, or even years of school. With
a traditional approach, those students are expected to catch up at home on their own
time. For most at-risk students, this is all but impossible due to a combination of home
environment, lack of motivation, and lack of scaffolding. When they do go back to
school, the number of zero scores on missed assignments makes it feel impossible to
catch up. The natural response is to disengage. Initially, students disengage emotionally,
but eventually, they disengage physically and stop showing up to school. It is typically
not possible to recover lost learning without attending class.

With our partners at Riverview High School, we have identified 3 key problems with
the current system that push these students out:

– Reliance on extrinsic motivation – Highly at-risk students have often had negative
experiences in school that make unmotivated content— content that is simply “part of
the curriculum,” per se—worthy of little or no attention. They need to see something
more than extrinsic motivators.

Make it Matter allows students to select their own goal question to guide their
work, and anecdotally, that has been a big motivator for students to complete their
work.

– Being left behind forever – If a student misses an assignment used to demonstrate a
specific skill, theyhaveno feasibleway to catchup,makinggraduation feel impossible.

Because our inquiry process follows a reliable pattern, it allows teachers to use
competency-based grading. If students fail to demonstrate a skill on one assign-
ment, they can show it on another assignment later in the semester and still get
full credit. Further, once students learn the process, they can do their work even if
they are home sick or, as occurred in the pilot, when suspended. In one example, a
suspended student handed in none of his homework except that from our program.

– Inconsistent classroom structures – After returning from an absence, inconsistent
structures mean students don’t know what is expected of them or how to engage.

The structure of the program is known by student and instructor alike, and
expectations and assignments are understood by the whole team.

Pilot Implementation
Pilots are being run in an elementary school, two high schools, and several community
colleges and four-year colleges. Only one of the high school pilots has progressed to the
point that early data are available, so only that pilot will be discussed here.

Two teachers at Riverview High School used the Make it Matter model in their
English Language Arts (ELA) and social studies (SS) programs. Mr. M taught the ELA
course. In this class,Mr.Mkicked things off by inviting students to brainstorm absolutely
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any interests or goals they had and might like to work towards. Students offered a variety
of ideas, including asking how they could become professional twitch streamers. Once
each student had decided on an individual goal, they came up with smaller NNQs to
focus on, as dictated by the Beagle Inquiry Framework. This course used the Beagle
web app to help manage the process.

Their NNQ led them through the process of identifying a source that might answer
that question, annotating the source they found, and writing a short summary of what
they learned from it.

After just two weeks, students had gotten into the flow and could repeat the “learn”
cycle of theBeagle InquiryFramework completely on their own, leavingMr.M toprovide
feedback and individual support, rather than having to manage class. Each week as work
was submitted, Mr. M reviewed the sources his students were reading, the annotations
they made on these sources, and the summaries they wrote. He reported: “60% of [the
skills learned were] unintentional. I didn’t have to specifically focus on that.” Students
were naturally encountering and demonstrating proficiency in 60% of the ELA
standards without Mr. M having to say a word.

Results
Their classes produced almost unsurpassed results in reducing failure rates. When using
Make it Matter, failures in ELA and SS were 58% and 47%, respectively. The quarter
before, when traditional teaching methods were used, the failure rates were 72% and
95%, respectively, for the same group of students. Quarter over quarter, the students’
demographicswere also consistent at 70%Hispanic, 10%AfricanAmerican, 10%Native
American, and 10% White. Overall, Make it Matter resulted in a 30% reduction in
failures. We are awaiting data on dropout rates and hope to see our program reduce their
number.

Though the data are from a small initial pilot, instructors report that the student
ownership of their questions appeared to be a good motivator for doing their work, and
the student ownership and knowledge of the process allowed students to do their work
even when they missed class. The principal reported that the substantial improvement in
SSwas due to the newcoherent and focused structure to the courseweprovided compared
to the previous quarter. Assignments were no longer disconnected, and everything was
aligned for the teachers and the students in how work was graded and assessed around
the students’ inquiry-based research.

3.2 STEM Research Program

A “leaky pipeline” is a widely acknowledged challenge in minority STEM education.
Despite entering college with similar STEM aspirations as their well-represented coun-
terparts, minority students leave the major at nearly twice the rate of white students [14].
Undergraduate research experiences (UREs) have consistently been found to be one of
the most successful interventions for increasing persistence of minority students through
STEM degree programs [15–17].

Based on these results, EdmondsCollege,ASU, andBeagle Learning have decided to
implement theMake itMatter program as a guiding structure for student-led undergradu-
ate research opportunities for community college students. The program offers a possible
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solution to a set of major barriers preventing implementation of quality undergraduate
research programs for historically underserved students.

1. Lack of Research Infrastructure and Limited Seats: Many community colleges
lack a research infrastructure and research culture [18]. Most research grants are
competed and won by universities, not community colleges. Thus, implementing
traditional apprenticeship-style UREs is often not a practical option. Even at schools
with established research programs, the number of students who can be supported
by these programs is generally small because of the constraints imposed by the tradi-
tional research structure. Apprentice-style research programs feature low student-to-
faculty ratios, are expensive to administer, and place considerable burdens on faculty
to supervise and mentor students [19].

2. High Time Commitment and Outside-of-School Requirements: Additional bar-
riers exist to involving minority and low-income students in UREs by virtue of the
unique challenges faced by these underserved groups. For instance, the volunteer-
based nature of most research projects and the substantial time commitments they
entail exclude many non-traditional and low-income students with significant family
responsibilities [20].

3. Stereotype Threat: Underrepresented groups are more likely to perceive the under-
graduate STEM climate as unwelcoming or even hostile and are less likely to app-
roach faculty for research opportunities [21, 22]. In fact, first-year minority students
at schools that offered structured opportunities for research were four times more
likely to participate than minority students at schools without formal research oppor-
tunities [23]. Research programs that rely on students finding their own mentor are
likely to dissuade underrepresented students.

4. Prosocial Values and Science Identity: Underrepresented students weigh altruistic
or prosocial motivations more heavily than their peers when considering possible
career paths [24, 25]. Unfortunately, this may be dampening the effects of under-
graduate research opportunities for underrepresented students. A careful study in
2016 showed that first-generation minority students in STEM are much less likely
to build a sense of science identity or persist in a STEM field if they do not perceive
STEM as offering them a way to give back to their community [26]. UREs must be
paired with an emphasis on the prosocial nature of STEM careers in order to offer
equal benefits to all participants.

The Make it Matter program to address this issue and all its complexities will be
launched in the fall of 2021. Students will be directed to choose a STEM-related big-goal
question to drive their project. They will use the iterative Beagle Inquiry Framework
to gain background knowledge on the topic, and they will then choose an action or
experiment to run. Staff members at Edmonds College will work as facilitators. When
students need expert input on a topic, the staff members will reach out to relevant faculty
members at the institutions who will give short “topic burst” lectures on the needed
topic for the students. This structure means that students will know exactly the purpose
of every lecture they receive; itwill, therefore, help them retainmore information and stay
more engaged. Faculty will have to devote far less time that they would to a traditional
apprenticeship-based URE.
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The Beagle web app will be used by students to document inquiry work done, letting
students work remotely and removing the burden of scheduling in-person meetings, a
common blocker for students whowork full-time jobs or care for familymembers during
school.

4 Conclusion

Research has demonstrated the powerful value of intrinsic motivation, interactive learn-
ing strategies, and student-led experiences. The intent of the Make it Matter program
was to develop a clear course structure that an instructor could adopt instead of a tradi-
tional lecture-based approach. In this way, Make it Matter is a teaching process, just as
lecturing is a teaching process, and can be applied to any content or discipline. We have
seen extremely encouraging early results from our pilots and look forward to deeper
research in future programs.
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Abstract. With the proliferation of mobile devices in daily lives, users access
Massive Open Online Courses (MOOCs) more often with devices other than sta-
tionary desktop computers. The introduction of mobile applications for MOOC
platforms improved the learning experience by enabling Internet-independent
learning sessions. Despite the university-like setting, MOOCs have also been uti-
lized in a corporate context. Learners from different countries can integrate mobile
applications into their learning process, which may result in varying usage pat-
terns. In an observational study, the video consumptionwithmobile applications in
different countries was examined. Based on over 2.9 million tracking events from
2019, the learning behavior was evaluated in the ten most active countries of an
Enterprise MOOC platform. India and the United States showed unique patterns
in terms of mobile application usage by having the highest and the lowest adop-
tion rates. For other countries, no overarching multi-dimensional patterns were
detected. In general, the use of cellular data correlates with the costs of mobile
data in the respective countries. However, users who avoid cellular data do not
automatically download video content to the mobile devices. Small to medium
practical effects were proven for all dimensions.

Keywords: MOOCs · Mobile learning · Enterprise MOOCs

1 Introduction

Massive Open Online Courses (MOOCs) have been proven to be effective in providing
free educational resources to people with access to the Internet. They have been deployed
to a variety of fields — from computer science to health-related topics [7]. Despite the
original university-like setting, most MOOC learners are professionals who want to
deepen their knowledge or create new job opportunities [11]. Hence, MOOCs have been
utilized in a corporate context [8]. Companies offer courses, e.g., to train employees or
to provide detailed documentation of their products.

Most learning activities in MOOCs are performed in a stationary setting on desktop
computers [6]. However, mobile devices present a shift in traditional learning environ-
ments [2]. With the proliferation of mobile devices in daily lives, users accessed MOOC
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platforms with those devices [13]. MOOC platforms, in turn, started to optimize their
user interfaces and developed dedicated mobile applications to provide a better learning
experience on mobile devices [13]. With the help of mobile devices, MOOC platforms
allow users to choose their preferred device for learning activities while at the same time
reaching people who don’t have access to desktop computers [10]. Operating with cel-
lular networking capabilities can be both — advantage and disadvantage — for mobile
devices. On one side, it allows users to escape the traditional learning setting. On the
other side, broadband Internet access, cellular coverage, and the respective usage rates
are influenced by regional factors [10] and prices [21]. Triggered by this, mobile appli-
cations provide the functionality to download and store learning resources on mobile
devices [4]. Thereby, learners also gain more options in creating their preferred learning
process, being time-, device-, and network-independent without leaving the designed
learning environment.

Especially in a global enterprise context, learners from different countries will join
the courses, thus creating a diverse learning community. With such diversity, different
usage patterns in Enterprise MOOCs will surface [5]. Analyzing learning behavior in
a global context has become of increasing interest [15] as regional factors have to be
considered and learning characteristics may vary. MOOC platform providers and course
designers have to consider differences by adapting their technical setup and content deliv-
ery. Also,mobile devices are becomingmore relevant in the corporate learning landscape
[20]. To create insights on how mobile applications are used for video consumption in
different countries, we formulated these research questions:

RQ1: How does the usage of mobile applications for video consumption in
Enterprise MOOCs differ between countries?

RQ1a: How is the acceptance rate for mobile applications?

RQ1b: How is the acceptance rate of using a cellular connection?

RQ1c: How is the acceptance rate of downloading content beforehand?

2 Foundations

This section provides foundational information to better illustrate the underlying princi-
ples and rationales of this work. In this regard, the concepts of Enterprise MOOCs and
mobile learning are introduced.

2.1 Enterprise MOOCs

The termEnterpriseMOOC is used to describe online courses following xMOOC design
principles, implemented in a broader business context. These courses are scalable to serve
a larger audience, open to everyone, providing videos and tools for interaction — e.g.,
quizzes, exercises, surveys, or forum discussions — in a digital classroom over a fixed
period with subsequent on-demand availability of content [14]. In contrast to Corporate
MOOCs, the delivery does not exclusively focus on a company’s employees but provides
relevant business knowledge to all stakeholders of a company’s ecosystem [8]. openSAP1

1 Available at open.sap.com.

https://open.sap.com/
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is a digital learning platform with a focus on delivering video-based online courses. The
free-of-charge offering plays an important role in SAP’s continuous transformation of its
education business to share knowledge about its latest innovations and relevant business
or product-related topics within and beyond its global ecosystem more openly, time and
device-independent, and at scale [16]. Combining short videoswith additional interactive
elements, and the flexibility of content consumption via desktop, mobile web, mobile
applications, online or offline, Enterprise MOOCs on openSAP are an effective format
for knowledge transfer in a fast-moving business context.

2.2 Mobile Learning

Research on Mobile Learning already started with the availability of the first handheld
devices. Back then, studies centered around non-stationary learningmethods [17].When
mobile devices became an integral part of users’ lives, the focus extended to providing a
ubiquitous learning experience. Compared to learning with traditional desktop comput-
ers, mobile devices offer smaller screen sizes but allow learning in non-stationary situa-
tions. Mobile applications on mobile devices are utilized to enable network-independent
learning sessions [3], thus offering a higher degree of flexibility to the users’ learning
process. On mobile devices, the learning behavior is influenced by various aspects —
such as the device’s screen size, the utilized user interface (mobile website or mobile
application), or the current network connectivity state [1, 5, 12, 19]. Because of this, not
all learning activities are suitable for being performed in a mobile context [9]. Learning
with mobile devices should rather be considered as a complement to learning with desk-
top computers [18]. However, by applying Mobile Seamless Learning techniques [2],
the interplay of desktop computers and mobile devices is strengthened. Here, different
constraints are minimized that can influence the learning experience negatively. The
ubiquitous access to learning resources is aligned this work.

3 Study Design

We conducted a long-term observational study to capture the real-world interactions
of the learners with course videos on openSAP. Started video playbacks have been
recorded as events using the tracking capabilities of theMOOC platform. Those tracking
events are annotated with the learners’ contextual environment — e.g., the used device
category, operating system, and interacted content. Based on these context attributes,
three different metrics have been defined and calculated — each to answer one respective
research question. Thesemetrics are discussed inmore detail in Sect. 3.2. By considering
only recorded tracking events, this study focused on learners who watched at least
one video, while disregarding learners who didn’t participate in a course (no shows).
Furthermore, only the ten most active countries have been considered in this study.

3.1 Sample Data

This study is based on the users’ learning activities of the year 2019 (2019–01–01 until
2019–12–31). At the end of 2019, openSAP offered 166 courses, and approximately
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1 million learners have been registered to the platform. Learning activities may vary
depending on the offered guided MOOC courses. We acknowledge the fact that mobile
usage rates evolve constantly. However, the COVID-19 outbreak in 2020 would risk
distorting the recorded data disproportionately. Therefore, no data from this period were
included in this study. The effects of the COVID-19 outbreak on mobile usage rates
should be examined in a separate study.

3.2 Data Processing and Metric Definition

In total, over 2.9 million events for video playbacks have been recorded in the year 2019
on openSAP. Due to this huge amount, the data processing had to be performed close to
the data storage. By the means of SQL queries, each metric was first calculated for all
active users. Along with that, the user’s country was determined based on the IP address.
If a user accessed the MOOC platform from multiple countries, only the country with
the most interactions was considered. The following metrics have been defined for this
study:

Adoption of Mobile Applications
Regarding RQ1a, the usage of the mobile applications had to be identified. For this, two
context attributes have been utilized: platform and runtime. The platform attribute states
the operating system of the user’s device. In the case of mobile devices, this is iOS,
Android, and others. This is complemented by the runtime attribute, which describes the
accessing application. For browsers on desktop or mobile, this would be the name of the
browser. Concerning the mobile applications, the value would again be iOS or Android.
By these means, video playbacks with mobile applications can be distinguished from
other devices or platforms. Regarding the metric, the ratio of mobile video playback to
all video playbacks has been determined for each active user. A ratio of 0 indicates no
usage of the mobile application, while a ratio of 1 implies that the user only consumed
video with mobile applications.

Network State
As mobile devices can be connected to the Internet in different ways and offered mobile
applications can operate without an Internet connection, the context of the tracking
events had to be extended for these devices. The network attribute captures the current
connectivity method when triggering new tracking events. The system can differentiate
between WiFi connections, cellular connectivity, and no connection to the Internet. The
connectivity method, however, does not reliably correlate to the available bandwidth.
A WiFi connection does not have to be sufficiently fast, and low cellular connectivity
could appear as non-existent to the user. However, due to the broad cellular coverage, real
offline usage of mobile applications is rare [3]. Therefore, we focus on video playbacks
with a cellular connection as part of this study (RQ1b). Similar to determining the usage
rate of mobile applications, the ratio of cellular video playbacks has been determined
for each active user of the mobile applications. Mobile users who avoid video playbacks
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with a cellular connection show a ratio of 0. Users who always rely on cellular data will
have a ratio of 1.

Download Functionality
As described before, video content can be downloaded by mobile applications to enable
network independent learning sessions. To capture the respective context, the cur-
rent_source attribute in the tracking context is utilized. This attribute is also specific
to the mobile application, as other device groups (desktop web and mobile web) can
only operate with an Internet connection. If the user has downloaded the video item
before playback, the current_source attribute will hold the value offline, and the video
is loaded from the local storage of the mobile application. Otherwise, the video content
is streamed over the Internet and the attribute holds the value online. Users might also
download video content for non-offline learning sessions [3]. This is partly due to the
varying network condition described as part of the previous metric. In that way, users are
also prepared for possible future offline learning activities. In this study, we thus examine
video playbacks with downloaded content (RQ1c). The ratio of video playbacks with
an offline source has been calculated in proportion to the overall number of the user’s
playbacks with the mobile application. If the user always pre-downloads video content,
the metric will state a value of 1. In contrast, if all video content is streamed, the ratio
will be 0.

4 Results and Discussion

As a preparation for the evaluation, the countries with the highest number of active users
have been determined. This study is limited to the ten most active countries of openSAP.
Those countries are (in descending order of active users): India (IN), Germany (DE),
United States of America (US), Great Britain (GB), Brazil (BR), Canada (CA), Spain
(ES), Australia (AU), France (FR), and the Netherlands (NL). These countries combined
accounted for about 69%of all started video playbacks, whereas themajority of playback
events (53%) were created for users from India, Germany, and the United States.

4.1 Video Playbacks in Mobile Applications

Table 1 displays the results of the mobile application usage metric grouped for users
of these ten countries along with the number of active users per country (RQ1a). India
shows the highest adoption of mobile applications (14.6% of all video playbacks), while
the United States registers the lowest adoption rate (3.5%). When comparing the metric
results of all countries, the Kruskal-Wallis test returned highly significant differences
between the countries (H = 3596.49; p ≤ 0.001). Table 2 displays the pairwise Bonfer-
roni corrected probabilities of the adjoining post hoc test with the respective effect sizes
shown in Table 7. Based on the identified high statistically significant differences, the
countries have been clustered into groups. Regarding this, countries with highly signif-
icant differences have not been placed into the groups. As a result of the general usage
of mobile applications, four groups were formed. First, India shows the highest adop-
tion rate, with 10% of the users only relying on mobile applications (small to medium
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effect). Second, in Brazil and Australia, at least 10% of the users make use of mobile
applications (small effect). Third, users from European countries (Germany, Nether-
lands, Great Britain, Spain, France) and Canada have a similar attitude (small effect).
Fourth, the United States shows the lowest adoption rate (small effect). These groups
are visualized in Fig. 1. The majority of users still rely fully on the desktop environment.
However, mobile applications are still utilized by users. Surprisingly, there are always
users who only rely on their mobile devices for video consumption.

Table 1. Ratio of video playbacks on mobile applications.

Country User count Metric Extreme users

Mean Std.Dev. 0% 100%

IN 35877 0.1460 0.3275 80% 10%

DE 25144 0.0556 0.2084 91% 3%

US 23856 0.0348 0.1662 94% 2%

GB 5839 0.0587 0.2152 91% 4%

BR 4275 0.0849 0.2542 87% 5%

CA 4122 0.0578 0.2141 91% 4%

ES 3516 0.0669 0.2249 89% 4%

AU 3233 0.0846 0.2535 87% 5%

FR 3041 0.0621 0.2234 91% 4%

NL 2976 0.0506 0.2002 92% 3%

Table 2. Video playbacks on mobile applications: pairwise Bonferroni corrected probabilities.

IN DE US GB BR CA ES AU FR NL

IN – <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

DE <0.001 – <0.001 1.000 <0.001 1.000 0.057 <0.001 1.000 1.000

US <0.001 <0.001 – <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.032

GB <0.001 1.000 <0.001 – <0.001 1.000 0.293 <0.001 1.000 1.000

BR <0.001 <0.001 <0.001 <0.001 – <0.001 0.111 1.000 <0.001 <0.001

CA <0.001 1.000 <0.001 1.000 <0.001 – 1.000 <0.001 1.000 1.000

ES <0.001 0.057 <0.001 0.293 0.111 1.000 - 0.374 1.000 0.021

AU <0.001 <0.001 <0.001 <0.001 1.000 <0.001 0.374 – <0.001 <0.001

FR <0.001 1.000 <0.001 1.000 <0.001 1.000 1.000 <0.001 – 1.000

NL <0.001 1.000 0.032 1.000 <0.001 1.000 0.021 <0.001 1.000 –

4.2 Video Playbacks with Cellular Data

For RQ1b, only users of the mobile applications have been considered. In Table 3,
the data of the cellular usage metric are presented. In India, mobile users most often
rely on cellular data for video playbacks (57%), whereas mobile users from Germany
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and Canada are more reluctant (19%–22%). The Kruskal-Wallis test revealed highly
statistical differences for the usage patterns across the studied countries (H = 1687.71;
p ≤ 0.001). The pairwise probabilities of the post hoc test and the respective effect sizes
are shown in Table 4 and Table 8.

Table 3. Ratio of video playbacks with cellular data.

Country User count Metric Extreme users

Mean Std.Dev. 0% 100%

IN 7481 0.5681 0.4328 27% 39%

DE 2321 0.2186 0.3515 62% 10%

US 1429 0.2990 0.3968 54% 17%

GB 538 0.2988 0.3918 53% 16%

BR 570 0.3377 0.4011 47% 19%

CA 386 0.1872 0.3314 66% 9%

ES 410 0.3195 0.4050 52% 17%

AU 428 0.4772 0.4393 36% 30%

FR 293 0.5035 0.4503 38% 32%

NL 253 0.2867 0.3963 57% 15%

Table 4. Video playbacks with cellular data: pairwise Bonferroni corrected probabilities.

IN DE US GB BR CA ES AU FR NL

IN – <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.087 <0.001

DE <0.001 – <0.001 0.003 <0.001 1.000 0.002 <0.001 <0.001 1.000

US <0.001 <0.001 – 1.000 1.000 <0.001 1.000 <0.001 <0.001 1.000

GB <0.001 0.003 1.000 – 1.000 0.004 1.000 <0.001 <0.001 1.000

BR <0.001 <0.001 1.000 1.000 – <0.001 1.000 <0.001 <0.001 1.000

CA <0.001 1.000 <0.001 0.004 <0.001 – 0.002 <0.001 <0.001 0.362

ES <0.001 0.002 1.000 1.000 1.000 0.002 – <0.001 <0.001 1.000

AU 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 – 1.000 <0.001

FR 0.087 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1.000 – <0.001

NL <0.001 1.000 1.000 1.000 1.000 0.362 1.000 <0.001 <0.001 –

The countries were categorized into groups based on the highly significant differ-
ences. First, mobile users from India are the most willing to use cellular data for video
streaming (small to medium effect). Second, the behavior shown in France and Australia
is only slightly less in favor of cellular data usage (small effect). Here, at least 30% of
the mobile users are using only cellular data. Third, the United States, Great Britain,
Brazil, Spain, and the Netherlands show a similar acceptance rate (small effect). Fourth,
mobile users in Germany and Canada are the least in favor of using cellular data, with
62%–66% of mobile users avoiding cellular data at all (small effect). These grouping
results are shown in Fig. 1. The described findings correlate with prices for cellular data
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in the respective countries [21]. The more affordable mobile data plans are in a country,
the more users consume MOOC video content on cellular data.

4.3 Video Playbacks with Downloaded Content

Following the result of the cellular usage, the download state metric was evaluated for
RQ1c (see Table 5). Also, for this metric, only users of mobile applications have been
considered. In Germany, most video content was downloaded before playback (18%).
In contrast, mobile users from the United States made only little use of the download
functionality (9%). The applied Kruskal-Wallis test yielded highly statistical differences
in usage patterns across countries (H = 102.35; p ≤ 0.001). In Table 6, the probabilities
of the post hoc test are displayed, with the effect sizes shown in Table 9. The grouping
process of countries based on highly significant differences resulted in three groups.
First, mobile users fromGermany are themost active in downloading video content, with
7% of the mobile users only consuming downloaded materials (small effect). Second,
mobile users from India, Great Britain, Brazil, Canada, Spain, Australia, France, and
the Netherlands all show a non-distinguishable download behavior (13%–17%; small
effect). Third, most users in the United States (83%) don’t consume downloaded video
content (small effect). Mobile users who are more reluctant in using cellular data for
video playback might be more willing to download the video content beforehand and
vice versa. This assumption holds up from users from Germany and India. However, the
usage patterns shown by users from the United States break the assumption. Therefore,
there must be another factor influencing the users’ actions, which should be discussed
in future studies.

Table 5. Ratio of video playbacks with downloaded content.

Country User count Metric Extreme users

Mean Std.Dev. 0% 100%

IN 7481 0.1273 0.2870 77% 6%

DE 2321 0.1771 0.3287 71% 7%

US 1429 0.0889 0.2464 83% 4%

GB 538 0.1445 0.3074 75% 7%

BR 570 0.1681 0.3187 71% 6%

CA 386 0.1537 0.3084 74% 6%

ES 410 0.1489 0.3074 74% 6%

AU 428 0.1149 0.2651 79% 3%

FR 293 0.1401 0.2927 74% 5%

NL 253 0.1209 0.2720 79% 2%
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Table 6. Video playbacks with downloaded content: pairwise Bonferroni corrected probabilities.

IN DE US GB BR CA ES AU FR NL

IN – <0.001 <0.001 1.000 0.088 1.000 1.000 1.000 1.000 1.000

DE <0.001 – <0.001 0.743 1.000 1.000 1.000 0.004 1.000 0.099

US <0.001 <0.001 – 0.005 <0.001 0.002 0.004 1.000 0.033 1.000

GB 1.000 0.743 0.005 – 1.000 1.000 1.000 1.000 1.000 1.000

BR 0.088 1.000 <0.001 1.000 – 1.000 1.000 0.168 1.000 0.693

CA 1.000 1.000 0.002 1.000 1.000 – 1.000 1.000 1.000 1.000

ES 1.000 1.000 0.004 1.000 1.000 1.000 – 1.000 1.000 1.000

AU 1.000 0.004 1.000 1.000 0.168 1.000 1.000 – 1.000 1.000

FR 1.000 1.000 0.033 1.000 1.000 1.000 1.000 1.000 – 1.000

NL 1.000 0.099 1.000 1.000 0.693 1.000 1.000 1.000 1.000 –

4.4 Overarching Usage Patterns
By combing the findings from each discussed metric, we were able to visualize multi-
dimensional usage patterns for video consumption in mobile applications across the
considered countries (RQ1). Figure 1 shows all groups of identified countries with simi-
lar usage patterns. Hereby, each metric was encoded differently, while at the same time,
more general patterns become visible. Most notably, users from India and the United
States show both relatively unique usage patterns. India from a separate group in terms
of mobile usage and cellular usage, while the United States represents a unique group in
terms of mobile usage and download behavior. For the remaining groups and countries,
no overarching multi-dimensional patterns were revealed. Similar usage traits are shared
across continents and no further grouping with multiple metrics can be detected. There-
fore, customization and enhancements to course delivery methods for different regions
should rather be made on a per-metric level.

Cellular DownloadUsage

US

IN NL

FR AU

ESCA BRGB

DE

Fig. 1. Grouping of countries with similar mobile application usage patterns.
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5 Conclusion

In this observational study, we evaluated the users’ usage of mobile applications in
a global Enterprise MOOC context. For this, three metrics about the video playback
context have been defined and applied to events tracked in 2019. Users in India showed
a higher adoption rate of mobile applications compared to other countries, while users
in the United States are more reluctant in their usage (RQ1a). The use of cellular data
for video playbacks was higher in India, whereas users in Germany and Canada avoided
the usage of cellular data. The use of cellular data correlates with the costs of mobile
data in the respective countries (RQ1b). Users in Germany downloaded more videos
before playback. However, users who avoid cellular data do not automatically download
video content to the mobile device (RQ1c). By combining the results from all three
metrics, it becomes apparent that India and the United States form unique groups in
terms of mobile usage. For the remaining groups and countries, no overarching multi-
dimensional patterns could be revealed (RQ1). Enhancements to course deliverymethods
for different regions should, therefore, be made for each metric individually. For all
studied dimensions, small to medium practical effects could be proven. Nevertheless,
we are confident that this study further contributes to a better understanding of the
different aspects of how mobile applications for MOOCs are used in a global enterprise
context. In turn, this allows MOOC platform providers and course designers to improve
the overall learning experience.

Appendix

Table 7. Video playbacks on mobile applications: effect sizes by Cohen’s d.

IN DE US GB BR CA ES AU FR NL

IN – 0.318 0.405 0.278 0.190 0.277 0.247 0.191 0.262 0.299

DE 0.318 – 0.110 0.015 0.136 0.011 0.054 0.135 0.031 0.024

US 0.405 0.110 – 0.135 0.275 0.132 0.184 0.278 0.157 0.093

GB 0.278 0.015 0.135 – 0.113 0.004 0.037 0.113 0.016 0.039

BR 0.190 0.136 0.275 0.113 – 0.115 0.075 0.001 0.094 0.147

CA 0.277 0.011 0.132 0.004 0.115 – 0.041 0.115 0.019 0.035

ES 0.247 0.054 0.184 0.037 0.075 0.041 – 0.074 0.021 0.076

AU 0.191 0.135 0.278 0.113 0.001 0.115 0.074 – 0.094 0.148

FR 0.262 0.031 0.157 0.016 0.094 0.019 0.021 0.094 – 0.054

NL 0.299 0.024 0.093 0.039 0.147 0.035 0.076 0.148 0.054 –
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Table 8. Video playbacks with cellular data: effect sizes by Cohen’s d.

IN DE US GB BR CA ES AU FR NL

IN – 0.842 0.630 0.626 0.535 0.889 0.576 0.210 0.149 0.652

DE 0.842 – 0.218 0.223 0.329 0.090 0.280 0.706 0.783 0.191

US 0.630 0.218 – 0.001 0.097 0.291 0.051 0.438 0.503 0.031

GB 0.626 0.223 0.001 – 0.098 0.303 0.052 0.432 0.495 0.031

BR 0.535 0.329 0.097 0.098 – 0.402 0.045 0.334 0.396 0.128

CA 0.889 0.090 0.291 0.303 0.402 – 0.356 0.740 0.817 0.277

ES 0.576 0.280 0.051 0.052 0.045 0.356 – 0.373 0.434 0.082

AU 0.210 0.706 0.438 0.432 0.334 0.740 0.373 – 0.059 0.450

FR 0.149 0.783 0.503 0.495 0.396 0.817 0.434 0.059 – 0.509

NL 0.652 0.191 0.031 0.031 0.128 0.277 0.082 0.450 0.509 –

Table 9. Video playbacks with downloaded content: effect sizes by Cohen’s d.

IN DE US GB BR CA ES AU FR NL

IN – 0.167 0.137 0.059 0.141 0.091 0.075 0.044 0.044 0.023

DE 0.167 – 0.294 0.100 0.027 0.072 0.087 0.195 0.114 0.174

US 0.137 0.294 – 0.210 0.295 0.248 0.230 0.104 0.201 0.128

GB 0.059 0.100 0.210 – 0.075 0.030 0.014 0.102 0.015 0.080

BR 0.141 0.027 0.295 0.075 – 0.046 0.061 0.179 0.090 0.155

CA 0.091 0.072 0.248 0.030 0.046 – 0.016 0.135 0.045 0.111

ES 0.075 0.087 0.230 0.014 0.061 0.016 – 0.119 0.029 0.095

AU 0.044 0.195 0.104 0.102 0.179 0.135 0.119 – 0.091 0.022

FR 0.044 0.114 0.201 0.015 0.090 0.045 0.029 0.091 – 0.068

NL 0.023 0.174 0.128 0.080 0.155 0.111 0.095 0.022 0.068 –
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Abstract. The COVID-19 pandemic has impacted institutions of higher educa-
tion, and as a result, many educators are now experiencing Zoom fatigue. Institu-
tions of higher education have moved to online or remote learning and are inte-
grating web conferencing tools such as Zoom, WebEx, and Adobe Connect for
course delivery. Many educators have reported an overutilization of technology,
which has resulted in technostress. Technostress has been shown to affect phys-
ical and mental health. As more institutions of higher education move to remote
learning, it will require a collective response from educators and from colleges and
universities. The purpose of this article is to explore how the technostress model
can be used as the framework to provide strategies to recognize and address Zoom
fatigue.

Keywords: COVID-19 · Remote learning · Technology · Technostress · Online
education · Zoom fatigue

1 Introduction

COVID-19 has impacted millions of people worldwide [1], and many people are now
adopting new ways to interact, learn, and work as a result of the coronavirus pan-
demic. Specifically, COVID-19 has significantly impacted how institutions of higher
education (IHEs) operate, many of which have implemented school/university closures
[2]. As a continuity plan and to avoid massive disruptions of instruction due to these
closures, many IHEs are now offering courses online [3]. Consequently, IHEs are utiliz-
ing technologies similar to those used for remote work [2]. These technologies include
video conferencing tools such as Zoom,WebEx, Blackboard Collaborate, Skype, Adobe
Connect, GoToMeeting, and Microsoft Teams for online synchronous course delivery
[4].

Video conferencing tools operate asmethods of communication that allow connected
users to share video and audio in real time by allowing users to share files, slides, static
images, and text through the platform being used [5]. One video conferencing platform
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that has grown in popularity since the COVID-19 pandemic is Zoom. Approximately
90,000 schools in 20 countries use Zoom [6]. Video conferencing tools such as Zoom
have increased the social presence of the learning environment, provided instructors with
the ability to observe students working in real-life learning experiences, and increased
the effective use of academic time [7]. Along with the new adoptions of video-based
platforms, the number and length of video-based meetings and classes for instructors
and students have significantly increased, which has resulted in individuals experiencing
what many describe as Zoom fatigue [8].

Zoom fatigue or video conferencing fatigue arises when individuals spend too much
time looking at computer/phone screens, and it manifests as emotional, psychological,
and physical exhaustion. This is sometimes further compounded by the stress caused by
COVID-19 and can impact individuals’ health. Zoom fatigue can have notable biological,
psychological, and social impacts and can be recognized by a number of indicators.Video
conferencing requires individuals to communicate in different ways with prolonged eye
contact, a reduction in body gestures, and an increase in facial expressions [9]. Adding
to this, individuals often remain in the same spot, which can result in users experiencing
headaches or migraines, eye irritation and pain, blurred and double vision, and excessive
tearing and blinking. Other recognizable markers may include a lack of focus or finding
it difficult to stay on track during discussions [9]. Although the factors that contribute
to Zoom fatigue are complicated and multifaceted, a closer examination can lead to
strategies to deal with Zoom fatigue [10]. This article will examine how the technostress
model can be used as the framework to provide strategies to recognize and address Zoom
fatigue.

2 Conceptual Framework

Modern information and communication technologies (ICTs) have changed the work
environment and culture with the increased use of email, electronic scheduling, and
video conferencing [11]. Although the growth in ICTs has had many positive outcomes,
this same growth has also led to misuse and overuse, resulting in over 25% of the general
working population complaining of lack of time and energy due to digital technology
[12]. Due to this technology overuse, the resulting lack of energy and distress has been
referred to as technostress [13]. Technostress has been shown to affect physical health,
with symptoms that include headaches, stiff shoulders, backaches, anxiety, and fatigue
[14, 15].

The definition of technostress has seen many iterations. Clinical psychologist Craig
Brod [16] first defined technostress as a “disease of adaptation caused by an inability
to cope with the new computer technologies in a healthy manner” (p. 16). Weil and
Rosen [17] expanded the definition of technostress to include “any negative impact
on attitudes, thoughts, behaviors, or body psychology caused directly or indirectly by
technology” (p. 5). Ragu-Nathan et al. [11] defined technostress as an “individual’s
attempts to deal with constantly evolving ICTs and the changing physical, social, and
cognitive responses demanded by their use” (p. 418). Tarafdar et al. [18] extended the
definition and defined technostress as a stress experienced by users as a result of emerging
applications, multitasking, constant connectivity, information overload, frequent system
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upgrades, constant uncertainty, and continual relearning, as well as technical problems
associated with the organizational use of ICT. Other researchers have taken a closer
look at technostress and revealed main aspects of this phenomenon, such as conditions
that create technostress, adverse effects of technostress on work life, and antecedents of
technostress [19]. La Torre et al. [20] noted that the definition of technostress changed
from the 1980s—when it was defined as the inability to cope with new ICTs in a healthy
manner — to the negative impact of physical or mental attributes caused directly or
indirectly by technology.

Conditions that create technostress include techno-overload, techno-invasion,
techno-complexity, techno-insecurity, and techno-uncertainty [18, 19]. Techno-overload
describes situations inwhich use of information systems (IS) forces professionals towork
more and to work faster. Professionals are forced to change their work habits to adapt
to new technologies. Techno-invasion describes situations in which professionals can
potentially be reached anywhere and anytime and feel the need to be constantly con-
nected. Professionals feel that their personal lives are being invaded by the IS they use at
work. Techno-complexity describes situations in which the complexity associated with
IS forces professionals to spend time and effort in learning and understanding how to
use new applications. The professionals feel that they cannot find enough time to study
and upgrade their technology skills. Techno-insecurity emerges in situations in which
users feel threatened about losing their jobs to other people who have a better under-
standing of new IS. Users believe they have to constantly update their skills to avoid
being replaced. Techno-uncertainty refers to contexts in which continuing changes and
upgrades to IS do not give professionals a chance to develop a base of experience for a
particular application or system [18].

Tarafdar et al. [18] found seven consequences of technostress conditions: (1) technos-
tress conditions exacerbate role overload, (2) technostress conditions are associated with
increased role conflict, (3) technostress conditions are linked to reduced job satisfaction,
(4) technostress conditions decrease professionals’ innovation in their tasks while using
IS, (5) technostress conditions reduce professionals’ productivity while using IS in their
work, (6) technostress conditions causes professionals to be dissatisfied with the IS they
use, and (7) technostress conditions are associated with reduced commitment of profes-
sionals to their current organizations’ goals and values. The researchers also found that
gender and computer confidence have major influences on technostress. Interestingly,
men experienced more technostress than women. Professionals with greater computer
confidence experienced less technostress because they likely had more faith in their
ability to handle any disruptions arising from technostress-creating conditions [18].

3 Challenges Experienced

The rapid pivot to remote learning necessitated the use of video conferencing tools for
real-timemeetings and synchronous class sessionswith students. This rapid pivot created
multiple challenges for students and faculty alike. First, many students and faculty were
not familiar with the video conferencing tools that universities rolled out.With little time
for training, faculty and students essentially moved from being casual users to expert
users of video conferencing tools. Many had to learn the tool as they used it. During an
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already stressful time due tomultiple changes as a result of theCOVID-19 pandemic, this
lack of preparedness increased stress levels. Second, as many students chose to return
to their homes or remain home to continue the semester, faculty and students had to
navigate the challenges of various time zones for synchronous meetings [21]. Requiring
students to actively engage in class discussions during a live session at 11:00 p.m. or
5:00 a.m., or to take exams during these times, certainly is unrealistic and creates stress
and fatigue.

Another challenge experienced by faculty and students, particularly located in rural
areas, is the demand on internet bandwidth required when using webcams. Although the
Federal Communications Commission (FCC) set a minimum data transmission speed
for broadband service that would be deemed adequate to stream video and participate in
other high-traffic online activities, those minimum speeds still are not readily available
in many rural areas [22]. Students in rural areas may experience difficulty connecting to
video conferencing tools or streaming video for a full 90-min class session. According
to Bullock and Colvin [23], lack of access to the minimally accepted broadband speed
can create a digital divide, as students try to access course content and participate in live
video conferencing activities. This lack of access places students at a disadvantage, and
instructors need to be mindful of this as assignments are created.

Finally, the increased usage of video conferencing tools like Zoom has made it
challenging for faculty and students to concentrate during the live sessions. According
to researchers, video calls require users to focus more intently on conversations in order
to absorb information. Users attempt to show that they are paying attention by looking
at the camera, which can make one feel uncomfortable and tired [24].

4 Strategies for Addressing Zoom Fatigue

Although technostress is not a new phenomenon, COVID-19 has led to the widespread
impact of what is now being called Zoom fatigue. Practical strategies exist that can help
educators control physical space, set boundaries, and ultimately prevent and/or neutralize
Zoom fatigue. Recommendations for educators to control physical space include keeping
the laptop or desktop at a comfortable height, avoiding cell phone usage during Zoom
sessions, and setting up an external webcam instead of using the laptop/computer camera
so the webcam can be moved into a comfortable position. Furthermore, making specific
adjustments to the workspace, such as propping the screen up with a couple of books to
create a straight line fromone’s face to the people on the screen can help one to seemicro-
expressions and feel more connected [25]. Additionally, incorporating built-in breaks
for educators and students, along with setting up and adhering to a specific start time and
end time, can also help to control physical space and avoid feelings of sluggishness [26].
Fossilen andWest Duffy [24] also propose taking mini breaks during long video calls by
minimizing the window, moving it behind an application, or occasionally looking away
from the computer completely for a few seconds.

McWhirter [26] suggests that educators should create boundaries: set virtual office
hours that are separate from teaching hours, physically leave the teaching/office space
once tasks are complete for the day, continue to dress professionally when teaching
and meeting with students, and change clothes once daily tasks are complete. Leazenby



“All Zoomed Out”: Strategies for Addressing Zoom Fatigue 65

[27] further supports these strategies by recommending the following: (1) schedule
time to vent to friends or family, (2) change scenery between meetings, and (3) put
away computers when finished with work or school to complete that part of the day.
McWhirter [26] reminds educators that, although a strong desire to assist and be available
to students exists, educatorsmust recognize the importance of personal time, family time,
and creative time, along with the need for rejuvenation.

5 Recommendations

Colleges and universities have the potential to support faculty through the challenges of
long-term engagement with video conferencing tools as a result of the pandemic. Studies
show that university support can help reduce a faculty member’s stress levels caused by
technology use [28–30]. Stress reduction can occur by providing faculty with end-user
training for video conferencing tools. This can help to increase technology literacy and
confidence in technology use, which have been shown to reduce technostress. Stress-
reduction tools also include creating spaces for faculty to engage in discussions and an
exchange of ideas that focus on self-care and wellness. Since faculty may experience
social and psychological effects of isolation, creating an initiative to ensure that faculty
are aware of how to access psychological and social support services, and resources
offered through the institution, can be helpful. This initiative can include ensuring that
faculty understand how to access college or university Employee Assistance Program
(EAP) resources virtually, in the event that faculty are not able to return to the insti-
tution. For instance, colleges and universities can promote their EAP online resources
and provide instructions on how to access them. Specifically, institutions can make fac-
ulty aware of an After-hours Crisis Line offered through EAP, through which faculty
can access and speak directly with a crisis counselor. EAP may also provide additional
services such as the LiveHealth Online Psychology program. LiveHealth Online Psy-
chology is a program that involves virtual visits with a licensed counselor, therapist,
or psychiatrist at no cost. Through the LiveHealth Online Psychology program, typical
in-person counseling sessions can be accessed by video via Zoom, Microsoft Teams,
or other telehealth platforms. Through this program, college or university employees
can make a virtual counseling appointment [31]. For additional appointments, the EAP
counselor can give more contact information for a therapist who accepts the insurance
plans of the employee.

Furthermore, institutions can work to implement health and well-being initiatives.
Notably, since physical activity is associated with reduced risk of fatigue [32], creating a
health initiativewhere faculty can share theirmindfulness/meditation or exercise routines
can offer ideas for reducing stress and fatigue and for increasing wellness. An innovative
approach can include developing aHealth andWell-being Canvas course. The course can
be broken up into individual modules with specific theme areas, such as EatWell orMind
Well, Introduction to Mindfulness, Building a Meditation Practice, Nutrition and Stress,
and Anxiety Awareness and Management. Different modules can be offered each week.
For instance, the Introduction of Mindfulness module can offer short, 20-min interactive
activities to learn about the science and practical application of mindfulness, which
can include strategies on how to reduce high blood pressure, improve sleep quality, and



66 A. N. Bullock et al.

improve immune function.Within themodule addressingBuilding aMeditationPractice,
a webinar can be introduced to explore strategies to build a daily meditation practice
[33]. Additionally, within this module, on-demand meditation videos can be offered,
which can provide instructions on how to reboot the mind in just 10 min a day to help
build sustainable habits. The Stress and Nutrition module can offer recorded webinars
and resources that focus on stress and emotional eating, alongwith its impact on physical
well-being. Themodule can also introduce readings or healthy eating options and provide
strategies to address cravings in times of stress. Lastly, Anxiety Awareness includes a
podcast that can be integrated into the course; it explores the stigma and misinformation
of anxiety and offers a variety of coping strategies formanaging the experience of anxiety
due to stress [33]. Additional supplemental materials such as readings, videos, podcasts,
and apps can be includedwithin theCanvasmodules to augment the interactive activities.
When health and wellbeing are addressed, faculty are more productive and can more
easily find satisfaction in life.

6 Conclusion

As IHE continue to shift to remote learning in response to the COVID-19 pandemic,
it will take a collective response from educators and from colleges and universities
as a whole. For this reason, both educators and institutional administrators must work
together to integrate strategies to aid in alleviating Zoom fatigue for both themselves and
their students [26]. If these measures are integrated and successfully accomplished, the
future of planning and executing an educational strategy for IHEs during an emergency
situation would be less arduous for all.
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Abstract. While advances in learning technologies offer potential for new
approaches to creating effective and impactful workplace learning, they are
unlikely to reach their full potential if consideration is not given to where learners
will be when they engage with the technology and when they are expected to do
so. The pandemic has highlighted the various roles of place in supporting learning
for work, even for those people who don’t have to go to a specific location in
order to do their work. It has also brought about considerable changes related to
where and when people work, some of which may not be reversed even if vaccine
programs make it safer for people to mix and travel. By giving thought to issues of
place and time, organizations may be more likely to be successful in introducing
new technologies.
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1 Introduction

In 2020, theLinkedIn organization surveyed 1,260 learning and development (L&D)pro-
fessionals and 814 learners across multiple countries, as well as 3,080 English-speaking
people managers, asking them a series of questions about workplace learning and report-
ing the findings in their 2021 WorkPlace Learning Report. This makes for interesting
reading. A number of the organizations apparently indicated that they intended to remain
fully remote after the pandemic, while others intended to offer a hybrid model in the
future, with some office working and some remote working. LinkedIn also found, per-
haps as a result of this, that 73% of L&D professionals expected to spend less on ILT
(instructor-led training) and 79% expected to spend more on online learning [25].

If it is the case that some organizations are switching away from face-to-face
instructor-led learning and investing more in online learning because they anticipate
that fewer of their employees will be co-located in an office in the future, this raises
a question: What are the experiences of undertaking work-related learning both at and
away from the office?
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2 How Did the Pandemic Change Work-Related Learning
Practice?

Work-related learning includes a broad spectrum of activities with a variety of aims.
For example, individuals may be focused on learning related to their current role, or on
career development. Learningmay involve formal professional accreditation required for
continuing professional practice; it may also involve formalized employer-provided ILT,
or eLearning. It will also likely include a component of what has been called informal
work-related learning, perhaps online in-the-moment research initiated by the learner, or
learning occurring as a result of ‘just being there’: immersed in the physical workplace
environment. These various activities involve practices that have different relations with
time and place and are likely to have been differently impacted by the changes brought
by the pandemic.

When peoplemoved toworking entirely fromhome, thismove raised questions about
how their approach to what had been ad hoc unplanned place-related learning changed,
how scheduled ILT was adapted by Learning and Development departments for the new
dispersed audience, and whether people working from home were more or less able to
find or make time to undertake asynchronous online learning (such as eLearning) during
working hours.

2.1 Learning and Development Strategy During the Pandemic

In 2020 and 2021, the US-based Learning Guild surveyed L&D professionals to find out
how the pandemic had changed current activities and plans. Unsurprisingly, one imme-
diate response involved a shift of instructor-led classroom training to online learning1

especially virtual classrooms [16]. For individual learning practitioners, UK-basedCIPD
(Chartered Institute of Professional Development) research found that this pandemic-
related shift could be challenging for classroom instructors, who suddenly found them-
selves delivering training online—something that they may not have been used to or
trained to do [6]. When UK-based Emerald Works surveyed learners, they found they
were nearly twice as likely to report learning online in 2020 than in pre-COVID years
[7].

US-based SHRM surveyed 2,278HR professionals and found that 54% of employers
surveyed were offering additional pandemic-related education for employees, and 24%
were considering doing so [23]. When UK-based FOSWAY group surveyed directors,
managers, and learning professionals (largely in Europe) in May 2020, they found that
demand for digital learning had increased both from senior stakeholders and from learn-
ers themselves. However, curated content and videos, rather than interactive eLearning
courses, were reportedly viewed as more successful by respondents2. This may have
been because of the relatively long lead times typically required to create new interac-
tive SCORM-based eLearning modules in comparison to the time needed for recording
video or curating existing content.

1 Nuts and Bolts: How Will You Meet COVID-19 Challenges? | Learning Solutions Magazine.
2 COVID-19 L&D Research | Fosway Group.
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When UK-based Emerald Works surveyed 260 managers and leaders globally, they
found that learning departments were viewed somewhat negatively by managers, as
disorganized, isolated from the rest of the business, and reactive and transactional rather
than strategic [8]. Perhaps as a result of such perceptions, Learning Guild researchers
found that training budgets might be cut during the pandemic3, with L&D professionals
losing work either temporarily or permanently and budgets for technology reduced,
leading to difficulties in providing online learning (although there was an expectation
that budgets would be increased by 2022). Another reported difficulty was a slowness
of HR teams to formulate strategies and policy for working and learning from home
[16], with SHRM finding that may businesses did not have emergency preparedness
plans that covered pandemics or diseases [23]. When the Learning Guild surveyed L&D
professionals in 2021, theywere likely to report being further aheador onplanwith virtual
classrooms, eLearning, and video but behind on more technologically complex longer-
term projects such as augmented or virtual reality, chatbots, and artificial intelligence-
based approaches [24].

2.2 Learning as a Result of Just Being There

While some work-related learning takes the form of online courses designed and deliv-
ered by an educational professional, other work-related learning is dependent on the
location and situation. As Billett [4] points out, people learn in workplaces by watching
and listening to others around them, by asking questions to clarify understanding, and by
trying things out with others nearby to help and give feedback—all things that contribute
to learning by just being there. Such learning is often described as informal (although
there may sometimes by planned and formal aspects to making this happen, such as in
internships, induction programs, and apprenticeships).

In his account of mimetic learning, Billett [4] draws on Barsalou’s [3] concept of
grounded cognition and the importance of bodily presence within a workplace, and sug-
gests that the apparent value of just being there (being physically or bodily present at a
specific place and time within a workplace context) may be associated with how repre-
sentations in memory are organized using aural, visual, and haptic data—a hypothesis
supported by Baddesley’s [1] experiment where divers were asked to memorize random
lists while under water and later did better at recalling them if once again under water
but less well when on dry land. Billet goes on to point out that, if situational and circum-
stantial factors (related to place) shape learning and cognition, as he argues they do, it
may not be straightforward to adapt knowledge from one setting to another, unless there
are relevant situational cues in both settings. When everyone was separated into their
own homes, many physical cues and prompts associated with the office were presumably
lost.

Additionally, it was no longer possible to overhear useful discussions or ask questions
of colleagues in quite the same way as before. Ad hoc questions of colleagues can be
recreated via digital chat, which can also create a sense of immediacy, although there
are reports of people feeling overwhelmed by digital noise coming from a multiplicity

3 https://home.kpmg/in/en/home/insights/2020/08/covid-19-and-the-renaissance-of-organisat
ional-learning.html.

https://home.kpmg/in/en/home/insights/2020/08/covid-19-and-the-renaissance-of-organisational-learning.html
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of online communication platforms in cases where these have been deployed without
clear guidance on use, so it is important for organizations to offer guidance on etiquette4.
Attempts to virtually recreate more informal social situations, such as virtual cocktail
hours, have also been reported to have had mixed success, perhaps because people are
tired of looking at screens after a day of online meetings5.

Global induction strategies deployed by multi-nationals, where everyone was not
in the same office (even pre-pandemic when most people were in an office), can be
helpful in plugging the lack of ad hoc water cooler moments and colleague interactions.
Such approaches often draw on libraries of online video stories. Stories, if told well
by colleagues who are plausible, may be closer to the way people learn informally in
conversation with colleagues [19]. Another important strategy reported by successful
departments was to ensure that regular virtual mentoring and feedback sessions were
scheduled to make up for the lack of the unscheduled ad hoc conversations that can more
easily occur when people are co-located.

2.3 Instructor-led Training Moving Online

Perhaps themost significant change reported byL&Ddepartments involved awidespread
and sudden move from physically located training session workshops to synchronous
virtual classrooms. Studies have found that virtual classrooms can be as effective as
physical classrooms in terms of knowledge retained; however, students may expect vir-
tual sessions to be shorter [17]. Since some moves to online learning could apparently
involve virtual classroom sessions lasting seven hours [16], it is likely that many learners
will have struggled to maintain concentration. Reports from designers suggest, perhaps
not surprisingly, that active group-based sessions have been more successful than ses-
sions involving long periods of listening to a speaker. Splitting large groups into virtual
breakout sessions, using virtual seating features so that everyone appears in the same
location on screen for all colleagues, and using the Zoom spotlight feature to highlight a
group to present are all recommendations6. Another group described successfully trans-
forming a multi-hour face-to-face session involving presentations and discussions into
a 90 min small group discussion session7.

A complication that might arise regardless of pedagogic format, depending on the
platform, is something that has been called “Zoom fatigue” [21]. It has been suggested
that this experience may be related to being forced to stay motionless to remain in
frame, the impact of maintaining close eye contact in a way that wouldn’t happen in
a physical environment (eye gaze), the additional cognitive load involved in creating
intentional non-verbal cues, and the effect of seeingoneself online, as though inmirror, on
platforms such as Zoomor Teams [2]. It has also been suggested that the ill effects of self-
monitoring may impact women more than men [9]. McKinsey recommends instructors

4 Lars Hyland: Overcoming the lack of HR alignment between learning, employee engagement
and performance management – HRreview.

5 The Business of Learning, Special Episode: Virtual Learning Engagement (trainingindus-
try.com).

6 https://kineo.com/resources/the-story-of-the-virtual-classroom-part-two.
7 9 Important Things We’ve Learned About Distance Learning in Lockdown | LEO Learning.

https://kineo.com/resources/the-story-of-the-virtual-classroom-part-two
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keep video options on to create a community feel8, but virtual classrooms where self-
video is not present, or can be switched off, might be less tiring for participants.

Additionally, as Malpas argues, people act in ways that are shaped by the character-
istics of the places, spaces, and times within which they are embodied and located [14].
Historically, ILT for office workers took learners away from their desks, to a separate
location dedicated to learning. Such learning happened at a set time, but importantly
was also associated with rituals and conventions associated with place—a classroom
where learners were typically encouraged to switch off phones and only check email
during breaks, where everyone was concentrating on the same thing, where there was
no background noise, and where no-one interrupted. With a move to live synchronous
virtual sessions, the set time point remained, but the conventions and affordances of a
dedicated place fell away, with learners joining from their (possibly makeshift) desk
using the computer they used for other work tasks. Where people don’t have access to
places dedicated to work and study, they may struggle to deal with interruptions. Not
only might the urge to check email or try to undertake other work tasks be more diffi-
cult to combat in such circumstances, but participants at home might also be subject to
interruptions from household members.

As Gratton points out, commentating on working from home, boundaries matter9.
While the occasional intrusion of children into a workplace context can be charming,
as with the BBC news commentator who was suddenly joined by his children while
live on air, the reality is that trying to undertake a full-time job while also caring for
children is challenging. The experience of being interrupted might be more frequent for
some than for others, depending on the size of the home and the arrangements within
it. A study found that, while 41% of male respondents had a dedicated room for work
(and work-related learning) in their home during the pandemic, only a quarter of women
were in the same position [13]. Those without a separate space dedicated to work may
be more often interrupted. As Selwyn [21] puts it:

“The lockdowns have starkly illustrated the limitations of presuming digital
education to be an immaterial process. Digital education always takes place
somewhere.”

“Soon after settling into our lockdown working-from-home routines, we redis-
covered some oft-neglected and politically side-lined aspects of online education.
Those working from nice large houses have it much better than those working
from tiny apartments.Childless couples and coupleswith grown-up children have it
much better than thosewho home-school their children on top of working full-time
jobs.”

More flexible asynchronous learning appears suited to those with caring responsi-
bilities in a pandemic, as it can be undertaken at a time of the learner’s choosing, rather
than at a set time that may clash with competing domestic responsibilities. Rather than
longer eLearning courses, this can involve short courses that learners can fit into pockets

8 https://www.mckinsey.com/business-functions/mckinsey-accelerate/our-insights/adapting-
workplace-learning-in-the-time-of-coronavirus.

9 How to Help Employees Work From Home With Kids (mit.edu).

https://www.mckinsey.com/business-functions/mckinsey-accelerate/our-insights/adapting-workplace-learning-in-the-time-of-coronavirus
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of dead time. As Sharples found, such designs may help busy learners: “computer-
based learning must fit into the gaps in their busy schedule — in the hospital, at home,
when travelling — which means a personal and portable system” [22]. However, if the
scheduling of asynchronous online learning is left to individuals, they may experience
difficulties in deciding when to engage, as is discussed below.

2.4 Asynchronous Online Learning

Asynchronous online learning has historically been considered to be detached from the
specifics of time and place. In fact, it has been described as anytime, anywhere [27].
It might include eLearning, virtual simulations (enabling practice in a virtual environ-
ment), or libraries of reference material or videos, as well as blended programs involving
asynchronous study in addition to virtual or face-to-face workshops. It has been sug-
gested that learning anytime, anywhere may be freeing for individuals, as it allows them
to choose when and where to learn and to fit learning into their personal schedule [12,
22].

However, my research found that some people struggle to find time for asynchronous
learning when in the office during office hours. Offices could be high-tempo environ-
ments where learners found it hard to switch to the lower tempo they found necessary
in order to concentrate on learning while in the office. As one interviewee said, “I am
full pelt []I don’t have that slightly slacker time, so I guess for me it’s a choice of do I
do the learning or not and I’d rather do it flexibly in the times I can manage.”

Additionally, as interviewees explained, if online learning can be done at any time,
rather than being scheduled to happen at a set date in the calendar (as with a workshop),
it is all too easy to postpone in favor of something that seems more urgent, and most
other work-related tasks were perceived as more urgent, as another interviewee stated:
“Well, you always plan it. And then let’s see how that works out, really, depending on
what else jumps in the way. You might plan half a day doing some eLearning, or even just
two, three hours. And, you know, sometimes that’ll work out really well and sometimes
loads of things will just pop up.”

Others reported similar difficulties:“People ask me questions and things need attend-
ing to quickly, so… It’s hard to just say ‘OK, I won’t be contactable for this afternoon or
whatever’.” A German study similarly found people and organizations failing to sched-
ule time for learning during working hours: “Although training is an essential part of the
corporate competitive ability, the planning of training in terms of time does not comply
with other economic/temporal flows. This is a contradiction. Transferring training to the
weekend has become commonplace.” [10]. Research undertaken over several years by
UK-based Emerald Works consistently found that a perception of lack of time was cited
by learners as one of the top barriers to completing learning [7]. Romero and Gentil
suggest that as time scarcity is acknowledged to be a major factor in online learning fail-
ure, eLearning should be considered to be “spaceless but not timeless” [18]. However,
as discussed, places often map to specific practices and associated temporal routines, so
there is a question as to how far it can be considered to be spaceless.

Difficulties with setting aside time at work for asynchronous learning appeared
related to a perception that online work-related learning was a low-priority activity:
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“if you say, ‘No, I can’t do that because I’m doing [eLearning]…’ I think that would be
a little bit, ‘Oh, can you not moveit? Can you not do it another time?’”.

Relatedly, the fact that eLearning could be undertaken at any time made it all too
easy to postpone, as this interviewee made clear: “You can always deprioritize training.
Unless you have to do it, you can always deprioritize it.”

Furthermore, not everyone found it easy to concentrate in their office environment
because of noise: “I think the open-plan office environment is not conducive to learning.
It is, it can be very conducive if you’re doing a group-learning thing, but if you’re on
your own and everyone else is working; it’s just constant, you know, phones ringing,
people having conversations.”

Before the pandemic, difficulties with concentration in busy offices, and with
scheduling resulted in eLearning being undertaken on the commute (by train or bus)
or at home during evenings and weekends, when other more urgent tasks were not being
undertaken. I examined an anonymized data set from a Learning Management System
(LMS) that indicated the times and days (weekdays or weekends) that online eLearning
courses were accessed by UK government workers and found that, while most courses
were accessed, as one might expect, during working hours, they were also sometimes
accessed at evenings and weekends. I went on to interview 24 individuals in a variety
of professions and at various levels of seniority. The majority of interviewees described
at least occasionally learning for work during their commutes (by train or bus) and also
learning for work during the evening or at weekends. During the pandemic, commuting
fell away for most, potentially giving some learners more time at home. However, for
those spending that time at home with children rather than alone on a train, it may have
been less easy to devote the time to study.

At home and outside of working hours, individuals surrounded by family or house-
mates might struggle to concentrate, and learning could be postponed to marginal times
and places, when the learners in question might be tired and less able to concentrate,
as these two interviewees explained. One stated, “they’re kind of around, so I often just
move to a place where they’re not there. Yeah, so that’s why. I mean, I don’t really like
studying in my bedroom, but if it’s the only place, I’ll go there,” while another said, “I
tend to do it in the evening after the children have gone to bed.”

Jamieson et al. make clear that locations have always been associated with a possible
requirement to undertake duties and the time needed to undertake such dutiesmay dictate
how much time is available for online learning: “a participant’s physical location and
their relationship to it (e.g., a domestic site where household duties impose) may dictate
the amount of access they have to an online site, thereby restricting their capacity to
contribute to shared activities or to access essential course materials” [11].

The availability of discretionary time is related to household traditions; not every-
one experiences the same level of demand to undertake household duties. Prior to the
pandemic, Wacjman [26] found that working mothers were most likely to feel time
pressured and be constantly multitasking, whereas married fathers were significantly
less likely to feel “always rushed,” which is perhaps not surprising, given that she also
found that the combined work hours of mothers exceeded those of men by five hours and
those of non-working mothers by 15 h. During the pandemic, Kott [13] found that 43%
of women and 26% of men reported spending more than four hours of additional time
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caring for children. There appears to be anecdotal evidence that, during the pandemic,
publication rates decreased for female academics10, and Selwyn suggests that we need,
in the future, to “locate our understandings of digital education within the gendered
politics of domestic labour” [21].

Interestingly, the Emerald Works learner survey found reports of time as a barrier
to learning actually dropped during the pandemic. However, this should be treated with
caution: considerably fewer people completed the survey during the pandemic in com-
parison with previous years, and it is possible that people who found themselves with
more time on their hands as a result of not having to commute may have been more
likely to complete the survey than those whose discretionary time decreased.

My research into mobile work-related learning found some interviewees listening
to work podcasts while cooking or ironing. This enabled them to fulfil urgent location-
related household duties while also making time for work-related learning. The manual
and automated nature of activities such as ironing made the combination possible. Pod-
casts can be an engaging way of delivering stories, or sharing conversations where col-
leagues discuss relevant issues or techniques. However, work-related podcasts intended
to be listened to at home should be introduced with care, as not everyone will want to
do this — as early as 2006, researchers expressed concerns about potential negatives,
including stress, that might be involved in feeling expected or required to undertake
formal learning while also engaged in informal activities at home:

“As the boundaries between formal and informal environments for education and
learning become ever more permeable [], we may experience an educational ver-
sion of the negative effects that are emerging in the workplace when formal and
informal work time is blurred. These include added stresses due to the invasion of
externally controlled work activities into all of one’s life-spheres” [5].

In summary, making time for learning is something that workers can find difficult
[15] and the fact that asynchronous online learning can be done at any time, and in
many places can make it hard for individuals to decide that it should be their most
urgent priority any particular time. In considering issues related to the scheduling of
learning time, Holm says: “The increasing flexibility of working time and free time in
today’s society has given rise to the development of a new type of requirement, to be
able to manage our time in and amongst many areas of our lives” [10]. This requirement
intensified during the pandemic, when the areas of work and family no longer mapped to
distinct spatial locations separated by physical boundaries and it was also more difficult
for some than for others.

2.5 Access to Technology

There are other potential difficulties associated with learning from home: unequal access
to devices and unequal quality of connection may introduce problems. A study into
responses to home working during the pandemic found that a quarter of respondents had

10 https://www.thelily.com/women-academics-seem-to-be-submitting-fewer-papers-during-cor
onavirus-never-seen-anything-like-it-says-one-editor/?.

https://www.thelily.com/women-academics-seem-to-be-submitting-fewer-papers-during-coronavirus-never-seen-anything-like-it-says-one-editor/%3F
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not received technological support from their organizations or had not received financial
support for increased internet connection or software costs; again, such support appeared
to be distributed unevenly, with men more likely to be the recipients of this type of
employer assistance than women, for example [13].

Differences in support levels leading to variations in quality of connectivity might
present a variety of issues, ranging from inability to participate at all, to negative per-
ceptions from colleagues. In 2004, Schoenenberg et al. found that individuals whose
poor bandwidth had the effect of slowing their speech as it was heard by other online
participants might be perceived as mentally slower by those other participants [20]. Per-
haps with these types of issue in mind, some commentators on equality have added the
term ‘situational impairment’11 to their lexicon. As organizations move to hybrid ways
of working, they should review the support they offer to those employees working some
or all of the time from home and ensure that financial support for Wi-Fi or other access
to technology is distributed according to a considered and consistent policy.

3 The New Normal

If as the LinkedIn survey predicts, employers continue with remote working or move
to hybrid working, they will need to consider issues of time and place. As discussed in
Sect. 2, people often found it difficult to engage in online learning in offices — “it’s
not quiet in the office and there’s always other stuff to do in the office” — and this is
unlikely to change without a deliberate strategy. Online learning could be scheduled for
work-from-home days, assuming homework offers a slower tempo where it is easier to
reflect and concentrate, as several of my interviewees said: “at home on my working at
home days, that’s when I tend to get the time to do that kind of stuff.”

However, before the pandemic, home workers often had their home to themselves
during the day, or had a dedicated study. If more people are asked to work from home
in the future, this is less likely to be the case. Working from home is unlikely to be
conducive to concentration in small and crowded households. Gratton considers this
issue12 and, like Selwyn [21], points to the importance of differences in people’s home
circumstances, arguing that people with larger houses may be keener to work from home
in the future, whereas those with smaller, more crowded living conditions may prefer to
return to the office13.

In moving to hybrid working, organizations could take action to make it easier to
concentrate at work by designating quiet areas (especially for those for whom it is not
easy to concentrate at home). Organizations could also do more to address uncertainty
around priorities and use of time. As mentioned earlier, it may be possible to design
online learning to better fit into gaps between other activities. Senior executives could
also model and champion online learning during working hours. People attending face-
to-face courses were not previously expected to be available for other tasks; encouraging

11 https://www.usabilityfirst.com/glossary/situational-impairment/index.html.
12 How to Do Hybrid Right (hbr.org).
13 Neighborhood cafés were used by some interviewees as an occasional refuge from noisy homes

andmight be part of a hybrid solution as cafés open up. However, cafés do not have an obligation
to provide ergonomic desks and chairs.

https://www.usabilityfirst.com/glossary/situational-impairment/index.html
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a culture where it is understood that people learning online are also not available for
other work tasks might help employees feel more confident in engaging in online study
at work. Some interviewees proposed exactly this:

“Would be more likely to do it if my manager said I really think you should
take a day a month for learning, if they formalised it in that way and gave me
the permission to take time out in work time and understood it would inevitably
impact on other stuff”

Even if specific times cannot easily be scheduled by the organization, it can be made
clear that learning is considered an organizational priority and not to be undertaken only
when all other more urgent work tasks are complete, as was the understanding of this
interviewee: “so my main priority is getting the work delivered basically… So, learning,
kind of, ends up being the last thing in the pecking order of stuff to do.”

In summary, while advances in AI and other approaches to learning via technology
may have exciting potential for work-related learning, this potential is unlikely to be
fully realized for workplace learning if careful organizational consideration is not given
to where learners will be studying and when they will be doing so.
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Abstract. Here, we add to the growing body of e-learning and teaching litera-
ture by examining the digital literacy of full-time and adjunct faculty at a public
regional secondary education institution, examining the relationship between dig-
ital literacy and technology self-efficacy and understanding the role that digital
immigration status plays in faculty’s technology-based choices. How faculty’s
digital literacy translates into hybrid and online teaching environments and how
faculty categorize their technologically based self-efficacy is also explored, par-
ticularly the role of user-based decision making through the lens of the Unified
Theory of Acceptance and Use of Technology (UTAUT). Findings suggest that, to
engage digitally immigrant and digitally native faculty teaching with technology,
training should be scaffolded, with a particular focus on screening and assessing
potential participants, with a focus on rigorous training that moves faculty from
one stage or behavior change to another. Other suggestions and implications for
strengthening online teaching pedagogy are discussed.

Keywords: Digital literacy · Higher education · Online teaching pedagogy

1 Introduction

For a considerable amount of time, faculty members at many higher education insti-
tutions across the United States had some level of control over whether to engage in
online and hybrid teaching as institutions moved towards increased online and hybrid
educational programming. However, e-learning and e-teaching has taken a prominent
position in higher education given the COVID-19 pandemic and the 2020 emergency
move to online learning with the ongoing public health need for e-learning to slow the
transmission of COVID-19 in the United States and around the world. Technology was
already rapidly exploding across classrooms and higher education even prior to the pan-
demic, but the necessary rapid mid-semester transition from face-to-face to e-learning
and teaching that followed was unprecedented. The growing focus on teaching online
and the forced mandatory technological changes challenged many faculty members to
identify opportunities through which they could integrate technology into their teaching
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to facilitate student learning. Here, we add to the growing body of e-learning and teach-
ing literature by examining the digital literacy of full-time and adjunct faculty at a public
regional secondary education institution, examining the relationship between digital lit-
eracy and technology self-efficacy, and understanding the role that digital immigration
status plays in faculty’s technology-based choices. More specifically, we also explore
how faculty’s digital literacy translates into hybrid and online teaching environments
and how faculty categorize their technologically based self-efficacy.

2 Literature Review

2.1 Digital Immigration

While teachingwith technology is an opportunity to enhance teaching and student experi-
ences, as well as course delivery, it can also be overwhelming when faculty are not famil-
iar with instructional design and other education related technologies and yet attempt to
integrate them into their teaching practices [9]. For faculty who did not grow up with
technology in every-day life, regularly integrating technology into course development
can provide unique challenges. Referred by some as digital immigrants, these faculty
were exposed to digital technologies as adolescents or adults and are found to have an
overall different attitude towards technology compared to digital natives [21] (Keshar-
wani, 2020). Digital immigrants, in short, categorize faculty as those born before 1980
who did not have access to computers or the internet during their formative years [5, 15].
Digital immigration, as a concept, acknowledges that exposure to and interaction with
technology during these formative years or ‘apprenticeship socialization period’ shapes
personal beliefs and attitudes towards technology [4]. Research on digital immigration
and stakeholder involvement with technology demonstrate that there are specific factors
that inhibit growth within higher education institutions including personal motivation,
the amount of time to dedicate to improving digital literacy, and a lack of institutional
support [5, 15].

The apprenticeship socialization period for faculty born before 1980 involved type-
writers or word processors, so they are more likely to incorporate research and other
paper-based assignments because they identify with these modes of instruction. Hence,
attitudes towards technology and the apprenticeship socialization periods can interact
and, if positive, result in an increase likelihood of integrating technology into one’s teach-
ing [4]. Institutions governed by a majority of digitally immigrant faculty members are
more likely to experience resistance to or discomfort with technological integration in
teaching. Controversies around the concept of digital immigration and related research
often call out the ‘us versus them’ mentality where the focus is exclusively on the age-
based comparation of two groups (Kesharwani, 2020). References [21, 22], and Tufts
(2010) call for a spectrum view when comparing digital natives, digital immigrants, and
exploring technological preferences.

2.2 Digital Literacy

Digital literacy is defined as “…the technological critical thinking skills needed for
advancement as new types of digital formats evolve in society” (Littlejohn, Beetham, &
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McGill, 2012; p. 547). In general, faculty are commonly identified as an institution’s
most valuable asset, yet research indicates that even prior to the COVID-19 pandemic,
faculty continue to report that they feel the least equipped to teach in technologically
based environments when entering higher education (Gardner, Waters & McLaughlin,
2017). Present-day life requires digital skills and knowledge, yet if faculty have limited
technological skills, or are not yet digitally literate, then how can they prepare students
to work in increasingly technologically based professional sectors [2]? While there is
growing research on the role of the flipped classroomand hybrid learning, there continues
to be a paucity of knowledge in overall educator self-efficacy in the area of digital literacy
of those who have struggled to progress to teaching models based exclusively within the
Information Age [3, 5].

Digital literacy scholarship calls upon researchers to demonstrate the level of impor-
tance of digital and information literacy and encourages institutions to continually assess
faculty member’s understanding and implementation of technology in teaching [14].
Social work as a profession must now consider the new context of human development,
including technology and human-technological interactions and how this knowledge
bears down upon social work education, practice, and research [7]. Despite this man-
date to the profession, intervention research is scarce in social work, and more focus
is on descriptive aspects of technological integration [5, 23]. Is the scarcity of inter-
vention research driven by digital literacy or digital immigration status? Answers to
these questions might be informed by digital literacy’s relationship to faculty member’s
experiences with technology because past experiences with technology influences sub-
sequent comfort levels with available technology [13]. Digital immigrants in contrast to
digital natives are more likely to encounter seemingly insurmountable barriers and have
greater difficulty identifying how and when to use technology in teaching and learning.
Theoretical frameworks integrated into digital literacy studies can create connections
that frame the questions posed in the previous paragraphs.

3 Theoretical Frameworks

It is critically important to understand the faculty’s usage levels and behavioral determi-
nants influencing technology choices prior to assessing digital. Reference [20] developed
the Unified Theory of Acceptance and Use of Technology (UTAUT) to explore tech-
nology intentions, technology use, and technological behaviors. Four constructs serve
as the foundation for UTAUT: (1) performance expectancy, (2) effort expectancy, (3)
social influence, and (4) facilitating conditions. Additionally, gender, age, experience,
and voluntariness of use moderate UTAUT relationships. During the pandemic, vol-
untariness of use became a moderating factor for digitally immigrant faculty teaching
as they were required to move to online teaching. In contrast to voluntariness, perfor-
mance expectancy relates to users’ perception that technology improves performance,
while effort expectancy focuses on users’ perceived ease of use. Performance and effort
expectancies, therefore, can theoretically relate to digital migrancy though faculty’s
background [13].

Social influence is users’ perception that valued or important stakeholders believe
instructors should use technology. Finally, facilitating conditions examines if faculty
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members believe infrastructure and support for teaching with technology exists. UTAUT
explains the relationship between faculty skills, familiarity with devices, and perception
[11]; however, UTAUT is rarely used to frame university faculty members’ technology
adoption.Contrastingly, theLazyUserModel (LUM)posits that facultymembers choose
solutions to problems based on effort [19]. Collan (2012) adds that faculty opt for
solutions they do not need. These theories provide the impetus for assessing digital
literacy.

4 Best Practices

4.1 Assessing Digital Literacy

The concept of being ‘digitally native’ is under considerable debate, including its validity,
learning styles, multi- versus mono-tasking, distractibility, and applicability related to
student and faculty diversity (Evans & Robertson, 2020). The debates about the concept
seem to be less about the veracity of the concept and instead focus on digital literacy’s
application or measurement. In essence, digital nativity exists on a four-by-four table
influenced by the apprenticeship period, facilitating conditions, interest, and risk taking.
The four-by-four table includes on the x-axis those born before and after 1980 and tech-
nological interest on the y-axis. While reference [18] focuses on mostly technological
use, adding measures of technological training, facilitating conditions, and technolog-
ical risk-taking can improve the classification of being digitally native and strengthen
technology integration.

4.2 Strengthening Online Teaching

Technological use and choices are typically overlookedwhen strengthening online teach-
ing because studies focus on building community and fostering engagement for students
[1, 12]. While community and engagement are important, examining how faculty mem-
bers integrate technology into curriculum design can strengthen online teaching. Conse-
quently, the definition of online teaching to include community building, engagement,
curriculum design, technological choices, content delivery, context, and interactions
matches the earlier discussion about assessing digital literacy [16, 17].

5 Pilot Study

Personal motivation, time dedicated to digital literacy, and levels of institutional support
can inhibit technological adaptation [5].We, therefore, conducted amixedmethod explo-
ration of the relationship between digital immigration, digital literacy, and technology
self-efficacy using the Digital Natives Assessment Scale (DNAS) [18], the Technology
Self-Efficacy scale [10], and a semi-structured interview. Adjunct and full-time faculty
at a New England university were sampled before the emergency transition to online
learning. Data were collected sequentially, and survey respondents were invited to a
focus group about training, teaching, and technology use. Of the 11 who completed
the surveys, four agreed to participate in the 60-min focus group. Qualitative data were
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analyzed in three rounds. The first round was completed before the qualitative data
was analyzed and the second round was completed as the data was mined and analyzed
through SPSS, and then finally a final time, after both results werewritten up. Concurrent
triangulation was used to compare results and generate a comprehensive understanding
of the research questions [6].

5.1 Findings

A sample of full- and part-time faculty (n = 11) completed the survey. The sample is
primarily white (n = 9), female (n = 6), and heterosexual (n = 10) and included those
between 45 and 54 years old (n= 4) and those over 65 years of age (n= 4); so, more than
72% of the respondents are digital immigrants. Most respondents in the sample taught
mostly face-to-face classes (36.4%) at the Master of Social Work level (54%) for more
than 16 years. Despite being digital immigrants, graduate students are entering highly
technological practice contexts and practicing with technology immersed clients.

Digital immigrant status based on age is confirmed in the sample mean scores for
growing upwith technology (M= 31.09), comfortwithmultitasking (M= 23.73), reliant
on graphics for communication (M = 17.36) and thriving on instant gratification and
rewards (M = 14.90) are low. The sample’s technological self-efficacy as in selecting
media to support teaching and learning (M= 3.45), evaluating software for teaching and
learning (M = 2.18), integrating technology (M = 3.36), determining when and how
to use technology in the curriculum (M = 3.18), selecting assistive technologies (M =
2.91), and using technology to enhance teaching and learning (M = 3.45) is also low.

Using Pearson’s R, statistically significant bivariate correlations were identified
between: (1) digital immigration and evaluating software for teaching and learning, (2)
digital immigration and technology self-efficacy, (3) level of technological self-efficacy
and evaluating software for teaching and learning, (4) level of technological self-efficacy
and growing up with technology (M = 31.09), (5) technological self-efficacy and com-
fort with multitasking, (6) growing up with technology and integrating technology, (7)
growing up with technology and evaluating software, (8) comfort with multitasking and
selecting media to support teaching and learning, (9) reliance on graphics for communi-
cation and evaluating software and using technology to enhance teaching and learning,
and (10) comfort withmultitasking and selectingmedia to support teaching and learning.
These bivariate relationships were supported in the qualitative data through the follow-
ing five themes: institutional, pedagogical, personal beliefs about technology, personal
behaviors related to teaching with technology, and beliefs about faculty development
and/or technologically based training (Tables 1, 2 and 3).
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Table 1. Selected sample demographics.

N %

Male 5 45.5

Female 6 54.5

Transgender 0 0

White 9 81.8

African American 2 18.2

Latino 0 0

Heterosexual 11 100

Gay, lesbian, bisexual 0 0

MSW 6 54

BSW 4 36.4

DSW 1 9.1

Table 2. Digital natives scale scores.

Mean SD

Growing up with technology 31.09 4.04

Comfort with multitasking 23.73 6.37

Reliant on graphics for communication 17.36 8.21

Instant gratification and rewards 14.91 4.72

Digital literacy 114.91 27.26

Table 3. Technological self-efficacy.

Mean SD

Media to support teaching and learning 3.45 0.82

Determining when and how to use technology in the curriculum 3.18 1.17

Integrating technology 3.36 0.92

Selecting assistive technology 2.91 0.87

Using technology to enhance teaching and learning 3.45 1.04

Evaluating software 2.18 0.82
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5.2 Discussion

Embedding best practices for digitally immigrant faculty can include (1) skill level scaf-
folding, (2) incentives, (3) diversity in training offered to faculty, and (4) best practices
supported by theory and research. Organizing training around participant experience
and levels of digital literacy can occur through pre-training assessment instruments.
Next, scaffolded training programs can build participants’ skills and comfort level while
exposing them to technological options offered in various lengths of training times,
interactivity, and prior knowledge. Shorter one- or two-hour soundbite trainings, or half-
and full-day workshops in synchronous and asynchronous formats, permits faculty to
choose how and when to strengthen technological teaching skills. Topics such as (1)
general comfort building with overall technology through setting alerts, effectively use
of email, and online calendar systems; (2) tasks to infuse technology into teaching; (3)
decisionmaking in for the science of teaching and learningwith technology; and (4) code
switching language for technologically based teaching and learning might be interesting
to faculty members.

Assessing and addressing negative perspectives of faculty related to technology is
critically important in training digitally immigrant faculty. Instructing faculty on the
benefits of teaching with technology and the pedagogical reasoning for technology can
identify course aspects to consider in the planning and execution phase. Similar to our
findings, reference [8] suggested a ‘model course’ for new faculty that illustrates the
learning management system mechanisms, demonstrates ideal instructional design, and
formats course modules along with webinars that can orient faculty to the possibilities
while also orienting them to the expectations.

Offering incentives for faculty to engage to build technological skills and thendemon-
strate teaching with technology might increase faculty skill building and engagement.
Incorporating student expectations for learning with technology, uniform technology
expectations, learning management systems, and instructor availability in syllabi and
learning management systems might address some of the concerns faculty have about
student facets of teaching with technology. Additionally, concurrent student training in
technological skills is also key and reinforces instructors’ use of technology in teaching.
While digitally immigrant faculty members might experience a steeper learning curve,
students also come into the classroom with a wide range of knowledge and skills and
need support in diverse ways.

This was conducted as a pilot study, and the sample size remained small; thus, the
findings cannot be generalized. The original study design was also meant to include
the student perspective; however, due to the COVID-19 pandemic, both faculty and
students became overwhelmed by the forced transition to online learning and other
pandemic related factors. Faculty were clear that they needed to focus on increased
teaching responsibilities rather than donating their time for in-depth follow-up qualitative
interviews. In future iterations of this research, the study would be replicated across the
entire campus and throughout the consortium of schools through which the research
team is affiliated in order to significantly expand the number of participants.



Best Practices for Assessing Digital Literacy 87

6 Conclusion

Faculty typically conducted face-to-face sessions until widespread quarantines and lock-
downs changed the face of online education. Theories of digital immigration in general,
and the technological apprenticeship period in particular, shed light on why faculty
choose face-to-face or online teaching, as well as choices about technology integra-
tion. To engage digitally immigrant and digitally native faculty members teaching with
technology, training should be scaffolded after screening potential participants, and par-
ticipants should then experience rigorous training that moves faculty from one stage
or behavior change to another. Given the new ‘COVID normal’ of online or hybrid
teaching, screening can also be conducted at the point of hire with a specific integration
technology in mind.
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Abstract. E-learning systems present an opportunity for both students and the
field of education that has been steadily increasing in importance, especially over
the past few years. This paper examines an intra-university e-learning course built
on the principle of self-regulated learning, with the goal of finding behavioral
patterns in the way learners navigated the content. The limitations associated
with the amount of data generated by the only 31 students who took part in the
course presented a challenge to the popular machine learning algorithms, which
ultimately led to a combination of sequence extraction methods and heat maps
being used in the evaluation. By classifying users both according to their learn-
ing behavior and their course performance, it was possible to put organised and
unorganised learning behavior into relationwith course performance. The findings
show a higher likelihood for students who displayed unstructured learning behav-
ior to repeat assessments than for students demonstrating structured pathways
through the learning content, who tended to attain full points on their first attempt.
Additionally, students who repeated assessments often reviewed more previously
studied content and had shorter sequences where they only viewed content that
was new to them. Overall, the specific setting of the course and the data limita-
tions mean that it would be beneficial to reconstruct the research with larger data
sets, which would also allow for the usage of machine learning algorithms in the
analysis.

Keywords: Self-regulated learning · E-learning · Sequence mining

1 Introduction

Over the past year, use of distance learning tools in traditional education sectors surged,
which continues to drive the search for ways to make online courses serve their students
better. Often, students have to display a large amount of self-efficacy in distance learning
settings, necessitating the look into technological support structures already built into
the course. While there is much focus on MOOCs in recent research, this paper focuses
on analysing a self-regulated learning (SRL) system that was originally part of a mostly
in-person class at an Austrian university partway through the semester.

Zimmerman [1] describes SRL as the meta-cognitive, motivational, and behavioural
activities that enable learners to take over control of their own learning process. Instead
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of following external instructions of teachers, learners decide autonomously on their
own learning behaviour. Dabbagh and Kitsantas [2] describe six key processes that are
essential for performing SRL, namely goal setting, help seeking, timemanagement, self-
monitoring, task strategies, and self-evaluation. Hence, self-regulated learners define
their own learning goals, manage the timing of their learning, ask for help in case of
difficulties, select and apply appropriate learning strategies, monitor their knowledge
acquisition, and evaluate their learning outcome in light of the self-defined goals. In
general, applying self-regulatory activities in the learning process has amoderate positive
effect on academic achievement, but it can also be not beneficial if learners choose to
apply inefficient techniques [3]. However, support or training of SRL activities can
improve the achievements of learners [3]. Consequently, it’s a key question how such
support for SRL can be designed and provided to learners.

Supporting SRL in the right way is a crucial factor. While some learners are capable
of applying meta-cognitive activities and learn self-regulated, others face difficulties
in carrying out meta-cognitive activities and perform less successfully [4]. Therefore,
concrete support techniques can particularly help increase SRL capabilities. A variety of
methods are presented in [5] that provide specific support based on the SRL skills. For
example, explanatory videos introduce the basic concept, training courses help apply
the key concepts, an activity recommender gives hints regarding what to do next, and a
tool recommender supports the compilation of the learning environment. In particular
the creation and use of a learning environment tailored to one’s own capabilities is a
powerful way of increasing SRL skills [6].

As outlined above, tailored support for particular meta-cognitive activities is a key
aspect to help learners develop and increase their SRL skills. This paper provides a
contribution on how to provide such support by identifying individual weaknesses. For
the sake of an experimental setting, a simplified learning environment has been created
that provides access to a short computer science course covering a selected topic in
Information Search andRetrieval. This online activity was created to serve as a substitute
for a two-hour lecture unit as part of an on-site lecture. The course consists of a set of
web pages organised in three sections, whereby each section provides an overview of the
learning goal, five content pages, and an assessment. Furthermore, the instruction page
gives general guidelines to the learning environment, the index page at the beginning
gives an overview and direct access to each unit, and the progress page presents an
overview of the achieved progress and learning history. Beside this structure, the learning
environment does not provide support for the learning behaviour, but the learner can
freely navigate through the course. Navigation is conducted by either clicking on the
Next-Button (continuing with the next page) or by using the index page (selecting any
page). The only requirement consists in conducting the three assessments by providing
correct answers to all items (multiple attempts are allowed).

This paper analyzes the learner behaviour in detail by using the recorded interac-
tions with the learning environment. Such analysis provides a valuable foundation for
designing learning systems, as it discovers support methods for weaker students, and
indicators that can be used to determine learning difficulties automatically in advance.
The next section describes the methods used to analyse the interaction data. Section 3
presents the results from the analysis, and Sect. 4 discusses these results.
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2 Study Design and Methods

This paper addresses the question of how students move through a course that supports
SRL, as well as which patterns appear to be the more efficient ones in regards to the
learning results. This knowledge allows us to support students in their learning processes
and give them the tools to choose efficient learning pathways in learning environments
that require a high degree of self-efficacy. It also gives us the means to prepare courses
in a way that best serves the students in their learning.

Most machine learning algorithms require large data sets to create reliable models,
which presents a problem in cases where this is not possible. In the case of this paper,
the user group in the analysed course consisted of only 31 students and 3 assessments
per student. Thus, the idea was to statistically analyse the available data, as well as to
apply a sequence mining approach as described in [7]. To prepare the data, it was first
cleaned of any test and invalid users, after which the recorded actions were used to create
separate user profiles that listed each user’s actions sorted by time. Actions that took
place within 30 min of each other were assigned to the same session [10]; otherwise a
login/logout pair was added between the two actions if not already the case, as described
by [8]. This visualises the session break in the later user behavior heat map (see Fig. 2).

Table 1. Action codes with short descriptions [10].

Code Description Code Description

IN Login U3 Section 3 content

OUT Logout G1 Goal page of Sect. 1

IND Index page G2 Goal page of Sect. 2

INS Instruction page G3 Goal page of Sect. 3

PRO Progress page A1 Assessment of Sect. 1

U1 Section 1 content A2 Assessment of Sect. 2

U2 Section 2 content A3 Assessment of Sect. 3

By defining codes for all actions/action types (see Table 1), each student’s path
through the course could be visualised as a more simplified list of codes. Any accesses
that involved a content chapter of a particular section were coded with that section —
e.g. an access of an item belonging to Sect. 2 would simply be referred to as “U2” [10].
Accesses to the overview page for the section’s exam were dropped, as they function
only as information before the assessment.

After dividing the students into the two classes — R, for students who repeated one
or more assessments, and N, for students who did not repeat assessments — a heat map
was created to visualise the typical paths through the course pages for each of the two
classes (see Fig. 2). After this, it was possible to further simplify the data by removing the
information of how students moved through the course, as this was already visualised in
the heat maps and does not give information on assessment performance and the type of
content interaction. This was done by extracting only content accesses and assessment
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attempts with their results [7]. This way, it was possible to determine whether a student
was viewing a content chapter for the first time or reviewing previously viewed content.
Assessments were simplified into attempts where the students achieved full points and
attempts where they reached less than 100%. Once again, codes were specified for each
case (see Table 2). Due to the small data set, this work also decided not to make the
distinction between retries of the same assessment as the immediately previous one and
those of different assessments to the previous ones, as was the case in [7].

Table 2. Codes used in sequence mining, adapted from [7, 10].

Code Description

v The user viewed content for the first time

rv The user reviewed previously viewed content

a-p The assessment was passed with 100% of the points

a-f The assessment was passed with less than 100% of the points

This change also mitigated some of the effects of the small number of assessment
attempts when compared with actions concerning content chapters, which caused sig-
nificantly lower support scores for sequences that included assignments, as opposed to
those with only view and review actions.

Referring once more to [7], sequence extraction with lags from 1 and 9 then took
place using the entire data set, as well as the class data of N and R, separately. At each lag
iteration, the support values were calculated for the extracted sequences, with sequences
that did not attain a 10% minimum support value being dropped from the result set.

3 Results

The course involved 31 students, each with an average of 65.53 actions. The content was
divided into three sections, each with its own graded assessment at the end. To pass the
course, each of the assessments needed to be passed — in 44 of 93 cases, the activity
was completed with full points on the first attempt, with 16 users repeating assessment
1 at least once, 12 users repeating assessment 2 at least once, and 21 users repeating
assessment 3 at least once. In all other cases, the students repeated the assessments until
they did reach 100%, which took 4 attempts at the most and 1.74 attempts on average.

Overall, students did not tend to leave the content chapters during active sessions,
which— for the purpose of this work—was specified to start at the first interaction with
a section page and the first attempt of the section’s assessment.While the instruction page
was viewed 55 times in total, only 15 of those took place during an active session. This
was evenmore pronouncedwhen it came to the progress page, where only 11 of 107 page
views took place during an active session. Fifteen students switched between sections
during active sessions. The number of students who viewed the content chapters of a
section in order varied by section (see Fig. 1). Of those who did not, 5 students skipped
learning units or passed them over entirely.
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Fig. 1. The number of students who viewed the content of the section in question in order/out of
order [10].

Differences in behavior patterns became more visible when the paths through the
course were visualised in a heat map using transition probabilities between pairs of states
(see Fig. 2). These transition probabilities were calculated separately for each of the
classes N and R, and in the following step, they were used to determine the difference
between those two values. Negative values denote transitions that scored higher for
repeating students (R), while positive values were more important for students who did
not repeat assessments (N). This allows a direct comparison of where the paths through
the course differ.

As Fig. 2 shows, transitions along the suggested path through the course were often
more likely for members of class N, such as those from each section’s course content to
the same section’s assessment. In contrast, members of class R tended to utilise the index
more heavily,with anoverall higher emphasis on the transitions both coming fromsection
contents, goal pages and assessments to the index page, and the opposite way around.
In a further distinction, class N showed a higher likelihood to view the instructions,
with most transitions taking place from the index, which represents the entrypoint into
the course; even more pronounced is the strong tendency to review their progress after
finishing the final section’s assessment that members of this class displayed.

Overall, the heat maps suggest stronger adherence to the suggested path through the
course from students who did not repeat assessments, whereas students who repeated
were more likely to use the index to view the course content in an order of their choice.

Following this analysis, the specification of ordered/unordered behavior as additional
classes allowed the investigation of the interactionwith the twopreviously defined classes
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Fig. 2. The difference in transition probabilities between students in class N and those in class
R, calculated by subtracting transition probabilities for R from N [10].

N and R, which refer to the learning outcome. While class affiliations for N and R are
section-specific for this, ordered and unordered behavior classes (O and U, respectively)
depended on the learning behavior displayed throughout the whole course. Thus, it was
possible to draw connections between the two different pairs of classes (see Table 3).

Table 3. Percentage of users who repeated (R) and did not repeat assessments (N), for ordered
(O) and unordered (U) learners [10].

U O

A1 A2 A3 A1 A2 A3

N 29.41% 46.15% 25.00% 71.43% 72.22% 45.45%

R 70.59% 53.85% 75.00% 28.57% 27.78% 54.55%
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Finally, we used the approach from [7] to examine the most common user action
sequences in the course. The 20% minimum support used in [7], where support is cal-
culated by dividing the number of occurrences of a sequence by the total number of
extracted sequences [10], proved too high for this data set, with no valid sequences
starting from lag 6 when considering all students. This was exacerbated when only con-
sidering the class N, where no valid results existed starting from lag 4, while R failed to
return results from lag 7. With a lowered minimum support of 10%, both the combined-
class data set and R returned results for all nine lags, though N did not return sequences
for lags larger than 4 once more (see Fig. 3).

To visualise the results, the sequences were visualised as sequence diagrams, as in
[7]. In these, arrows signify a possible transition from state to state, with the numbers
in the square brackets above the arrows denoting the number of repetitions to be found
among the set of extracted sequences — e.g., “[1…3]” being the repetition of the state
any of 1 to 3 times [10].

v

[1...4]

rv

[1...9]

v

[1...4]

v

[1...3]

rv

[1...9]

rv

[1...4]

a) Over all students, regardless of class affiliation.

b) Students who did not repeat any assessments.

c) Students who repeated at least one assessment.

Fig. 3. State transitions over all students, class N, and class R [10].

4 Discussion

Whether students displayedorganised learning behavior differed by section,with 45.16%
of students accessing the chapters of section one in order, 58.06% for section two, and
35.48% for section three (see Fig. 1). These numbers appear to negatively correlate
with assessment attempts, as assessment 1 was repeated only 1.48 times per student on
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average, but assessment 2 had an average of 2.06 attempts per student [10]. This possible
correlation is also shown in Table 3, where learners who demonstrated disorganised
learning behavior show higher probabilities for repeating an assessment and students
who viewed learning content in order more often finished the assessment with full
points on the first try. This reflects the results from previous research [9], where higher-
performing students typically showed more structural learning behavior than lower-
performing students.

Conversely, the lower number of consecutive view actions also reflects the more
disjointed behavior by students who repeated at least one assessment (see Fig. 3) and
also shows the tendency to review a larger number of already-viewed content chapters
than is the case for class N. This mode-changing behavior is also visible in the transition
probabilities visualised in the heat maps for the two classes. For students who did not
repeat assessments, there is a clear preference in the path through the course, with very
fewoutliers (see Fig. 2). They appear to put higher emphasis on checking the instructions,
especially after accessing the index, which is the start page after logging into the system,
with 40% likelihood of the transition. On the other hand, students from the class R made
this move with only 15% probability and displayed a broader range of state transitions.
This seems to be the case because the students in this class appear to use the index to
jump to different content chapters in the coursemore often.Additionally, users fromclass
R more often returned to an assessment’s course content after an assessment attempt,
serving as an explanation why this behavior was more present in the class’ sequences.
This was not typically the case for class N, where the only exception was the transition
from section content back to the section’s goal.

High importance can be attributed to the progress page, with each student checking
it an average of 3.45 times. For members of class N especially, they transitioned from
assessment 3 to the progress page in 88% of the cases. Repeaters showed this behavior
less markedly, though the transition probability for the same move was still 45%. After
viewing the progress case, most transitions were to the index or logout action, with only
5% of transitions for class N accessing assessment 3, and 12% for class R. This suggests
that students generally checked and evaluated their performance after an initial full pass
through the course and its assessments, and returned to improve their results if necessary.

Due to the unlimited number of assessment attempts, with only the best result being
counted, the course invited the students to improve their performance, and this proved to
be very well accepted. In every case, assessment results improved with each additional
attempt, with every student finishing the course with full points at the end. Due to the
fact that the online course was part of a longer, in-person class and took place partway
through the semester where other assignments had already been finished, the students
were likely already motivated to perform well due to previous investment of their time
and work [10]. This mindset is visible in the number of sessions it took the students to
complete the online course — for 61.30% of students, this was done in only a single
session, with only a slightly higher average of 1.55 sessions overall.

However, the specific setting of the course presents a limitation in the results by
itself, as any behaviors found may be due to the way the online course was structured as
part of an in-person class. Furthermore, due to the fact that all students completed the
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course, there were no data specific to dropouts, and their behavior is thus not accounted
for in the results.

Overall, it turnedout that learnerswith organised learningbehaviour performedbetter
than learnerswith disorganised learning behaviour. This finding is also in linewithWinne
[3], who states that SRL is not always beneficial, especially if learners decide to choose
non-efficient or self-handicapping techniques, such as procrastination, which is also a
kind of SRL because learners can regulate their engagement in and disengagement from
learning. So beneficial SRL also needs some kind of structure. Consequently, supporting
or training learners to apply beneficial SRL-related actions can improve achievement [3].
In this view, both organised and disorganised learning behaviour can be seen as SRL,
whereby organised learning is beneficial and disorganised learning is less beneficial.
This emphasizes that at least unorganised learners should be supported to apply proper
SRL techniques, as stated in [3]. In our case, such support would consist of scaffolds
for organised learning, such as recommendations or visual cues for meaningful learning
paths and indicators or hints if learners deviate from organised learning. Consequently,
the findings of this paper suggest that future work should focus on developing concepts
for scaffolding organised learning.

5 Summary and Future Work

This paper investigated user behavior patterns in a system based on SRL. Using heat
maps and a sequence mining approach, it examined and visualised user learning behav-
ior patterns. The consequent findings revealed that students who displayed organised
learning behaviors generally repeated fewer assessments than those who did not. Fur-
thermore, students who repeated assessments had longer sequences of review actions,
as well as shorter sequences of view actions than those who did not repeat.

With the findings being specific to a course that was part of a longer, in-person class,
changing this setting opens up possibilities for further research. By examining the results
for a SRL course set at the beginning of an in-person class rather than partway through, it
would be possible to examine the change in motivation on the students’ parts, in regards
to their drive to reach full points or even finish the course. Furthermore, the SRL course
on its own, without an in-person portion of the class, would lead to further results on the
same topic.

Both of these changed settings would also show the effects that social connectedness
(due to the in-person part of the class) has on student retention and motivation. It would
be possible to investigate whether the student’s pre-existing connection to the student
group when the course takes place partway through the in-person course has positive
effects that are less or not present in the other two settings.

Finally, analysing larger courseswouldopen the possibility of usingmachine learning
algorithms on the data, gaining even further insights into the user behavior.
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Abstract. This paper outlines a conceptual proposal that integrates theories of
group development, individual learning, and therapeutic growth to diagram how
individuals, and the groups they are a part of, support or hinder learning. The
model has implications for group facilitators’ roles and actions to maintain inter-
and intra-personal balance throughout the learning process. Balance is defined
as the context where productive and sustainable action is possible. The model
considers five ‘modes of being’: Introduction, Conflict, Balance, Creation, and
Identity (ICBCI), and four ‘balance tools’ that facilitate balanced change from
one mode of being to another: Purpose, Norms, Goals, and Meaning. Further, the
model identifies two modes of imbalanced expressions (rigidity and chaos) that
provide behavioral hints for facilitators to utilize the balance tools to maintain
sustainable learning and engagement. Finally, there is a discussion of the impacts
of power and leadership within the group context on this learning process. ICBCI
works in the classroom, the living room, the boardroom, and the Zoom room, and
knowing its dynamic relationships empowers facilitators to maintain sustainable
growth across contexts and characters.

Keywords: Group dynamics · Leadership · Facilitation

1 Purpose of the ICBCI Model

1.1 A Synthesis of Giant Shoulders

Learning never occurs in a vacuum, yet far too often, the theories we work with imply
that it does [1]. The followingmodel synthesizes seminal work from the history of social,
clinical, and learning psychology to overcome this implication and make clear that an
individual’s clinical self, their learning self, and their interpersonal self are always con-
currently present in the individual, as well as in their expressions in a group. Specifically,
Tuckman’s model of group development [2] (updated by Wheelan [3]), Kolb’s model of
experiential learning [4], and Bowlby’s model of attachment [5] (interpreted by Siegel
[6]) are synthesized into a single framework. This strategy provides a metacognitive
model to guide learning facilitators across contexts to maintain sustainable growth for
groups and individuals with which they work.
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The present purpose is to describe the model itself, rather than the seminal work
from which it is derived. Thus, focus will be maintained, not on fine points of exper-
imental results that have provided good faith for each of these theories alone, but on
how integrating these well-established models aids the work and action tendencies of
learning facilitators. In other words, a reader of this paper should reach the end with an
understanding of how their actions can be theoretically informed, as opposed to simply
their perceptions of what is going on in the group.

1.2 A Model for How, More than What

Far too often, researchers and practitioners play a reluctant, ambivalent, and ignorant
game of cat-and-mouse carousel around the individuals, groups, and contexts that need
their help themost andwho frequently get only one or the other’s help at any one time [7].
By focusing thismodel on balancing actions, necessarily embedded in a dynamic context,
practitioners will find easily implementable actions to solve encountered problems, and
researchers will see those same actions as theoretically grounded valuable data points
that illuminate deeper intra- and interpersonal processes.

Below is an outline of the models synthesized into Introduction, Conflict, Balance,
Creation, and Identity (ICBCI). Next, I present the model in the third section, how it
integrates individual and group actions in the fourth, and — in the final section — how
the model guides facilitators’ actions to balance intrapersonal emotion regulation and
interpersonal social interaction with the same set of tools.

2 Theoretical Background of the ICBCI Model

2.1 Tuckman’s Model of Group Development

BruceTuckmandescribed a theory of group development that includes four stages groups
experience from formation to termination: forming, storming, norming, and performing
[2]. Essentially, groups come together, fight over their differences, resolve those differ-
ences, and then produce their outcomes. While various theorists have added updates or
nuance to the theory since then [3], it has largely remained well accepted and untouched
as a stage-based descriptive theory. Despite its applications today, the idea of 4–5 stages
of groups begs the question of transition between and maintenance of the very processes
described [8]. ICBCI was born out of this expressed need: how to deepen the theory
from being descriptive of groups to being prescriptive for their learning, development,
and success.

ICBCI recasts Tuckman’s stages by 1) integrating their progression with Kolb’s
experiential learning theory [9], 2) defining the norming stage in Tuckman’s linearmodel
instead as balance, in a non-linear dynamic model (Fig. 1), and 3) by making concrete
and explicit a mode of being absent from Tuckman’s theorizing that regularly occurs
in both groups and individuals, and goes beyond adjourning; what ICBCI refers to as
moments of Identity [22]. The effect of these changes is two-fold: 1) they allow learning
facilitators to see the concrete and necessary norming processes within other modes of
being, and 2) they highlight the central importance of balancing in the group context
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relative to the other actions of orienting, negotiating, producing, and appraising (captured
by Introduction, Conflict, Creation, and Identity, respectively), which can each occur in
a balanced or unbalanced fashion. These ideas are revisited below after first reviewing
the other two shoulders.

2.2 Kolb’s Model of Experiential Learning

David Kolb’s experiential learning cycle claims that deep and retainable learning expe-
riences move through 4 stages of knowledge formation and integration: Active Experi-
mentation (AE), Concrete Experience (CE), Reflective Observation (RO), and Abstract
Conceptualization (AC), also described as Try (AE), Do (CE), Reflect (RO), and Plan
(AC) [4]. For example, learning to swing a hammer requires taking a first swing (AE),
‘hammering’ a nail (CE), noticing finger pain and a bent nail (RO), and adjusting grip
and gaze direction (AC) before taking the next swing (AE), ad infinitum. Relying on
research in ‘embodied,’ ‘active,’ and ‘experiential’ learning, Kolb sought to centralize
the learner’s experience of the to-be-learned content as opposed to the teacher’s, as is
the norm in pedagogical models [9]. ICBCI takes a similar stance, while taking care to
delineate the individual and group experiences.

2.3 Siegel’s Model of Integrative Development

Commonly referred to as ‘attachment theory,’ Bowlby proposed that individual differ-
ences could be predicted based on whether as a child the individual developed a secure,
avoidant, or anxious attachment style [5]. Since Bowlby, researchers, and practitioners
have used this theory to understand interpersonal relationships across the lifespan. Siegel
proposed clinical state corollaries to each of these attachment styles that explain swaths
of neurobiological behavior: secure individuals experience ‘integration,’ avoidant indi-
viduals ‘rigidity,’ and anxious individuals, ‘chaos’ [6]. Essentially, anxious individuals
change so often there is little stability, avoidant individuals maintain stability by resisting
change, and secure individuals ‘go with the flow.’

Taking a dynamic systems perspective, Siegel suggests that all individuals experi-
ence moments of each state, where integration is a sustainable and balanced experience,
rigidity is one without differentiation, or openness to change, and chaos is one without
linkage or adoption of structure [10]. For individuals and groups, how to achieve integra-
tion and balance depends on whether one is currently experiencing more chaos or more
rigidity. This basic idea, that balance and sustainable growth result from responding
adaptively to needs for differentiation and linkage in individual and group experience,
serves as the lynchpin to connect Kolb and Tuckman. An individual expressing rigid-
ity will be resistant to change, or not changing as the group does, while an individual
expressing chaos will be changing too often to produce direction, or changing too fast
for the group to adapt to. On a group level, rigidity is stagnation, or a lack of action,
while chaos is indeterminacy, or a lack of direction.
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3 The ICBCI Model

3.1 Introduction

ICBCI follows the last half century of work in psychology using a nonlinear dynamic
systems approach [11, 12]. Further, by refraining from describing exact modes and
instead focusing on transition or change processes between modes, ICBCI seeks to
equip facilitators with clear ideas of what they can do, over and above simply what
they are observing. By loosely defining 5 modal spheres, while centralizing balance and
explicitly defining actions at the group and individual levels that ‘scaffold’ sustainable
development from one sphere to the next, learning facilitators can use ICBCI to both
observe and act in the presence of the groups and individuals they work with. Examine
Fig. 1 for the overall model, described in more detail below.

Fig. 1. The introduction, conflict, balance, creation, and identity (ICBCI) group-individual inte-
gration model of learning. Spatial logic is intentional, e.g., there are balanced and unbalanced
forms of all outer ‘state spheres.’ Balance tools described along cardinal directions. Outer ring
highlights facilitator actions. Note: not all possible transition processes (arrows) are depicted
(Color figure online).

3.2 The Four Outer Spheres

The four outer spheres are defined as Introduction, ormore explicitly, external perception
of challenge (orienting); Conflict, or internal action against challenge (negotiating);
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Creation, or external action towards actualization (producing); and Identity, or internal
perception of actualization (appraising). Each of these ‘states of being’ are considered
possible for moments of any duration within both groups and individuals and are not
necessarily always aligned between the two levels (i.e., a group may be in conflict while
an individual is still in introduction). Thedetailed descriptions are derived from replicable
mechanisms in psychology [13–15] and align largely with Tuckman’s characterizations,
with the exception of the Identity stage — derived from the transition between RO and
AC — and recent work in educational psychology highlighting the value of meaning,
and the reflective activities that create it [4, 16].

3.3 The Balance Sphere

Of central importance to ICBCI is the concept of transition between these outer ‘mode’
spheres. Transition can occur in a balanced (blue arrows in Fig. 1) or unbalanced (red
arrows in Fig. 1) way. Whereas Tuckman conceived of norming as a stage that groups
were in only between conflict and creation (or “storming” and “performing”), ICBCI
further details the nuance of group dynamics and individuals’ integration within them
by highlighting that balance in a dynamic system is something that is constantly sought,
both within other states— hence the overlap of the outer spheres with the balance sphere
— and between them (transition arrows and balance tools). Balance can occur for the
sake of balance— as often happens with storytelling, singing, dancing, and rituals — as
well for scaffolding or enabling other states of group activity— as happens with defining
the purpose, norms, goals, and meaning of an activity for individuals and/or the groups
they exist in. These ‘balance tools’ are described next.

3.4 Balance Tools

The contribution that balance pays to sustainable group and individual engagement and
learning is the central advance of ICBCI, and it is hard to overstate [16, 21–23]. The
four ‘balance tools’ described here, derived by squaring Kolb learning cycle actions, are
the first of two main theoretical advances proposed for the field by ICBCI.

Norms as Tryingn. When an individual actively experiments (AE), they are ‘trying,’
or attempting to establish a contextual foundation of experience for their learning. For
example, when learning to swing a hammer, one may begin by simply feeling the weight
of it and one’s strength to move that weight flexibly. Similarly, when groups establish
a contextual foundation of experience for their learning, a necessary component for
sustainable success are norms of interaction, or in other words, how individuals will try
to act in the presence of others. This is the first balance tool. When groups establish
explicit or implicit norms that the group agrees to adhere to — for conflicts, creations,
reflections, and perceptions (or basic assumptions) — the group can learn and develop
sustainably (without engaging in unbalanced conflict or cyclical re-orientation to a stifled
environment). Examples of these norms are often found in group agreements, values
contracts, and classroom rules (e.g., ‘this group agrees to disagree with ideas, and not
people,’ ‘don’t yuck their yum,’ etc.). Similarly, individuals must each commit to these
norms so that they have a balanced learning experience in the group context. Norms are
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alterable and never complete and are thus descriptions of individuals trying to balance
their actions to create group structure.

Goals as Doingn. When an individual engages with their CE, they are doing with pres-
ence in the service of a stated or unstated goal [17, 18]. When many individuals are
simultaneously doing in a group, that stated or unstated goal demands roles for each
individual to play. If a group goal for the actions and/or a role for each individual is
not established, progress in pursuit of goals will take longer, encounter disruption, and
result in individual strife [17, 18]. Thus, the second balance tool suggests that goals must
be made explicit at the group level, and roles must be established in pursuit of those
goals for each individual. By seeing the doings of the group across the individual and
group levels, the necessary establishment of goals and roles integrated with those goals
emerges.

Meaning as Reflectingn. The missing piece from a biopsychosocial perspective in the
process of group development as outlined by Tuckman and those that follow in his
tradition is the naturally emergent process of consolidation and identity formation that
occurs at both the individual andgroup level [19]. Every individual scaffolds their identity
with reference groups, and every group in one way or another defines and appraises its
activity as it happens (e.g., ‘that was a great conference we pulled off’ vs. ‘we have a
lot to learn…’). Individuals reflect on experience to create meaning for themselves, and
when they do this in groups, they contribute to and shape the other individuals’ appraisals
of events and how they identify the group, themselves within in it, and themselves in
reference to it [20].When learning facilitatorsmake this an explicit action in their process,
by group reflection, assignment ‘wrappers’ and other metacognitive activities, learning,
and transfer consistently improve on both group and individual levels [21]. This effect is
larger the more the appraisal or meaning is shared among the group and the more each
individual integrates that shared meaning within their own identity formation process
[22].

Purpose as Planningn. When an individual engages AC, or the building of a concept,
it is both necessarily purposeful and embedded in preparation for future action through
the predictive capacity of concepts in the brain [23]. When this conceptualization occurs
between individuals in a group around the group’s identity, it is necessarily an ontolog-
ical claim about the purpose of the group or its function in a larger context, much like
a plan is the future intended function of any individual in a larger context. With this
balance tool, learning facilitators advance the likelihood of sustainable group develop-
ment by identifying the group’s ‘unique selling point’ for every individual, defined as
the problem spaces that the individuals will look to the group for support in solving. This
link completes the reinforced learning loop by instigating opportunities for continued
group learning and individual growth in the context of the ever-increasing capacity and
capability of the group [23].

With these four balance tools (norms, goals, meaning, and purpose), learning facil-
itators can: 1) specify theoretically grounded, trackable actions that can be measured
empirically within the sociocultural context of the group and the socioemotional con-
text of the individual (e.g. ‘did the group agree on, and the individual commit to, the
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stated/unstated norms, goals, meaning, and/or purpose?’); 2) highlight the importance
of ‘Why’ through the doubled-down focus on goals (concrete task targets) and purpose
(abstract developmental targets); and 3) readily hypothesize sources of imbalance in the
group (assumed, ambitious, inappropriate, or missing norms, goals, meaning, or pur-
pose). The next section examines observable signs of imbalance in the individuals who
make up that group.

4 How ICBCI Integrates Individual and Group Action

4.1 Complex Dynamic Systems Overview

In his original work, as in the work of countless other psychologists [11, 12, 19], Dan
Siegel described the brain as a massively complex dynamic system that benefits from
the integration — or clear differentiation and linkage — between its many intertwined
networks and that struggles in the context of any lack of integration or unresolved,
disorganized states [6]. A developing brain in this context is conceptualized as a series
of increasingly complex states that either increase, decrease, or maintain an overall
level of integration among its component parts. Each increase in complexity requires a
rewiring process through differentiating the new complexity into component parts and
linking them together into an integrated, coherent, flexible, and adaptive whole. Any lack
in achieving this integrated whole can arise from rigidity, or a failure to differentiate,
and/or chaos, or a failure to link. Each imbalance’s contribution to ICBCI is generally
described below and further detailed in Fig. 1.

Group action is necessarily the collection of individual actions and reactions. Indi-
vidual freedom is contained within our reaction to the events we are exposed to. ICBCI
suggests that there are threemain kinds of reactions available to individuals in the context
of the group: integrating, failing to differentiate, or failing to link. The first is detailed
in the previous section and within the balance sphere of Fig. 1, the latter two below, and
within the red arrowed semicircles of Fig. 1.

4.2 Rigid Imbalance

ICBCI suggests that we view imbalance within the context of the balance tool engaged
to support sustainable growth. Thus, instead of talking generally of rigidity as one may
in a clinical context, the goal for the learning facilitator is to suggest potential corrective
action for the sake of the group purpose. Thus, individuals are not ‘rigid’ (or ‘chaotic’),
but they may express ‘rigid reactions’ to transition tools between the four state spheres
outlined above, or at any point in time (e.g., withdrawing from group activity because a
reflection activity didn’t go their way, see Fig. 1).

On the most basic level, rigid reactions - being the result of a failure to differentiate
— indicate that the individual doesn’t have access to sufficient information that affords
seeing various perspectives, attributes, or qualities of a particular object. This can result
in hyper-focus on a single quality, as often happens with negative information [25], or a
lack of attention to any quality, as none are defined uniquely enough for the individual
to differentiate them from other experience, to truly notice and value them.
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As a brief sketch of the use of Fig. 1 in this context, an individual rigidly reacting
to the transition from introduction to conflict states will withdraw from group activity.
This can have a multitude of overlapping causes, but central to all of them will be a lack
of differentiating self from other, or a previous task/group from the current task/group.
Specifically, they may not trust the other individuals in the group and see them as too
threatening to the self to engage in conflict (failure to differentiate self from other), or
they may be ‘holding on’ to norms of another group/task/time/space that they preferred
over the current one (failure to differentiate previous goods of enjoyment, growth, etc.
from previous norms). As learning facilitators, these rigidly reactive expressions should
remind us of balancing tools (e.g., Did we differentiate our purpose and norms enough
for the whole group at this point? What can I do to understand what this individual is
rigidly ‘holding on’ to?). While a full explication of Fig. 1 is beyond the scope of this
paper, schematically, one can follow the logic by observing the outer ring of suggested
facilitator actions that can help each individual integrate back into the group, as well as
for the group to reach out to the individual. In this case, through an open and honest
non-clinical socioemotional diagnosis with the individual (e.g., Want to share what’s
going on?), and the negotiation of an acceptable participation plan on their part (which
may require revisiting established group norms).

4.3 Chaotic Imbalance

Chaotic imbalance, on the other hand, results from an individual’s failure to link dif-
ferentiated perspectives, attributes, or qualities of a particular object together into an
integrated whole. In other words, the individual is operating from a context-poor men-
tal environment, where the relevant experiences they have had in the past and present
moment are not sufficiently overlapped to see the broader context or concept that binds
them. Individuals in this ‘experientially blind’ state have an unresolved need for sense,
for resolving conceptual conflict, or enabling pattern recognition in the moment and
proceed in a predictable direction: tangential or disruptive actions designed to instigate
their environment, or a ‘chaotic reaction’ [23].

Concretely, imagine an individualwithin a group transitioning fromCreation to Iden-
tity, in the process of establishing meaning (e.g., “Wow, we put on a great conference”)
contributes, what is charitably termed, ‘unintegrated group meaning’ (e.g., “We are all
cantaloupes in the wash!”). This chaotic reaction to a group member’s heartfelt meaning
statement is not only unclear, but most likely derails group processes. As learning facil-
itators, we have an opportunity to create space that enables the group to actively listen
to what the individual truly means (e.g., “That conference was like taking a cantaloupe
to the laundromat! Noisy, bumpy, messy, a waste of my time!”). This clarification, while
conflicting with an already expressed perspective, is an opportunity for differentiation
and linkage, rather than unresolved cantaloupe calling.

5 How the ICBCI Model Guides Facilitation

In this final section, the global axes of the ICBCI model are introduced. Each axis is
derived from educational psychology [25], social psychology [3], or social cognitive
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affective neuroscience [15, 23] and describes the impact leaders and facilitators have on
group development and individual growth within that group’s context. It is helpful to
see each axis as a string looped around the centralized leader (or facilitator) at any point
in time, bending each axis with the direction of leader (or facilitator) actions.

Fig. 2. ICBCI with action tendency axes moderated by leader/facilitator activity.

5.1 Facilitating Balance Through Proximal Development

Lev Vygotsky’s conceptualization of the zone of proximal development (ZPD) defines
three zones of capacity: (1) what an individual can do on their own, (2) what they can do
with help, and (3) what they cannot (yet) do, even with help [26]. In ICBCI, the north-
south axis itself defines no. (2), the ZPD, and marks the distance between opportunities
for actualization, beginning on the border between nos. (1) and (2), corresponding to
the right side of Fig. 2, and moments of potentially traumatic challenge, on the border
between nos. (2) and (3), depicted on the left side of Fig. 2. How much a leader or
learning facilitator engages in Introduction and Conflict determines the space available
for actualizing vs. challenge. For example, the better foundation set for a group through
productive introduction and conflict resulting in agreed norms and goals, the more likely
helping behavior, and the more likely individuals are to engage in actualizing oppor-
tunities like participating in a discussion or learning a skill. Without balanced norms
and/or goals, risks of trauma increase if leaders take on challenges that the group is not
appropriately organized to meet.

5.2 Facilitating Balance Through Mirroring

The last three decades have produced an explosive amount of research into mirror neu-
rons and the perception-action links they seem to track [15, 19]. At the heart of this active
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arena is the hypothesis that neurobiological mechanisms exist for recreating externally
and internally perceived actions as internal simulations (mental perceptions) in neu-
ral ‘convergence zones,’ and it is this activity that scaffolds learning [27]. The skillful
learning facilitator seizes opportunities to explicitly connect actions with perceptions, as
when groups report who they are, how they are feeling, or what caused them to act in the
way that they did. Leaders also encourage or discourage this mirroring behavior through
leaning their own behavior into more action (Conflict and Creation) or more perception
(Introduction and Identity) as needed throughout a group process. By maintaining a
balance between action and perception in each individual and across the group, learn-
ing facilitators sustainably scaffold potential growth through intra- and inter-individual
awareness of underlying perception-action links.

5.3 Facilitating Balance Through Interdependency

Wheelan, in her nuanced updating of Tuckman’s general model, highlights the impor-
tance of power dynamics and leader roles within the group [3]. ICBCI integrates this
work by defining an axis between dependency of the individuals in the group on the group
itself (and the group itself on the leader/facilitator) and independence of each individual
within the group (and the group within its context). Interdependency, thus, emerges on
the mid-line of this axis, at the most crucial moments of Conflict and Identity states:
turning/tipping points, and the identification of meaningful purpose, respectively. That is
to say, balanced and productive conflict necessitates an interdependent perspective, after
which independent action is more likely to be fruitful for the group. Similarly, main-
taining an interdependent perspective during the identification of meaningful purpose
likely creates productive dependency, or a reason to reform and sustain group activity.
Both of these ‘interdependent perspective moments’ are the responsibility of the leader
or learning facilitator, who can also tip these dependencies based on howmuch orienting
vs. producing they lead the group to engage.

5.4 Facilitating Balance Through Correcting Prediction Errors

Finally, in a tour de force akin to Darwin’s upending of biology or Einstein’s of physics,
Lisa Feldman Barrett has revolutionized our understanding of neurobiology and learn-
ing as a balance between simulated predictions, aimed at maintaining a metabolically
cheap existence in theworld, and errors in those predictions, resulting from our relatively
limited direct experience of that world [23]. In ICBCI’s final axis, learning is conceptu-
alized in similar fashion, where Creation and Introduction spheres are centralized as the
cornerstones of learning. When we orient our learning begins, matching our predictions
of this group with this purpose in this context against the errors that inevitably surface
in Conflict. How we handle those errors shapes the goals for our next Creation, our next
set of predictions, evidenced by the meaning, and new concepts made explicit in Identity
modes before encountering the next wave of error to update these, as well, ad infini-
tum. Leaders and learning facilitators do well when bringing group awareness to these
transitions as they occur. They also bend this axis through their own actions, creating
more prediction utterances when leaning more into conflict than noticing errors needed
to correct them, or creating too much error correcting when leaning more into identity
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states than productive predictions (e.g., hypotheses, ideas, claims) needed to update the
group’s overall working model.

6 Conclusion

ICBCI argues for a complex dynamic systems approach to facilitation of group and indi-
vidual learning, and in doing so, it provides a deep and broad foundation for facilitators
themselves to test their own predictions and update them through processing errors, all
while maintaining a space of learning for their group and the individuals within. While
this paper does not fully do justice either to the complexity approach or the facilitation
technique, it aims to provide a brief introduction to a useful model that synthesizes large
bodies of foundational work in social, cognitive, and educational psychology into an
empirically testable set of hypotheses concerning group development, individual learn-
ing, and the context of each within the other. Researchers are encouraged to test if the
presence of balance tools facilitates learning and development, and if leader/facilitator
actions adjust the axes and state space likelihoods as proposed. Facilitators are encour-
aged to attune their actions to balancing purpose, norms, goals, and meaning across
individuals together in spacetime to maintain a group, and its ability to learn.
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Abstract. The evaluation and accreditation of competencies is one of the chal-
lenges that higher education must address in the 21st century. GRAF is a system
of evaluation and accreditation of curricular competencies based on the integra-
tion of pedagogical engineering methodologies with data architecture design and
technological applications, especially tailored to online higher education. From
the teaching point of view, it provides a model, a methodology, and a tool for
designing competency-based programmes and assessing the evidence of com-
petency learning generated by the students in the teaching and learning process
throughout the semester. From the student’s perspective, it enhances conventional
evaluation by accompanying marks with educational feedback on the level of
competency achieved, and provides a graphic representation of progress. Specific
tools and applications have been developed for each phase of work: for the design
stage, the Competency Design Tool; for the evaluation and monitoring stage, the
Competency Assessment Tool; and for the graphic representation stage, the Com-
petency Graph Report. The Universitat Oberta de Catalunya (UOC) has spent two
years developing GRAF. It has been applied to five programmes in different areas:
an MBA, two master’s degrees, a postgraduate course, and a university extension
course. A total of 56 compulsory subjects and 293 students have been involved
in these programmes. Due to the success of the initiative, the UOC has decided
on a widespread application of GRAF to other programmes. We are interested in
sharing the experience and lessons learned in order to improve GRAF.

Keywords: Competency assessment report · Competency-based design ·
Competency accreditation

1 Introduction

For some years now, design of higher education programmes has been oriented to devel-
oping personal and professional competencies. Despite efforts to date, graduates still
have problems clearly identifying their stage of competency development on finishing a
university programme. At the Universitat Oberta de Catalunya (UOC), as at many other
universities, the training design of degree programmes is reflected in a competency map
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or matrix and specified in the proposed learning activities and methodologies. However,
during the student teaching and learning process, formative and continual competency
assessment becomes elusive, eclipsed by qualifications,marks, and academic transcripts,
which hardly reflect competency learning and acquisition. This acquisition is not always
evident to students or assessors.

The project presented here is an approach to competency design and assessment
and a graphic, tailored representation of each student’s competency development. A
new competency assessment experience at the UOC needed to provide added value and
an advance in habitual assessment practices up to now. The GRAF1 project aims to
specify the assessment process for interdisciplinary and specific competencies in degree
programmes. It provides a visible place where professors can assess evidence of learning
from a perspective that complements traditional assessment: assessing howwell ways of
doing things, acting, andbehaving in professional andwork contexts related to the degree,
expressed in competencies, have been acquired. The project was also motivated by the
desire to cover certain demands from the labour market and some of the needs expressed
by universities. An academic transcript shows academic results. A graphic representation
of competency development showing leadership capacity, teamwork inmultidisciplinary
environments, and effective communication, to give just a few examples, allows students
to show and demonstrate their skills in a useful, valuable, and visual format.

Apart from providing a tool for, and graphic representation of, competency assess-
ment, GRAF also offers a comprehensive competency design system for a full univer-
sity programme. The competency work is interlaced evenly over all courses in a degree
programme and specified in each of the related learning activities.

2 The State of the Art in Higher Education Competency Learning
Assessment and Accreditation

Universities and higher education institutions are working to improve processes of com-
petency assessment and their graphic visualization. GRAF is an example of this, together
with other experiences, such as the University of Canberra (New Zealand) and Deakin
University (Australia), or the result of the joint development among university members
of the Europortfolio (European Network of ePortfolio Experts & Practitioners) Euro-
pean project [5, 6, 13]. In the next section, we will consider what this involves and what
difficulties it entails for teachers and institutions.

Competency assessment and design of the learning process are two sides of the same
coin. We can only assess the elements we decide to include in the course curriculum.
This might seem obvious, but it is the cornerstone of competency assessment and also
the main stumbling block for many initiatives.

Assessing competency learning means moving from a concept of content-based
learning, i.e., syllabuses, toward a competency-based concept, or the skills needed to
carry out an activity in the professional or academic context [18]. This fact, which in
many cases might require a change in the institution’s teaching culture, greatly increases
complexity throughout the chain of processes involved in learningdesign and assessment.

1 GRAF (from “Gráfico”, in Spanish) stands for “Graph”: Competency Graph Report.
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Positioning ourselves in this competency design framework requires adopting an
interdisciplinary approach. Skills and knowledge are no longer organized along the lines
of old knowledge area taxonomies, bringing about a complex interactive relationship,
designed to develop functions, actions, and behaviours in real contexts. Thus, design for
competencies involves the effort of deconstructing reality to transfer its fragments to a
training context, without losing sight of what connects the fragments to each other and
their original context.

This approach has a number of methodological implications, which affect, to vary-
ing degrees, the value chain in the training process, from programme design to the
accreditation system, without forgetting the design of training activities or assessment
methods and instruments. Consequently, certain elements recur when discussing com-
petency assessment: providing a competency map with levels of specificity; rethinking
learning activities; using objective and scalable assessment instruments, such as rubrics;
and designing types of accreditation suitable for the nature of competencies, such as
visual systems or micro-credentials. These issues are discussed below.

2.1 Competency Map

A number of experiences have used competency maps from which learning and assess-
ment processes are designed [2, 16]. Such maps help specify competencies to a degree
at which they become workable. This means identifying dimensions or levels of acqui-
sition [15] or learning results [1, 17] on which training and assessment activities and
dynamics are based.

2.2 Learning Activities and Assessment Instruments for Competencies

Conventional training activities are not always suitable for assessing competencies.
Activities are required whose design is based on complex learning situations, where
knowledge and skills have to be mobilized and integrated [14], and are assessable using
instruments such as rubrics, which provide rigour, objectivity, and clarity to the process
and facilitate the work of the assessing professor [7].

2.3 Accreditation Systems that Recognize the Student’s Competency Acquisition
Progress

A competency is a personal capacity in permanent development. Helping the students
to be aware of their acquisition process, whether encouraging self-reflection, providing
self-diagnosis tools or showing the roadmap of the process itself, is a goal that is present
in a number of experiences [8] (González-Martínez et al. [10]). Some of them focus
on using visual metaphors as a strategy to convey this information to the student in an
explicit and interpretable way, both at the end and throughout the training process [3,
11].
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Finally, as it is possible to deduce, the application of a system of competency assess-
ment requires the performance of an exhaustive pedagogical and methodological design
that affects the entire training process in all the essential elements. We are not talking
about an educational innovation that modifies certain steps of the value chain, but about
a cross-disciplinary and interdisciplinary training engineering challenge.

3 Description of the System

At the UOC, we have designed a system, model, methodology, and tools for the design
of competency-based training programmes and for assessing evidence of competency
learning. The purpose of the system is for students to improve their competitiveness and
employability in the labour market with a report accrediting their acquisition level of
curricular competencies [4]. Students can then make their reports public and shareable
in professional environments or to employers who might place a value on them.

In recent years, higher education institutions have begun to build their own data
architecture to monitor their processes and give them visibility [19]. Our experience
consists of a system based on integrating pedagogical engineering methodologies with
data architecture design and technological applications, especially tailored to online
higher education.

The objectives GRAF hopes to achieve are:

• The generation of a “Personal Competency Report”, which provides visibility to stu-
dent assessments by showing acquisition levels for each competency dimension and
related activities and courses. The report includes a customizable graphic represen-
tation of the student’s competency acquisition progress within the framework of a
training programme.

• The creation of an agile, rubric-based grading system for learning activities, allowing
professors to assess competencies and provide formative feedback on training, while
minimizing their workload in the assessment process. The system is compatible with
the traditional credit rating system and the UOC educational model.

• An accurate competency-based design for study programmes in which learning
activities are linked to competency dimensions and facilitate grading and feedback
[9].

The system is based on the following pedagogic principles:

• Assessing competencies involves more than correcting activities; the results students
obtain for an activity need to be observed beyond the habitual grading system. This
means assessing the degree of learning acquisition and orienting it to the progressive
development of competencies.

• Constructive alignment of competencies, dimensions, learning results, and activities
is the necessary condition for system consistency.

• Learning assessment is evidence-based. Evidence is produced by students over the
course of the programme through the learning activities.
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• Students receive tailored, continuous feedback on their learning and competency
acquisition [12], based on the descriptions in the rubrics. The rubric is the instru-
ment used to design and assess students’ output. It describes the competency quality
standards or degrees of development as defined in the training design phase to make
them assessable. The rubrics are sharedwith students from the start, thereby informing
them of what they are expected to learn.

Based on these foundations,with a painstaking pedagogic design,work then proceeds
in three phases: (1) The training design phase for the competency-based programmes; (2)
the student learning assessment phase; and (3) the graphic competency report generation
phase. For each phase, GRAF has developed three different tools whose operation is
interconnected in the virtual classroom:

• The Competency Design Tool (CDT): this enables professors to draw up competen-
cies, dimensions and assessment rubrics, design the competency map and match up
courses, competencies, dimensions and activities.

• The Competency Assessment Tool (CAT): this facilitates assessment and shows the
assessment results for activities and competencies while generating tailored feedback
for the student.

• The Graphic Competency Report (GCR): this reports the degree of competency
acquisition and presents it graphically.

The GRAF technological design is thus consistent with its underlying pedagogic
concept.

4 Application in the Context of the UOC

4.1 Application Phases

GRAF has been applied at the UOC since 2018, involving a number of different imple-
mentation phases. During the first four pilot phases (see Table 1), work processes, adap-
tation of competency designs, and pedagogical engineering to the characteristics of each
programme and the tool development and implementation were carried out in test mode.
Thus, in the first pilot tests, we focused solely on design and assessment of programme
interdisciplinary competencies, while in subsequent phases, the competency map and
tools also incorporated the specific and general competencies in the participating degree
programmes.

Currently, GRAF includes five degree programmes. It is applied to 56 courses
(242 ECTS credits), 139 professors, and 435 students2. The following table lists the
participating programmes and the agents involved in each case.

2 At the time of publication, the number of students was 435. Note that the previous abstract
mentioned 293 students. Since then, a newmaster’s degree has joined GRAF, hence the number
has increased.
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Table 1. Phases and programmes in which GRAF is applied.

Phase* Study program Courses Credits Professors** Students**

Pilot MBA Global Executive Education 27 80 60 105

Pilot University Master’s Degree in
Strategy and Creativity in Advertising

8 60 28 75

Pilot Assessing for learning
(Postgraduate Course)

6 30 17 20

Pilot Project Leadership and Management
(Professional specialization course)

3 12 10 49

Develo-pment University Master’s Degree in
Design, Visual Identity and Branding

12 60 24 186

Total 56 242 139 435

* The Global Executive Education (MBA) programme was a pilot test in 2018–19, which has not
yet reached the full development phase. The professional specialization course was a pilot test
which incorporated assessment of both specific and interdisciplinary competencies.
** Professor and student numbers include all participants in each phase, regardless of whether
they were also involved in other phases.

4.2 GRAF Tools

Competency Design Tool (CDT). This is a web tool that provides a design method-
ology for constructing a degree programme competency map. First of all, programme
directors define the competencies, dimensions, and assessment rubrics. Next, directors
and professors distribute the weighting for the competencies and dimensions over the
degree programme, its courses, and learning activities in accordance with the work and
assessment load involved. Thus, professors share in themethodological decision-making
with regard to the assessment weighting, which is rated and checked from an interdisci-
plinary perspective covering the whole degree. The assessment weighting is expressed
in percentages. The decision-making process is meticulous and based on consensus.

Professors are accompanied by an expert from the eLearn Center (eLC) in the work
and are provided with guidelines and support resources produced specifically for the
purpose (Fig. 1).

Competency Assessment Tool (CAT). This is an agile and efficient tool that allows
professors to assess the degree of competency development, visualizing a student’s com-
plete output (deliverables) in a single space. For each student and activity, the tool shows
the output or work, the dimensions assigned for observation, and the assessment rubrics.
Professors make their assessment by deciding on the degree of competency develop-
ment that best applies to the output or deliverable (Excellently Acquired, Acquired,
Partially Acquired, Not Acquired), while automating feedback. This feedback can also
be enriched by providing the student with tailored comments, broadening or clarifying
descriptions from the rubric, which are then sent automatically to the student (Fig. 2).

The eLC trains professors in the use of this web tool and in assessing competencies
based on evidence of learning in the UOC online environment.
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Fig. 1. Competencymap for the UniversityMaster’s Degree in Design, Visual Identity, and Brand
Building.

Fig. 2. Competency assessments in the assessment tool.

Graphic Competency Report (GCR). This is the result of the competency learning
assessment. As students complete activities and progress in their studies, a graphic report
is generated which shows their degree of acquisition for each competency. Each student
has their own tailored graphic report, which they can personalize, export, and share on
the web and in professional and work situations. The report accredits their competency
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acquisition. Currently, the report is not valid as an academic certificate issued by the
UOC; however, it represents a major step towards formal accreditation, which could
accompany the qualification or provide micro-credentials or badges (Fig. 3).

Fig. 3. A student’s graphic competency report

Since GRAF started, both the methodological design and technological implementa-
tion of all its components have been regularly tested and assessed. These assessments are
geared toward decisions on improving processes, tools, functionalities, and effectiveness,
incorporating the results into each successive phase and programme.

Students consider this graphic report as value added to their academic transcript and
state they would like to have more and better options for personalizing and exporting it.
Professors feel that thanks to GRAF they now have a consensus competency map. They
also feel competency assessment adds to their workload and that they need training in
competencies and their assessment.
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5 Conclusions

The GRAF project is an improvement in competency design, as it provides a model,
methodology and tool set for competency assessment. The model, based on competen-
cies, dimensions, and degrees of competency development, and the methodology, based
on rubrics, are useful, coherent, and flexible for application to a wide range of university
degree programmes. Thus, the defined model and methodology can be applied to both
short programmes (specializations) and longer programmes (bachelor’s, master’s, and
post-graduate degrees). The methodological architecture means the model cannot be
applied by just one professor or part of the teaching staff from the programme. As it is
based on global degree programme design, applied to all courses, it requires commit-
ment, involvement, and participation from all course faculty. Ensuring such collective
alignment requires specific commitment in terms of institutional strategy to boost its
application. Thus GRAF clearly shows the need for institutions to revise their compe-
tency design and how it affects the production of degree reports, course design, and,
finally, implementation in the classroom and in assessment. For the professors, it means
more time spent on the design phase and providing a more detailed classroom assess-
ment. Minimizing this extra workload requires, firstly, specific tools to automate pro-
cesses and, secondly, expert advice on teaching methodology for competency design
and assessment. The CDT solves the problems detected in the initial project phases and
provides a robust working environment to record and trace the data on which the model
is based. The CAT permits integration of pre-existing assessment tools from before the
GRAF project and unifies all the required assessment actions in a single environment.
Development of these two tools has produced sufficient automation to make the project
sustainable in terms of professors’ workload.With regard to the GCR, based on the opin-
ions of the agents involved, it is considered value added to the academic transcript and
programme. In conclusion, the GRAF tools represent an advance in competency design
and assessment for professors and facilitates qualitative feedback and visualization of
the competency development process for students.

The GRAF approach represents an advance towards the application of big data
in training processes in higher education. It is also a starting point to promote and
consolidate a culture of higher quality evaluation and personalization with great power
of transformation.

Future lines of work in the project involve approaching how the model can incorpo-
rate evidence from outside the academic world, from students’ personal and professional
lives. Currently, the assessment and graphic competency representation provided by the
project cannot be included in the official academic transcript due to legal limitations.
Further work is required to ensure public legislators make the regulatory changes so
this type of assessment can be included in official transcripts. At the same time, beyond
this goal, the definition of a micro-credential system linked to competency develop-
ment needs to be explored to provide students with a range of accreditation instruments
for each of their competencies. Along these lines, from the technological perspective,
blockchain could prove highly relevant in constructing a robust and reliable competency
accreditation system, recognized by a range of social agents and employers. Finally,
with regard to project scalability and its transfer to more degree programmes, training
and advisory strategies, and actions need to be designed so that professors do not require
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teams of experts in methodology providing the intense, tailored accompaniment that the
project has so far needed in its initial implementation phases.
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Abstract. Lean and Six Sigma are management systems that aim to improve the
development and operation of business processes. Lean and Six Sigma tasks and
tools structure the phases: Define,Measure, Analyse, Improve, Control (DMAIC).
Their theoretical mastery and practical application leads to Yellow, Green, and
Black Belt certification—monetarily rewarded by organizations worldwide. This
makes Lean Six Sigma relevant for employees and attractive even for students.
Our Lean Six Sigma MOOCs offer certification programs for the Yellow and the
Green Belt—with more than 300k participants since 2015. In our Yellow Belt, the
fundamentals of Lean and Six Sigma are taught and tested automatically online.
In our Green Belt, the learner must implement a real project. The project can be
learner-specific or predefined by us, is guided by a sequence of tasks and tools,
and is supported by coaching and lectures. To balance our concept—wide range of
project topics + digital project guidance + individual support—we develop and
operate our MOOCs as business processes (Sect. 2), and outline Six Sigma in our
context (Sect. 1). This is a report on the development and operation of a MOOC,
not a research paper.

Keywords: MOOC · Six sigma · Development · Operation · Project guidance

1 Context and Framework of Our Lean Six Sigma MOOCs

1.1 Examples of Lean Six Sigma Certification Project Topics

False dimensions in construction drawings, Rapid wear of bristles in street sweepers,
Pinholes in packaging foils, Long cycle times for customizing cloud software packages,
Abandonment rate in online payment process, Misaligned punch holes in adjustable
furniture, Failure of serviced modules on oil rigs, Crumbly consistency of industrial
pizza dough, Littered garbage and blocked sewage pipes in cities—these examples of
certification projects from our participants indicate the variety of topics that can be
addressed with Lean Six Sigma and their specific relevance to real-world issues. And
they indicate our challenge to support these projects and to evaluate their results.
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1.2 Subject of Lean and Six Sigma

Six Sigma—our focus here—is a scientifically based approach for problem solving in
business processes. The core of Six Sigma is the Define, Measure, Analyse, Improve,
Control (DMAIC) method. Each of its five phases is structured by qualitative and statis-
tical tools. In improvement projects, these tools are applied along the DMAIC phases, to
Define the problem, to Measure the problem and its potential causes, to test the related
hypotheses and Analyse the root causes, to Improve the outputs by eliminating the root
causes in the process, and to finallyControl the sustainability of what has been achieved.
Lean includes principles, and procedures for increasing the efficiency of processes. Six
Sigma is comparable to diagnosing and treating a specific disease,whileLean strengthens
the body’s overall fitness.

1.3 History of Six Sigma

Six Sigma was developed at Motorola in 1987 [1] and initially applied to manufacturing.
It became popular in 1996 when it was implemented throughout the company at General
Electric. Since then, companies worldwide installed Six Sigma as a management system
for business processes, to reduce costs and to increase customer satisfaction. To this end,
companies train 5%–10% of their employees to become Six Sigma experts: The Yellow,
Green, and Black Belts. A reputable certificate increases the chances of application and
is often monetarily rewarded. This makes Six Sigma relevant for every employee and
attractive also for students.

1.4 Heterogeneity of Six Sigma

Alongwith the training needs of companies, the supply of corresponding Lean Six Sigma
training courses, coaching, and certificates has increased worldwide. Their quality varies
greatly because each provider designs the content, methods, objectives, and certification
individually.Wikipedia summarizes: “Criteria forGreenBelt andBlackBelt certification
vary … There is no standard certification body”) [2].

After > 30 years of Six Sigma there are different views in literature and practice on
the purpose of the DMAIC phases and thus on the tasks and relevant tools. This lack
of clarity is unsatisfactory for the understanding of Six Sigma and leads to uncertainty
in its application. Therefore, we orient our concept to the specifications of established
institutions and go beyond them with our own developments (Sect. 2.1).

1.5 Attractivity of Six Sigma

The keyword Six Sigma Training is searched for significantly more frequently on the
web than the currently popular Scrum Training (Fig. 1a). The comparison is appropriate
because the approaches have symmetrical properties: Six Sigma integrates analytical
methods, principles, and tools to sustainably improve the results of business processes
in service and production by simply structured and organized projects. Scrum integrates
agile methods, principles, and tools to incrementally improve the results of development
projects in IT by simply structured and organized processes.
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Fig. 1. a) Interest in Scrum vs. Six Sigma Training indicated by the frequency of respective
keyword searches in the last year; left swing: more frequent search for Scrum; right swing: more
frequent search for Six Sigma (google trends, N unknown) – b) Attitude of our students: 90%
prefer: Course at university with low reputation that cares about my needs; 10% prefer: Course
university with low reputation that does not care about my needs (N = 40).

1.6 Learner Needs

A survey in our Facebook group showed a clear preference of 90% for the alternative:
Course at a little-known university that takes care of my individual needs versus the
symmetric case with 10% preference: Course at a well-known university that does not
care about my individual needs.

Our anecdotal experience with other MOOC’s shows a wide range in how learners
are treated and supported. Most MOOCs ask to “introduce yourself,” often without
notice from course instructors, and orphaned threads in discussion forums. We want the
students in our MOOCs to be perceived as individuals and support their needs. This has
a strong impact on our support effort, which we aim to optimize by applying Lean and
Six Sigma in the development and operation of our courses.

2 MOOC Development and Operation as a Six Sigma Project

The development and the operation of aMOOC are both processes, determined by input-
activity-output webs, like all processes. Thus, we apply the DMAICmethod and its tools
for our courses as well.

Every Six Sigma project starts with a problem, as a deviation from a given target
or with the challenge of reaching a new target. Both challenge and problem are always
related to a certain (intermediate) output, e.g., a video in the course or an answer to a
question in a discussion. Every output is characterized by a bundle of attributes. The
importance of the attributes (e.g., audience retention with videos; effort for the answers)
is determined by the requirements of customer or the management. It can be specified by
a target value and a tolerance range. Attributes together with the degree of their actual
deviation (e.g., < 50%.; > 3min) determine the severity of a problem and, thus, the
satisfaction of the customer and the costs for the company.

This formalization, structuring, and parameterization of information enables us to
capture and define problems correctly at their core (Table 1), as well as further project
related data. However, the extent of this formalization, the application range of suitable
projects, and our support effort are interrelated.
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Table 1. Definition of problems, based on outputs, their attributes, and their deviations.

Output Attribute Deviation

Video Audience-Retention <50%

Answer Effort >3min

• High standardization reduces the application range and our support effort
• Low standardization increases the application range and our support effort

Therefore, we continuously optimize the balance between standardized and individ-
ual guidance to keep the range of suitable projects and operate the course effectively and
efficiently.

2.1 Development of Our MOOCs

Basic Teaching Objectives. Our basic teaching objectives are aligned with the Ameri-
can Society for Quality (ASQ) and our certification is aligned with the principles of the
International Society of Six Sigma Professionals (ISSSP). With this conformance, we
ensure global acceptance of our certificate and certification.

Table 2. Certification requirements of the ASQ and TUM for the six sigma green belt.

The teaching objectives of our Yellow Belt certificate include the ASQ’s Body of
Knowledge for their Six Sigma Green Belt (Table 2). In addition, the ASQ requires a
minimumof 3 years of professional experience under the supervision of a Black Belt.We
do not require this because it makes the education dependent on a Six Sigma initiative
at the company, putting other companies and students at a disadvantage. Instead, we
require the implementation of an individual certification project for the Green Belt—as
recommended by the ISSSP.

We mapped these conditions as requirements of the learner. The related Kano-Chart
(Fig. 2) formalizes all resulting challenges/problems, the desired/actual state, and the
consequences on learner satisfaction if a challenge is not met/the problem occurs:
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1. YB-Teaching-Objectives - ASQ-Conformity < 95%
Meaning: We consider it a problem if our: YB Teaching Goals (output) are less than
95% (deviation) conform to the ASQ (attribute). Please note that the first paragraph
of a section or subsection is not indented.

This is a basic requirement (Must-Be) for us because our learners expect the
worldwide acceptance of the certificate as a matter of course, just as one expects a
telephone to enable phone calls. If the requirement is met, the learner is indifferent
but will be angry if our certificate is not accepted by a company.

2. GB-Certification-Project - Implementation - Failed
Meaning: We consider it a problem if one of our learners fails (deviation) with the
implementation (attribute) of the Certification-Project (object) or terminates it.

This is a performance requirement (More-Is-Better) for us because the learner
has demonstrated the fundamental competencies with the pre-acquired Yellow Belt
certificate. The better the performance of a learner, the more satisfaction will result,
and the failure of a project would be a problem for the learner and for us.

Fig. 2. Kano-Chart representing selected challenges/problems in the development/operation
of our MOOC according to their requirement characteristic (Must-Be; More/Less-Is-Better;
Delighter) and the resulting learner satisfaction, if requirements are (not) met.

To go beyond acceptance, we enriched these basic teaching objectives with scientific
facts and practical principles, developed motivating formats and software tools, and
published them in four courses on the edX E-learning platform [3].

Concept of our Yellow Belt Course Material. Our Yellow Belt teaching material
addresses the competence levels: remember, understand, and apply. The challenge here
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was to illustrate more than 90% of the material in easy-to-understand, consistent, and
practical scenarios (Fig. 2). That applies to 30 h video lectures, over 500 practice and
homework problems, interactive exercises, case studies, and mini projects. The consis-
tent attractive illustration is aMust-Be requirement for us becausewe assume that learner
expect excellent material at TU Munich and would already be angry to go through an
average course.

Table 3. Adaptations and developments to transform the project into a standardized process.

Automated Guidance. sigmaGuide is a model-based app that guides the learner
through the DMAIC phases of the project (Table 3), by a sequence of 30, chronologically
ordered and seamlessly connected tools. The input of each tool is defined, just as the input
for a hammer or a screwdriver is defined. The output of each tool becomes the input of
the next tool. To ensure the validity of the inputs and outputs, the requested information
is hierarchically structured and requested in a controlled dialog. This concept allows the
project to be treated as a standardized process.

Example: The first tool—Project-Topic in the Define phase—is intended for every-
one. It serves to translate an observed weakness of a process or a deviation of its output
into a statement about the topic and its suitability for Six Sigma.

Question 1/7 asks for the description of the observedweakness in ownwords (Fig. 3):
“Some of our videos show in audience retention data: a) a short learner watch-time and
b) an unusual watch pattern.”
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Fig. 3. Selected questions and answers in the first tool: Project-Topic of the project guideline
sigmaGuide, to identify a Six Sigma project by a controlled dialogue.

Question 2/7 offers options a) for the cause of the weakness and b) for the type
of the resulting output problem (quality, availability, consumption). The combined
half-sentences extract a cause-problem relationship of the described weaknesses—e.g.,
Procedures … habits that direct our activities, reduce the quality of products / services.

Question 3/7 integrates the answers from 2/7 and asks for concretization: Which
specific procedure and product/ service…? Example: script and video.

A report summarizes and interprets the answers (Fig. 4), serving to discuss the topic
with a potential project Sponsor. If the Project-Topic is to be further investigated, then
the Project-Definition is created in the next tool, preparing it as a Six Sigma Project.

Standardized Project Documentation. The results of each tool must be documented
in the Project-Story-Book (Table 3), a template with> 60 slots for project results. Here,
the learner inserts the outputs of tools, identifies the important results, interprets them,
and draws conclusions. This way, each learner documents the project and its mastery.

The tension between automated guidance and individual support is reflected in the
proportion of independent and dependent learners. Approximately 10% of learners suc-
cessfully complete the project through automated guidance alone. In total, 5% rely on
extensive individual support, meaning extra effort for us, represented in the Kano-Chart
(Fig. 2).
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Fig. 4. Selected part of the report on the relevance and suitability of the project topic.

2.2 Peration of Our MOOCs

Support for General Inquiries. Own errors cannot be excluded in a new course.Many
learners are very attentive and inform us. We benefit from this communication as we not
only correct mistakes but also receive suggestions for adding new material.

In addition, we receive many questions about the course, certification, organiza-
tion, technology, and career. Figure 1b shows that students have a clear preference
for providers who care about their personal needs. Therefore, we have included the
challenge/problem: 4. Support Individual-Needs > 95% in our support concept—as a
Delighter requirement (Fig. 2). Basically, of course, answering queries is aMust-Be and
the learner would be upset if we did not answer them. However, we place great emphasis
on the content and character of our response because the learner does not expect this
and is therefore likely to be excited.

This brings us into the domain of call centers, which we repeatedly support with
our certification projects. Analogously, we differentiate the general inquiries accord-
ing to these criteria: Source (potential learner, enrolled learner, HR representative),
Channel (edX, TUM, Facebook, LinkedIn), Medium (discussion board, course eMail,
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personal eMail, media post, media message), and Topic (course content, certification,
organization, technology, career).

Fig. 5. Automatically generated view and evaluation of our support processes for general inquiries
a) for the intended flow of activities with wasted outputs and b) for all recorded process variants,
with quantified waste and value added in each case (data modified).

Although most of our answers are already included in the course material or our
homepage, and the inquirer could easily detect them, we follow a central perspective
of Lean Management: Any additional request from the customer indicates a problem
with our product/service. To meet this Delighter requires great effort from us. (Fig. 2).
In addition, the workload of our team increases if, for example, a request first must be
forwarded internally before it reaches the right recipient. If you think lean, it’s waste.

Therefore, we take samples to measure our process performance and to detect our
problems by measuring—e.g., Which text was sent (standardized, customized)? How
long did the answer take? How often was the request forwarded internally?

To analyse this data, we use process mining and employ a tool [4] that was developed
by former students of TUM and is worldwide used today in production and service. The
process mining charts (Fig. 5) are generated from our (modified) sample data.

The activity flow in Fig. 5a shows an intended, waste-free process, from the requests
in the discussion board to our responses. But because our answer is already included in
information about our course, the repetition of our redundant output is waste.

Figure 5b shows—superimposed—all 24 process variants, representing all cases
of our sample. The prioritization of the variants according to their costs and savings
potential enables us to make targeted improvements to our workflow and results.

Support for Certification Projects. The need for individual support varies greatly
between our three different paths for certification (Table 2).

Typical is the certification of employees via individual business projects, selected
and steered by a manager in the company. We coach these projects individually on the
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methodology and review the documentation of each project phase. Our study of Six
Sigma success factors in N = 78 German companies [5] shows that this support is a
determinant of project success.

Unique is our option for students and job seekers to acquire our certification by a
predefined standard project: Reduce the littering of public places in your hometown and
control the sustainability of your measures. It follows the United Nations Sustainable
Development Goal 11: Make cities and human settlements inclusive, safe, resilient,
and sustainable [5]. The topic sounds unusual but is suitable. And the projects results
demonstrate relevant effects on the environment. To support these predefined projects,
we offer weekly online lectures for our students.

Furthermore, we offer the annual Global Outreach Green Belt Award (GoGB) for
our Yellow Belts to apply with a project idea that follows one of the United Nations
Sustainable Development Goals [6]—like our predefined littering project. Award 2019:
We supported a Green Belt project in a rural hospital (India) to reduce the waiting time
of patients, the effort in the laboratory and to increase the efficiency of the treatment.
Award 2020: We are supporting a Green Belt project in Lagos (Nigeria), to reduce litter
on the streets and sewers to curb flooding in the city. Starting this year, we will provide
group coaching to 3 selected projects in the final round for the award.

Our support activities for these three blended formats differ significantly:

• MOOC + wide range business project + individual coaching, fee-based
• MOOC + predefined standard project + open online lectures, fee-based and the
• MOOC + wide range UNGoal project + group coaching, free of charge (GoGB)

Targeted Improvement of the Course Material. Further reducing our support effort
to guide and grade learners is a Less-Is-Better requirement for us (Fig. 2). To keep
our learner requirements and maintain the level of project results, we reduce our effort
indirectly by further improving the course material and further automating the project
guidance. We distinguish between effort to:

• compensate general laziness, represented by our repetition of redundant information
• close specific knowledge gaps, represented by repeated errors of learners

The course content is entirely covered by videos and additionally mirrored in the
related textbook [5].Analyzing thewatch-behavior therefore is key for identifying causes
of learners’ laziness and knowledge gaps (Fig. 2). Control charts (Fig. 6) for audience
retention—e.g., offered by YouTube, can reveal these signals and patterns:

1. Exit at start
2. Repeated entry into the video at a specific point in time (watch-time > 100%)
3. Intervals above or below average watch-time
4. Outliers above or below watch-time control limits
5. Shifts in watch-time
6. Trends in watch-time
7. Entry at end
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Fig. 6. Control-Chart for a video with patterns and signals in watch-behavior.

These signals in the chart serve to detect the underlying root causes of specific knowl-
edge gaps in our scripts and audio-visual presentations. We also detect what learners
like in our videos and transfer best practice on video updates.

Sender-receiver analyses of MOOCs offer an advantage over classroom lectures.
And they help us balancing our standard material and individual guidance to help par-
ticipants implement wide range of improvement projects, suitable for Lean Six Sigma
certification.
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Abstract. Question answering systems have shown promise as a learning tool in
several fields but are yet to be used in the financial literacy domain. The objective
of this research is to build an intelligent question answering (IQA) system using
state-of-the-art natural language processing technology and test its effectiveness
in helping students learn personal finance. The purpose of the system is twofold—
one as an intelligent system for practicing and two as a scaffolding tool for finding
answers to questions. The IQA system consists of three modules—the question
answering module, the evaluation module, and the feedback module—and is built
using Google’s state-of-the-art language model for Natural Language Processing:
Bidirectional Encoder Representations from Transformers (BERT). The primary
research question we attempt to answer is whether the use of the IQA system
results in increased learning in the domain of personal finance and if so how. We
find significant learning gains (effect size = 1.89) with the affordances of the
IQA system contributing to the gains. Students felt that the IQA system helped
them learn better mainly by allowing them to practice at their own pace and by
providing themwith indications of where they had gone wrong and allowing them
to read, think, and re-attempt the answer. These promising results suggest that an
IQA system could be effective as a support tool for improving learning of personal
finance.

Keywords: Intelligent question answering · Natural language processing ·
Financial literacy

1 Introduction

Intelligent chatbots and question answering (QA) systems are an innovative technology
that has been incorporated into the teaching/learning experience recently. Various types
of chatbots/QA systems have been used as pedagogical agents in digital learning envi-
ronments referred to as Intelligent Tutoring Systems [1]. Chatbots have shown promise
as a learning tool in several fields and have been found to be particularly effective in
language learning [2]. Though chatbots/QA systems have been used in various fields
such as teaching math, science, and language, they have not yet been used in the domain
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of teaching financial literacy/personal finance. Financial literacy is an oft ignored but
important domain. Lack of financial literacy has been linked to bad financial decisions
that imperil one’s future and cause significant harm to the economy [3]. The U.S. has
one of the lowest levels of financial literacy among developed countries [4]. Thus, new
and innovative methods of teaching financial literacy need to be explored. The objective
of this research is to build an intelligent question answering (IQA) system using state-
of-the-art natural language processing technology and test its effectiveness in helping
students learn personal finance. The system is envisioned as an aid to the teacher and
not as a standalone tutoring system for learning the content. The purpose of the system
is two-fold—one, as an intelligent and adaptive system for practicing what the students
learn in class, and two, as a scaffolding tool that can be used by students to find answers
to questions that they may have of the content. To the best of our knowledge, this is the
first such attempt in the domain of financial literacy/economics. We proceed to outline
the theoretical framework, research questions, methodology, and present the results.

2 Theoretical Framework

Our study is rooted in the theory of skill acquisition [5, 6]. According to this theory,
in the first phase of skill acquisition (cognitive phase), a declarative representation of
the procedure is established and translated into behavior by interpretative processes.
The next phase (associative phase) is characterized by the proceduralization of the skill,
which leads to automatization. In this phase, much practice is necessary with no need for
close supervision other than corrective feedback. Since each student differs in their skill
development, the practice needs to be individualized. An IQA system is ideally suited for
providing the student with individualized practice. Based on the skills acquisition theory
that emphasizes individualized practice, we have built and trained our IQA system to
provide practice that tries to cater individually to each student’s needs.

Our study is also based on the theory behind instructional scaffolding. The idea
of scaffolding was first introduced by Bruner and refers to the “steps taken to reduce
the degrees of freedom in carrying out some task so that the child can concentrate on
the difficult skill she is in the process of acquiring” [7]. Scaffolding is also related to
Vygotsky’s Zone of Proximal Development [8] and is often used interchangeably. The
IQA system scaffolds the student’s learning by allowing them to use the system to find
answers to questions that may arise while learning the content.

3 Research Questions

The questions we attempt to answer with this research are:

1. How can we build a cutting-edge IQA system for practice and scaffolding in the
domain of financial literacy?

2. Does the use of the IQA system for practice and scaffolding result in increased
learning (content knowledge) in the domain of financial literacy?

3. How does the use of the IQA system for practice and scaffolding result in increased
learning (content knowledge)?
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Based on the theories we have described above, we hypothesize that the IQA sys-
tem when used by students for practice and scaffolding will increase learning (content
knowledge) in the domain of financial literacy. Since this is the first attempt that we are
aware of at answering the above questions, we contribute to the literature by detailing
the architecture, build process, and effectiveness of an IQA system in the domain of
financial literacy.

4 Methodology

4.1 System Description

Our IQA system consists of three modules—the QA module, the evaluation module,
and the feedback module. The IQA system is built using Google’s state-of-the-art lan-
guage model for Natural Language Processing: Bidirectional Encoder Representations
from Transformers (BERT) [9]. We leveraged a BERT-based implementation of a closed
domain QA system called cdQA-Suite. This library comes with a tool for further train-
ing the pre-trained BERT QA model to our domain and a simple web-based user inter-
face. The BERT QA model is pre-trained on the Stanford Question Answering Dataset
(SQuAD) [10]. For this pilot study, we focused on the topic of consumer credit (credit
cards, mortgages, etc.) within the broader domain of financial literacy and trained the
BERT QA model with a dataset of 150 items curated by creating questions and answers
on the topic of consumer credit from various standard textbooks and websites on per-
sonal finance and leveraging the first author’s expertise as a personal finance teacher
(example of training data is shown in Table 1). The students used a simple web based
front end to answer and ask questions.

Table 1. Simple training data.

Paragraph Question Answer

Credit is an arrangement to receive
cash, goods, or services now and pay
for them in the future. Consumer
credit refers to the use of credit for
personal needs (except a home
mortgage) by individuals and
families, in contrast to credit used
for business purposes. When you use
credit, you satisfy needs today and
pay for this satisfaction in the future.
Using credit increases the amount of
money a person can spend to
purchase goods and services now.
But the trade-off is that it decreases
the amount of money that will be
available to spend in the future

What is consumer credit? Consumer credit refers to the use
of credit for personal needs

What is credit? Credit is an arrangement to
receive cash, goods, or services
now and pay for them in the
future

What is the tradeoff to using
credit?

The trade-off to using credit is
that it decreases the amount of
money that will be available to
spend in the future



136 J. D. Jayaraman and J. Black

The evaluation module compares the student’s answer to the answer that the QA
module generates and calculates a BERTScore [11]. BERTScore is a text matching
evaluation metric based on pre-trained BERT contextual embeddings, which closely
correlates with human judgments. The BERTScore is between 0 and 1, with a higher
score indicating a better answer. The BERTScore is displayed on the screen as the
percentage score for the answer the student provided.

The feedback module is currently a rule-based system. For this pilot study, we have
used simple rules and feedback, but we are in the process of improving the feedback
and making it “intelligent” by using the BERT framework. The rules we have used are
simple—if the BERTScore is above 0.8, we provide congratulatory feedback and move
on to the next question; if the score is between 0.6 and 0.8, we ask the student to improve
the current answer and highlight the part of their answer that differs considerably from
the correct answer (this information can be provided since the cdQA output highlights
the parts of the answer that matches closely with the correct answer); and if the score is
below 0.6, we ask the student to redo the answer and provide a set of links to read. As part
of every feedback, the students are reminded that they could also ask questions of the
systemand get answers to improve their understanding. In the next phase of development,
wewill improve the feedbackmodule to providemore specific feedback.We are creating
a training dataset of student answers and appropriate specific feedback. We will train
the BERT QA model on this training dataset and use the trained model in the feedback
module. Moreover, as the system gets used, we will capture the student answers, and
we will manually alter the system generated feedback to a more ideal feedback and
continue to expand the feedback training dataset, thus, improving the performance of
the feedback module.

The architecture/workflow for the system is shown in Fig. 1. The student starts the
practice by clicking on a “Start Practice” button on the web browser interface. The
system posts a question randomly chosen from a list of 150 questions. The questions are
grouped by five levels of difficulty. The initial questions are always chosen randomly
from the questions at the lowest level of difficulty, after which the system is adaptive.
The adaptiveness of the system is currently rule based. If the student gets a 0.8 or above
BERTScore three times in a row, the next practice question is randomly chosen from the
next level of difficulty and so on until the last level is reached. The student then types in
the answer and clicks submit, atwhich point the systemevaluates the answer and provides
feedback, along with the BERTScore displayed as a percentage. The student can then
either move to the next question, modify the answer, or redo the answer depending on the
feedback. The adaptiveness of the system can be greatly improved by adopting an Item
Response Theory (IRT) model. We are currently in the preliminary stages of building
an IRT model to enhance the adaptiveness of our system.

At anypoint during the practice or otherwise, the student can click the “AskQuestion”
button on the interface to ask any question of the system other than the one that is being
worked on. The answers provided in this QA mode are meant to scaffold the student’s
learning.
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Ques on An-
swering

System asks the student ques ons from a pool grouped by level of dif-
ficulty

Students can also ask ques ons to the system

Evalua on

Compares the student’s answer to the answer that the QA module 
generates and calculates a BERTScore 

BERTScore is between 0 and 1 with a higher score indica ng a be er 
answer

Feedback

Rule-based system
Rules based on BERTScore

Fig. 1. System architecture workflow.

4.2 Research Design

We pilot tested our IQA system with 15 students in an undergraduate financial literacy
class typically taken by freshmen at a four-year university in the northeastern United
States. We used a one group pretest posttest design for the pilot study. We designed a
15-question instrument to measure learning pre and post using the IQA system. The
questions were taken from assessments in standard textbooks. A short survey (Table 4)
assessed the effectiveness of the IQA system as a support tool for learning. We also
interviewed the students to understand how the IQA system helped them learn and also
how we can improve the system for the randomized control trial we will be conducting
as the next phase of this research.

4.3 Procedure

The students attended a two-hour lecture on consumer credit that included a short tutorial
on how to use the IQA system. After the lecture, they were assigned homework (due in a
week before the next class) to practice using the IQA system. The students had to answer
at least 30 questions with a BERTScore of 0.8 or higher, and of the 30, they needed to
have at least 5 questions at level 4 or higher (a counter on the UI showed them howmany
questions they had answered at each difficulty level). The pretest was administered after
the lecture but before students started using the IQA system. The posttest and the survey
were administered when they met back for class the next week, before that day’s lecture
started. The students also participated in a short interview to understand how the IQA
system helped them learn and how it could be improved.
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5 Analysis

Since this was a pilot study with a small sample size, we used nonparametric statistics to
analyze the results. The learning was measured using percentage correct scores (PCS).
AWilcoxon signed-rank test (nonparametric equivalent of a paired t test) was conducted
to assess the difference in pre and post means. Mean scores are reported for the Likert
type survey questions.

6 Results and Discussion

Table 2 shows the mean and standard deviation for the PCS on the pre and post assess-
ment. The mean PCS increased by about 19%. The effect size for the mean PCS was
large at 1.89.

Table 2. Mean increase in percentage correct scores (PCS) scores. n = 15.

Pre mean PCS Post mean PCS Difference Effect size

Experimental group 54.55% (0.111) 73.64% (0.090) 19.09% 1.89

Note: Standard deviations are reported in brackets. Effect size is Cohen’s d

These findings are further substantiated by the results of the Wilcoxon signed-rank
test (Table 3), which showed that therewas a statistically significant (p< 0.01) difference
in the pre- and post-test paired sample mean PCS.

Table 3. Wilcoxon Signed Rank Test for difference in pre and post percentage correct scores
(PCS). n = 15.

V Stat P Value

Experimental group 1.67 0.0092**
* p < 0.1, ** p < 0.05, *** p < 0.01

The mean scores of the survey questions (Table 4) showed that the IQA system was
overall effective in helping students learn better.
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Table 4. Survey results. n = 15.

Survey question Mean score

Did the IQA system based homework help you learn better as compared to usual
homework (1 – Not at all, 5 – Definitely yes)?

4.0

How accurate did you think were the answers provided by the IQA system (1
– Not accurate, 5 – Highly accurate)?

3.8

How accurate did you think the evaluation of your answers was (1 – not accurate,
5 – Highly accurate)?

4.5

How good was the feedback provided by the QA system (1 - Not good, 5 - Very
good)?

3.0

Open ended questions

How did the QA system help you learn?

How can the QA system be improved to better help you learn?

Though the IQA system provided good answers to questions that students needed
help with, the survey showed that it could be improved. The survey also showed that
the feedback module could be significantly improved. This was expected because the
feedback we provided just included some links to relevant reading material and did not
point out how exactly the answer could be improved. The ongoing improvements to the
feedback module described in the system description will address this issue and make
the feedback very specific to the answer given.

The interviews showed that the students felt that the IQA system helped them learn
better mainly by allowing them to practice at their own pace and by providing them
with indications of where they had gone wrong and allowing them to read, think, and
re-attempt the answer. They said that the answers provided when they asked questions
of the system also helped them get a better understanding of the subject matter. They
also mentioned that they liked the fact that they could ask questions without fear of what
others would think, unlike in a classroom. They mentioned that the answers sometimes
did not make complete sense, though, and could be improved. They also felt that the
feedback could be more detailed and specific.

There are several limitations to our pilot study. A randomized control trial on a much
larger sample with an experimental group using the IQA system and a control group
using standard paper and pencil practice questions needs to be conducted to conclude
that the IQA system produces greater learning gains. The pilot study showed that we
need to improve the feedback module, and we need to further train the QA module to
provide better answers.

7 Conclusion

To the best of our knowledge, this research is the first attempt at building and testing an
IQA system to support the teaching/learning of personal finance. The results of the pilot
study showed large significant learning gains and the affordances of the IQA system
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contributing to the large learning gains. These promising results suggest that an IQA
systemcould be effective as a support tool for improving learning of personal finance.But
further research needs to be conducted to improve the system and conduct a randomized
control trial to conclusively prove that the IQA system produces greater learning gains
than standard non-technology-enabled practice and scaffolding.
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Abstract. Escapeling is a Telegram bot aimed at improving English skills outside
of a classroom setting. Intermediate language learners can collaboratively practice
in a gamified escape-room scenario wherein theymust complete several tasks. The
three currently available tasks cover some of the most important language learn-
ing aspects: improving grammar knowledge via sentence correction, enhancing
vocabulary via word guessing and encouraging writing practice in a discussion
task. To complete the tasks, the users are required to cooperate by reaching com-
mon decisions or prompting their peers. Engagement with the bot is stimulated by
in-game achievements and narrative components, supporting the long-term goal
of alien ship escape. The bot’s adaptive AI-based module tracks individual user
performance and changes the task difficulty accordingly. Initial user acceptance
tests suggest the efficiency of AI-assisted adaptive language learning as an aid to
traditional learning approaches. Work on Escapeling is still in progress.

Keywords: Mobile learning · Adaptive learning · Gamification

1 Introduction

This article describes a conversational language learning application developed to
appraise the influence of group learning and gamification on enhancing motivation and
engagement in remote learning scenarios. The Escapeling application is targeted at sec-
ondary school English as a foreign language (EFL) students, integrating with the Tele-
gram messaging application to provide several collaborative remote language practice
tasks.

Recent events demonstrate the need for inventive solutions to the challenge of retain-
ing student engagement in remote learning scenarios. Specifically in the case of second-
language learning, we hypothesize that collaborative group practice is important to
address this need, which can be facilitated through the intervention of mobile appli-
cations. It has been shown that portable devices such as tablets and smartphones are
increasingly preferred modes of interaction, and they decrease the barrier to application
entry [6]. While many applications offer mobile learning scenarios for individual users,
wemotivate our approach through the combined emphasis on collaborativemobile group
learning and narrative-contextualized tasks supported with conversational agents.
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Conversational language learning scenarios can be considered a formofmetaphorical
user interaction, which are widely considered good practice for interaction design [17],
potentially mitigating the alienating effects of remote learning. By encouraging users to
practice language skills in a fictional task akin to a real-world communicative scenario,
wehypothesize that the applicationwill leverage the critical phenomenaof “engagement”
and “collaboration” to improve learning outcomes [8].

The application emphasizes a group rather than individual learning scenario follow-
ing the assumptions that collaboration has been shown to foster cooperative interdepen-
dence towards providing learning support and enhancing engagement, and that these
phenomena are relevant for language learning as a complex social skill.

Cooperative or collaborative learning refers to a set of classroom techniques that
encourage learner interdependence as a route to cognitive and social development [11].
As Escapeling’s learning activities emphasize group member interdependence towards
achieving common goals, the application encourages inter-user support [13], namely
that users of a higher skill level have the opportunity to act as a learning resource for
other users.

As a result of this implicit support mechanism, users have access to supportive infor-
mation as a component of the 4C/ID-model of complex learning [20], while simul-
taneously addressing challenges to engagement through social interaction [1]. The
aforementioned phenomena play prominent roles in the vocabulary guessing task.

Additionally, it is known that narrative elements correlate with improved learning,
since narrative-based contextualization [2] and salient “escape room” scenarios “provide
an enjoyable experience that immerses students as active participants in the learning envi-
ronment” [9]. The application’s narrative is a science-fictional escape room settingwhere
users must cooperatively solve language-practice tasks to escape from alien captors.

This article contributes a potentially novel application addressing the challenges of
remote language learning, accompanied with investigation and discussion of the relative
impact of the application’s features on learner engagement and language outcome. In
the following sections, we describe the features and evaluation of the application’s user
experience.

2 Application Features

The Escapeling application is delivered in the form of a bot through the Telegram mes-
saging application. The bot provides guidance throughout a science-fictional narrative
learning environment. Upon first contact with the application, the bot sends both textual
and audiovisual messages to introduce the narrative elements of the learning scenario.
After this introduction, every user is given the chance to play a collaborative language
learning game. To this end, they are redirected to a group session, where they collabo-
rate with other users on solving a number of language tasks. At the time of writing, our
application offers three such tasks: sentence correction, word guessing, and discussion.
During each session, the group collaborates in an effort to escape from their captors, and
their performance on the proposed language tasks impacts their chance of success. User
performance metadata are collected throughout the whole process in order to adapt task
difficulty to user proficiency, leveraging “human-in-the-loop” AI methodologies.
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In the following sections, we will expand on each of the aforementioned elements
in turn.

2.1 Pedagogical and Gamified Elements

The application offers three language practice tasks to be completed collaboratively in
a group of intermediate English learners.

The sentence correction task is primarily focused on grammar. In this task, one user
is randomly selected to review the correctness of one sentence, displayed in the chat for
all users. The user first decides whether the sentence is correct; if it is incorrect, they
need to identify the word that causes the mistake and provide a correct alternative. Even
though a single user is responsible for one sentence at a time, cooperation among users
is encouraged by giving the group the opportunity to discuss the given sentence. The
task is successfully completed if a group collects all pieces of a “codeword,” distributed
when a single task iteration is successfully completed.

The word guessing task is primarily focused on vocabulary learning. In turn, each
user is given a word, and their objective is to enable the other users to guess the given
word by explaining its meaning. In case someone doesn’t know the meaning of the word
they received, they can ask for an alternative word. As with the sentence correction task,
users must collect pieces of a codeword by correctly guessing all the words assigned to
them.

The discussion task is primarily focused on written language production through a
group discussion. The discussion is first prompted by a short text on a given topic, and it is
then guided by subsequent questions about the text. Group performance is evaluated via
a number of metrics meant to assess user participation. In that sense, comparatively less
stress is put on grammar and vocabulary, while more emphasis is given to encouraging
contributions from all users.

Multiple studies suggest that gamified components can improve students’ perfor-
mance and encourage extra interaction with learning materials [21]. Escapeling com-
bines multiple gamification strategies working towards the common goal of regular,
long-term, and fruitful interaction with the bot. Its learning tasks are supplemented by
gamified elements, such as badges, activity streaks, unlockable content elements, and
public achievement display.

While completing the tasks, users can earn Streak and Code Cracking achievements.
Streaks are awarded every 2nd, 3rd, 5th, etc. consecutive day the users interact with the
bot, with the distance between streaks gradually increasing. They indicate user consis-
tency and facilitate the habit of regular interaction with the application. Code Cracking
badges are awarded every 1st, 4th, 8th, etc. unlocked code digit and indicate the overall
time spent interacting with the bot, encouraging long-term interaction, even after breaks.
The digits themselves serve as Escapeling’s unlockable content in its simplest form, cre-
ating a sense of progression towards the common goal of alien ship escape. Each new
achievement takes longer to complete, making them rare and more difficult, which was
found to be a successful means of keeping the users motivated over time [10].

Achievements can be viewed by the user individually in a private chat with the bot,
but new achievements also appear in the group chat when a task is finished and can be
seen by the whole group. This stimulates competition and activates the users’ natural
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social comparison mechanisms, yielding an additional emotional response, which, in
turn, has been shown to motivate further interaction with the application and better
learning performance [21].

2.2 Adaptive and AI-Supported Elements

Wedescribe the application as “AI-supported” because, althoughwe leverageAImethod-
ologies to achieve user-specific task recommendations, we do not aim for a completely
automated adaptive learning solution. We, instead, opt for a “human-in-the-loop” con-
cept, which suggests possible “paths” to users before allowing them to choose their
ultimate task content.

It is demonstrated that adaptive user models incorporating student or teacher feed-
back can be effective compromises to resolve the challenges of exhaustively automated
adaptive processes [7]. In this spirit, the Escapeling application collects data about stu-
dents’ task performance in the form of task iteration metadata, as well as task-item-
specific performance results, which together inform a proficiency-based, hierarchical
user model intended to select task items of optimal difficulty for the elected student of
a given task iteration.

Figure 1 outlines the user model, which situates several grammar and vocabulary
subskills beneath two independent higher-order language skills. Multiple factor analyses
of university and K12 language assessments confirm the fit of independent rather than
correlated factor models, motivating our decision to avoid a correlational assumption in
the user model [18, 19].

Fig. 1. Application hierarchical user model with language sub-skills.

Subskill categories for the grammar and vocabulary skills are selected so as to cor-
respond to grammatical categories represented in the SCoRE corpus [4] and semantic
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word groups represented in the English WordNet corpus [15], respectively, as these
are the source corpora from which the task data are drawn. The unscored discussion
task leverages data from public news sources. To coordinate task items with user per-
formance, we assign scalar difficulty values to each task item. Difficulty values for
sentences are provided by the SCoRE corpus, while values for vocabulary items are
programmatically assigned using a small neural network difficulty classifier trained on
word-difficulty-relevant features [3, 12, 14].

Performance metadata such as duration, number of messages, and number of suc-
cessful sub-iteration tasks are collected during play and used to modulate each user’s
sub-skill values, which probabilistically determine the likelihood of encountering corre-
sponding task items. Intuitively, if a user frequently succeeds in explaining vocabulary
words related to the domain “Society,” similar words are less likely to appear in an effort
to prioritize practice of other domains. On a group-level, updates to an elected user’s
values are applied as a soft-update to other users. The flowchart in Fig. 2 outlines the
protocol by which performance data are collected and used to adapt the application’s
content.

Fig. 2. Application data flow for a single group task.

The aforementioned metadata are also used to suggest the additional “paths” that
allow users to semi-manually influence the application’s adaptability. Users can opt for a
dynamic third option, which is suggested based on their task performance frommetadata
excluded from the automatic probabilistic adaptation.

3 Concept Validation

The application was tested remotely by teenagers with English knowledge between pre-
intermediate and upper-intermediate. Considering no intermediary adjustments planned
and the limited testing capabilities due to the COVID-19 situation, the group size in
the first testing phase was restricted to seven people, covering the two tasks available at
that moment; the second group was restricted to five people, covering the three currently
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available tasks. Thefirst single test session lasted 60min. To ensure the results’ reliability,
the second test involved daily 30-min sessions over a period of two weeks.

Testers received two instruction sets—one with general information and technical
requirements, distributed two days prior to the test, and the other with instructions to
perform certain actions in the application, sent during the test. The test started with
a background questionnaire, followed by a screen-recorded game session and another
form, containing questions about the users’ satisfaction, their willingness to recommend
the application further, and basic task understanding.

The first test phase additionally focused on the application’s performance. Assessing
the performance of a learning task presented a challenge because not all common testing
approaches would have worked reasonably. In contrast to most regular task scenarios,
a learning task’s goal is to transfer knowledge, even at the cost of increased processing
effort or delays. It is, therefore, less relevant how quickly the users finish with the task,
provided they learn from it.

Diah et al. (2010) previously encountered the same issue with their learning appli-
cation and chose success rate, defined as the proportion of successful trials to the total
amount of trials, as their base metric [5]. We adopted a similar approach. Our perfor-
mance assessment was informed by two metrics: success and error rate. We defined
success and partial success for the application’s two tasks to be worth 1 or 0.5 points,
respectively. In the sentence correction task, success required three users in the game
room communicating throughout the task session; partial success required two commu-
nicating users in the session. Success in the word guessing task was defined as at least
one hint posted, followed by an incorrect guess and a further description, or by a correct
guess; partial success was defined as a hint followed by a guess posted. The second
performance measure was the error rate, defined as irrelevant or rule-violating actions
count per complete task session.

Both tasks finished with success and error rates of 1.0 and 2.0 accordingly. The play-
ers were actively involved in all task sessions, andmost of their errors could be attributed
to no prior experience with Telegram API, not directly concerning the application’s
design.

In the first test, six out of seven users reported their overall satisfaction to be 7/10 or
higher. In the second test, all five users reported a satisfaction score of 7/10 or higher.
In both tests, all users reported their willingness to recommend the application further
to be 5/10 or higher. Lower satisfaction scores were primarily reported after the session
where the testers had experienced technical problems.

The test results demonstrate that the application was well accepted by the testing
group with only minor usability issues. A vast majority of participants reported their
high satisfaction with the application, and all testers reported at least a certain readiness
to recommend the application to others. This suggests that Escapeling has potential as a
collaborative language learning environment and calls for further work with the initial
concept.

4 Conclusion

Escapelingpresents an innovative approach to remote language learning. Its collaborative
didactic framework is builtwith a combinationofmotivatingnarrative, gamified elements
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such as achievements, unlockable content and public achievement display, and adaptive
module powered by machine learning algorithms. Initial tests yielded relatively high
satisfaction and performance scores that at least hint at the viability of the approach we
adopted. However, the application’s scope is currently limited to just three tasks that
do not constitute a full-fledged language learning experience. Escapeling’s ability to
maintain long-term engagement and its effect on the users’ progress need to be further
assessed. Longitudinal testing and application development are in progress.
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Abstract. Emotional Intelligence has become a significant topic of interest in
management and organizational psychology and behavior, providing a framework
of skills and abilities that allow individuals to succeed in life and the working
environment. Additionally, digital technologies have grown exponentially dur-
ing the past decades, disrupting traditional approaches and changing perceptions
about teaching and learning, also providing new methodologies for developing
a new type of high-level skills. Furthermore, the increase of tourism economic
importance for many countries and recognizing the human capital value through
education and training contribute to competitiveness and productivity. This paper
focuses on the critical points for developing emotional intelligence in some cru-
cial areas of tourism education and training through digital technologies. A rapid
literature review was conducted in combination with the SWOC analysis tool
focusing on Emotional Intelligence development and the use of digital technolo-
gies in Tourism Education and Training. It proposes a new perception of curricula,
teaching methods, infrastructure, and the educator’s role for redesigning tourism
education and training according to the Knowledge Society and the challenges of
the 21st century.

Keywords: Emotional intelligence · Tourism education and training · Digital
technologies

1 Introduction

The scientific community considers the role of emotions and their utilization in the
workplace as a critical key that affects employees’ professional excellence, success,
and performance [1]. On the other hand, the ongoing rapid development of emerging
technologies in learning leads to transforming the pedagogical strategies, design, meth-
ods, and learning content to achieve significant learning outcomes. Additionally, digital
learning technologies provide new communication and collaboration forms while cre-
ating opportunities and challenges for education and lifelong development [2, 3]. This
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article analyzes the combined use of Emotional Intelligence (EI) and digital technologies
in learning for tourism education and training. A rapid review analysis in combination
with the SWOC analysis tool aims to outline a) the strengths, weaknesses, opportuni-
ties, and challenges of developing EI; b) the strengths, weaknesses, opportunities, and
challenges of using digital technologies; and c) the key points of the development of EI
in combination with new technologies, in tourism education and training. Simultane-
ously, the analysis results focus on the critical areas for successful application in Tourism
Education and Training (TET).

2 Theoretical Background

2.1 Emotional Intelligence in the Tourism Sector

EI has become a significant topic of interest in management and organizational psychol-
ogy and behavior and has been considered essential as it plays a role as the contributor
to personal excellence, success, and performance [4]. EI is an ability that provides a
framework of skills and abilities that allows individuals to successfully manage various
emotional states and take advantage of such skills for personal development and bet-
ter management of daily situations [5, 6]. Salovey and Mayer [7] are at the forefront
of shaping EI theory by defining it as “the ability of a person to control and regulate
his or her emotions and emotional reactions to himself and others, to be able to distin-
guish them, and to use the information that emerges from them to guide his thinking and
actions.”Goleman [1] has developed amodelwhere theEI consists of four competencies:
self-awareness, self-management, social awareness, and relationship management.

The role of EI in the working environment has increased significantly in recent
years. It has been linked to leadership effectiveness, job satisfaction, increased work per-
formance, interpersonal relationships, mutual understanding, and communication with
others [8–10]. Besides, individuals with high EI levels can have more extraordinary
adaptability and flexibility and deal with difficult situations that may arise in business.
Moreover, these individuals seem to be more creative and energetic and show altruistic
work behaviors [11, 12].

Tourism is an industry that focuses on people with visitors seeking experiences from
the destinations communicating at the same timewith various stakeholders.Additionally,
it is the communication and contact between tourists and service employees that cre-
ates memorable experiences [13]. Prentice [14] acknowledges that, while various factors
contribute to these experiences (offers, situations, personal factors), tourism employees
make the difference to these visitors’ experiences. Service employees with a high level
of EI can understand customers’ thoughts and emotions and develop empathy to respond
to customers’ requirements appropriately, resulting in higher levels of customer satisfac-
tion. Understanding customers’ emotions in the tourism industry quickly and correctly
are crucial as service businesses’ reputation depends on employees’ ability to satisfy the
customer’s needs on time [15].

Wen et al. [16], and Jung and Yoon [17], concluded that the tourism industry could
increase employees’ satisfaction by developing their EI and suggest practical solutions
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in human resources management, as employees with a higher EI also have a high perfor-
mance. According to Wolfe and Kim [18], the EI of hotel employees was a predictor of
job satisfaction and performance, and also, it was a factor of reduced stress and burnout.

Studies have shown that EI is not a gift but can be learned and improved in individuals
through training instead of intelligence [19]. In his research, Clarke [20] concluded
that, although training can provide self-awareness as an EI ability, the process of the
development of this ability continues taking place after months from the training through
on-the-job learning mechanisms.

2.2 Tourism Education and Training

Globalization and rapid socio-political changes lead the tourism industry to hire and
training high-quality employees. Tourism education and training are essential for devel-
oping human resources, supporting policies, and providing incentives and supplies to
learners, contributing to their efficiency while giving the company a competitive advan-
tage [21, 22]. However, in a world characterized by radical changes and innovations,
tourism education did not evolve satisfactorily and remained traditional. A transforma-
tion that focuses on innovative teaching methods, curricula, and new learning environ-
ments is crucial for the evolution of tourism education and training. Additionally, focus-
ing on developing soft skills, critical thinking, communication skills, and teamwork will
also provide advantages to tourism sector students and employees [23, 24].

2.3 Digital Technologies

The ongoing rapid development of emerging technologies has brought about radical
changes in education, training goals and programs, methods, societal structures, and cor-
porate values [3, 25]. Such emerging technologies include Learning Management Sys-
tems (LMS), Moocs, Web Conferences Technologies (Zoom, Skype, Webex, Microsoft
Teams, etc.), Gamification,Mobile Learning, andVirtual Technologies [2]. To overcome
the challenges in digital learning environments, researchers recommend creating online
courses that encourage new teaching styles and practices [26, 27], mainly based on social
presence, interaction, and relationship development [28]. It is essential to point out that
many advantages can be found through digital technologies, such as ubiquity, person-
alization, reduced costs, flexible access to lectures, time management, and convenience
[29].

In the tourism sector, researchers have shown that hospitality students are enthusiastic
about using online learning and enjoyed the experience compared to the traditional
classes [30]. Additionally, Kim and Jeong [31] have recognized online learning as the
future of hospitality and tourism education.
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3 Methodology

In this paper, a rapid literature review was conducted in combination with the SWOC
(Strengths,Weaknesses, Opportunities, Challenges) analysis tool. The SWOC (Fig. 1) is
a strategic planning tool that is also used in the academic analysis as a robust framework
to discuss and identify the strengths, weaknesses, opportunities, and challenges of the
internal and external environment [32].

Internal    
Attributes

STRENGTHS WEAKNESSES

External 
Attributes

OPPORTUNITIES CHALLENGES

Fig. 1. The structure of SWOC Tool Analysis.

There are many methods for conducting a SWOC analysis. In the present research,
the utilization of the SWOC tool will be done in three (3) axes (Fig. 2):

Fig. 2. Axes of analysis using SWOC.

The objective of conducting a SWOC analysis is to develop critical areas of focus for
improving TET in some critical areas: curriculum, teaching techniques, infrastructure,
and educators. The following figure (Fig. 3) shows the methodological framework of
analysis (based on SWOC) utilized in the present research [33].

Fig. 3. Methodological Framework.
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4 Analysis

TET is a field of adult education where EI skills and hard skills are highly effective.
The adaption of EI informal and non-formal tourism education and the use of emerging
technologies are analyzed. According to the methodological framework, the following
presentation is referred to as rapid literature research findings using the SWOC analysis
(Table 1 and 2).

Table 1. Findings of emotional intelligence development in TET.

STRENGTHS WEAKNESSES

• EI can be developed through training [17]
• EI is linked to leadership effectiveness, job
satisfaction, performance, relationships
development, reduced stress, and
communication [6–8, 14–16]

• Individuals with high EI show flexibility and
altruistic behaviors [9, 10]

• Empathy development leads to customer’s
satisfaction [1, 13], and enhance the tourist
experience [12]

• EI of hotel employees is negatively related
to counterproductive work behavior [15]

• EI of hotel employees has, as a
consequence, stronger customer loyalty and
profitability [34]

• The training of educators is costly.
Additionally, EI takes time to develop [1]

OPPORTUNITIES CHALLENGES

• EI as a tool for improving performance and
job satisfaction [15]

• EI can help employees understand the
tourists’ needs better, leading to tourist
satisfaction [35]

• Employees with high EI cope with stressful
situations. Therefore, tourism organizations
should offer emotional health services as a
part of an employee benefits package [7, 15]

• EI as a helpful marketing tool to enhance
the tourist experience [12]

• EI could be used to manipulate others [34]
• EI equates with more self-control, yet
extreme self-control levels lead to
perfectionism, low innovation, and
creativity levels [34]
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Table 2. Findings of using digital technologies in TET.

STRENGTHS WEAKNESSES

• Effectiveness [36]
• Ubiquity, personalization, reduced costs,
flexibility, time management, convenience [24,
29]

• Portability, availability [2]
• Open access, free e-learning platforms,
participation of a vast number of learners [37, 38]

• Real-time interactions in synchronous learning
[39]

• Immediate feedback, exchange of emotions,
social presence in synchronous learning [40]

• Autonomy, commitment, performance,
motivation, engagement, social skills [2, 40]

• Epidemic prevention and control [41]

• Technical difficulties, availability of the platforms
[42]

• Less physical interaction with teachers [43]
• Not immediate feedback in asynchronous
communication [43]

OPPORTUNITIES CHALLENGES

• Changes in knowledge and skills [17]
• Creating online courses that encourage social
presence and quality interaction [28]

• New teaching styles emphasizing communication,
interaction, and relationship development [28, 41]

• Educators’ training for developing effective
e-learning practices [42]

• Lifelong development changes educational goals,
means, and corporate values [3, 25]

• Emotional problems from isolation [42]
• Not well-trained educators for instruction
remotely [41]

• Cost of technology [37]

Finally, the strategic key points that emerged from the previous findings concerning
the utilization of EI through the digital technologies in TET are shown in Table 3.

Table 3. Strategic key points.

Curricula Infrastructure

The introduction of EI in tourism curricula should
provide opportunities for the trainees to improve
communication and teamwork [24, 44]
Curricula should also focus on improving the
emotional and social skills and coping with stress
[23, 45]
Critical thinking of the trainees should improve too
[23, 24]
The relationship between critical thinking and EI is
essential in developing a balanced curriculum [46]

Digital technologies form a new framework for the
redesign of education that will meet the needs and
the challenges of the 21st century
Digital Technologies enhance learning and teaching
practices through multiple ways of representing and
distributing content, communication, development of
critical thinking, dynamic problem-solving tools,
and new educational practices [52]
Therefore, new technologies must be concluded in
tourism education to be used effectively in teaching
practices

(continued)
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Table 3. (continued)

Curricula Infrastructure

Teaching methods Educators

Educational techniques for training in emotional
skills should be preferred. These are storytelling,
group work, conflict management, and
brainstorming [47, 48]. Additionally, techniques to
enhance communication skills [42] such as case
studies, role play (promotion of experiential
learning) [49]
There should be a student-centered approach that
enhances interest and ensure learner participation
[50]
A climate of freedom and security should be
cultivated so that to promote learning through
critical reflection [51]

Educators’ training must have a mentor’s central role
and be equally focused on the cognitive and
emotional dimension cultivating critical thinking
[45, 51]
The educator’s goal should be creative and critical
learning, leading to autonomy, personal
development, and integration [48]
Educators should be trained in digital teaching
strategies [37]
Educators should establish frequent and quality
interaction with the trainees in digital environments,
leading to students’ satisfaction and learning [42, 43]

5 Discussion

The landscape of tourism education and training is altering dramatically [31] through the
rapid development of emerging technologies and the tourism industry’s requirements.
Digital technologies are present in most institutions and companies, and they contribute
to creating new learning environments that have opened up the development of new
educational and training experiences and encourage learners’ active participation and the
improvement of specific skills and abilities [53]. Perceiving these changes, the tourism
industry is trying to adapt, thereby looking for talented, flexible employees capable of
handling others and their own emotions [15].

In this framework, the field of education and the tourism industry has to understand
the need for new training programs and methods that will lead to a broader perspective
of developing EI through digital technologies. Regardless of hard skills, employees need
to acquire EI development, which will add massive value to the education system and
the tourism industry. This will contribute to the upgrade of the provided services’ quality
and to further development and productivity of the tourism sector.

A development of EI through digital technologies on TET should be based on new
perceptions of the academic curricula, teaching methods, infrastructure, and the edu-
cator. Notably, a curriculum and teaching methods focusing on improving emotional
and social skills, communication, collaboration, interaction, and critical thinking, based
on constructivism and experimental learning, should be considered. Effective teaching
development of the educators that promote emotion and social skills, except cognitive
skills, in connection with digital teaching strategies is necessary. Communication tech-
niques and frequent interaction with the learners in digital environments lead to a more
attractive and exciting learning process, resembling the classroom environment. Addi-
tionally, the investment in digital technologies for the redesign of tourism education and
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training is essential according to the Knowledge Society’s requirements and the chal-
lenges of the 21st century. They define new knowledge and skills in the new working
environment that is evolving.

6 Limitations

The rapid review process of this paper is not a systematic review, since it is based on
limited data in order to produce information in a short period of time [54]. However,
this paper is an important contribution in the field of tourism education and training that
refers to a complex and multifactorial issue on which more extensive research will be
conducted in the future.

7 Conclusions and Future Research

Digital technologies in recent years have become ingrained in education and training
programs, enhancing the quality of the learning process and leading learners to respond
to the new knowledge society needs. While new technologies are rapidly integrated with
education and training, EI is becoming a critical factor that has garnered attention both
in the educational and business field.

This paper analyzes EI and digital technologies in the tourism sector and develops
key areas of focus for improving TET. The strategic key points that emerged from
the findings concerning that the utilization of EI through the digital technologies in
TET is valuable for the tourism education, as well as the tourism industry, so to be
developed innovative solutions and new learning environments, facilitating the learning
process, and providing a qualified of soft skills human capital. Integrating EI in academic
curricula that emphasizes emotional and social competencies and innovating teaching
methods adds exceptional value and provides high-quality services in the tourism sector.
Additionally, qualified educators and investment in digital technologies are essential.

The development of EI in tourism education and training through digital technologies
is a progression that every educational system will need to make and is also a vital
opportunity for the tourism and hospitality sector to thrive and meet the needs that arise
globally.

Further research should be done in using specific digital technologies or a combina-
tion of them in the learning process for the development of EI and innovative pedagogical
methods that could be used to deliver knowledge in tourism education and training.

References

1. Goleman, D.: Working with Emotional Intelligence. Bantam Books, New York (1998)
2. Sofos, A., Kostas, A., Parashou, V.: Online Distance Learning FromTheory to Practice, Greek

Academic Electronic Textbooks and Aids (2015)
3. Jimogiannis, A.: Digital Technologies and Learning of the 21st Century. Kritiki Publications,

Athens (2019)



Emotional Intelligence Development in Tourism Education 157

4. Van Rooy, D.L., Viswesvaran, C.: Assessing emotional intelligence in adults: a review of the
most popular measures. In: Bar-On, R., Maree, J.G., Elias, M. (eds.) Educating People to Be
Emotionally Intelligent, pp. 259–72, Westport, CT (2007)

5. Drigas, A., Papoutsi, C.: Emotional intelligence as an important asset for HR in organizations:
leaders and employees. Int. J. Adv. Corp. Learn. 12(1), 58–66 (2019)

6. Jordanoglou, D.: Human ResourceManagement in Organizations, New Trends and Practices.
Kritiki Publications, Athens (2008)

7. Mayer, J., Salovey, P.: Emotional Intelligence. Imagination, Cognition and Personality, 9/90
(1990)

8. Samanta, I., Kallou, S.: The role of emotional intelligence in counterproductivework behavior.
Eur. Bus. Manag. 6(2), 20–27 (2020). https://doi.org/10.11648/j.ebm.20200602.11

9. Lee, J.H., Ok, C.: Reducing burnout and enhancing job satisfaction: critical role of hotel
employees’ emotional intelligence and emotional labor. Int. J. Hosp. Manage. 31(4), 1101–
1112 (2012). https://doi.org/10.1016/j.ijhm.2012.01.007

10. Goleman,D., Cherniss, C.: The emotionally intelligentworkplace:How to select for,measure,
and improve emotional intelligence in individuals, groups, and organizations. Jossey-Bass
(2001)

11. Karadimas, T., Karadimas, P.: The relationship between emotional intelligence and effective
leadership. E-J. Sci. Technol. 11(4), 55–70 (2016)

12. Carmeli, A.: The relationship between emotional intelligence and work attitudes, behavior
and outcomes. An examination among senior manager. J. Manag. Psychol. 18(8), 788–813
(2003). https://doi.org/10.1108/02683940310511881

13. Chang, K.C.: Examining the effect of tour guide performance, tourist trust, tourist satisfaction,
and flow experience on tourists’ shopping behaviour. Asia Pac. J. Tour. Res. 19(2), 219–247
(2014). https://doi.org/10.1080/10941665.2012.739189

14. Prentice, C.: Enhancing the tourist experience with emotional intelligence. Tour. Rev.
(2020).https://doi.org/10.1108/TR-06-2019-0254

15. Koc, E., Boz, H.: Emotions and developing emotional intelligence in tourism and hospitality
businesses. In: Koc, E. (ed.) Emotional intelligence in tourism and hospitality, pp. 15–35.
CABI, Wallingford (2019)

16. Wen, J., Huang, S., Hou, P.: Emotional intelligence, emotional labor, perceived organizational
support, and job satisfaction: Amoderatedmediationmodel. Int. J. Hosp.Manag. 81, 120–130
(2019). https://doi.org/10.1016/j.ijhm.2019.01.009

17. Jung, H.S., Yoon, H.H.: Why is employees’ emotional intelligence important? The effects
of EI on stress-coping styles and job satisfaction in the hospitality industry. Int. J. Contemp.
Hosp. Manag. 28(8), 1649–1675 (2016). https://doi.org/10.1108/IJCHM-10-2014-0509

18. Wolfe, K., Kim, H.J.: Emotional intelligence, job satisfaction, and job tenure among hotel
managers. J. Hum. Resour. Hosp. Tour. 12(2), 175–191 (2013). https://doi.org/10.1080/153
32845.2013.752710

19. Salovey, P., Mayer, J.D., Caruso, D.: The positive psychology of emotional intelligence. In:
Snyder, C.R., Lopez, S.J. (eds.) The Handbook of Positive Psychology, pp. 159–171. Oxford
University Press, NewYork (2002)

20. Clarke, N.: The impact of a training programme designed to target the emotional intelligence
abilities of project managers. Int. J. Project Manage. 28(5), 461–468 (2010). https://doi.org/
10.1016/j.ijproman.2009.08.004

21. Baum, T: Managing Human Resources for the European Tourism and Hospitality Industry:
A Strategic Approach. Hapman & Hall, London (1995)

22. Harris, M.: Human Resource Management, A practical approach, 2nd Edition, Harcourt, Inc.
Dryden Press, Fort Worth (2000)

https://doi.org/10.11648/j.ebm.20200602.11
https://doi.org/10.1016/j.ijhm.2012.01.007
https://doi.org/10.1108/02683940310511881
https://doi.org/10.1080/10941665.2012.739189
https://doi.org/10.1108/TR-06-2019-0254
https://doi.org/10.1016/j.ijhm.2019.01.009
https://doi.org/10.1108/IJCHM-10-2014-0509
https://doi.org/10.1080/15332845.2013.752710
https://doi.org/10.1016/j.ijproman.2009.08.004


158 S. Kallou et al.

23. Simantaraki, E., Dimou, I.: Public tertiary tourism education graduate competencies. Do the
TEI and ASTE graduates meet the hotel industry’s expectations? In: Conference: 5th Inter-
national Scientific Conference Tourism Trends and Advances in the 21st Century, Rhodes,
Greece (2013)

24. Hsu, C.H.: Tourism education on and beyond the horizon. Tour.Manag. Perspect. 25, 181–183
(2018). https://doi.org/10.1016/j.tmp.2017.11.022

25. Holladay, P.: Pedagogy for online tourism classes. In: Benckendorff, P., Zehrer, A. (eds.)
Handbook of teaching and learning in tourism. Edward Elgar Publishing, Cheltenham (2017)

26. Kikilia, A., Barbounaki, S.: The Evolution of E-Learning in Greek Universities and Techno-
logical Education Institutes – the Government Intervention. ICELW New York, at Columbia
University (2011)

27. Papachristos, D., et al.: An educational model for asynchronous e-learning. A case study in
higher technology education. Int. J. Adv. Corp. Learn. 3(1), 32–36 (2010)

28. Bigatel, P.M., Ragan, L.C., Kenan, S., May, J., Redmond, B.F.: The identification of com-
petencies for online teaching success. J. Asynchronous Learn. Netw. 16(1), 59–67 (2012).
https://doi.org/10.24059/olj.v16i1.215

29. Aithal, P.S., Aithal, S.: Impact of online education on higher education system. Int. J. Eng.
Res. Modern Educ. I(I), 225–235 (2016)

30. Annaraud, K., Singh, D.: Perceptions of hospitality faculty and students of massive open
online courses (MOOCs). J. Hosp. Tour. Educ. 29(2), 82–90 (2017). https://doi.org/10.1080/
10963758.2017.1297714

31. Kim, J., Jeong, M.: Research on hospitality and tourism education: now and future. Tour.
Manag. Perspect. 25, 119–122 (2018). https://doi.org/10.1016/j.tmp.2017.11.025

32. Henzi, D., Davis, E., Jasinevicius, R., Hendricson, W.: In the students’ own words: what are
the strengths and weaknesses of the dental school curriculum. J. Dent. Educ. 71(5), 632–645
(2007)

33. Sindhu, S., Nehra, V., Luthra, S.: Solar energy deployment for sustainable future of India:
hybrid SWOC - AHP analysis. Renew. Sustain. Energy Rev. 72(2017), 1138–1151 (2017).
https://doi.org/10.1016/j.rser.2016.10.033

34. Harvard Business Review: https://hbr.org/sponsored/2019/08/the-ei-advantage-driving-inn
ovation-and-business-success-through-the-power-of-emotional-intelligence?utm_source=
Team+A+Ultimate+Trade+NEW&utm_campaign=ec2258d13aFour_Seasons_Announce_R
esort_Napa_Valley_COPY_01&utm_medium=email&utm_term=0_06ef706b4d-ec2258
d13a-297548727. Accesed 15 Nov 2020

35. Cavelzani, A.S., Lee, I.A., Locatelli, V., Monti, G., Villamira, M.A.: Emotional Intelligence
and tourist services: the tour operator as a mediator between tourists and residents. Int. J.
Hosp. Tour. Adm. 4(4), 2 (2003). https://doi.org/10.1300/J149v04n04_01

36. Mollenkopf, D., Vu, P., Crow, S., Black, C.: Does online learning deliver? A comparison
of student teacher outcomes from candidates in face-to-face and online program pathways.
Online J. Dist. Learn. Adm. 20(1) (2017)

37. Dhawan, S.: Online learning: A panacea in the time of COVID-19 crisis. J. Educ. Technol.
Syst. 49(1), 5–22 (2020). https://doi.org/10.1177/2F0047239520934018

38. Chew, S.W., Cheng, I.L., Chen, N.S.: Yet another perspectives about designing and imple-
menting a MOOC. In: Jemni, M., Kinshuk, K.M. (eds.) Open Education: From OERs to
MOOCs. LNET, pp. 117–133. Springer, Heidelberg (2017). https://doi.org/10.1007/978-3-
662-52925-6_6

39. Lowenthall, P., Snelson, C., Dunlop, J.: Live synchronous web meetings in asynchronous
online courses: reconceptualizing virtual office hours. Online Learn. J. 21(4), 177–194 (2017)

40. Kalogiannakis, M., Papadakis, S., Zourmpakis, A.-I.: Gamification in science education. A
systematic review of the literature. Educ. Sci. 11(1), 22 (2021). https://doi.org/10.3390/edu
csci11010022

https://doi.org/10.1016/j.tmp.2017.11.022
https://doi.org/10.24059/olj.v16i1.215
https://doi.org/10.1080/10963758.2017.1297714
https://doi.org/10.1016/j.tmp.2017.11.025
https://doi.org/10.1016/j.rser.2016.10.033
https://hbr.org/sponsored/2019/08/the-ei-advantage-driving-innovation-and-business-success-through-the-power-of-emotional-intelligence?utm_source=Team+A+Ultimate+Trade+NEW&amp;utm_campaign=ec2258d13aFour_Seasons_Announce_Resort_Napa_Valley_COPY_01&amp;utm_medium=email&amp;utm_term=0_06ef706b4d-ec2258d13a-297548727
https://doi.org/10.1300/J149v04n04_01
https://doi.org/10.1177/2F0047239520934018
https://doi.org/10.1007/978-3-662-52925-6_6
https://doi.org/10.3390/educsci11010022


Emotional Intelligence Development in Tourism Education 159

41. Qiu, H., Li, Q., Li, C.: How technology facilitates tourism education in COVID-19: case
study of Nankai University. J. Hosp. Leisure Sport Tour. (2020). https://doi.org/10.1016/j.jhl
ste.2020.100288

42. Chen, T., Peng, L., Yin, X., Rong, J., Yang, J., Cong, G.: Analysis of user satisfaction with
online education platforms in China during the COVID-19 pandemic. Healthcare 8(3), 200
(2020). https://doi.org/10.3390/healthcare8030200

43. Skordis-Worrall, J., Batura, N., Haghparast-Bidgoli, H., Hughes, J.: Learning online: a case
study exploring student perceptions and experience of a course in economic evaluation. Int.
J. Teach. Learn. High. Educ. 27(3), 413–422 (2015)

44. Dirkx, J.M.: The meaning and role of emotions in adult learning. New Dir. Adult Continuing
Educ. 120, 7–18 (2008). https://doi.org/10.1002/ace.311

45. Goleman, D.: Leadership: The power of emotional intelligence. Northampton, MA (2011)
46. Kaya, H., Senyuva, E., Bodur, G.: The relationship between critical thinking and emotional

intelligence in nursing students: a longitudinal study. Nurse Educ. Today 68, 26–32 (2018).
https://doi.org/10.1016/j.nedt.2018.05.024

47. Dirkx, J.M.: Knowing the self through fantasy: toward a mytho-poetic view of transformative
learning. In: Kimmel, J.C. (ed.) Proceedings of the 39th Annual Adult Education Research
Conference, University of IncarnateWord and Texas A&MUniversity, San Antonio (1998α)

48. Knowles, M.S., Holton, E.F., III., Swanson, R.A.: The Adult Learner. Routledge, London
(2012)

49. Karalis, T., Papageorgiou, H.: Design, implementation and evaluation of lifelong learning
programs. Labor Inst. - GSEE, Athens (2011)

50. Kasworm, C.E.: Emotional challenges of adult learners in higher education. New Dir. Adult
Continuing Educ. 120, 27–34 (2008). https://doi.org/10.1002/ace.313

51. Kokkos, A.: Critical Thinking: A Critical Issue. Adult Education: International Approaches
and Greek Routes, pp. 65–93, Metaichmio, Athens (2010)

52. Tsiotakis, P., Jimoyiannis, A.: Critical factors towards analysing teacher’s presence in on line
learning communities. Internet High. Educ. 28, 45–58 (2016). https://doi.org/10.1016/j.ihe
duc.2015.09.002

53. Salcido-Cibrián, L.J., Ramos, N.S., Jiménez, Ó., Blanca, M.J.: Mindfulness to regulate emo-
tions: the mindfulness and emotional intelligence program (PINEP) and its adaptation to a
virtual learning platform. Complement. Ther. Clin. Pract. 36, 176–180 (2019). https://doi.org/
10.1016/j.ctcp.2019.07.003

54. Tricco, A.C., Antony, J., Zarin, W., Strifler, L., Ghassemi, M., Ivory, J., et al.: A scoping
review of rapid review methods. BMC Med. 13, 224 (2015)

https://doi.org/10.1016/j.jhlste.2020.100288
https://doi.org/10.3390/healthcare8030200
https://doi.org/10.1002/ace.311
https://doi.org/10.1016/j.nedt.2018.05.024
https://doi.org/10.1002/ace.313
https://doi.org/10.1016/j.iheduc.2015.09.002
https://doi.org/10.1016/j.ctcp.2019.07.003


Mindfulness Intervention Courses in STEM
Education: A Qualitative Assessment

Eunmi Kim1(B) , Cheon Woo Moon2 , Sangseong Kim3 , Erva Ozkan1 ,
and Tim Lomas4

1 Center for Contemplative Science, KAIST, Daejon, Republic of Korea
eunmikim@kaist.ac.kr

2 Department of Chemical and Biomolecular Engineering, KAIST, Daejon, Republic of Korea
3 Department of Mathematical Sciences, KAIST, Daejon, Republic of Korea

4 School of Psychology, The University of East London, Stratford Campus, London, UK

Abstract. Mindfulness-based interventions (MBIs) have been applied in many
contexts, including educational sectors of K-12 and various graduate schools, such
as medical and law schools. Research shows that highly competitive students are
likely to benefit from mindfulness practices. However, few STEM-focused col-
leges have been able to assess its value and applymindfulness practices. This study
presents a case report of anMBI course offered by the Korea Advanced Institute of
Science and Technology (KAIST). We devised eight questions in three categories
to investigate how each individual experiences theMBI course, how they enjoy the
academic course, and the suitability of the MBI curriculum in STEM education.
Qualitative assessments of feedback featuring questions and answers were ana-
lyzed using grounded theory. The results demonstrate three central phenomena: a)
gradual changes and development in students’ emotional intelligence, b) develop-
ment in physical awareness, and c) enhanced sense of joy during the session. These
results imply that even during the COVID-19 pandemic, international students—
being isolated in their home countries and taking the course online—would likely
still benefit from the intrinsic effect of MBIs. It also implies that MBI courses
could be recommended as mandatory classes for all KAIST students, where fea-
sible. Nevertheless, further research is needed to fully explore the impact of such
programs, both online and in-person, including the use of self-report scales of
common measures of mental health to contribute empirical data to the literature.

Keywords: Academic curriculum · Grounded theory ·Mindfulness-Based
Interventions (MBIs) · Online learning · STEM education

1 Introduction

1.1 Mindfulness in the Learning System

Mindfulness was originally defined as “paying attention in a particular way: on pur-
pose, in the present moment, and non-judgmentally” [1]. Since then, mindfulness has
emerged as an essential core element of a wide range of disciplines. The applicability
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of mindfulness—in any condition and context or in any population at any age—has led
to the introduction of mindfulness-based interventions (MBIs). A growing body of lit-
erature from the past few decades recognizes the importance of MBIs in education as a
consequence of challenges such as social-emotional difficulties, as well as physical and
mental illnesses [2].

The Need for Mindfulness in Education. Studies show that the pressure of achiev-
ing academic standards and high marks while facing academic competition has caused
depression and high levels of stress and anxiety among students for many years [3–
5]. Existing research illustrates the association between these mental disorders and a
low grade point average, decreased participation in campus activities, and relationship
difficulties [4].

Anotherwell-recognized issue associatedwith stress, anxiety, and depression is sleep
deprivation and insomnia; these symptoms have similar results, such as a decrease in
grade point average in academic studies and suicide attempts [6–8]. The widespread
occurrence of these critical issues among students necessitates a better approach to
preparing the young generation to live quality lives and contribute to the future of the
world as mindful leaders.

MBIs in Higher Education Systems. Since Jon Kabat-Zinn started mindfulness-
based stress reduction (MBSR) at the University of Massachusetts Medical School in
1979, numerous contemplative practices have been fostered and researched in both aca-
demic and clinical settings [9]. These are aimed at enhancing the well-being of their
community members (e.g., mindfulness at work, presented at Harvard University [10],
compassion cultivation training at Stanford University [11], and Koru mindfulness at
Massachusetts Institute of Technology [12, 13]). Overall, it seems that mindfulness
courses will be offered to students at more institutions worldwide.

Mindfulness in education has been applied in many sectors of K-12 education and in
various graduate schools, such asmedical and law schools [14, 15].MBSR,mindfulness-
based cognitive therapy, and mindfulness-based therapy are notable examples of MBIs.
Although mindfulness is practiced in most universities’ well-being or life centers, it is
also an accredited course in some universities’ curricula, such as BrownUniversity in the
United States andMonashUniversity inAustralia [16–18].Moreover, OxfordUniversity
in the United Kingdom and the Lesley University in the United States have integrated
mindfulness in their 2-year master’s degree course [19]. Existing research highlights that
highly competitive students—such as medical students—also benefit from mindfulness
practices [20]. Therefore, this study aims to explore the applicability of MBIs among
STEM-focused students.

Positive Outcomes of Mindfulness Practice. There is currently reasonable evidence
of mindfulness playing a crucial role in mental and physical well-being, self-regulation,
and a broad range of mental and emotional conditions. Further, significant progress in
neuroscience and neuroimaging shows how mindfulness alters the brain [21]. These
fairly strong positive impacts led scientists, clinicians, and educators to integrate mind-
fulness into the learning system to improve students’ physical and psychological health
and to contribute to students’ academic success. In 2018, Chi et al. reported that MBIs
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are effective in reducing depression among adolescents [22], while in 2019, Bamber and
Morpeth [23] showed that mindfulness reduces anxiety among college students. Law
schools have also incorporated mindfulness and compassion practices, at which positive
outcomes—such as improved attention, higher grades, and wiser decisions—became
evident among students [24].

1.2 Difficulties Faced by Students in Korea’s Higher Education System

During the past few decades, academically driven education has been representative of
Korea’s economic success; however, there are significant issues specific to the Korean
education system that should be considered, in addition to general education prob-
lems worldwide. Korea has shown remarkable economic growth and has become a
highly developed and high-income country, thanks to its meticulous national economic
development plan and passion for education [25].

However, when considering Korean education from a different perspective, many
negative effects have come to light. These include an extremely competitive education
system, a lack of parental empathy, an academic success-oriented society, and elitism
based upon academic positions [25, 26]. Parallel to the rapid progress of industrialization,
higher education was universalized and recognized by the government as a strategic
transition point for economic development [27].

Furthermore, there has been a strong connection between having high test scores
and gaining power throughout history, and people have come to believe that academic
achievement can be a step up to the upper class [28]. A previous study found that Korean
families tend to recognize their children’s success as their own [28]; relatedly, students
perceive academic success as a large part of their self-worth. Considering all these
issues together, the pressure related to academic achievement has led to frequent suicide
ideation among students [28, 29]. While these difficulties are encountered at most levels
of education, medical schools, law schools, and STEM-based colleges experience them
more intensely. Taken together, there is a clear and urgent need to address these issues
to assist current and future students and improve their mental well-being, health, and
success.

1.3 Korea Advanced Institute of Science and Technology (KAIST):
STEM-Focused College

KAIST, one of the top and first STEM-focused colleges in South Korea, opened in
1971 with a special legislative mandate from the Korean government and two founding
missions: to educate scientists and engineers to work for the nation’s industrialization
and to make innovations by conducting basic and applied research that would drive the
nation’s economic growth [30]. To fulfill these missions, high-quality STEM education
is critical for continuous national and global economic growth.

Factors that cause students to suffer from a high degree of stress, anxiety, and depres-
sion include highly competitive homogeneity, with over 80% of the residents staying in
dormitories; emotional immaturity among students who transferred to KAIST from high
school second grade; and the implementation of English-medium instruction policies in
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education [31]. Four suicides among KAIST students, committed within a span of three
months, called to attention the fierce competition and stress among students in Korean
society [32]. The number of suicides among students is very high, even when consider-
ing the fact that Korea is known for its high suicide ratio among OECD countries, which
was 23 out of 100 in 2019 [33].

1.4 KAIST Center for Contemplative Science and KAIST Global Leadership
Center Effort

The KAIST Center for Contemplative Science (KCCS) was established in 2018 as a
bridge to connect the humanities and science research pools, and to contribute toward
solving the problems faced by humanity. The center offers contemplative programs
through six avenues: 1) The “Lecture Series” program invites experts in the field of
contemplative science and practice to KAIST to share their work and build collaborative
research; 2) “Step by Step” is designed to help participants learn stress management
skills, wherein simple contemplative practice steps were devised in consultation with
KAIST students, faculty, and administrative staff; 3) through the “All Steps” chan-
nel, KCCS offers evidence-based mindfulness and compassion training to those who
have completed the “Step by Step” program—here, participants learn more enhanced
resilience skills; 4) through the “Reaching Out” program, KCCS addresses the contem-
plative practice needs of researchers and individuals in the community; 5) the “Public
Lecture” avenue is related to the center’s contribution to the general public; and 6)
the “Talk Concert” program shows KCCS’s intention to bridge art and contemplative
practices in the future [34].

The KAIST Global Leadership Center (GLC) offers various programs that enable
students to take on roles of knowledge-creating leaders with an international mindset
through the completion of the leadership program [35]. MBI has been offered to Korean
students through the GLC channel since the spring semester of 2019. International stu-
dents started their firstMBI course in the 2020 fall semester, wherein the course feedback
was gathered and analyzed qualitatively in this study.

2 Methods

2.1 Participants

A total of 27 undergraduate students were initially registered for the 2020 fall MBI
course for international students; this was the first time an MBI course was presented
at KAIST. The participant group included 16 freshmen and five sophomores; three of
the participants were female. There were no additional advertisements other than the
course being on the list of “Leadership and Humanity” courses. Most of the participants
were international students, and the Korean students were fluent in English. Less than
half stayed on the KAIST campus; the rest stayed in their own home countries because
of the COVID-19 pandemic. Nine participants completed a feedback form containing
eight open-ended questions devised by the researchers. There is no further information
about the students who submitted the forms, as they were collected anonymously.
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2.2 MBI Course

The course was offered through the KAIST GLC as one of the mandatory classes within
the context of “Leadership and Humanity”. The MBI course consisted of 10 ordinary
classes of 2.5 h; that is a total of 25 h of practice, excluding orientation and a one-day
retreat class. Compared with the usual MBSR program of 28 h with a one-day retreat
class, the intervention is shorter in practice hours; however, the total duration is longer.
Occasionally, there were gaps between classes longer than a week, due to the exam
period or holidays. Each 2.5-h class had a unique theme, such as “coping with stress”
and “mindful eating”. These themes were drawn from the original MBSR program. A
special activity called “mindful test taking” was also offered [36].

Starting with a brief lecture and sharing thoughts about the theme, students were
instructed to follow several mindfulness practices. Some practices were closely related
to the theme, such asmindful eating, walking, listening, and speaking. General practices,
such as breathing meditation and yoga, were often included. After each practice that
lasted for 15–30 min, the students shared their impressions of the experience in dyad
or triad sessions. Each class had a 15- to 30-min break, during which students were
encouraged to mindfully prepare for the next practice.

Students were required to attend at least eight of the 10 classes to pass the course.
One student dropped out of the course after the “add and drop period” due to unforeseen
personal circumstances. The average attendance rate was 9.17 out of 10, and 12 of the
26 students attended every class.

2.3 Procedure

At the end of the last class, the studentswere asked to complete the feedback formdevised
by the researchers. The feedback form consisted of eight questions, of which the first four
were related to the changes students experienced with regard to their body, stress, and
relationships with other people. The next two questions addressed the enjoyability of the
course contents and interventions, such as duration and online environment. Next, we
asked whether the students would recommend the course to other KAIST students, while
the last question invited any additional feedback. Nine of the 26 students who completed
the course submitted the qualitative survey, along with signed informed consent forms.
Table 1 presents the evaluation questions.

Table 1. Qualitative assessment questions.

Questions Core intention (question numbers)

1 How was your relationship with your body
before, during, and after the program?

Effect of participating in the course (1–4)

2 How did the program affect your symptoms
of stress and anxiety?

(continued)



Mindfulness Intervention Courses in STEM Education 165

Table 1. (continued)

Questions Core intention (question numbers)

3 How did the program affect your relationship
with other people during and after the
training?

4 Were there other changes not mentioned
above? (purpose of life, productivity, etc.)

5 Was the program enjoyable? Which aspect of
the program was most enjoyable to you?

Feedback
on the enjoyability/durability of the course
(5–6)6 How do the logistics of the program

(promotion/registration, participant
management, time, duration,
online/in-person) help you to keep attending
and participating in class?

7 Do you think this program will be helpful to
most KAIST students? Are there particular
types of students who would or would not
need the program?

General suitability of the course (7)

8 Give us any additional feedback. (Optional) Personal experience (8)

2.4 Analysis: Coding Scheme with Grounded Theory

The feedback data were analyzed using grounded theory methodology. The authors
independently developed the coding schemes and performed open coding.After reaching
consensus on the list of codes, the authors attempted to find a central phenomenon
that penetrates as many codes as possible. After finalizing three central phenomena,
the authors clarified the connection between each response and central phenomenon—
whether as direct examples or as clues regarding the cause of such phenomenon—to
produce further insights.

3 Results

The feedback was collected from nine responders upon their completion of the MBI
course. After the keywords were reviewed, they were categorized into three central
phenomena: a) gradual changes and development in their emotional intelligence, b)
physical awareness, and c) feeling of joy during the session.

First, there were various responses related to emotional intelligence: self-realization,
emotional balance, stress management skills, healthier communication and relationships
with individuals and the community, and increased productivity. Interestingly, four of
the participants reported increased productivity, but with different causes: fewer distrac-
tions, unwinding comfortably during practice and being awake when doing the task, the
exchange of useful information with their peers, and enhanced focus.
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Second, mainly through Questions 1 and 4, seven respondents mentioned physical
awareness—two of them experienced deep focus on each part of their body, while the
other five became more frequently aware and cared for their body. Answers to Question
2 showed that all of the respondents experienced physical relaxation during mindfulness
practices and learned to implement them in their daily lives to control stress and anxiety
levels and boost productivity.

Third, responses to Questions 5 and 6 showed that every respondent enjoyed the
course; however, their favorite aspect of the course varied. Four respondents valued group
activities and free sharing, during which they could meet new friends and share their
experiences during the practice and other personal stories. Three respondents reported
valuing everyone’s active participation and the presence of other students performing the
same practice simultaneously. Two respondents mentioned that they would prefer the
course’s in-person protocol, because it would allowmore interaction and fun. One valued
the relaxing atmosphere, and the other two enjoyed the various mindfulness practices
the most.

Alongside the three central phenomena, one aspect stood out. In answer to Question
7, all the respondents agreed that the coursewas recommendable to everyKAIST student.
Their supporting reasons, mainly the interactive aspect of the course, tended to match
their source of satisfaction from the course, which shows that they were able to realize
their needs.

There were other feedback points for Questions 6 and 7. For example, considering
the class duration of 2.5 h, one respondent was comfortable with it, while two preferred
shorter classes.Moreover, one participant pointed out that the course will only be helpful
to those who are interested and cooperative, and that there were some who were not.
Another participant noted that the course successfully motivated regular attendance,
which is key to its success; thus, it is helpful.

4 Conclusion

Existing literature reports a strong relationship between Korea’s rigorous education sys-
tem and emotional exhaustion or mental disorders, such as depression, stress, and anxi-
ety, among students. This study poses the question of how we can address these existing
problems in a better and sustainable way to improve students’ success and leadership
skills. The feedback, which was collected from students and analyzed using a grounded
theory approach.

The three most prominent results that emerged from the grounded theory analysis
are as follows: the KAIST students who took part in the MBI course made progress in
emotional intelligence, including intrinsic and extrinsic awareness; the logistics of the
active participation-based MBI course were completely satisfying for students and may
be requested by them; and long-term MBI courses lead to physical changes—such as
body awareness—in students.

The most important finding of this study is that, even through online classes, STEM-
focused KAIST students can benefit from MBIs. In particular, they feel connectedness
and openness among themselves, even if they never see each other, being from different
countries and having different cultures. The serial mindfulness practice led to several
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changes in students’ behaviors toward others. Some comments in the feedback included
the following: “I would like to invite all students with different personalities to join our
class to know each other’s characteristics better, so that we can live together well” and
“I’d like to recommend this course to my peers”.

Based on our results, we propose the necessity of mandatory mindfulness courses
in the curriculum of KAIST to contribute to students’ academic achievement and per-
formance as mindful leaders. There is a growing need to educate mindful leaders in
many areas. For example, Harvard Business School encourages “these future leaders
to see success as making a positive difference in the lives of their colleagues, their
organizations, their families, and society as a whole” [37].

We further suggest enhancing the applicability of the contemplative programs offered
by theKCCS.College studentsmay have a better chance of learningmindfulness through
mandatory classes. Aswe considerMBIs to also have a big impact on students’ academic
performance with better standards of living, MBIs should be considered mandatory
courses.

The present study has certain limitations: small number of responses and the absence
of a comparison group, as well as possible bias of the population. Quantitative data such
as perceived stress scale or mindfulness scales would improve the quality of creditability
of the study. However, considering that this is the very firstMBI course offered at KAIST
for international students, there is the possibility of a better study design in future.

Future research should compare online and in-person protocols, conduct pre- and
post-surveys on mindfulness, self-compassion, and leadership. Randomized controlled
trials should be studied with various depth and diversity of populations. Clinical studies
could be done with students who suffer from depression, anxiety, and high levels of
stress. Considering the research-driven academic environment, graduate students should
be included as participants as well.

References

1. Kabat-Zinn, J.: Full Catastrophe Living, Revised Edition: How to Cope with Stress, Pain and
Illness Using Mindfulness Meditation, xxvii, Revised Hachette, UK (2020)

2. Desmond, C.T., Kinder, W., Hanich, L.B., Chukwu, O.C.B.: Handbook of Mindfulness-
Based Programs: Mindfulness Interventions from Education to Health and Therapy, 1st edn.
Routledge, UK (2020)

3. Cui, Z., Zhang, Y., Ma, L.: Mindfulness-based interventions for prevention of depressive
symptoms in university students: a meta-analytic review. Mindfulness 10, 2209–2224 (2019)

4. Maynard, B.R., Solis, M.R., Miller, V.L., Brendel, K.E.: Mindfulness-based interventions for
improving cognition, academic achievement, behavior, and socioemotional functioning of
primary and secondary school students. Campbell Syst. Rev. 147(2017)

5. Pascoe, M.C., Hetrick, S.E., Parker, A.G.: The impact of stress on students in secondary
school and higher education. Int. J. Adolesc. Youth 25(1) (2020)

6. Hershner, S.D., Chervin, R.D.: Causes and consequences of sleepiness among college
students. Nat. Sci Sleep 6, 73–84 (2014)

7. Choueiry, N., Salamoun, T., Jabbour, H., Osta, N. E., Hajj, A., Khabbaz, L. R.: Insomnia and
relationship with anxiety in university students: a cross-sectional designed study. PLoS ONE
11(2) (2016)



168 E. Kim et al.

8. Nepon, J., Belik, S.L., Bolton, J., Sareen, J.: The relationship between anxiety disorders and
suicide attempts: findings from the national epidemiologic survey on alcohol and related
conditions. Depress. Anxiety 27(9) (2010)

9. Barnes, N., Hattan, P., Black, D.S., Schuman-Olivier, Z.: An examination of mindfulness-
based programs in US medical schools. Mindfulness 8(2), 489–494 (2017)

10. Harvard Human Resources. https://hr.harvard.edu/mindfulness. Accessed 25 Feb 2021
11. The Center for Compassion and Altruism Research and Education. http://ccare.stanford.edu/

education/about-compassion-training/. Accessed 25 Feb 2021
12. MIT Medical. https://medical.mit.edu/community/stress-reduction. Accessed 25 Feb 2021
13. Barbezat, D.P., Bush, M.: Contemplative Practices in Higher Education: Powerful Methods

to Transform Teaching and Learning. Wiley, Hoboken (2013)
14. Broderick, P.C.: Learning to Breathe: A Mindfulness Curriculum for Adolescents to Culti-

vate Emotion Regulation, Attention, and Performance. NewHarbinger Publications. Oakland
(2013)

15. Schonert-Reichl, K.A., Roeser, R.W.: Handbook of Mindfulness in Education: Integrating
Theory and Research into Practice. Springer, Berlin (2016). https://doi.org/10.1007/978-1-
4939-3506-2

16. Cieslak, K.J., et al.: An environmental scan of mindfulness-based interventions on university
and college campuses: a research note. J. Sociol. Soc. Welf. 43(4), Article 7 (2016)

17. Brown School of Public Health. https://www.brown.edu/public-health/mindfulness/pro
grams/mindfulness-schools-and-higher-education. Accessed 25 Feb 2021

18. Monash University Health and Wellbeing. https://www.monash.edu/health/mindfulness/min
dfulness-at-monash. Accessed 25 Feb 2021

19. de Bruin, E.I., Meppelink, R., Bögels, S.M.: Mindfulness in higher education: awareness and
attention in university students increase during and after participation in a mindfulness cur-
riculum course. Mindfulness 6(5), 1137–1142 (2014). https://doi.org/10.1007/s12671-014-
0364-5

20. Dobkin, P.L., Hutchinson, T.A.: Teaching mindfulness in medical school: where are we now
and where are we going? Med. Educ. 47(8), 768–779 (2013)

21. Tang, Y.Y., Hölzel, B.K., Posner, M.I.: The neuroscience of mindfulness meditation. Nat.
Rev. Neurosci. 16(4), 213–225 (2015)

22. Chi, X., Bo, A., Liu, T., Zhang, P., Chi, I.: Effects of mindfulness-based stress reduction on
depression in adolescents and young adults: a systematic review and meta-analysis. Front.
Psychol. 9, 1034 (2018)

23. Bamber, M.D., Morpeth, E.: Effects of mindfulness meditation on college student anxiety: a
meta-analysis. Mindfulness 10(2), 203–214 (2019)

24. Bush, M.: Mindfulness in higher education. Contemp. Buddh. 12(1), 183–197 (2011)
25. Lee, J.K.: Lee educational fever and South Korean higher education. Revista Electronica de

Investigacion Educativa 8(1) (2006)
26. Lee, J.K.: Korean experience and achievement in higher education. SNU J. Educ. Res (11),

1–23 (2001)
27. Kim, J., Kim, H.S.: Globalization and Access to Higher Education in Korea. Fairness in

Access to Higher Education in a Global Perspective. Sense Publishers, Rotterdam (2013)
28. So, K., Kang, J.: Curriculum reform in Korea: issues and challenges for twenty-first century

learning. Asia Pac. Educ. Res. 23(4), 795–803 (2013). https://doi.org/10.1007/s40299-013-
0161-2

29. Beach, J.M.: Children Dying Inside A Critical Analysis of Education in South Korea.
Createspace Independent Publishers, USA (2011)

30. KAIST PR Materials, Vision 2031. https://kaist.ac.kr/en/html/kaist/012104.html. Accessed
10 Mar 21

https://hr.harvard.edu/mindfulness
http://ccare.stanford.edu/education/about-compassion-training/
https://medical.mit.edu/community/stress-reduction
https://doi.org/10.1007/978-1-4939-3506-2
https://www.brown.edu/public-health/mindfulness/programs/mindfulness-schools-and-higher-education
https://www.monash.edu/health/mindfulness/mindfulness-at-monash.
https://doi.org/10.1007/s12671-014-0364-5
https://doi.org/10.1007/s40299-013-0161-2
https://kaist.ac.kr/en/html/kaist/012104.html


Mindfulness Intervention Courses in STEM Education 169

31. Kim, E.G., Kweon, S.O., Kim, J.: Korean engineering students’ perceptions of English-
medium instruction (EMI) and L1 use in EMI classes. J. Multiling. Multicult. Dev. 38(2),
130–145 (2017)

32. Miller, K.: South Korea: student stress fuels suicides as standards rise. In: Understanding
Global Higher Education, pp. 231–233. Sense Publishers, Rotterdam (2017)

33. OECD, Suicide rates. https://data.oecd.org/healthstat/suicide-rates.htm. Accessed 03 Mar
2021

34. KAIST Center for Contemplative Science. http://kccs.kaist.ac.kr/. Accessed 03 Mar 2021
35. KAIST Global Leadership Center. https://leadership.kaist.ac.kr/sub0101. Accessed 18 Mar

2021
36. Biegel, G.M.: The Stress Reduction Workbook for Teens: Mindfulness Skills to Help You

Deal with Stress, 67–68. New Harbinger Publications, California (2017)
37. George, B.: Mindfulness helps you become a better leader. Harv. Bus. Rev. 26(10), 21–32

(2012)

https://data.oecd.org/healthstat/suicide-rates.htm
http://kccs.kaist.ac.kr/
https://leadership.kaist.ac.kr/sub0101


Digital Project-Based Learning in the Higher
Education Sector

Christoph Knoblauch(B)

Ludwigsburg University of Education, Ludwigsburg, Germany
christoph.knoblauch@ph-ludwigsburg.de

Abstract. This paper discusses evaluation findings from a digital project-based
course in the higher education sector. The empirical findings focus on students’
attitudes, practices, and preferences towards digital project-based learning. The
evaluated course was developed and taught in the context of the Master’s pro-
gram for Education at Ludwigsburg University of Education (LUE). It aims at
the autonomous project-based planning, execution, and critical reflection of an
individual empirical study carried out by the participating students. This paper
presents a discussion of the structure, the digital methodology, and the outcomes
of the course, using digital qualitative interviews for the evaluation research. By
doing so, the study investigates how students deal with a digital project-based
learning environment and how these results can be constructively implemented
to improve future digital or blended-learning scenarios in the higher education
sector.

Keywords: Digital project-based learning · Higher education sector · Empirical
qualitative evaluation

1 Background and Context of the Digital Project-Based Course

The process of learning and teaching in digital settings has become increasingly impor-
tant and has changed considerably in the face of new challenges. Autonomous learning
and working with the assistance of new information technologies have become inte-
gral features of societies and their educational systems all over the world. The world of
learners and teachers has become more autonomous and at the same time more intercon-
nected as a result of new challenges such as globalization and digitalization. As reflected
in the research by many academics whose interests lie within the scope of project-based,
autonomous, digital, and blended learning. In this regard, digital and project-based learn-
ing are discussed as some of the most important ways to cope with new challenges of a
globalized world and to develop and foster competencies in autonomous learning in the
higher education sector [12, 17]. Digital and project-based learning approaches seem to
have proven particularly relevant in this context, for they can offer tools for communi-
cation, autonomous learning, collaboration, and shared learning between students and
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teachers [14, 16]. Consequently, there is a strong demand for the development of digital
project-based courses in an increasingly autonomous and digital learning environment.
The higher education sector plays a major role in these developments and must deal with
unknown and known challenges in order to prepare students for learning and teaching
in more autonomous, project-based and digital contexts [10]. Against this background,
however, well-researched resources offering guidance on how to combine digital and
project-based learning and how to design adequate courses for the higher education sec-
tor remain rare. This study reports on the development, implementation and evaluation
of a course in the Master’s program “Teacher Education”1 at Ludwigsburg University
of Education (LUE) in Germany. Participants were students enrolled in teacher educa-
tion programs at LUE in the summer term of 2020. The key question of the project is
how students cope with project-based learning courses in a digital setting. Therefore,
students’ attitudes, practices, and preferences concerning digital project-based learning
and factors as competence development and autonomous learning playmajor roles in the
design of the course and its evaluation. Digital project-based learning shows the potential
to help students foster independent learning skills and develop learning competence in
individual online learning contexts [11]. The course discussed, therefore, shows a mix of
synchronous and asynchronous course sessions [5]. In addition to this, the participating
students reserve several weeks within the semester for the project-based, autonomous
development, and execution of a small-scale empirical study.

The focus of this paper is to discuss the structure and the evaluation of the course in
order to present results on the possible impacts of digital project-based learning in the
higher education sector. Therefore, the paper discusses digital project-based learning
scenarios that support the participating students in a two-fold way: On the one hand,
participants should develop their individual learning skills in project-based digital con-
texts. On the other hand, future teachers should become aware and capable of digital
and project-based skills that could transfer to their own future teaching in a classroom
setting. In order to facilitate an insight into the learning strategies of students in the
described settings, the paper discusses a qualitative study focusing on the attitudes and
preferences of students to project-based learning in digital contexts. By doing so, the
study assesses current practice and analyzes the course mentioned in detail.

2 Project-Based Learning in Digital Contexts: Description
of the Course Design

2.1 A Subsection Sample

This course served as the basis of the study and was conducted at LUE in the sum-
mer semester of 2020—in the middle of the COVID-19 pandemic. The main foci of
the course are (a) the discussion of empirical studies, (b) empirical research methods,
and (c) the autonomous implementation of a small-scale empirical study in the field of
education. Thus, the digital project-based character of the course aims for the intercon-
nection of students with their future work area, their future colleagues and their future

1 https://www.ph-ludwigsburg.de/7684+M5054de7a952.html (access on 2021/4/8).
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students through an empirical project in the field of education. The combination of dig-
ital and project-based learning offers many options for digital learning scenarios in the
higher education sector and has a special focus on the development and fostering of
autonomous learning [1, 8]. Approximately 50% of the course were carried out in a dig-
ital asynchronous way, using learning management systems such as Moodle, whereas
the other 50% of the digital course sessions were conducted in a synchronous way using
mostly videoconferences.

The asynchronous sessions were based on a mix of learning arrangements consisting
of readings, audio presentations, videos, podcasts, interactive forums, and chats. To these
ends, (1) pertinent presentations with audio commentary were created; (2) a podcast with
experts was made available; (3) common issues were presented through a selection of
pertinent literature; (4) videos of professors and students working in empirical research
were provided; and (5) digital forums were established in order to offer an ongoing
interactive exchange of ideas.

The synchronous sessions mostly consisted of guided discourse offering the chance
to reflect on the contents of the course and discussions of the various empirical studies
designed and carried out by the students. The video conferences were based on student
questions and reports offering group discussions and individual sessions in break-out-
rooms.

Against the backdrop of the course structure, the idea of digital learning is understood
as a form of ‘blended learning’, which combines individual eLearning, interactive digital
collaboration, and autonomous project-based learning in various ways [9]. The empirical
focus of the course aims at helping students to learn about empirical methods and to
practice empirical research in order to prepare for their Master’s Thesis and their future
in teaching. Students can gain up to three credit points (as defined by the European Credit
Transfer and Accumulation System [ECTS]) for the course and can use their empirical
projects as a basis for their Master Thesis.

3 Evaluation of the Course

The evaluation was designed as a qualitative study, focusing on the feedback of the
participating students of the course. It uses a creative qualitative design [6], which is
conducted digitally [7]. The study is intended to create a flexible research process, to
produce various findings and to meet the COVID-19 regulations of the time. In the
context of the complex research focus—students’ attitudes and preferences to a digital
project-based course and possible developments of competencies in learning—semi-
structured qualitative interviews were carried out in an asynchronous digital way. This
way of interviewing students is a rather new technique in qualitative research, which
encourages respondents to reflect on their answers by allowing them to structure their
ideas and responses beforehand [15]. In this particular study, students had the opportunity
to record their answers as audio files independently and, therefore, can take as much
time for reflection as they individually considered appropriate. The completed audio
files were then sent to the research team via a digital transfer system. Drawbacks of
this technique, such as a lack of face-to-face interaction and constructive dialogue, have
been taken into account and play a role in the analysis of the data. Even though there is
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rare guidance on the implementation of the described technique of asynchronous digital
qualitative interviews, there has to be emphasis that—apart from the innovative way
of data generation—the study follows established structures of qualitative research and
analysis in manifold ways [4]. Using this method of qualitative interviews, the study
looks for data, which offers a comprehensive view through individual, reflected, and
subjective feedback, which is in this study recorded asynchronously and individually by
the respondents.

The qualitative semi-structured questionnaire, which was sent to the students via
email, starts with a short salutatory address and some operation guidelines on how to
produce the audio file. The operation guidelines emphasize that the respondents can take
as much time for reflection as needed.

The semi-structured questionnaire shows seven categories that were developed in a
deductive procedure [3]: (1) The individual project of the respondent, (2) expectations
of the respondent about the course, (3) content of the seminar, (4) structure of the
course, (5) digital learning, (6) comments about the course, and (7) an open section
for various feedback. These deductive categories were built based on the discussion of
former research, and evaluations in the field of education and beyond [10, 13]. Each
category includes several key questions, which are supported by specifying impulses or
further questions. The questionnaire mainly focuses on the digital and the project-based
character of the course, asking students about their expectations, attitudes, preferences,
and possible development of competencies. The questions furthermore focus on the
use of the provided online content, various options for interaction, attitudes towards
autonomous learning, reflections on learning strategies, and perceptions of changewithin
learning individual strategies and attitudes.

4 “I Can Do This”: Findings of the Qualitative Study

The analysis and discussion of the data show eight combined categories, which are
based on the deductive categories and new inductive impulses found within the data:
(1) motivations for AE: enrollment in a digital project-based course, (3) descriptions
of the students’ projects, (4) project-based character of the course, (4) project imple-
mentation in digital contexts, (5) digital character of the course, (6) individual learning
progress, (7) impact on further studies and future work of the students, and (8) critical
perspectives on the course structure, implementation, and content. The findings within
the data are structured and discussed according to these categories. However, some
answers and reflections within the data show links to more than one category and are
therefore discussed under the perspectives of different categories.

Motivations for AE: Enrollment in a Digital Project-Based Course. For many stu-
dents, empirical research in the field of education and the prospect of the implementation
of a small-scale empirical project seems to be a strong motivation for AE: enrollment
in the course. In general, education is often discussed as an empirical discipline in the
conducted interviews and many students seem to see a benefit in the implementation of
an individual research project connected to their studies and their future work. The idea
of autonomous and project-based work also seems to be a motivation, as some students
report that they missed working independently in their studies so far.
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Another factor seems to be the interdisciplinary approach of the course. Many stu-
dents report that theywanted to develop interdisciplinary competencies in order to imple-
ment research in different subjects. Furthermore, the project-based character seems to
be a motivation as it is discussed as a hands-on approach, which can produce insights
with a practical orientation. Other students want to learn about various projects in dif-
ferent fields of education in order to gain a more profound insight into specific themes.
Of course, there are also very straightforward reasons: Students report that they want
to prepare their Master Theses and gain Credit Points (ECTS) in order to finish their
studies.

Project Description. The participating student projects all focus on education and
implement an empirical study: Qualitative interviews with students and teachers from
different school sectors (primary and secondary school) and the higher education sector
were conducted, in order to gain insights into various fields of education. The projects
deal with student and teacher attitudes and preferences towards various topics in primary
and secondary schools and the higher education sector. Some projects focus rather on
subject-specific research issues, while others focus on interdisciplinary questions.

There are participants, for example, who explore the question, “Do students in the
higher education sector feel well prepared for their future work as teachers in schools?”
Other projects focus on the question of why pupils in schools like or dislike certain
subjects, how pupils work with pictures in school lessons, and how they use rituals in
school. In general, the projects show a large variety of topics in the field of education,
mirroring the various interests of students in this field.

Project-Based Character of the Course. The reactions to the project-based character
of the course are mainly positive. The interviewed students value the possibility to
pursue their individual interests and thereby develop competencies within their chosen
fields of education. The possibility of individual time management and the chance to
design and carry out an individual project self responsibly also seems to be appreciated
by the interviewed students. However, many students emphasize that individual time
management has to be accompanied by a solid course structure, which sets a framework
to the various projects.

Especially, in the first stage of the course, strong support through the lecturer seems
to be very important for the interviewed students. In this context, the importance of
(1) a reliable structure and time frame, (2) the development of a knowledge foundation
through pertinent literature and the discussion of ‘good practice’ projects, and (3) the
closementoring of the design of the individual projects are emphasized as very important
moments. The interviews show that students value a fine balance of autonomous project-
based learning, which is accompanied by a reliable course structure and individual
support, especially when the project is conducted: “…so I could learn and work at
my own pace, within a sound course structure and with the option to receive individual
support for my project”. In order to accomplish this balance, it is crucial to plan the course
with its different stages at the very beginning of the semester in close collaboration with
all students. In this way, it is possible to create a reliable structure for all participants.
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In this context, many answers also emphasize the importance of realizing individual
ideas and projects and the connected processes of learning: “…and I also realized what
could have been better (within a particular project phase) and I improved step by step
and got more and more professional in my role as an interviewer”. Against this backdrop,
many students also report that they developed confidence throughout their project-based
work:“…the fact that I worked on my own project and I could actually see: I can do this!”
Additionally, some students appreciate that the project-based character of the course
leads to a real involvement with various topics and thereby helps to understand rather
abstract scientific themes. “…we were able to reach certain goals by implementing our
individual project. Therefore, the learning processes are more effective and bigger – on
top of that, the learning is sustainable and interdisciplinary”.

Furthermore, the digital project-based design of the course is valued as a fitting
response to the challenges of a fully digital semester. However, many students report
that they miss the presentation and discussion of the various projects in a face-to-face
setting. Some students also find it hard to develop an individual idea for a project, as the
possibilities in the field of education seem to be endless. A closer individual mentoring
at the beginning of the course could have been helpful in these cases.

Project Implementation in Digital Contexts. The interviewed students used different
strategies and processes for the implementation of their projects. While some students
conducted their projects digitally, others used blended forms of online and face-to-face
meetings, and some students conducted their projects face-to-face only.

Students who chose a digital way mostly report about positive effects such as (1)
the possibility to record sessions via video conferencing software, (2) the distribution
of digital materials before and during sessions, (3) the opportunity to gather and share
information online and simultaneously, (4) the chance to meet without using a car or
public transport, and (5) the time-saving aspects of digital communication.

In contrast, students who chose face-to-face project sessions emphasize the necessity
of face-to-face interaction with children in primary school or early childhood education,
mostly because children in this age group cannot handle the required digital devices
on their own. Additionally, some students report that they experienced an unobstructed
flow of information and communication in their face-to-face sessions and that the use
of some materials—e.g., pictures or items—may have a better effect.

Digital Character of the Course. In general, the interviewed students show a high
acceptance of digital learning. The fact that the course offers a variety of different
digital learning methods is highly appreciated in many answers. Against this backdrop,
the students especially mentioned the learning platform as pivotal, as well as the mix of
synchronous and asynchronous sessions, and the possibility of revising digital input such
as podcasts. In addition to this, online forums for asynchronous discussions and Power-
Point-Presentations with audio comments were discussed as highly effective tools: “The
presentation with audio comments are very comfortable because one doesn’t have to
make notes under time constraints and one can really think things through”.

Furthermore, many students liked to work with digital content, like interactive web-
sites for empirical research and appreciated Q&A Forums, which were available any
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time. The flexibility of a digital-project-based course and the benefits that come with
this flexibility were also discussed intensely. Some students reported that they do not
have to commute anymore; others find it easier to combine children and studies or, in
general, manage their life. Overall, the answers show a high level of satisfaction with
the digital character of the course: “I hope we can use many of these methods in future
courses again”. In this context, however, many students again report that they miss the
interaction with teachers and other students in face-to-face situations: “(In face-to-face
interaction) …you could have in-depth talks with other students in the course or maybe
afterwards with some coffee”.

Individual Learning Progress. Project-based learning encourages independent learn-
ing. All interviewed students report that they developed new skills independently while
working on their projects: “I think I really learned a lot in this course because I taught
myself. I developed competencies on different levels independently”. Many students
report that the planning and execution of their project helped them to develop new com-
petencies and deepen their knowledge in various areas likeGroundedTheory, Qualitative
Interviews, or time management. Some students value the factor of autonomous work
as a special property of the course: “Autonomous working, the development of one’s
own ideas and the responsibility that comes with the execution of the project. This was
missing in my studies”.

Against this backdrop, many students report that they want to use their new compe-
tencies as interdisciplinary tools for other subjects and their future work: “I can use my
knowledge about empirical research for my master thesis and maybe for other subjects”.
One student reports that she gained a deeper insight into the subject by realizing how
empirical studies in this specific subject are deployed and discussed. In general, the indi-
vidual learning progress is mainly associated with the project-based and autonomous
character of the course, which seems to help students by the development of new com-
petencies in various disciplines: “…and in my opinion, you only learn things, when you
actually do things. This is why I appreciated the projects so much”.

Further Studies and Future Work of the Students. The students discuss various
effects of the course on their further studies and their future work: the development of
new interests, more profound insights in chosen topics, connections to different topics
and fields of education, first steps in the preparation of their master thesis, andmotivation
to develop their projects in the future.

Many students especially value the discussion of empirical studies and tools of empir-
ical research as helpful preparations for their future work. The reflection of models for
competence measurement and students learning progress serve as examples. Some stu-
dents argue that they could improve their teaching by interviewing their students in new
empirical projects. In addition to this, students emphasize that (1) the communication
with children and teachers as future partners in the field of education and (2) the develop-
ment of interdisciplinary competencies through the implementation of various processes
within their projects were of great importance for them.

Critical Perspectives on theCourse Structure, Implementation, andContent. Many
students report that they missed a profound presentation and discussion of the various
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projects in class. The asynchronous presentations of the individual projects with videos
and podcasts at the end of the course proved to be very effective, but seem to be unsatisfy-
ing in terms of personal involvement and the appreciation of individual efforts. For future
courses, several synchronous sessions should be arranged at the end of the semester in
order to attachmore importance to the presentation and discussion of individual projects.

Some students struggle with the development of an individual project as the possi-
bilities in the field of education seem to be endless. In future courses, closer mentoring
at the beginning could help to solve this problem. Another option would be a stronger
and closer collaboration between the students. This could lead to project teams, which
work together on a joint question.

While most students approve the balance of (1) content-based sessions and (2)
autonomous project-based learning, some studentswould like to develop a greater knowl-
edge about (empirical) project-based work first. Optional sessions for a more profound
discussion of project-based work and empirical methods could be helpful for future
courses.

Some students report that the interaction between students in the course was rather
difficult. Even though itwas always possible to interact via online forums, chats and video
calls, these students argue that the digital character of the course inhibited interaction:
“Interaction with others was rather difficult, but it is always like this in online courses”.
As many students appreciate the autonomous interaction via open forums and chats,
an option for future courses could implement video forums in theme-centered groups
without a teacher. In this context, the idea of closer collaboration between students was
mentioned several times: Teams, which discuss common methods and projects or even
work on the same project, are certainly a constructive and promising idea for future
digital project-based courses.

5 Options for the Future: “I Hope We Can Use Many of These
Methods in Future Courses Again”

Digital project-based courses in the field of education can generate a high level of
motivation in students and encourage them to do autonomous and self-responsible work.
In this context, the implementation of empirical research within the projects can lead to
the development of interdisciplinary competencies, a deeper insight into chosen topics,
andmany-sided connections to future work fields. Against this backdrop, digital project-
based learning has to offer a fine balance of autonomous project-based learning, which
is accompanied by a reliable course structure, scientific content, and individual support.
Customized Presentations with audio comments for this course and its projects and the
use of online forums for asynchronous discussions proved to be very effective ways
in the digital context of the course. Videos and podcasts from experts in the field also
proved to be very effective.

However, the digital character of the course shows a lack of collaboration between
the participating students. The implemented projects could not all be presented and
discussed in a satisfying way, as no face-to-face meetings were possible. For future
courses, more collaboration among students could be promoted via digital break-out-
rooms and synchronous sessions without the teacher. Furthermore, collaboration could
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be developed in terms of research methods, common topics, and the implementation of
projects.

Digital project-based courses require a structure, which enables students (1) to find
themes and develop projects individually through online content and scientific perspec-
tives; (2) to share and discuss their ideas online; (3) to develop shared knowledge through
collaboration; and (4) to develop new content and tasks for themselves and others. The
course designers should present a solid course structure, which describes the balance
between autonomous work and collaborative learning. This course structure should also
support students with a manageable and reliable schedule.

In the study, students comment on the process of autonomous work as being a crucial
factor in their learning experiences. By following individual interests and ideas, espe-
cially in a project-based setting, students can develop and foster competencies through
active and project-based learning processes—especially students in the higher education
sector can gain from these processes, as they can (1) set appropriate goals autonomously,
(2) work and learn within a reliable structure, (3) have frequent opportunities for individ-
ual and collaborative revision, and (4) connect with future work fields. These processes
support one another as they aim at the development and fostering of competencies and
help students become more aware of their learning activities and future work fields.2

These encounters, which are made possible by the digital and project-based design
of the course, might be regarded as transformative as they meet the challenges of the
time constructively and support students in their ways of becoming autonomous experts
in their chosen fields of education.
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Abstract. During recent years, gamification of education has received increased
attention and interest. Although critics argue that gamification derails the focus
of learning and increases stress and competition, most scholars see that benefits
outweigh the risks. They believe that gamification increases student engagement
and reinforces their problem-solving skills, collaboration, and communication.
In this paper, gamification is applied to skills required in the management of the
company’s project business. In project business, the focus is not on individual
projects, but on the organization’s project portfolio. The project portfolio refers to
the company’s simultaneous projects and project opportunities that have common
strategic goals and that are competing for the same resources. In the empirical part
of the study, post-graduate students’ feedback on the project portfoliomanagement
(PPM) exercise was investigated using both manual and machine learning-based
content and sentiment analysis. The results of the experiment indicate that student
sentiment toward the PPM workshop was positive and that gamification seems to
be a good method of learning project business skills, especially in the creation of
the management and decision-making system and in managing a diverse project
portfolio.

Keywords: Gamification of education · Project business · Collaborative learning

1 Introduction

Demand for project management skills has never been higher. Organizations are con-
stantly creating innovations, and projects represent the main method of bringing us
products or services that have not existed before. The increased popularity has led to
more complicated projects and, above all, has increased the number of simultaneous
projects. Managing a large number of projects—also known as project portfolio man-
agement (PPM)—is not an easy task because it involves many challenging decision-
making tasks, including resource allocation, scheduling, risk and financial management,
and project prioritization. A new project environment with the large project portfolios
and the increased importance of project business requires wider skills and new learning
methods.

The aim of this paper is to analyze the suitability of gamification for learning project
business skills. Our paper is organized in the following way. In Sect. 2, we briefly
review gamification of education and project business, with an aim to develop a model
for learning skills required in project business. The model serves as a framework to
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analyze student sentiment toward a PPM exercise carried out in a Finnish university of
applied sciences. The study on the gamified PPM workshop is described in Sect. 3. In
the study, the student feedback is analyzed using both content and sentiment analysis. To
limit unintended errors, machine learning was used to verify the feasibility of the model
and the correctness of the manual sentiment analysis. Finally, in Sect. 4 we discuss the
results and draw the final conclusions.

2 Literature Review and Model Development

2.1 Gamification in Education

In recent years, games and game-like elements have been introduced to several domains,
including entertainment, business, and education. In education, practitioners have
applied two different approaches: Game-Based Learning (GBL) and gamification. In
GBL, the game is the starting point, and at a simple level, GBL has been defined as
“learning that is facilitated by the use of a game” [1]. Gamification, instead, has been
defined as “the use of game design elements in non-game contexts” [2] and “the process
of making activities more game-like” [3]. Both of these definitions emphasize that, in
gamification, the focus in not on the game, but on the learning process.

Gamification of education typically aims to improve students’ motivation, engage-
ment [4], participation, and learning outcomes [5], and it combines play-like simulation,
functional proficiency, and social interaction with learning [6]. Many scholars have
reported the positive effects of gamification on learning outcomes at different education
levels and subjects [7]. Naturally also some critical views have been reported [8, 9], but
most of the empirical studies on gamification in higher education have provided positive
outcomes [10].

Researchers have modeled gamification of learning in different context (e.g., in
MOOCs [11] and in eLearning [12]). For our purpose, a model for virtual team collab-
orative learning (LIC gamification model) based on gamification of education, collabo-
rative learning, virtual teams, and technology [13] is especially interesting. The model
consists of the following three main parts: a learner as a player, an instructor as a coach,
and a classroom as an arena.

2.2 Project Management and Project Business

Project management is the application of knowledge, skills, tools, and techniques to a
project’s activities to meet its requirements and to reach its completion [14]. Project
business, on the other hand, goes beyond a single project and it is defined as “the part
of business that relates directly or indirectly to projects, with a purpose to achieve
the objectives of a firm or several firms” [15]. In project business, many projects are
managed simultaneously, with the aim to fulfill the organization’s strategic business
objectives.Managing a diverse project portfolio is not an easy task because PPM involves
many challenging decision-making tasks, including resource allocation, scheduling of
the individual tasks, risk management and project prioritization. To solve this problem,
organizations have created different kinds of PPM tools for increasing efficiency and
productivity.
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Researchers have paid a lot of attention to the success factors of a single project, but
project business success has received far less interest. Scholars have analyzed project
business frommany related perspectives, such as trust [16], outsourcing [17], and project
selection in the project portfolio [18]. However, Artto et al. introduced a framework that
canbeused to analyze the success factors of project business [19]. Thismodel is presented
in Fig. 1. The model has the following four elements: a management system, financial
management, PPM, and management of customer and supplier networks.

Fig. 1. Project business success factors [19].

2.3 Framework for Gamified Learning of Project Business Skills

In the previous sections, we introduced some models for gamified learning and the
key success factors of the project business. Based on these discussions, a theoretical
framework for gamified project business education is now created. Themodel (see Fig. 2)
has two parts: (1) project business and (2) gamification, representing the subject of the
learning and the learning method, respectively. The project business side of the model
is based on the four key success factors introduced earlier, namely an organization’s
management system, financial management, portfolio management, and customer and
supplier management.

The gamification side, instead, has three elements: a learner and learning, a learning
session and environment, and finally an instructor and instructing. Here, the learner is
seen both as an individual and as a member of a team, because learning takes place
in a team and project business, and portfolio management contains decision making
both alone and with others. The learning session refers to all activities of the exercise,
and environment contains both physical and virtual learning environments. Finally, the
instructor’s role contains all the teaching and supporting functions, as well as materials
provided before, during, and after the learning session.
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Fig. 2. Framework for gamified learning of project business.

3 Study Design

3.1 Research Methods and Data Collection

As mentioned earlier, the aim of the study is to analyze the suitability of gamification
for project business education. To collect some empirical data, we organized a small-
scale learning experiment in a Finnish university of applied sciences. In the experiment,
a group of post-graduate engineering students (N = 42) took part in a PPM exercise.
In the exercise, they worked in teams of four or five students, and they managed a
project portfolio of a fictional company. During the exercise, students carried out typical
portfolio management tasks like allocating resources, scheduling tasks, creating reports,
and prioritizing projects with PPM software. All participants were adult learners with
full-time jobs and at least some work experience in the project organizations.

After a six-hour exercise, students gave written feedback about the learning session.
The total number of the feedback sentences was 358. The sentences were analyzed in
two different ways. First, content analysis was used to assess message characteristics
systematically. Second, sentiment analysis was applied to interpret and classify students’
emotions towards the different parts of the model. Because of the researchers’ human
nature, both content and sentiment analysis are prone to the researcher bias. To avoid any
unintended errors in the research process, we used machine learning to verify both the
feasibility of the theoretical framework and the correctness of the sentence classification.

3.2 Design of Gamified Learning Exercise

Design of the gamified learning exercise was based on the following five questions that
designers of gamified learning have to consider [20]:

• Why is gamification used?
• What is the focus of the exercise?
• Who is the target or learner in the gamified exercise?
• How is the gamified exercise shown and presented to the learners?
• How does the gamified exercise work (steps of the game)?
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Answers to the first three questions have already been presented in Sect. 2. Gamifi-
cation is used to improve students’ motivation, engagement, participation, and learning
outcomes. The exercise focuses on learning various skills needed in project business
management. The learner is, of course, the participating student, but his or her learn-
ing takes place both at an individual and at a team level because the exercise contains
decision making both alone and with others.

In meaningful gamification, designers have to focus on the aspects of the underlying
activity to understand where an integration of game elements makes sense [21]. In order
to do that, presentation and implementation of the exercise were guided byMarczewski’s
general game element principles [22] as shown in Fig. 3.

Fig. 3. Framework for gamified learning of project business.

The exercise consisted of the following four steps. In the first step, the instructor
revealed the theme and the narrative, followed by a short introduction to the PPM soft-
ware. Because the students needed guidance to the program also during the exercise,
they had access to short task-specific video tutorials. In the second step, the participants
added their own projects to the project portfolio and allocated resources to their project.
Each team had the same projects, but all members of a team had a unique project. This
way, the outcomes of the teams could be compared against each other.

Next, in step three, students had to shift their perspective from a single project to
the project portfolio and its success. The scarcity of resources forced them to prioritize
projects, reschedule tasks, and reallocate resources, as well as react to the new orders
from the company headquarters. This step was the most essential part of the exercise,
and it involved a lot of cooperation, negotiations, and decisions on team rules, utilizing
methods under time pressure. After each step, all participants met in a short feedback
meeting. These meetings also provided guidance to the next tasks. Finally, at the end of
the workshop, the instructions for homework or step four were given.

3.3 Content Analysis

Content analysis is a popular research method used to determine the presence of certain
words, word groups, or concepts in text, speech, or some other form of qualitative data.
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The content analysis has different approaches and, here, a directed content analysis
(DCA) is used. DCA is a structured process guided by an existing theory [23], and
researchers use the key concepts of the theory as coding categories. In this case, seven
elements of the model described earlier created the framework for categorization.

In this paper, content analysis was used for two different purposes. First, it was used
to validate the new model introduced in Sect. 2.3. Like always, the model represents the
conceptual world, and therefore, it is a more or less simplified version of the real world.
The aim of model validation is to find out if the suggested model is useful, addresses
the right problems, and provides accurate information about the system being modeled
[24]. The main question, in this case, is how well the new model encapsulates the key
elements of the gamified learning of the project business. In order to find this out, we
used a simple n-gram-based content analysis for the student feedback. The analysis
was done with Microsoft Azure Machine Learning Studio, and the workflow contained
the typical data processing steps, including data selection, cleaning, and preprocessing
before extracting the n-grams as shown in Fig. 4.

Fig. 4. Workflow to extract n-grams from the feedback data.

The analysis identified 50 key words or word groups from the text. Then, the n-
grams and the items of the model were manually mapped together to find out how well
the model and the content of the feedback matched. The results are shown in Table
1. From 50 n-grams, 28 were related to project business and 17 to gamification. Five
n-grams were not associated to any item of the model. Bearing in mind that all models
are wrong but some are useful, the results suggest that the framework contains the key
elements of the phenomenon, and it can be used for analyzing gamified learning of the
project business.

Second, we carried out a manual content analysis and assigned all feedback sen-
tences to corresponding categories. As mentioned earlier, we used DCA and the new
model for classification. If a comment contained opinions related both to the subject
of study (project business) and the learning method (gamification), it was classified to
both categories. Portfolio management and the learning session or environment were
the most often commented areas, with 80 and 71 sentences, respectively. Instructor and
instructions, together with customer and support networks, received the least feedback
from students. More details can be found in Table 2.
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Table 1. N-grams and their associations to the elements of the model.

Element of the model n-grams N

Management system of
the organization

manager, project_manager, decision, problem, leader,
operate, realization, advantage, company, operation

10

Financial management budget, anticipate_control, anticipate_control_economy 3

Portfolio management accordance_strategy, portfolio, resource, work,
creation_portfolio, strategy_company, different_project,
progress, view, point_view, point

11

Customer and supplier
management

network_subcontract, customer_network_subcontract,
network_subcontract_network,
customer_network_subcontract_network

4

Learner and learning group, deal, opinion, like, easily, succeed, understand,
able

8

Learning session and
environment

time, place, open, think, program, software 6

Instructor and instructing support, facilitate, follow 3

Not mapped surely, level, really, accord, possible 5

Table 2. Feedback sentences in each category

Element of the model Number of statements

Management system of the organization 51

Financial management 40

Portfolio management 80

Customer and supplier management 26

Learner and learning 59

Learning session and environment 71

Instructor and instructing 15

3.4 Sentiment Analysis

Sentiment analysis, in general, aims to identify opinions and determine attitudes towards
a particular topic. In sentiment analysis, classification can be done different ways using
binary, ternary, or ordinal classification. It this study, binary classification (positive or
negative) was used. Initial manual classification gave the following results: 232 positive
and 79negative sentences. Forty-seven comments did not have a clear positive or negative
attitude, and they were therefore removed from the further study.

As pointed earlier, manual classification is an error-prone method. Therefore, a
dictionary-based machine learning approach was used to analyze the quality of the
manual classification process. The simplified machine learning workflow is shown in
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Fig. 4. First, we had to preprocess the data in order to get it in correct format. Second,
we divided the data into two parts—first for model creation and second for using it. In
model creation, we used supervised learning with a neural network algorithm to create a
binary classifier, which divided the sentences either into positive or negative categories.
Our neural network algorithm used one hidden layer with 100 nodes and maximum 100
learning iterations. After running our model, we compared the outcomes of manual and
machine learning classifications, and the accuracy of the machine learning model was
0.78. In other words, the algorithm classified 68 sentences differently than we had done
manually. After reviewing all differently classified cases, we found out three clear errors
in the original manual classification and we corrected them (Fig. 5).

Fig. 5. Simplified machine learning based sentiment analysis workflow.

Finally, we combined the classification and sentiment results to find out the students’
sentiment toward different elements of the model. In Table 3, numbers of positive and
negative statements, the relative sentiment score, and qualitative sentiment evaluation are
presented. Sentiment score was calculated as follows: the difference between the number
of positive and negative statements is divided by the total number of statements. Qual-
itative sentiment assessment follows the logic presented in reference 25 for correlation
coefficient interpretation. According to the results, students expressed strong positive
sentiment toward the management system, portfolio management, as well as learner and
learning. The only dimension receiving more negative than positive comments; thus, a
moderate negative sentiment was customer and supplier management.
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Table 3. Amount of positive and negative statements and sentiment of each element.

Element of the
model

Positive
statements

Negative
statements

Sentiment score Qualitative
sentiment

Management
system

48 3 0.88 Strong positive

Financial
management

26 14 0.30 Weak positive

Portfolio
management

75 5 0.88 Strong positive

Customer &
supplier
management

8 18 −0.38 Moderate neg

Learner and
learning

56 3 0.90 Strong positive

Learning session
and environment

41 30 0,15 Weak positive

Instructor and
instructing

9 6 0.20 Weak positive

All elements 263 79 0.54 Moderate pos

4 Conclusions

The study contributed meaningful evidence in two areas. First, the study demonstrated
how to support manual content and sentiment analysis with machine learning. In this
study, machine learning was used to validate the model and to verify the correctness of
the manual sentiment classification in a simple but successful way.

Second, the study provides valuable information on gamification of the project busi-
ness education. The positive sentiment of the students’ feedback clearly points out that
their attitude toward the workshop was positive and that they found the exercise useful.
The more detailed analysis also indicated that a gamified PPM exercise is a good and
motivating method to learn how to create and operate the management system, allocate
resources, schedule the tasks, and prioritize the projects. Similarly, exercises of this kind
seem to be a less suitable way to study financial management and especially the customer
and supplier network management.

There can be many reasons behind these findings. However, an obvious explanation
can be the role of the PPM software in the general information system architecture of
a company. The PPM software serves as a production information system for a project-
oriented company and provides support for managerial decision-making. Organizations
have typically dedicated customer and supplier management systems, as well as finance
and accounting applications; therefore, these areas cannot be covered fully in an exer-
cise utilizing PPM software. Further studies are naturally needed to find more detailed
information.
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Although sentiment toward learning was strongly positive, student feedback also
provided some suggestions how the current learning session, and instructions could be
developed further. The main sources of criticism were related to the timing. A large
number of students reported that their team had to hurry in some parts of the exercise,
which limited their possibility to compare different alternatives. Some students also
pointed out that theywould like to get familiarwith the PPMsoftware before the exercise.
Based on these comments, the exercise will be, in the future, divided into three separate
parts: before, during, and after the exercise. In this new implementation, students will
use video tutorials to get familiar with the software before the workshop. This allows
students to concentrate on decision-making and teamwork during the learning session.
Finally, most of the reporting will be carried out after the learning session, offering
students more time to reflect their experiences.
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Mistakes: The Shadow Capital for Learning
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Abstract. Mistakes, whether resulting from defective judgment, deficient knowl-
edge and carelessness, or misconceptions and misunderstandings, are never trivial
to deal with. However, if approached appropriately, they can become a source of
potential corporate value so that they can facilitate future growth and develop-
ment. Accounting of mistakes can prove an extremely tricky area — the same
as in financial reporting, accounting is not an end on its own but a means to an
end. We live with our mistakes, but we don’t have to die with them. Finding the
courage to change things may seem difficult, but the opportunity is big and is
available anytime we decide to seize it. It is never too late to see an opportunity
for change: the more we invest in explaining our mistakes to ourselves, the easier
we shall get “rid” of them and minimize the risks of making the same mistakes
again. Admitting mistakes is not easy but should not become unbearable for the
people: it is what we learn from our mistakes and our failures that may drive us
into our future successes.

Keywords: Mistakes · Shadow capital · Intellectual capital · Corporate value

1 Introduction

Many of the ideas that I present here come from discussions and exchanges I had the
pleasure to have back in November 2020 with a good partner in research, Dr. Jerry
Andriessen of Wise and Munro, the Netherlands. Jerry is a thought leader, and I owe
him much. In an informal interaction we had, and in response to some of the ideas I am
also presenting here, he responded by writing to me:

“ […] Learning is not the thing people do, it is part of something they do. Apart from
simple things, learning has different outcomes for everyone. The process is different
every time, the outcomes are different every time.

Learning is not an isolated activity. We learn because we interact with others.
Together, we set the stage, perform the actions, the interactions, the verbalisations, the
whole practice. This practice is not a constant, but is ever changing, we each tell dif-
ferent stories about it. Learning is an arbitrary selection of the things we do differently,
compared to some earlier time.

Learning has purpose, without a purpose, there is no learning. Robots cannot learn.
Machines cannot learn. They can be programmed, and they can be programmed to
acquire new facts and procedures according to some algorithmic mechanism. That is not
learning.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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We have forgotten how to learn, yes, because have never understood how we learn.
We learn because we interact. […]” [1].

The author has spent considerable time and effort in the past years reflecting on the
subject of mistakes, and a great part of the ideas we present today relates to three articles
that appeared in the International Journal of Advanced Learning [2–4]. However, while
getting older makes people look back and try to detect patterns of success so that they
repeat them, it is also an opportunity to identify patterns of failure and try early recognise
and avoid them. To this aim, we combine thought that appeared in these three previous
papers but integrated from the perspective of the Learning Organisation.

We are all aware of the problems related with New Year’s resolutions: most of them
end in failure, increasing our disappointment levels to unmanageable levels; a matter for
psychotherapists, one would one say, is whether the same reasons that appear in people’s
New Year’s resolutions would not appear in corporate business plans and agendas. As
another research partner mentioned to me once when reflecting on how people deal
with their weight management problems, “the problem is not what people eat and drink
between Christmas and New Year – it is rather what people eat between New Year and
Christmas.” However, the focus is mainly in this small one-week or ten-day period that
counts for 1.9 or 2.73 of an entire year’s duration, respectively.

In the next sections we present certain perspectives that might help overcome the
difficulty of stigmatizing mistakes and — most importantly — those who make them.
An open culture that allows people to not feel fear to fail will help us seize success.

2 Shadow Capital of Mistakes

Mistakes, whether resulting from defective judgment, deficient knowledge and careless-
ness, or misconceptions and misunderstandings are never trivial to deal with. However,
if approached appropriately, they can become a source of potential corporate value so
that they can facilitate future growth and development.

Same as with gray problems, which is a term used for IT problems where the causing
technology is unknown or unconfirmed, mistakes are usually underestimated or not
valuated in their true size.

Human nature drives people to make emotional interpretations and seek simplicity.
However, mistakes are not always the results of a higher-order complexity and can afford
empathy-free interpretations. The stigma of failure and the elaborations usually related
to the conduct of a mistake hinder us from learning and improving ourselves and our
corporate performances from our mistakes.

Same aswith the accounting practices that govern corporate business transactions, an
investment towards developing some common understanding on our mistakes can help
improve our performance and increase our individual and corporate learning potentials.

Richard Weaver, in the book Ideas Have Consequences [5], presented the negative
aspects and what we now perceive as the dark shadow of nominalism in the Western
civilization since this doctrine gained prominence in the High Middle Ages.

Leaving back the times of absolute truth, where a mistake can be any of the ones
recognised in the “official” list of the ten commandments, to the times of what Weaver
calls as the Great Stereopticon, namely a metaphor that aims to denote an emergent
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conceptual construct that serves to manipulate people’s emotions and beliefs and to
separate them from their humanity via “the commodification of truth,” a mistake is
anything that can be presented as such, employed and capitalised as such to serve the
agendas of the part that made it or any other part that has a vested interest related to it.

A CEO who fires several (tens, hundreds, or thousands) of employees to protect
shareholder value in times of the COVID-19 slowdown and the fear of an approaching
recession may be regarded as cruel for the means they employ, but their ends may in
general be appreciated or even praised. One rarely asks whether there may have been
other means to protect shareholder value than “demising” people, a euphemism that
might had been used also in past times to denote physical extinction.

Raoul Vaneigem, one of the introducers of the Situationist movement in Europe,
supports that nothing is sacred and everything is permitted to be said (‘rien n’est sacré,
tout peut se dire’) [7]. However, there is a difference between something that is said—i.e.,
expressedwith words and concepts—and something that is materialised—i.e., expressed
with actions. Sadly for some of us, fortunately for the rest of the world, the world is not
populated by intellectuals: the CEO who would dare to write an article sharing with a
wide audience their idea about firing employees so that their company regains its strength
and growth potential would face criticism and might get sacked the next day. But firing
people as such may not cost them their position — at least not instantly.

This brings us to some of the remarks we made before and which relate to the fact
that nobody wants to openly talk about mistakes, as they seem to diminish the value and
the power of the person who makes them.

2.1 Mistakes in Human Ventures

The concept of shadow capital is the same as this of shadow banking, not an official
term in the business or finance literature. Looking to the concept of shadow banking may
actually offer some advantages in better understanding the concept of shadow capital.
The former symbolizes one of the many failings of the financial system leading up to the
global crisis. The term shadow bankwas coined by economist PaulMcCulley [6] and had
originally a distinctly U.S. focus and referred mainly to nonbank financial institutions
that engaged in what economists call maturity transformation and when commercial
banks use deposits, which are normally short term, to fund loans that are longer term.

Shadow banks do something similar: they raise (that is, mostly borrow) short-term
funds in themoneymarkets and use those funds to buy assetswith longer-termmaturities.
But because they are not subject to traditional bank regulation, they cannot (as banks
can) borrow in an emergency from the Federal Reserve (the U.S. central bank) and do
not have traditional depositors whose funds are covered by insurance; they are in the
“shadows.”

Something similar happens with our mistakes: if appropriately employed, mistakes
can “finance” our future development and growth—but only if appropriately managed in
terms of supporting our learning curves. We have mentioned before the role of learning
from mistakes and how this results in an increase of corporate value.

Accounting of mistakes can prove an extremely tricky area — same as in financial
reporting, accounting is not an end on its own but a means to an end. We live with our
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mistakes, but we don’t have to die with them. Finding the courage to change things may
seem difficult, but the opportunity is big and is available anytime we decide to seize it.

It is never too late to see an opportunity for change: the more we invest in explaining
our mistakes to ourselves, the easier we shall get “rid” of them and minimize the risks
of making the same mistakes again. At the very end, we humans can be inventive and
creative and can always come up with some new mistakes. What may only be necessary
is a methodological framework that provides the conceptual basis for reporting mistakes
and including them as part of a continuous learning process. To this, we promote the use
of the Triple Bottom Line (TBL) model, which we describe in the next section.

3 Triple Bottom Line for the Learning Organisation

To support the sustainability of a learning paradigm, we have explored the potential
of applying the TBL model to organisations that want to build their future as learning
organisations. TBL has been designed originally as an accounting framework with three
components: one social, one environmental, and one related to financial and business
aspects [8].

We consider this as of major importance for two reasons:

• Firstly, TBL shall support the learning process not only in meeting its business goals,
but also for taking into account social and environmental aspects and considerations
which are extremely relevant to all types of organizations but especially for the case
of small- and medium-sized enterprises that would otherwise not afford to deal with
the complexity of running a profitable business with low levels of human, technology,
and technology resources while also caring to improve their learning curves.

• The application of the TBLmethod for helping organizations learn from theirmistakes
demands from us to see beyond the traditional bottom line of business to all three
layers of the profits that a business can make — namely socially, environmentally,
and economically. Measuring learning processes using the TBL is one of the best
markers of how sustainable the learning operations of a business are and howprofitable
learning from their mistakes really is.

The challenge is not just technical: it requires profound adaptations in business
models and the underlying business mindset. Research and innovation offers unique
opportunities to reach out and engage with customers and other partners in novel ways,
identifying and addressing specific areas of improvements with a view to ensuring that
companies do not need to treat their mistakes with regret. Lessons we have accumu-
lated from the software industry where companies test their software firstly within their
employees (alpha testers) and then with their customers and end users (beta testing)
provides an example on how one may take an inclusive approach in the offering of solu-
tions that may still not work as planned or as expected, but exhibit a positive impact to
a company’s value propositions to their clients’ base.

3.1 Socially Sustainable Learning

The Social “bottom line” measures “business’ profits” of learning from conducted
mistakes in terms of human capital, comprising also aspects related to the collective
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intellectual capital that is created by all members of a particular business setting or
ecosystem.

Learning related to the social bottom line is increased by offering fair and beneficial
working environments and employment practices, and through corporate community
involvement, and it can also be measured in the impact of the individual company
contributions to the local or the regional economy at large. Some aspects that matter
when assessing learning related to the social bottom line are, among others, whether a
particular company operates as a job-growth driver in their city and/or their province, if
their employees are better situated in terms of economic and employment stability, and
if they support local and regional initiatives and contribute to the overall sustainability of
their community/region, as well as issues related to fair employment standards, gender
equality, and employee demographics.

The basic point for the social bottom line is that, after all, if a business is not nurturing
healthy and positive relationships with their community, their client base and employee
pool shrinks accordingly. Learning related to the social bottom line questions the belief
that the less a business pays its work force, the longer it can afford to operate. Instead,
the social bottom line measures the long-term sustainability of business human capital,
with the understanding that a business that is also a desirable workplace will always be
able to operate into the future, since there will be a work force striving to be part of the
business. Essentially, corporate interests and labour interests are seen as interdependent.
It is easy to see that, due to its intangible nature, the social bottom line can be difficult
to measure or quantify. However the Global Reporting Initiative (GRI, https://www.glo
balreporting.org/) has developed guidelines to enable businesses to report and measure
their social impact.

3.2 Environmentally Sustainable Learning

The TBL approach we take for the promotion of the learning organisation takes the view
that the smaller impact a business has on the environment and the fewer natural resources
it consumes, the longer and more successful they will be. This definitely forms a change
in the mindset of all business actors and stakeholders. Changing the way we consume
and the way we produce is a recurring leitmotiv in the Circular Economy Action Plan of
the European Commission where it is recognised that “products placed on EU market
will be designed to last longer, to be easier to repair and upgrade, recycle and reuse.”
To this aim, providing incentives for product-as-a-service is one only of the plausible
ways to consider the development of new business models, where companies will keep
the ownership and responsibility for the product throughout its life cycle.

In the light of the above, learning that pays attention to the environmental bottom
line means managing, monitoring, and reporting mistakes and learning from them in a
holistic way, recognising all aspects of production, waste, emissions, and consumption.
What may have been considered in the past as typically the work of an EHS department
(environment – health – safety), is now taking with an increasing pace a higher priority
as the most sustainable business models also make waste reduction and green policies
in corporate-wide and supply chain-wide values across all levels.

Same as with learning from the social bottom line, measuring and reporting mistakes
related to the environmental bottom line is certainly possible. However, depending on

https://www.globalreporting.org/
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the nature and the size of a business, it can be a time-consuming and difficult process
that asks for specific skills and capacities to be established. And it is again here that
the Global Reporting Initiative offers helpful insights for metrics for measuring and
reporting environmental TBL.

3.3 Economically and Business Sustainable Learning

According to the TBL approach, economic and business sustainability of learning is not
simply associated with traditional financial capital. The economic and business capital
of learning—or what we consider as the shadow capital of mistakes—under the TBL
model should be assessed in terms of how much of an impact a particular mistake has
on the wider economic and business environment of the company, its sector, a region,
country, or even globally.

The core idea here is that a healthy and sustainable business that strengthens the
economy it is a part of is one thatwill continue to succeed in the future, since it contributes
to the overall economic health of all its constituent support networks, as well as the
corresponding supply and value chains, and last but not least, the communities it is a
part of at the local or regional level. Of course, a business needs to be aware of its
traditional profits, as well, and the TBL accounts for this.

Relevant aspects to consider regarding the economic sustainability of learning are:
does a company help local/regional suppliers, as well as actors from other areas (e.g.,
local or regional entrepreneurs, links with academia and research entities of the region),
stay in business and innovate? Or do its activities put the local economy at risk? Does it
pay employees and contractors enough to stimulate economic growth and spending? Or
does its compensation policy shrink local economy? Does it choose materials, technolo-
gies, and know-how that are economically a good investment? Or does it buy cheaper
products that leave a negative impact and raise other issues (of all three types: economic,
environmental, and social) in other areas?

In case the above may seem too theoretical, one may consider the case of how
Clarebout, a supposedly successful business and the largest producer of frozen potato
products in Europe, is now recognised by the citizens of the region as a polluter and a
poor employer [9, 10].

The case reflects rather well the shift in what citizens and the society at large perceive
as positive for them in the longer run. TBL, in this respect, can be used as a tool that can
help reflect all different considerations and bring them to a common bottom line.

The main reason we promote the use of the TBLmethod is that, in the wider business
context, it provides us with a holistic understanding of all different aspects related to
a broad gamut of different mistakes and mistake types, bringing them under a single
common framework.

In this respect, TBL offers the necessary sustainability framework for learning from
one’s mistakes that can help companies capitalize on their mistakes in order to allow
them to stay in business, based on their impact on the environment, the relationship to
local and regional economies and the community, and their contribution to the economy.
In fact, all three factors play a major role in determining if it can stay in business and
generate profits and value—no single bottom line can sustain a company alone; this is a
lesson also to be learned from the case of Clarebout we described above.
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4 Conclusion

The idea of repentance has an important place in the Christian religion. However, repen-
tance does not need to take an emblematic character; it is a simple process—in Greek,
the term used isμετ άνoια, whichmeans nothing else than change of one’s mind. Below,
we present in the form of aphorisms aspects we have discussed in the previous sections.

Learning is a very private matter. While for personal matters, people are capable to
show an increased degree of control over their learning processes and, thus, also on how
to recognize, valuate, and capitalize on their ownmistakes, for professional and working
contexts, this does rarely happen.

Over the years, businesses have found it difficult to contend with and account for
intangible assets (same as it is the case with mistakes).

Mistakes are precious; they are invaluable and constitute the shadow capital of any
individual or company or organization.

We need to change a culture where nobody wants to openly talk about mistakes as
they seem to diminish the value and the power of the person or the company who makes
them.

Greatness has a price called commitment: in a living and open-to-learning organi-
zation, groups of people examine themselves, their activities, and their organisation,
leading to better adaptation to changing circumstances and challenges, to enhancing
their service provision as well as their own intellectual and spiritual wellbeing and that
of their organisation.

Mistakes are like abandoned children—like our very own abandoned children. It is
tough to try and look deep into the eyes of our mistakes.

Most business organizations still tend to assign all decision-making responsibilities
to one visionary founder, powerful CEO, or senior executive—and together with them,
they also assign both their expectations for unending successes and, as one may expect,
the accountability for any types of possible mistakes.

The core problem with mistakes is when we are applying a bad rule about mistakes:
“It may have been a good rule that kept me out of trouble when I was six years old, but
it is not a good rule now that I am older. It is time to change the rule. What would be a
better one? In reality, what is a mistake?”.

Accounting of mistakes can prove an extremely tricky area—same as in financial
reporting, accounting is not an end on its own but a means to an end. We live with our
mistakes, but we don’t have to die with them. Finding the courage to change things may
seem difficult, but the opportunity is big and is available anytime we decide to seize it.

It is never too late to see an opportunity for change: the more we invest in explaining
our mistakes to ourselves, the easier we shall get “rid” of them and minimize the risks
of making the same mistakes again.

Admitting mistakes is not easy but should not become unbearable; it is what we learn
from our mistakes and our failures that may drive us into our future successes.
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recurring themes and topics. With Michael Scriney, we had the opportunity to also reflect on how
humans can learn from computers and more specifically how Human Intelligence may gain from
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the breakthroughs of Artificial Intelligence technologies. There is still a long way to walk and it is
a journey full of mistakes—those that have been already made and those that wait for us to make
them. What is important is what we may learn out of them.

Authors usually thank their reviewers as an expression of gallantry. Here, the author was
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quite a pity that with such a massive exposure we experience to mega-amounts of information,
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Abstract. Societies everywhere are currently undergoing deep transformation,
including the transition from traditional organizational structures to network struc-
tures where connected autonomous individuals are challenged to solve complex
problems co-creatively and responsibly. Phenomena like the global health crisis,
climate change, and the impact of digitalization are forcing governments, organi-
zations, institutions of higher learning, and schools to re-think learning, teaching,
and assessment practices in a way that they engage working learners, students,
and pupils and prepare them for the future. The present paper aims to showcase a
learner-centered, multi-method teaching approach, which is grounded in the prin-
ciples of communities of practice, anchored in hyper-curricula for 21st century
skills acquisition, and implemented in a hybrid hyper-structure for learning. This
multi-method teaching approach, referred to as 2CG® method, aims to connect
learners across hierarchical, cultural, and disciplinary boundaries and helps them
unlock their creative potential by means of customized artistic impulses. In this
paper, we look at how the 2CG® teaching approach has been implemented in Lab
21, a hybrid hyper-structure for learning that immerses learners in practice-based
learning experiences so that they can develop 21st century skills while explor-
ing new pathways of action. Practice examples demonstrate how communication
skills programs, coding and media literacy programs, innovation and wellbeing
programs in organizations, institutions of higher learning, and schools can serve
as an effective context for this newway of learning, which lays out a human vision
for education. Finally, the paper points to current limitations of the approach and
makes suggestions for future research.

Keywords: 21st century skills · Community of practice · Hyper-structure for
learning · 2CG® multi-method approach · Artistic impulses

1 Fostering 21st Century Skill in Learners

1.1 Learning and Teaching in the 21st Century

Societies everywhere are currently undergoing deep transformation [1], including the
transition from traditional organizational structures to network structures where con-
nected autonomous individuals are challenged to solve complex problems co-creatively
and responsibly. This development challenges governments, organizations, institutions
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of higher learning, schools, and individuals in unknownways. Previous experiences can-
not help them predict the future or find fast and sustainable answers to complex questions
anymore [2]. New skills are needed to deal with complex phenomena like the current
global health crisis, the effects of climate change, and the impact of digitalization. Edu-
cators, working learners (leaders as well as team members), students, and pupils have
to become constant learners and rethink the way they teach, learn, lead, and collaborate
in order to create sustainable, democratic societies and build inclusive and co-creative
ecosystems of work.

This paper aims to present a hybrid, learner-centered, multi-method teaching app-
roach that focuses on 21st century skills acquisition and is applied in a hyper-structure
for learning. The approach lays out a humanist vision for education and emphasizes the
strong need for human intelligence in times where the focus clearly is on the advance-
ment of technology and artificial intelligence (AI) [2]. The learning model presented in
this paper is grounded in the principles of communities of practice (CoP) and based on
the assumption that 21st century skills can help learners build good personal and pro-
fessional relationships; collaborate across hierarchies, disciplines, and cultures; create
a sense of belonging; know their purpose; and do meaningful work. The overall goal is
to raise multidisciplinary thinkers, problem-solvers, innovators, and caretakers who can
overcome the big challenges of the 21st century.

1.2 Definitions of 21st Century Skills

Twenty-first century skills comprise learning skills (the 4 C’s), literacy skills (IMT), life
skills (FLIPS) [3], and 21st-century digital skills (see Fig. 1) (see Table 1), whereby
digital literacy is seen as a mindset that enables learners to perform intuitively in digital
environments, and to both easily and effectively access a wide range of knowledge
embedded in such environments [4].

Learning Skills – the 4 C’s

Critical Thinking Creativity Communication Collaboration
Literacy Skills – IMT

Information Media Literacy Technology Skills
Life Skills - FLIPS

Flexibility Leadership Initiative Productivity Social Skills
21st Century Digital Skills 

Core 21st Century Digital Skills 21st Century Contextual Digital Skills

Fig. 1. 21st century skills framework.
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Table 1. 21st century skills framework.

Learning Skills or the 4 C’s

Critical thinking, creativi-
ty, communication, and 
collaboration.

To acquire and build the 4 C’s, learners need to train the 
mental processes that are required for connecting, collabo-
rating, and complex problem solving, and which they will 
need to adapt and to improve upon modern work environ-
ments.

Literacy Skills or IMT

Information management, 
media literacy, and tech-
nology skills

Learners need to be able to discern facts, to validate infor-
mation, and to transform data into effective stories. Empha-
sis needs to be put on determining trustworthy sources and 
to separate factual from misinformation that floods the 
Internet and print publications.

Life Skills or FLIPS.

Flexibility, leadership, 
initiative, productivity, 
and social skills

These are needed to effectively build relationships, find 
purpose, adapt to constant change, and build inclusive, 
kind, sustainable and democratic societies.

21st Century Digital Skills 

Core 21st-century digital 
skills and contextual 21st-
century digital skills

Seven core skills (technical, information, management, 
communication, collaboration, creativity, and critical think-
ing and problem solving) and 5 contextual skills (ethical 
awareness, cultural awareness, flexibility, self-direction, 
and lifelong learning).

2 Acquiring 21st Century Skills in a Hyper-structure for Learning

2.1 2CG® - A Multi-method Teaching Approach

The 2CG®multi-method approach [5] is an experiential, learner-centered teaching app-
roach that hones human skills with a focus on 21st century skills (see Fig. 1) (see Table
1). 2CG stands for content- and context-specific generic competency coaching and tar-
gets working learners—leaders as well as teammembers—students and pupils who need
to be prepared for the future. The approach is grounded in the principles of CoP [6] (see
Table 2); it connects learners across hierarchies, and cultural and disciplinary bound-
aries, and immerses them in context-specific, practice-based learning experiences. More
specifically, the 2CG® method combines context-specific content with customized cre-
ative impulses from poetry, puppetry, literature, theater, film, painting, and music. The
customized artistic impulses connect learners with their emotions, which can help them
better understand complex issues [7], disrupt unhelpful thinking patterns and start think-
ing out of the box. It should be pointed out here that the 2CG® teaching approach
advocates for a mix of methods, and also for the freedom to create methods, rather than
simply using pre-existing and fixed procedures [8]. The approach is most effective when
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embedded in a hyper-curriculum as outlined in reference 9 and implemented in a hyper-
structure for learning as presented in this paper. Overall, the teaching approach puts the
needs of learners center stage and enables them to connect with their intuition, unlock
their creativity and explore new pathways of thinking and doing [10].

Table 2. The 2CG® teaching approach is grounded on the fundamental pillars of CoP.

CoP Pillar 1. Intrinsic motivation is crucial for learning. 

Intrinsic Motivation in a CoP-
based Hyper-Structure for 
Learning

Learners are enabled to discover their passion and 
shared interest; they define their shared practice and 
find out what their purpose is. They need to define 
for themselves: What’s the difference we want to 
make?

CoP Pillar 2. Learners engage in a shared practice.  

Shared Practice in a CoP-based
Hyper-Structure for Learning 

Learners continually reflect how their learning activi-
ties relate to their professional, real-life context, and 
practice. Deep learning can happen when the learning 
is anchored in a shared practice, a shared interest, and 
a shared purpose.

 CoP Pillar 3. All learning is social. 

Sense of Belonging in a CoP-
based Hyper-Structure for 
Learning

Learning is a social process, both in real life and in 
virtual settings. Social cohesion, trust, and a sense of 
belonging are the foundation of fruitful learning and 
collaboration. For deep learning to take place, learn-
ers need to define how they want to work and com-
municate with each other. 

 Pillar 4. Deep learning follows the principle of impulse – action – reflection.

Action Learning in a CoP-
based Hyper-Structure for 
Learning

Social constructivist learning processes are based on 
the action learning principles of ‘impulse – action –
reflection’ and incorporate the cognitive, emotional, 
and psychomotoric dimensions of learning.

2.2 Lab 21 – A Hyper-structure for Learning

Since it is no longer sufficient for learner-centered educational design to be personalized,
functional, and to respond to short-lived market demands as pointed out in [11], the
learning model presented in this paper holds that effective learning and future skills
acquisition takes place in a practice-based hyper-structure for learning, herein referred
to as Lab 21. Lab 21 is an immersive, practice-based, hybrid learning environment—a
real, virtual, or hybrid space that can be linked to any relevant practice in any professional
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context. Lab 21 users experience a sense of belonging—an atmosphere of mutual trust
makes them feel safe so that they can share their thoughts and ideas openly. They receive
context-specific content and customized artistic impulses with the 2CG®method, which
enables them to disrupt old thinking patterns and develop future skills while exploring
new paths of thinking and doing.

2.3 Three-Dimensional Learning in Lab 21

One key priority of the Lab 21 hyper-structure for learning is to create a safe, non-
judgmental, respectful culture of ‘learning how to learn’ as discussed in [12]. This
implies connecting learners across hierarchical, cultural, and organizational boundaries;
nurturing them with inspirational input; and encouraging them to take risks, bring their
ideas to the table, collaborate, and act co-creatively and responsibly.

Essentially, Lab 21 learning experiences comprise three dimensions or overlapping
layers: 1. the practice layer (shared interest, shared undertaking, artefacts, outputs and
outcomes); 2. the social collaborative dimension (peer learning, multiple learning loops,
inputs); and 3. the reflective dimension of learning (evaluation and assessment). Through
these three layers or dimensions of learning, learners become part of a peer coaching
culture where they can trust and rely upon each other and connect to what they do.
Their teacher or facilitator guides them in exploring creative possibilities that allow
them to see connections and relationships in the most unlikely of places within today’s
data-rich environments [13]. What is more, during their learning journey, the learners
themselves become aware of what skills they already have and what skills they need to
further develop in order to become fit for the future or stay relevant and connected in
the workplace.

2.4 Interactive, Iterative Learning Sequences in Lab 21

Lab 21 users experience regular interactive learning sequences (see Fig. 2) that consider
both the learning process (or learning journey) and the learning output (impact or out-
come) by following the action learning principles of ‘impulse – action – reflection’ [14].
These principles incorporate the cognitive, emotional and psychomotoric dimensions
of learning, which can help balance social inequalities and different cognitive learning
levels [15]. Step by step, learners build awareness and identify and analyse the problems
they need to solve. Through multiple learning loops as outlined in [16], they receive
tailored feedback from their peers, their instructor or facilitator, and from experts. This
is how they build 21st century skills ‘on the go,’ while being immersed in their practice
and producing concrete outputs or artefacts, such as prototypes, concepts, future scenar-
ios, stories, manifestos, etc. Developing 21st century digital skills as outlined in [4] (see
Fig. 1, Table 1) will help learners understand how they can use technology as a vehicle
for communication, collaboration, and co-creation.
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Fig. 2. Interactive, iterative learning sequences in Lab 21, based on principles of action learning
and multiple learning loops.

2.5 Learning as a Rich Human Experience in Times of AI

In times where the focus clearly is on the advancement of technology and AI, it is
important tomeet learners’ increaseddemand for transparency, trust, stability, and loyalty
and to help them understand the role and capabilities of humans in the era of augmented
intelligence where people will be increasingly working alongside machines.
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Accordingly, the teaching model presented in this paper holds that hyper-structures
for learning, such asLab21, need to become cultures ofwellbeing as outlined in reference
17, where learners are nourished and supported in developing their future skills, and
where they perceive learning as a delightful and rich human experience. This requires
educators to take the role of facilitators or activators; they need to support learners in
building a healthy relationship with their own narrative, an optimistic mindset as laid
out in reference 18, and a positive self-belief.

3 Lab 21 and 2CG® in Practice

3.1 Target Groups and Context

The 2CG® mixed-method approach has been tried and tested in multiple settings with
different target groups: 1. part-time bachelor programs for industrial engineering, busi-
ness management and systems engineering; 2. full-time bachelor programs for cross-
cultural business management and intercultural communication; 3. full-time bachelor
study programs for media management, marketing and communications consulting; 4.
technical colleges for programming andmedia literacy; 5. teacher training programs; and
6. newwork and digitalization programs, health andwellbeing initiatives, and innovation
and continuing education programs in public and private sector organizations.

Language and communication skills programs, coding and media literacy programs,
as well as innovation and wellbeing programs in organizations, institutions of higher
learning, and schools have served as an effective context for 21st century skills acqui-
sition. The practice examples given below draw from face-to-face, blended learning,
mobile learning and live online learning insights and demonstrate how the Lab 21 hyper-
structure for learning has been implemented and how the 2CG® teaching approach has
been applied through hyper-curricular activities. The overall goal of the practice exam-
ples has been to prepare working learners and students for the future and enable them to
effect change in the real world. The learning design of the individual learning projects
has been tailored to the needs of learners in their specific context.
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2CG® Practice 1: Cross-Organizational, Cross-Disciplinary Network of Learners

Method and Target Group: 
Applied Strollology + Sequen-
tial Learning Experiences for 
City Dwellers of Different Cul-
tural Background

We perceive a cityscape in sequences, and we are biased 
through infrastructure, advertisements, images, videos, 
and our own personal experiences. In other words: we see 
what we have learned to see, create an overall impression 
of the city, and adopt helpful and less helpful behaviors. 

Learning Goal and Practice:

Developing the 4C’s (communi-
cation, critical thinking, crea-
tivity, collaboration) and Feel-
ing at Home in the City.

Blended Format

City strolls, including café and museum visits, were used 
as an archaic instrument to perceive and experience the 
city in sequences. Participants should learn to perceive 
their city with all their senses — vertically, in a linear 
way, and fictitiously — and understand its history and 
culture, feel at home, and adopt constructive communica-
tion behaviors. They were guided by their facilitator, 
experts, and artists.

Learning Impact and Artefacts Curiosity, new ways of seeing, new perspectives, and 
new sensory experiences have changed the way partici-
pants perceive and move in their city. Sharing their own 
stories, feelings and learning more about the city’s histo-
ry and traditions has allowed for deep learning well as 
new communication behaviors. Artefacts produced in-
cluded film material, poems, and collages that represent 
how they wish to live in their city.

Developed 21st Century Skills Attention to detail; analytical skills; awareness of factors 
that have an impact on wellbeing; change of perspective; 
understanding complex situations; connected thinking; 
creativity: reflective skills and building an optimistic 
mindset.

2CG® Practice 2: Teacher Training College

Method and Target Group: 
Photo Journalism as part of a 
Language Teacher Training 
Program

Photo stories were used to help participants gain unex-
pected perspectives, create a multiple perception of 
reality, and get access to past experiences and future 
hopes.

Learning Goal and Practice:

Teaching 21st Century Skills in 
Secondary School

Face-to-Face Format

Language teachers should experience how they can 
integrate the method of photo stories into their teaching 
program. Visualising different realities, perspectives, 
and viewpoints of one and the same space helped them 
to understand how they can immerse their students in a 
shared practice and support them in developing future 
skills.

Learning Impact and Artefacts Participants were astonished at their peers’ photo sto-
ries and they appreciated the diverse layers of one and 
the same reality. They learned how photo stories can 
help learners to express their thoughts, broaden their 
horizons, and understand that there is not one true 
story.

Developed 21st Century Skills Understanding how they can teach 21st century skills, 
including awareness building, active listening, media 
literacy, creativity, storytelling, empathy, etc.
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2CG® Practice 3: Public Sector Organization

Method and Target Group: 
Strategy Workshop with Im-
pulses from Poetry, Puppetry, 
and Performance Art for Public 
Officials 

Face to Face and Live Online 
Format

Three half-day workshops with customized content and 
impulses from poetry, puppetry, and performance art 
helped learners to disrupt their thinking patterns, think 
out of the box, and explore new pathways of action. 

Learning Goal and Practice:

Creating Healthy Ecosystems of 
Work

Department leaders, team leaders, and team members 
of a public sector organization should identify what 
wellbeing means for them in their increasingly digital 
ecosystems of work; what they would need to create a
culture of wellbeing; what factors have an impact on 
their wellbeing; and how this relates to productivity, 
creativity, and innovation.

Learning Impact and Artefacts Participants identified which problems they needed to 
solve and developed a manifesto for wellbeing at work 
which served as a basis for further action steps.

Developed 21st Century Skills Awareness, critical thinking, analytical thinking, con-
nected thinking, empathy, change of perspective, social 
intelligence, collaboration, creativity, initiative, com-
munication skills, etc.

2CG® Practice 4: Study Program for Learning Workers

Method and Target Group: 
Case Clinic and Values-Based 
Communication for Working 
Learners of Different Cultural 
and Ethical Background

Live Online Format 

The case clinic and values-based communication 
method was implemented in the framework of a part-
time business management, industrial engineering, 
and systems engineering bachelor program. Learners 
were provided with a real-life case where trust had 
been misused in a team structure.

Learning Goal and Practice: 
Exploring and Understanding 
the Impact of Communication 
Behaviors on Building Trust

Working learners should learn to put themselves into 
the shoes of others, develop empathy, think strategi-
cally, give peer advice, and consider the role of 
communication behaviors in team-building processes.

Learning Impact and Artefacts In a live online half-day workshop, learners devel-
oped concrete ideas and an understanding of the role 
trust plays in team processes and collaboration. They 
defined core values to which their organizational and 
institutional structures need to stick to. Some diver-
gent thinking between participants of European and 
Asian background drove participants to further inves-
tigate the matter and find ways to overcome this 
hurdle as it might impact the collaboration, innova-
tion, and productivity of their community.  

Developed 21st Century Skills Change of perspective, different viewpoints, empa-
thy, strategic thinking, collaboration skills, social 
intelligence, communication skills, critical thinking, 
etc.
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4 Discussion

4.1 Main Findings

The practice examples presented in this paper—and it should be pointed out here that
only a small selection of numerous practice examples as carried out in multiple con-
texts over the past 13 years has been shared—suggest that effective 21st century skills
acquisition (see Fig. 1, Table 1) takes place in a hybrid hyper-structure for learning that
is grounded in the principles of CoP and linked to a professional practice. The present
paper has introduced Lab 21 as a hybrid hyper-structure for learning that can be linked to
any professional practice in public and private sector organizations, institutions of higher
learning and schools. The practice examples indicate that high learner engagement and
impactful learning outcomes can be obtained with the 2CG® multi-method teaching
approach that combines context-specific content with customized artistic impulses from
literature, poetry, puppetry, theater, film, photography andmusic. The approach is embed-
ded in hyper-curricular activities and has been implemented in the context of language
and communication programs, innovation and wellbeing programs, coding and media
literacy programs in organizations, institutions of higher learning, and schools.

Overall, it can be argued from the practice examples that effective 21st century skills
acquisition, high learner engagement and impactful learning outcomes can be obtained
in a safe space for learning and sharingwhere learners are immersed in a relevant practice
and enabled to disrupt old thinking patterns and explore new pathways of action with
the help of creative, artistic impulses (see Fig. 2). The practice examples further seem to
confirm that simple ‘onlinification’ of traditional teaching methods that rely on textbook
examples and exercises is not sufficient as it tends to result in low learner engagement,
as pointed out in reference 19.

The learning model presented in this paper clearly provides a human vision for
education; it hones human skills with a focus on 21st century skills where technology is
used to serve the purpose of dealing with complex issues co-creatively and responsibly.

4.2 Limitations: Quantifying Transformational Change

The overall goal of the 2CG® multi-method teaching approach as applied in the Lab 21
hyper-structure for learning is to prepare learners for the future and enable them to effect
change in the real world. This change should manifest itself in the learning outcomes,
in the behavior of learners, and in the organizational structures. Admittedly, quantifying
transformational change in (learning) behaviors and organizational structures has not
yet been sufficiently achieved. So far, transformation and change processes have been
expressed through learner feedback, including new insights, changed worldviews, and
positive stories about improved practices. For example, learners report that they have
incorporated new feedback structures into their team culture as a result of their learning
insights; they tell that they have identified what needs to be changed in their context; they
report that they have adopted new practices in their team and discovered blind spots; and
they have adopted mindfulness practices and their insights and thoughts have created
an internal discourse or triggered further conversations with team members. However,
there are not yet any exact figures that reflect the learning outcomes and transformations.
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4.3 Summary and Suggested Future Research Directions

Numerous Lab 21/2CG® case studies and pilot projects implemented in institutions of
higher education, schools, and public and private sector organizations during the past
13 years have validated the following assumptions:

1. Effective 21st century skills acquisition needs to be linked to a professional practice
and takes place in the context of hyper-curricular activities;

2. Language and communication skills programs, innovation andwellbeing programs,
and coding and media literacy programs can serve as an effective framework for
21st century skills acquisition;

3. Lab 21, a hybrid hyper-structure for learning that is grounded in the principles of
CoP, can provide a safe space for learning, sharing, and innovating;

4. Educators and trainers need to act as facilitators and activators within such a
hyper-structure for learning where trust, peer learning, meaning-making, identity-
building, sense of belonging, collaborative team spirit, and the continuous improve-
ment of the shared practice are nurtured;

5. Deep learning—a high learning impact, positive learning outcomes, and learner
satisfaction—can be obtained if learners get the possibility to emotionally connect
with the topic at hand; the 2CG® multi-method teaching approach, which com-
bines context-specific content and customized artistic impulses, can help learners
to effectively acquire 21st century skills in the context of a real-life practice;

6. Learning needs to become a way of wellbeing; complexity and chaos need to
be embraced as they allow for creativity and innovation; cultivating an optimistic
mindset, makingmeaning, belonging, and constant exploring is part of the learning;

7. Project-based learning can be a fruitfulway to develop 21st century skills as learners
get the opportunity to engage in a real-life practice and deal with complex issues
in a co-creative, collaborative, responsible way, thereby making progress, getting
feedback, reflecting individually and with their peers;

8. As it is impossible to change the whole educational system at once, small hyper-
curricular activities should aimat giving learners the opportunity toworkonprojects
that they can control and implement; further applied research is needed to improve
and standardize hyper-structures of learning;

9. Effective ways to measure 21st century skills acquisition and behavioral change,
including qualitative and quantitative indicators and parameters, need to be further
explored and developed with the help of comparative studies in multiple contexts;

10. In the 21st century, everyone needs to take the role of learner, just like everyone
needs to experience and become aware that learning is a newway of beingwhich can
happen everywhere—in physical and digital environments; pilot projects and mul-
tidisciplinary research are needed to further explore and standardize the educational
practice presented in this paper.

5 Concluding Remarks

Howwedesign our learning environments—or our ecosystems ofwork—will define how
we collaborate, how we support each other, and how we learn from each other. In most
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organizations, institutions of higher learning and schools, learning is still separated from
the practice. More Lab 21 pilot projects and fieldwork are needed to further develop the
2CG® multi-method teaching approach and to find adequate ways to quantify learning
outcomes and transformations of individual and organizational behaviors and structures.
Effective 21st century skills acquisition that prepares learners to effect change in the real
world and to contribute to sustainable and democratic societies needs to be embedded
in hyper-curricular activities and anchored in hyper-structures for learning.
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Abstract. Bosnia and Herzegovina belongs to a group of developing countries
with high unemployment rate. In the recent period, IT industry in Bosnia and
Herzegovina indicates an enormous growth rate with 100% employability of all
graduated IT professionals from higher education institutions. The educational
sector, on the other hand, does not respond to the demands of the IT industry, nei-
ther with the number of educated graduates nor with the adequate skills. Research
conducted by UNDP and Bit Alliance in B&H indicates the need for improve-
ment of necessary skills, which include both the language, as well as communi-
cation skills. Studies conducted within certain universities in B&H indicate that
the specific language classes offered as English for Specific Purposes classes do
not include most of the requirements of this methodology of language teaching.
The study aims at investigating the frequency of foreign languages used for work
purposes at some of the major IT companies in Bosnia and Herzegovina, the
importance of language and communication skills for hiring a candidate, and the
satisfaction of both the employees (former graduates) and employers with the lan-
guage skills obtained during the university studies. The purpose of the study is to
show the need for changes in curricular policies within universities related to the
language and communication skills of future IT graduates and as a foundation for
more thorough study of the specific language needs of IT companies in Bosnia
and Herzegovina.

Keywords: IT industry · Language and communications skills · English for
specific purposes

1 Introduction

Language and communication can be seen as an essential part of any human activity,
meaning that the education in relevant professional skills should be complemented by
development of language and communication skills. Although the statement sounds
too obvious to be discussed, numerous studies [1–5] conducted in the world’s largest
economies indicate foreign language and communication skills gap between industry
needs and the offerings of the educational system. In this sense, 40%of surveyed employ-
ers in EU [1] disagree with the statement that the national educational systems are pro-
viding graduates with sufficient foreign language skills necessary for the job. In France
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[2], 60% of employers face difficulties in employing candidates with adequate language
skills due to inadequacies of the school and university education. Similarly, a study of
the Confederation of British Industry [3] indicates that only 36% of employers are sat-
isfied with their employees’ language skills. Situation in United States shows similar
trends [4], with 34% of employers reporting a foreign language skills gap between their
business needs and what employees can offer.

Bosnia and Herzegovina (B&H) is not an exception to these trends. Being a post-
war developing country with complex state hierarchy impacting both the economy and
the educational system, a shortage of skilled workforce is inevitable. A synthesis report
[6] of European Commission on Western Balkans higher education provision and labor
market needs indicates a high level of gaps in foreign language skills — among others,
inadequacy of a higher education system to provide graduates with adequate skills for
easy transition to the labor market and the need for change in terms of both the content
of the curriculum, as well as the teaching methodology in higher education. The same
implications have been identified from several studies [7–9], specifically for the foreign
language classes at some of the B&H universities through the perspective of English
for Specific Purposes (ESP). Consequently or not, unemployment rates are steadily high
(15.7%) [10], especially among recent graduates (37.1%) [6], causing brain drain and
slow economic development. However, one industry branch has been indicating steady
rise with 210% of employment growth since 2012 [11]. IT industry in B&H is showing
positive figures in all aspects — employment growth is 10 times higher than in other
industries, salary rate is 71.77% higher than the country’s average, and it shows 201%
to 1419% of revenue growth in the last 5 years. It would be expected that, with such
figures, the government and educational sector are eager to fulfill the requirements of
the industry in order to provide it with an adequate skilled work force. Although Council
of Ministers of B&H adopted a policy on development of information society in B&H
2017–2021, and it was declared as strategic or industry of significant importance in
numerous strategic documents throughout the country, several studies [6, 11] indicate
a mismatch in skills provided by the educational sector and the needs of IT industry. It
is stated that 41.9% of open job positions in IT industry in B&H remain vacant due to
the lack of IT graduates in the country. The same studies show urgent need for modern-
ization of curricula, promotion of student-centered teaching methodologies, and greater
cooperation of higher education and industry in determination of labor market needs.
Among the inadequate response to labor market needs are the insufficient professional
skills, as well as the soft skills, including foreign language and communication.

Comparing the abovementioned situation with the premise from the beginning of
the introduction, the following research questions were formulated for the purpose of
this paper: what is the frequency of foreign language use in B&H IT companies; how
important are the foreign language and communication skills for competitiveness of
the companies; how important are these skills in the hiring process; and what is the
level of satisfaction of both the employers and employees with language skills obtained
during the formal education? The quantitative study involved 17 participants from 14
IT companies in B&H. By gathering data directly from the labor market, it is expected
that the paper would contribute to raising the awareness of academia and policy makers
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on an urgent need for an overarching curricular and teaching methodology reforms in
higher education of IT professionals in B&H.

1.1 Theoretical Background

Defining Foreign Language and Communication Skills. Foreign language and com-
munication skills in terms of this paper are considered from the perspective of Canale
and Swain’s [12] definition of communicative language competence, since it focuses on
grammatical, sociolinguistic and strategic skills, knowledge, and abilities. The definition
can be seen as integrative in preparing second language learners to

“exploit – initially through aspects of sociolinguistic competence and strategic
competence acquired through experience in communicative use of the first or
dominant language – those grammatical features of the second language that
are selected on the basis of, among other criteria, their grammatical and cogni-
tive complexity, transparency with respect to communicative function, probability
of use by native speakers, generalizability to different communicative functions
and contexts, and relevance to the learners’ communicative needs in the second
language.”

The grammatical aspect of the definition includes all the relevant linguistic
components of the language, such as the

“knowledge of lexical items and of rules of morphology, syntax, sentence-grammar
semantics, and phonology.”

The sociocultural aspect on the other hand involves

“sociocultural rules of use and rules of discourse. (…) The primary focus of these
rules is on the extent to which certain propositions and communicative functions
are appropriate within given sociocultural context depending on contextual factors
such as topic, role of participants, setting, and norms of interaction.”

Finally, the strategic competence relates both

“to grammatical (e.g. how to paraphrase grammatical forms that one has not mas-
tered or cannot recall momentarily) and those that relate more to sociolinguistic
competence (e.g. various role-playing strategies, how to address strangers when
unsure of their social status).”

Such definition covers several aspects of foreign language and communication skills
education preparing future professionals with not only linguistic aspects of the language,
but also focuses on contexts of language use, learners’ needs, and use of authentic
materials.

In line with such definition are also the findings of the Languages for Specific Pur-
poses (LSP), which focus on the purpose of the language learning, rather than the lan-
guage itself. This makes the LSP methodology specifically appropriate for education
related to language use in the workplace, since such methodology uses the following
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criteria for development of language courses [13]: restriction to necessary skills, selec-
tion of language items which serve the purpose, themes and topics relevant for the
learner’s needs, and communicative needs reflecting the purpose of using the language.

The communication skills considered within the paper are taken as described
by Reimer [14], including oral, listening, visual (non-verbal), interdisciplinary, and
intercultural elements.

Importance of ForeignLanguage andCommunicationSkills for InternationalBusi-
nesses - English for Specific Purposes Courses as Examples of Good Training Prac-
tices. As stated at the introduction, several studies [1–5] have been conducted on the
topic of foreign language and communication skills and their relation to the labor mar-
ket. The Making Languages our Business report from the United States labor market
[4] indicates that 90% of U.S. employers express a high demand for foreign language
skills. The same research shows that one in four businesses surveyed has reported loss of
opportunity or a business partner due to the lack of foreign language capacities, while an
ever-growing number of employers is relying on employees with language skills other
than English to reach their business goals. The increased demand for foreign languages
has been reported among EU employers, as well [15], indicating that a “clear majority
of employers believe that foreign languages add value to the company by supporting
growth and by helping to build more effective relationships with customers.” Another
report from EU conducted in 2015 [16] shows that knowing one or more foreign lan-
guages has a strong connection with employability, with English and Russian having
been reported as the most important languages. In terms of importance of English lan-
guage, a survey from 2016 [17] conducted in countries where English is not an official
language shows that 95% of surveyed employers consider that English skills are impor-
tant. With regards to the IT industry, 73% of employers from the countries taking part
in the research reported that English language is important for their organization.

In order to respond to the needs of the labormarket in terms of foreign language skills,
some higher education institutions have developed good examples of language courses.
This mostly refers to ESP courses in higher education. A study [18] of ESP courses in
eight European countries showed that most of the universities in these countries offer
courses in LSP. Some good examples are universities where special departments or cen-
ters have been developed in order to provide organization of specific language courses for
faculties and companies (Germany, Finland, and Sweden to some extent). Such examples
are also present in Austria with technical universities offering education of “humanist
engineers” [19] where department for Humanities serves solely to prepare and organize
soft skills courses for engineering students incorporating practice of such skills into
the ESP courses. Although not declared as ESP course, a good example of providing
engineering students with 21st century can be found at another Austrian university [20]
where several approaches of blended learning concepts have been introduced to incor-
porate professional skills into the curricula of engineering students. A response to labor
market needs in terms of ESP courses can be found in Japanese universities, as well,
where companies such as Nissan, Mazda, and Nippon have indicated a need for glob-
alized workforce that could speak English. Positive example of response to these needs
[21] is a state-of-the-art ESP course within the Center for English Language Education.
The program provides future engineers with skills aimed at the constantly changing
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workplace — skills focusing on learning processes, team work, project management,
discussion, negotiation, and debate — incorporating language learning in such courses.

In B&H, foreign language courses are traditionally offered at most study programs
within universities. The importance of English language within higher education has
grown significantly in the last decade, partially due to the increased number of student
exchange programs, as well as due to the employment requirements [22]. Although
many universities are offering ESP courses for different disciplines, studies [7, 8, 10,
23] have shown that these courses do not comply with ESP methodology and require
improvement in terms of course content, teachingmethodology, and approach to learners.
The number of years studying English language also varies, with one or two semesters
of obligatory language subjects as the most frequent offer. Information on cooperation
of the educational sector and industry in defining language and communication skills is
scarce, which offers potential for future research projects and initiatives.

2 The Importance of Language and Communication Skills for IT
Industry in Bosnia and Herzegovina

2.1 Research

Methodology. Considering the research problem of the study, a quantitative study [24]
was selected as the most appropriate research method in order to obtain objective data
generalizable to the wider context. In line with the aim of covering the wider context
of IT companies in B&H as the target population, purposive sampling was directed
towards companies allied through the Bit Alliance association of IT companies in B&H,
as well as companies which are not members of the alliance. No distinction in selection
of companies was made in terms of number of employees, year of establishment, nor
the type of ownership (domestic/international).

Instrument. The quantitative research was conducted by means of structured question-
naires measuring factual and attitudinal information on the respondents — in this case,
managers and IT staff of the relevant companies. The questionnaires were formulated
using online tools — more precisely, Google Forms — and the link was sent out to the
companies via Bit Alliance newsletters, via contact e-mails available at the companies’
web sites, as well as the private contacts of the author. The questionnaires were written
in Bosnian language and consisted of total of 28 questions divided into four categories:
general information on the respondents (company/sector, job title, number of years of
work experience, academic degree, academic title, age and gender); information on the
frequency of use and importance of foreign language and communication skills in the
workplace (frequency of use, languages/communication skills used, importance for the
job title, importance for competitiveness of the company, purpose of use); relevance of
language and communication skills for hiring a candidate (level of relevance, how the
skills are proven/tested, priority in employment); and information related to language
and communications skills trainings offered through formal education (number of years
learning foreign languages, languages/communication skills provided, usefulness for
current job position, content of the language training provided, need for further informal
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training, need for improvement, language/communication skills needed). Depending on
the purpose of the question (factual or attitudinal information), the questionnaire included
short-response open-ended questions, as well as single and multiple-choice questions.

Participants and Data Collection. Data were collected in the period from January
to beginning of March 2021, with 14 companies and total of 17 respondents taking
part in the research. According to the data obtained and available on official websites,
the companies are located in different parts of B&H including major cities such as
Sarajevo, Banja Luka, and Mostar. The companies cover several areas of IT industry
including software development, IT consulting and services, IT security solutions, and
IT education. The collected responses were partially analyzed using SPSS software.

2.2 Results and Findings

The analysis of generated results in this paper is presented through four sections in line
with the categories of questions listed in the methodology section.

Demographic Information. According to the data obtained in the general information
section of the questionnaire, the respondents can be grouped according to the following
job titles within the company: CEO, Founder, Chief Communications Officer, Program-
mer, Technical Lead, Educator, Professor, Project Manager, Content Writer and Mental
Health Coach, and Trainee. Most respondents (over 80%) have 1–5 years of experience
in the current job position. Regarding the degree obtained, 47.1% have aMaster’s degree,
41.2%Bachelor’s degree, and 11.8%doctoral degree. According to the responses on aca-
demic title, the following titles can be identified: Bachelor of Information Technologies,
Master of Information Technologies, Bachelor of Mathematics and Informatics, Master
of Economy,Master of Psychology,Master of English LanguageTeaching,Android-IOS
Developer, and Assistant Professor. With regards to the sex and age variables, 70.6% are
male respondents, while 41.2% of respondents are of the age above 40, with 29.4% for
both the age range between 26 and 35 and between 36 and 40.

Information on the Frequency of use and Importance of Foreign Language
and Communication Skills in the Workplace. The first question in this section of
the questionnaire was related to the frequency of foreign language use in the current job
position, where 94.1% of respondents reported to use foreign language every day, with
the same percentage for English as the foreign language used most frequently (Fig. 1).
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Fig. 1. Frequency of foreign languages use per language (%).

For the questions related to the importance of foreign languages, 88.2% consider
the foreign languages to be highly important for the current job position and 11.8%
important, while 94.1% consider it highly important for the competitiveness of the com-
pany and 5.4% important. With regards to the purpose of foreign language use in the
workplace, 88.2% of respondents use foreign languages for communication with clients
(Fig. 2).
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Other: Reading news

Fig. 2. Purpose of foreign language use in workplace (%).

When referring to communication skills, 76.5% of respondents considers commu-
nication skills to be highly important for the current job position, 17.6% important, and
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5.9% does not consider it important or unimportant. For the question on type of commu-
nication skills used in the workplace, Verbal communication, Written Communication,
and Listening are used every day in most of the cases (Fig. 3).
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Every day Periodically Rarely Never

Fig. 3. Frequency of communication skills used in the workplace (%).

Relevance of Language and Communication Skills for Hiring a Candidate. When
employing a candidate, 76.5% reported that foreign language skills are a compulsory
skill, 17.6% reported that knowledge of foreign languages is desirable but not obligatory,
and 5.9% reported it is not required at all. As a proof of foreign languages skills, 73.3%
of respondents reported that the company organizes in-house testing (Fig. 4).

In-house testing

Only internationally recognized language
certificates

Any language certificate accepted

Proof of learning language during formal
studies

0 10 20 30 40 50 60 70 80

Fig. 4. How candidates are proving language skills (%).

In total, 88.2% of respondents confirmed that the foreign language skills are con-
sidered as an advantage when choosing between candidates with same professional
qualifications.

Information Related to Language and Communications Skills Trainings Offered
Through Formal Education. Most of the respondents studied foreign languages
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between 5 and 10 years (64.7%) and more than 10 years or living in a foreign country
was reported by 35.3%. English was reported in 64.7% cases, both English and Ger-
man in 29.4%, and only German in 5.9%. With regards to the usefulness of the acquired
knowledge on foreign languages during formal education, 52.9% of respondents consid-
ers it to be highly useful. For the question on the content of the foreign language classes
during formal education, 41.2% of the respondents reported having grammar and com-
munication in foreign language, without any connection to the content language of the
profession. In terms of additional informal foreign language trainings, 52.9% of respon-
dents reported to have attended additional trainings, and 100% of these confirmed that
the additional trainings have provided them with relevant knowledge (Fig. 5).
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language, without any connection to the…

Grammar, communication and content
language

Only grammar, without communication
and content language

Communication and content language,
without grammar

Other: Entire education in English
language

Fig. 5. Content of the foreign language courses during formal education (%).

For the question on development of communication skills during formal education,
52.9%of respondents confirmed not to have any type of training during formal education.
However, 47.1% of respondents confirmed some form of training, including separate
subjects during studies, workshops for students, assignments within other subjects, etc.

For the question regarding whether changes are necessary in terms of foreign
languages in formal education, 94.1% of respondents provided a positive response
(Fig. 6).
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Fig. 6. Desired content of the foreign language courses in formal education (%).

3 Final Remarks and Recommendations

The paper starts with premise that the language and communication skills can be seen as
an integral part of any human activity, confronting it to the situation on the global level
where the offer and demand in terms of language and communication skills education
are in mismatch. The employers worldwide are reporting high demand for foreign lan-
guages and communication skills in reaching their companies’ international goals. On
the other hand, national educational systems are falling behind in providing graduates
with adequate skills. As B&H is dealing with slow economy growth and high unem-
ployment rates in all sectors except the IT sector, searching to respond to educational
demands of this industry seems to be utterly important. Through the quantitative survey
of 14 IT companies in B&H, the study aimed to contribute to raising awareness of the
industry’s needs in terms of foreign language and communication skills. Based on the
acquired data, the following conclusions can be made:

Foreign language and communication skills are used on an everyday basis in most
of the companies, with English being the language number one in communication with
clients, development of new products and services, and professional development of
employees. The skills have also been confirmed as highly important for the competitive-
ness of the companies. The companies reported language skills to be mostly compulsory
in the employment process, with advantage for candidates with good language skills.
This information is of great value, considering the unemployment rates in the country and
struggle of the recent graduates to enter the labor market due to the lack of experience.

Verbal communication, written communication, and listening are reported as the
most frequently used communication skills in the workplace, while according to the
responses, the educational system is not providing education for these skills in adequate
manner. The system also lags in terms of providing appropriate content of the foreign
language classes, as most of the respondents believe changes are necessary in this area.
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What is also significant is that the mostly reported form of foreign languages courses in
formal education offers grammar and communication content, without the professional
language. However, the desired content shows almost similar requirements of all lan-
guage skills — grammar, content language, everyday communication, reading, writing,
speaking, listening and communication skills.

Considering the collected data, the findings show compliance with the global trends
with regards to the importance of language and communication skills to the workplace
and labor market. The ideal situation in B&H with regards to the language and commu-
nication skills education of future IT professionals should at first start with identifying
labor market needs through close cooperation of educational sector and industry. The
LSP methodology using needs analysis approach could provide basis for the insight into
skills and discourse most frequently used at the workplace, where active involvement of
IT companies is essential. Besides, higher education institutions should follow exam-
ples of good practice at some of the universities outside B&H, which have efficiently
incorporated professional skills such as learning strategies, team work, critical think-
ing, problem-solving, and project management into language courses. A shift has to be
made from traditional general language courses to more target-need-oriented courses.
Formation of centers for language education which would offer custom-made courses
in line with labor market needs spreading over entire period of study would enable
steady and up-to-date development of language and communication skills of future IT
professionals.

Finally, it could be stated that the both the importance of IT sector for B&H economy
and importance of language and communication skills for the industry are evident and
should receive urgent attention from government and academia.
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Abstract. We present a case study of a university course using project-based
learning, collaborative small teams, and the Scrum project management frame-
work. The course was moved entirely online in Fall 2020 due to COVID-19.
Students in the course were unable to come to campus and so were distributed
widely across time zones with concentrations in North America and Asia. Stu-
dents had access to a set of tools arranged specifically for the class, including: a
WordPress website, the LearnDash learning platform to organize resources and
activities, Slack for class and for individual teams to facilitate communications,
and Asana for individual teams to track project progress. Students also brought
other tools of their choice (e.g., Google docs, WeChat, Notion). None of the tools
were institutionally based, with the exception of an institutional Zoom account
that was used for six whole class sessions as well as by individual teams for their
collaboration meetings. Students were assessed based on team projects, as well
as individual short papers. Additional data from Slack and Asana allowed the
instructors to follow the progress of each team throughout the semester and to
offer guidance along the way. We review the course activity data, examine areas
for improvement, and pose suggestions for improving the learning experience.

Keywords: Project-based · Online learning · Case

1 Introduction

In this paper, we discuss our experience offering a course in an online format as a result of
the COVID-19 pandemic and the shift to online learning during the Fall 2020 semester.
Ironically, the course was on networked and online learning offered for masters and
doctoral students. Although the course had been offered in both online and on campus
formats over the years, for the past several offerings, it had been offered on campus to
take advantage of a robust teaching environment that supported a variety of technologies
and allowed students to assemble and re-assemble in multiple team configurations. In
its most recent offering the course had evolved into a fully project-based [3] and small
team oriented experience [2]. We had found these arrangements conducive to providing
a demanding, high engagement learning experience, and our goal as we planned to
move the course online was to create an experience equal or superior to the on campus
experience.
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1.1 The Challenge

The Fall 2020 semester presented several unique challenges that we needed to address
as we re-designed the course. First, as a result of the pandemic, the 21 students enrolled
in the class were spread over multiple time zones, with concentrations of students in
North America and Asia. This meant that the time difference for many students in Asia
was 12 or more hours from eastern time. A few students were in other time zones in the
eastern hemisphere. One of our immediate design challenges was to provide learning
experiences that were not limited to timeswhen it was difficult for students to participate,
a challenge made more difficult by students who were working full-time, some in North
America and others in Asia.

Second, for many of our students, Fall 2020 was their first semester of graduate
studies with no prior experience on the campus as a member of the college and university
community. This meant that the students had no attachment to the university or to their
peers. Our challenge as course instructors was to create the social connections that make
graduate and professional school more than the sum of classes even as many of our
students were living with parents and/or their children in family environments.

2 Course Design

2.1 Course Site

With the unique challenges of Fall 2020 in mind, we designed the online learning expe-
rience from the ground up, looking for hidden opportunities to make the most of the
times. We began by creating a customWordPress website at latrlab.com that allowed us
the flexibility to expose students to current issues in the area as well as an opportunity
to learn about the instructors in a context less limited than a typical course platform
setting. At the site, we posted items related to distance learning and related topics such
as self-directed learning. In addition, the site featured books of interest, music we were
listening to, and recipes for dishes one of us was cooking while homebound. Although
we could not invite students to share a meal as we might do on campus, we tried to share
interests beyond the course in the hopes of creating some informal connections.

2.2 LMS

To organize course materials for the semester we used the LearnDash WordPress plugin
which provided LMS functionality. To set a tone for the semester designed to evoke
a sense of student agency and self-direction, we changed the titles of the levels of
content in LearnDash from courses, lessons, and topics to environments, experiences,
and resources. These three levels of content provided sufficient options for organizing
the content of the class. At the homepage level, we re-branded the area holding the
courses (now termed “environments”) as “journeys” to create a sense of adventure.

The environment level provided information on the activities for the entire semester.
The semester was organized around four projects that were presented at the experience
level. Readings, media, and other materials needed for the semester were provided at
the resource level, organized under each project.
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2.3 Small Learning Groups

A key feature of the course was the organization of students into small learning groups
or teams. Our practice when teaching on campus had been to create new teams for each
project so that students would have an opportunity to work with everyone in the class.
With the move online, we decided to form teams at the beginning of the semester and
keep them stable throughout all four projects. We believed that the online experience
would not allow students to become familiar with their peers as quickly as they might
on campus, so we hoped that working closely with a small team on successive projects
would lead to a deeper collaborative experience, even at a distance. In designing the team
experience, we settled on teams of 4 or 5 members based on the consensus of researchers
in this area [1]. For the most part, students were assigned to teams with other members
in their time zone to make coordination easier.

With the team membership stable throughout the four projects for the semester, we
assigned students to roles that rotated with each project. The four roles were intended
to promote the sharing of responsibilities and equalize the workload. They were also
designed to create some internal monitoring of the work to ensure that it was done
thoroughly. The product owner and Scrum master roles were taken from the standard
Scrum process. The resource monitor and deliverable agent roles were specific to the
projects.

Product Owner

– Clearly expresses product backlog items
– Orders the items in the product backlog to achieve project goals
– Ensures that the product backlog is visible, transparent, and clear to all
– Shows what the team will work on next
– Ensures that the team understands items in the product backlog

Scrum Master

– Facilitates meetings, conversations, and improvements
– Keeps the team focused
– Leads without authority and puts the team first
– Reinforces agile principles throughout the project

Resource Monitor

– Coordinates coverage of resources
– Manages resources summaries or other artifacts
– Checks to see that resources are utilized in project deliverables
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Deliverable Agent

– Coordinates the preparation of project deliverables
– Prepares Files for Upload
– Uploads Team deliverables

2.4 Tools to Support Interaction – Zoom, Slack, Asana

Because we intended for the course to be highly interactive, and we wanted that interac-
tion to be robust both among instructors and students and among the students themselves,
we arranged for several tools to facilitate the interactions and collaboration. We made
use of the college Zoom software for synchronous sessions of the entire class.We limited
these sessions to a total of six, one each at the beginning and end of the semester, and one
to introduce each of the four projects that also served as the session for sharing student
work on the just concluded project. Because of the diverse time zones, we scheduled
these sessions either in the evenings or early mornings, eastern time. This allowed stu-
dents in Asia to participate in the sessions even with the 12-h time difference. Although
at times student work obligations prevented them from participating in the whole-class
synchronous sessions, most students were able to join these sessions. The synchronous
sessions were not mandatory, and they were not recorded.

Zoomwas available for all members of the class, and student teams were encouraged
to use it for their synchronous meetings. In addition, they were encouraged to invite
members of the instructional team to join these team meetings whenever their help or
advice was needed. The teams held such meetings routinely and invited instructors to
join at least one team meeting for each project.

To facilitate text communication for the entire class, a class Slack was activated.
This allowed instant communications, as well as the sharing of information, resources,
and other documents. In addition to whole-class communications, each team had its own
slack channel to facilitate communications at the team level.

With the course heavily dependent on teamwork, we decided to provide scaffolding
for the team activities in the form of the Scrum project framework [5]. We had used
elements of Scrum in earlier classes, but we had never used it in distance mode, so this
was even more of an experiment than other features of the course design. To support the
use of Scrum by the teams, we provided team workspaces in Asana that allowed each
team to manage their projects.

2.5 Assessment

Our approach to assessment was designed to advance our goal of helping students to
become competent evaluators of their own progress and performance. We also aimed to
have all work in the course be authentic, that is, we wanted the work to be like the work
that students would encounter in work situations. We wished to avoid the kind of work
only found in class assignments.

Accordingly, we used a combination of individual and group evaluations. The four
small group or team projects were counted for 60% of the final grade. Group projects
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each had a clear deliverable due at the end of the project. Group projects were assessed
based on achievement of project goals, use of resources to inform the project designs,
and documentation of project work.

Along with the team product, for each project, individual students were required to
prepare a reflection on their learning in the project. These reflections were counted for
20%of the final grade andwere assessed on the analytic treatment of coursematerials and
connections made between coursework and individual learning goals. This assignment
was intended to provide students with experience reflecting on their learning to establish
what we hoped would become a personal habit [4].

Participation was counted for 20% of the final grade. Participation was assessed
based on contributions to class activities and discussions and support of other students
through helpful commentary on their work. Such support might be for other students
individually and for teams. To create a strong climate for collaboration, we emphasized
that each student had an obligation to make sure that all of their colleagues in the class
did well.

3 The Course in Operation

3.1 Beginning

With many students new to distance learning and many also new to graduate school,
we anticipated that there would be rough spots getting everyone oriented at the start.
To minimize the problems, we spent a good deal of time communicating with enrolled
students prior to the start of the semester. Our communications included gathering some
basic information from the students, as well as coaching them to register accounts on the
systemswe planned to use. In some cases, this outreachworkedwell, but in other cases, it
proved more difficult. In addition to the typical problems that might affect any semester,
in this semester, we had some issues regarding network connectivity — particularly for
students in Asia.We also had a good deal of enrollment churn as students sought a course
load that would work for their schedules. This made initial scheduling of class sessions
uncertain as we added and lost students in different time zones.

Although we devoted a good deal of attention to orienting students, we may have
underestimated the challenge our unique design posed for some students. After all, we
were introducing the project method, small teams, and the agile framework for the first
time. Nonetheless, after a few weeks, everyone developed an understanding of how the
course would operate. The team organization helped in this regard as team members
assisted their teammates. Fortunately, our project sequence included consideration of
start-up issues.

3.2 The Four Projects

The projects were the center of the learning experience. We developed four design
projects that engaged the teams in designing a solution to the challenge presented. The
four projects were intended to move students through the course material as their teams
worked to understand the project, review the resources provided, draw on their own
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experiences and additional resources they brought to the task, and develop a solution.
The projects were sequenced so that earlier projects provided important experiences that
could be applied to later projects. The four projects were summarized as follows:

Project 1 – Design a Theory of Learning

Introduction - This project introduces the course and its participants, the sociological
perspective that will be used to frame issues, the concept of learning as it will be used
throughout the semester, and the contemporary context.
Design Task - For this project, your team will design a theory of learning to serve as a
foundation for all of your work in the course.
Deliverables - Create a one-page graphic exhibit illustrating the team’s learning theory.
Create a one minute video discussing the exhibit.

Project 2 – Design an Online Version of an Existing Degree Program

Introduction - This project covers social forms developed for online learning through
borrowing from those developed prior to the information age. These include courses,
schools, work-related venues such as corporations and professional associations, and
libraries.
Design Task - For this project, your team will design an online learning experience by
drawing on existing forms of education developed prior to the information age. Your
team has been hired by the director of the Learning Analytics Program at Teachers
College to create an online version of the program. Your goal is to create a program that
offers students in the program a superior learning experience, better than the campus
version of the program.
Deliverables - Create a new program description and related materials for prospective
students to inform them about the program. Identify one thing that you would like to
teach or share to illustrate your online version of the program and create an online
element (e.g., a lesson, module, experience) for the one thing you would like to teach or
share.

Project 3 – Design an Online Learning Community for a School

Introduction - This project examines those social forms that are emerging with the
transition to the post-industrial or information age. In most cases, these forms could not
emerge in their current form in earlier eras.
Design Task - Your team has been hired by the Executive Director of the Center for
AcademicExcellence andSupport at theNYUSchool of Professional Studies to create an
online learning community thatwill become the central hub for the school, encompassing
faculty, staff, students, and partners in the professions represented at the school.
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Deliverables - Submit a list of resources on emerging forms that your team reviewed.
Create a data plan identifying the data elements and anticipated analyses that would
allow you to assess engagement and participation. Develop a webinar script and slides
to introduce students to the online learning community along with feedback from a trial
run of the webinar with another team.

Project 4 – Design a Global Online Learning Network

Introduction - This project asks you to consider issues that arise when online learning
activities span existing learning organizations.
Design Task - Your team has been hired by a newly formed global network of universities
to create an online learning ecosystem to support the work of the network and the leaders
of the member universities in the network.
Deliverables - Create a 5- to 10-page design document that describes the details of your
proposed online learning ecosystem. Create a plan for gathering data that will allow you
to determine the effectiveness of your design. Create a Pecha Kucha style (20 slides/20 s
per slide for a total of 6 min, 40 s) presentation on your proposal for the global learning
network.

The first project was designed to create a foundation for the work of the teams
by allowing them to get to know one another while discussing their own approach
to learning. This seemingly simple project was really a vehicle for teams to practice
teamwork and experience the agile framework for the first time. Teams were able to
draw on their product from the first project, their learning theory, for the remainder of
the semester.

With each subsequent project, the difficulty and complexity of the work increased as
the teams moved through program level, organizational level, and multi-organizational
level initiatives. As the scope increased, teams were able to draw on earlier projects to
inform work on the later projects. The deliverables for the projects were varied to give
students exposure to different ways of summarizing and presenting their work.

3.3 The Teams at Work

As the teams worked on the projects, we discovered that, in addition to the tools and
applications we had provided, students brought other tools into the mix. These included
WeChat andWhatsApp for communications, GoogleDocs for collaboration, andGoogle
Sites, Google Slides, and PowerPoint and Keynote for presentations. We accommodated
these tools as much as possible while reminding students that they needed to record
their ongoing work and their final products in formats that could be shared with the
instructional team and with other students whomight not have ready access to individual
tools. We reminded students to document their ongoing work by connecting it to the
applications we had provided for everyone. So, for example, we asked them to capture
interactions in Slack and to connect work products to Asana. The teamswere reasonably,
but not perfectly, responsive to this request.
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Our efforts to have the teamsuse theScrum framework as away to structure theirwork
process were less successful than we had hoped. We had intended for the teams to use
the Scrum roles and rituals throughout the semester and to produce several iterations for
each project. We relied on those team members in the product owner and Scrum master
roles to organize and reinforce the work arrangements, but several factors seemed to
reduce their effectiveness. First, the students did not grasp fully the responsibilities of
the roles. This was compounded by the fact that we were asking them to play directing
roles with peers they just met. Embracing and faithfully enacting Scrum is challenging
even for established teams, so we might have anticipated the difficulty in our context.
Second, the first project was relatively straightforward, and the teams were small and
required little in the way of structure. When a team of four or five sizes up a project and
concludes it can be done with just some good conversations, it is difficult to motivate
them to become engaged in more extensive role play, despite our telling them that they
should practice the Scrum framework on a simple project because they will need it as the
projects become more complex. Third, working at a distance imposed some additional
barriers to implementing the method that seemed to require a daily communication even
if brief. Fourth, the time frame for the projects of 3 or 4 weeks, although not too short
for teams working full-time, may have been too short for our students carrying a full
load of classes and, in some cases, holding full-time jobs in addition to our class.

3.4 Data on Team Work

We gathered data on the work of the teams in multiple ways. For each of the four
projects in the course, students were asked to submit a self-directed learning reflection
that included a section on their experience working on their team. In addition, both
Slack and Asana allowed us to gather data on the work habits of the teams over the
entire semester.

Figure 1 displays the cumulative number of total messages recorded throughout the
semester. From about the sixth of September, the start of the semester, until the fifteenth
of December, the end of the semester, there is a fairly constant upward slope, indicating
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Fig. 1. Cumulative slack messages posted by date.
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a steady accumulation of messages among team members. Over the semester the teams
registered 1856 messages in Slack.

Figure 2 provides a breakdown of the Slack messages. Teams 1, 3, and 4 made
extensive use of Slack for communications, accumulating hundreds of messages over
the semester. Teams 2 and 5 rarely used Slack. The disparity in team use of Slack
appears to be the result of Teams 2 and 5, those teams with all members in Asia, relying
onWeChat, the most popular messaging application in China. As noted earlier, although
we provided Slack and encouraged teams to use it, we did not prohibit the use of other
applications for communications.
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Fig. 2. Total slack messages by team.

We asked the teams to use Asana to define their tasks for each project and to track
their progress. To understand a bit about how the teams approached their work on the
four projects, we used Asana to record the number of tasks and subtasks defined for each
of the projects by each of the five teams. Figure 3 displays the number of tasks defined
and tracked by each team for each project.

Never having used Asana for teams working remotely, we had little idea of how the
teamswould actually use it to guide and document their project work beyond a few initial
hunches. For example, because the projects grow in complexity over the semester, we
anticipated that the teamwork planswould reflect this growing complexity by developing
more detailed plans with a greater number of tasks and subtasks. As Fig. 3 shows, our
hunch was not borne out. Teams 1 and 5 appear to have made less use of Asana as the
projects became more complex. In fact, Team 1 made no use of Asana for the fourth
project, and Team 5made no use of Asana for the third and fourth projects. The situation
for Teams 2, 3, and 4 was more varied and these three teams defined and tracked tasks
for all four projects.

We also encouraged teams to schedule team meetings with the instructional team at
any point in the term. We told the students to consider the instructors their consultants
whowere there to ensure their success. These team-initiated sessionswere an opportunity
for the students to share their progress and receive feedback and advice. The student
teams scheduled 11 of these consultative sessions. One team scheduled 4 sessions, one
team scheduled 3 sessions, one team scheduled 2 sessions, and two teams scheduled a
single session.
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4 Avenues for Improvement/Refinement – What We Learned
During the Semester

We approached the Fall 2020 semester as an experiment in moving our project-based
course online. We made many adjustments in an attempt to optimize the course for
the online format. The result was a fairly successful offering as judged by the positive
comments in the student learning reflections submitted throughout the semester and by
the student course evaluations collected at the end of the semester, which were equal to
or better than the evaluations from prior offerings of the course on campus. We learned
a great deal about ways in which the course and its various features operates online, and
we identified a number of avenues for further investigation and possible improvements.

4.1 Instructor Workload

Although the work of the instructor in a project-based course tends to be more extensive
than in a more traditional lecture course, we found the work load of an online project-
based course even more demanding. To keep each of the teams engaged and actively
learning, we found it necessary to do a great deal of coaching. This coaching took place
through extensive communications via Slack and during themeetings called by the teams
with the instructors. In our particular case, the demands of online delivery were com-
pounded by having students in different time zones, which resulted in communications
about the course going on at all hours. We recognize that some of the additional time
required was the result of our approach that placed the instructors in the role of consul-
tants providing advice and assistance throughout the four projects. We expect that some
of the adjustments in the course that we discuss below will relieve some of the workload
pressure for instructors.
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4.2 Start-Up Issues

We encountered issues at the beginning of the term that delayed the start of work on the
first project. Although we provided instructions to students explaining how to register
for the applications that we would use for the term, some students seemed to struggle
to follow them. As a result, it took longer than ideal for the enrollment in the course to
be clear, and it required a good deal of effort to make sure that everyone was connected
to the course resources. For future offerings of the course, we are considering a more
structured set of instructions delivered both in text and at a synchronous whole class
session. The goal would be for all students to demonstrate their connection to required
applications and resources and to provide biographical information for a course roster
before the end of the session. In addition, we are considering a short video to introduce
the course format and explain the need for students to engage quickly. While these steps
should improve the start-up experience, we intend to keep the initial project relatively
simple as a means of familiarizing students with the process by experiencing it.

4.3 Re-thinking the Tool Set

Although the tools selected for the class worked well, there may be some advantages
to reducing the number of different tools that students needed to learn to use. Students
made good use of Slack for communications, but the teams had a more difficult time
integrating Asana into their work. This may be the result of tool overload or it may be
connected to the difficulty of using Scrum as a framework for their work.

4.4 Re-positioning Scrum as a Framework for Project Work

The teams varied in their ability to employ the Scrum framework to shape their work
on the projects. This appears to be the result of at least three factors. First, there is the
known difficulty of mastering the elements of the framework. Second, the fact that our
teams were coming together for the first time and working remotely made the challenge
greater. Third, because our students were not working full-time on our class and had
other calls on their time in the form of other classes, jobs, and home responsibilities,
they had less time to devote to mastering the elements of Scrum. We are considering
several ways to address this issue. On the one hand, we think we can develop a modified
limited Scrum approach more suited to the constraints of a class. On the other hand,
we can develop more detailed instructional materials and scripts to make learning the
framework easier for distance students. Finally, we may restructure the four projects to
make them more iterative to take advantage of that aspect of Scrum.

4.5 Enhancing the Structure/Protecting the Innovation Space

When this course was designed for on campus delivery, we minimized the structure to
provide sufficient space and opportunity for students to be imaginative and innovative
in how they approached the work for the term. This worked well because we were
readily available for extensive discussion and coaching at each point. In fact, creating
conditions where students needed to ask questions of the instructional team was part
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of our pedagogical approach, since we thought the student-generated questions would
lead to greater learning. When we re-designed the course for students at a distance,
we recognized that more structure might be necessary, and we enhanced the structure
accordingly in the form of more explicit directions for both procedural and content
elements of the course. The level of structure worked well for some students, but others
were confused. For those in the latter group who asked questions, the level of structure
was sufficient when combined with the resulting discussions with the instructional team.
However for those students who were confused and failed to ask questions, the level of
structure proved problematic. For future offerings of the course, we are considering the
addition of some “learn more” sections where students can access more structure or
more detailed guidance immediately online.

4.6 Making Greater Use of Real-Time Performance Data

Since we hoped to provide students with an experience doing authentic work, our mes-
sage to them was to pay as much attention to how they did the work in the class as
they did to their final products. We wanted students to work collaboratively and steadily
throughout the semester and to build expertise and competence as they moved from
project to project. Although we provided a good deal of informal feedback throughout
the term, we refrained from assigning grades until the end of the class. Most students
accepted this approach, but they remained somewhat more reliant on instructor assess-
ments than we had hoped. We aimed to help them to become evaluators of their own
performance and the performance of their teams. As we look to the next offering of the
course, we plan to make greater use of the data generated by applications and tools in
use to provide students with feedback on their performance in real time. For example,
we might make summaries of teamwork reflected in Slack and Asana accessible to all
on a dashboard. This initial online offering provided opportunities to examine the data
generated that might be shared throughout the term.

5 Summary

Despite the challenges, taking our project-based course online proved very rewarding
both for us and for our students. We achieved our goal of helping students master the
subject matter at a distance while also developing new collaboration and design skills.
All members of the class made it successfully through the semester despite the pandemic
and the necessary arrangements of living and working at a distance. All of the teams
succeeded in completing the four projects for the semester. And the instructional team
lived to tell this story!
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Abstract. For over 50 years, instructional design and development models for
training have centered around the goal of designing one deliverable for a given
learning challenge. Though learning is becoming more bite-sized, these bits are
often considered accessories or in support of a formal program like a course or
class. The LearningCluster Designmodel, in use since 2016, provides an approach
that re-examines traditional assumptions and evolves learning and development
(L&D) for today’s digitally enabled culture. The model centers around a new
goal: delivering Learning Clusters, a set of learning assets across social, formal,
and immediate learning touchpoints and moments of learning need, tailored to
diverse learner personas to impact on-the-job performance for a given learning
challenge. In this paper, we will share how L&D practitioners and professionals
are using the model, what is working, and what is challenging. Overall, our study
showed a 77%Net Promoter Score for the LCDmodel, indicating a high degree of
loyalty and positive referral, by a wide range of L&D professionals, representing
a variety of roles, industries, and experience levels. We share three different case
studies of the model: an internal L&D “solo” practitioner, a non-L&D use case,
and an L&D practitioner layering in the LCD model. The study showed that over
half of the respondents are making the LCDmodel a norm. We also learned about
the use of the language, leadership sponsor support, and the value of the model.
Ultimately, the LCDmodel is helping to drive continuous learning culture through
a more relevant and strategic approach for users.

Keywords: Instructional design models · Learning design ·Modern learner ·
Continuous learning · Learning in the flow of work

1 Introduction

In 2015, the authorswere asked to develop aworkshop to teach learning and development
(L&D) professionals how to better design training to meet the needs of the emerging
group labeled “modern learners.” In researching the topic, the authors discovered that
there is frustration with L&D, both within the industry and outside the industry —
from L&D practitioners, from learners as the end users, and from the C-Suite who set
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their budget. Frustrations included lack of confidence of impact back on the job, lack
of accessibility in the moment of learning need, and training seen as an extra to-do
outside of work to do rather than an essential part of the work. In their former roles in
corporate L&D, the authors had experienced these frustrations but had not realized how
wide-spread the issues are.

The result of the authors’ research and work is the Owens-Kadakia Learning Cluster
Design (LCD) model, which addresses the frustrations with a new goal and, therefore,
seeks tomodernize not just training programs, but also the L&D Industry itself. The LCD
model was first presented in 2016, and, more recently, described in the book Designing
for Modern Learning: Beyond ADDIE and SAM [1]. This paper provides an overview
of the model and reports the February 2021 research among current LCD model users
to determine what is working, as well as where the model, or the teaching of the model,
may need to evolve to assure greater positive impact for the L&D industry.

2 The Owens-Kadakia Learning Cluster Design Model

2.1 A New Goal for Learning and Development

L&DorTraining organizations are chargedwith using their knowledge about howpeople
learn to assure that the workforce is capable of doing their job. When viewed narrowly,
this job description leads to L&D professionals being order-takers, with a goal of deliv-
ering one training program after the other, often based on management’s view of what
training topic will “fix” employees’ work performance.

The industry’s Instructional Design (ID)models reinforce this narrow view of L&D’s
goal. Today’s popular ID models were primarily created in the 1960s and 1970s, and
all of them focus on creating just one training course, curricula, or program for each
given learning goal. Even the more recent blended-learning methods, which combine
web-based or digital learning methods with traditional face-to-face methods, focus on
formal, one-and-done programs, that usually must be completed in a sequence. This
approach may have been sufficient in the past when the pace of business allowed for
L&D to develop and deploy programs over months or years. Following the academic
model for teaching, these one-and-done trainingswere viewed as an efficientway to teach
large numbers of employees on subjects that were relatively stable and unchanging.

As the authors reviewed the workplace context of today, many differences were
apparent. The pace of change is exponential and CEOs worry that employees cannot
keep up. Waiting for the next class or course is not feasible, except for static topics
such as compliance. With today’s digital resources, employees are finding their own
learning content on a daily basis. In fact, research indicates that employees use L&D-
provided training just once every three to four months [2]. Employees are learning when,
where, and how they need to learn to do their job, albeit with reduced efficiency and
with questionable resources, as they slog through search after internet search. Though
unintentional, due to the “one-and-done” overall ethos and supporting processes, L&D
fails to deliver sustained change on the job for business-critical talent development goals.
L&D needs a newmodel to stay in the game, remain relevant, and be a major contributor
to the business. The new model needs to move beyond andragogy and evolve to include
heutagogy as a central design philosophy.



Instructional Design in a Digital Age: A New Model Is Taking Hold 239

The Owens-Kadakia LCD model reveals that the key is to swap out the goal of cre-
ating training or a single deliverable with a new goal of creating Learning Clusters. With
this new goal, L&D will surround learners with a set of strategically selected learning
assets to change on-the-job behavior, to serve both during intentional and unplanned
moments of learning need, in a way that addresses a business issue or “pain point” and
accommodates learner-to-learner difference.

2.2 Four Principles Underlying the Model

The LCD Model is built upon four principles, as shared in this excerpt from the book,
Designing for Modern Learning, below [1].

Go Beyond One-and-Done. L&D’s new role is to deliver and facilitate access to mul-
tiple learning assets to build employee capability. It’s no longer sufficient for L&D to
design one learning asset — a class or course — to meet a business’s or an employee’s
learning goal.

Design the Whole, Not the Parts. Multiple learning assets must be viewed and
designed as part of an integrated whole (what the authors have coined the “learning
cluster”), both as part of L&D’s design and from the learner point of view. These mul-
tiple assets cannot be effective if they’re created ad hoc, without consideration of one
another and how they work together to achieve the goal.

Focus on Learner Needs. Our context as training designers and deliverers is no longer
as important as the context of the learner. Whereas in the past, L&D had limited tools to
deliver learning, today we can deliver learning when, where, and how the learner needs
it. L&D must reflect a deeper understanding of the learner and the capability gap first.

Change On-the-Job Behavior. L&Dcan and should be held accountable for improving
performance on the job, not just at the end of a training class, course, or program.
Improved performancemeans that there will be a change in behavior through application
on the job, rather than simply acquiring the knowledge and skill during the program.

2.3 The Five Actions that Comprise the Model

The LCD model (see Fig. 1) is composed of five Actions. These Actions honor L&D’s
traditional expertise, while building new strategic and design capabilities tomeetmodern
learning needs. These five Actions tell L&D how to create a learning cluster, and they
measure its effectiveness on several levels.

Here is a description of the five Actions, from Designing for Modern Learning [1].
The names of the Actions create the mnemonic CLUSTER.

C: Change On-the-Job Behavior. In the Change Action, set the goal for the overall
learning cluster (called a strategic performance objective). This goal articulates the con-
nection between learners’ on-the-job performance and the desired business results. This
is one of three early Actions leading to the Surround Action.
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L: Learn Learner-to-Learner Differences. In the Learn Action, identify learner per-
sonas within the target learner group whose behavior change will have the greatest effect
on the desired business impact. Persona definitions go beyond demographics and job
type to explore contexts of when, where, and how each persona will most likely need
to learn. This Action guides strategic choices for learning assets in the Surround Action
and content for each learning asset during detailed learning asset design.

U: Upgrade Existing Assets. In the Upgrade Action, apply the nine elements of mod-
ern learning to quickly improve current programs. As a bonus, the ideas for new learning
assets identified here will jump-start the work in the Surround Action.

S: Surround Learners with Meaningful Assets. In the SurroundAction, combine the
work and insights from the other Actions to intentionally select learning assets across
all three learning touchpoints (social, formal, immediate) to build a learning cluster.
The latest neuroscience and general observation show us that learners learn not just
through formal means like the classroom, but through 24/7 in-the-moment (immediate)
means and through other people (social). Rather than focusing on only the formal and
“learning for the first time” moment of learning need, in this Action, the model guides
L&D to thoughtfully consider possible learning asset ideas across all three touchpoints.
Then, select, design, and deliver those learning asset ideas that clearly connect to learner
persona needs, while assuring that each distinct learner persona has learning assets across
all three touchpoints that serve their moments of need. By using this strategic approach,
we build confidence that the chosen set of learning assets should deliver both the desired
behavior change on the job and the related business results.

TER: Track Transformation of Everyone’s Results. In the Track Action, identify
those measures — qualitative and quantitative — that will indicate the impact of the
overall learning cluster back on the job. Then, track these measures and turn the results
into a story about the impact of learning. Use the results for further improvements.

Fig. 1. The learning cluster design model is composed of five actions [1].
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The model is not linear. Instead, Instead, users choose a starting point based on
their business climate and initiative needs. For example, some initiatives and climate
may suggest a need for quick “modern” wins and start with the Upgrade Action. Other
initiatives may have recently had poor feedback from users and the Learn Action may
be used to investigate deeper. Each Action references the others in a way that can later
influence or even change the content within other Actions as the project progresses. In
this way, the model reflects and role-models the heutagogy philosophy, by allowing the
L&D practitioner to choose how to apply the model and to serve as the central strategist,
rather than being directed by the model.

By shifting L&D’s goal of learning design from one-and-done training to Learning
Clusters, and by empowering a comprehensive consideration of learning technologies
and assets, the LCD model allows L&D to work across the spectrum of learning tools
available not just today, but tomorrow. From artificial intelligence to a tried-and-true job
aid, from peer buddy designs to sophisticated social learning networks, from books to
immersive in-person or virtual reality experiences, the LCD model guides L&D profes-
sionals to gather the appropriate data, focus on the goal that makes a difference, and
ultimately, make crucial design decisions across the spectrum of choices to include the
optimal mix of assets learners want and need to close a capability gap.

Once assets are chosen for a given learning cluster, themodel doesn’t seek to overtask
L&Dwith delivery. The model promotes crowdsourcing, repurposing, chunking, and re-
using to provide efficient ways to create, manage, and deliver. In some cases, L&D is
simply facilitating access to the resources (and with advances such as chatbots, AI,
advanced social or crowd-based LMS technologies, this is becoming more and more the
reality). In others, L&D is leveraging their full design and delivery skill set.

In the case studies and data shared next, the authors found that LCD users are indeed
leveraging the model and finding it valuable for modern learning design.

3 The Research Study

A questionnaire was developed to gain insights from current users of the LCD model
within a few weeks’ time. To encourage participation from busy people, there were only
seven multiple choice questions plus three demographic questions. To garner additional
insights, each quantitative question was followed by an optional qualitative question,
which essentially said, “and what else would you like us to know?”

The survey was anonymous, but users were welcome to leave their email or email
the authors directly to get a copy of this report. Sixteen of the 22 respondents left a
valid email address. Nineteen of the 22 respondents completed at least one open-ended
question, and on average, these 19 provided 3.2 comments each, thereby providing
deeper insights into what is working and what might need to be modified to encourage
more global adoption of the model over time.

3.1 Qualitative Data

In this section, we will share some case studies and additional insights based on the
open-ended question responses. Then, we paint a picture of what respondents say are
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the struggles or challenges they face as they move forward on implementation of the
LCD approach.

Case Studies. Open-ended question responses provide insights into the use of the LCD
model in respondents’ work, with seven of the 22 answering four or more. Here are case
studies from three particular respondents, sharing their stories based on a combination
of their qualitative and quantitative responses.

Case Study 1: Doing L&D Solo at a Mid-size Corporation. As an experienced Jill-
Of-All-Trades type of training manager at a mid-size corporation, she tends to work
independently. She learned about the LCD model through a webinar and, subsequently,
grew her capability through attending the workshop. She highly recommends the LCD
model to others and has shared her thoughts on the model with others. She has applied
the model itself and the principles behind it in her workplace. She views the model as
helping her better meet the needs of her learners as she strives for a culture of continuous
learning in a digital landscape.

She likes the LCD language but uses only terms that will help her during dialogs with
other non-training colleagues, which means she avoids phrases like “learner persona”
and “the 9 Elements of Modern Learning,” but embraces language like Learning Cluster,
“Five Moments of Learning Need,” and Modern Learners. She says, “I’m still learning
how to use the LCDmodel approach, so I anticipate using all the termsmore frequently.”
She fully expects to use the model more throughout the year and even to use it for some
company-wide initiatives,which she sayswill help her getmore leadership, stakeholders,
and sponsors onboard with the LCD approach.

Her LCD work project was to create “a Microsoft Teams learning cluster for people
to learn how to use Teams.” She says of the LCD approach, “It helps me ‘sell’ training
because it fits into the flow of work and life, rather than a person having to take 60 min
or 90 min at a time to learn something.”

She values the Surround Action within the model, coupled with the Learn Action
and its learner persona approach, as well as the Track Action. As a whole, the LCD
model, its philosophy, and the Social-Formal-Immediate Learning Touchpoints concept
are all consistent with her own design approach. “I always have more interaction (in my
training design) and try to include a social aspect, among other ways of interacting and
learning,” she says.

This L&D professional has embraced the entire LCD approach and has plans to
continue expanding this approach throughout her work and within her company.

Case Study 2: The Unofficial L&D Professional. This person is excited to apply the
LCDmodel and is in a unique position to apply it in a low-key way. He is an experienced
L&D professional currently in a non-L&D role at work, and he teaches high school
students after hours. As he applies the model, he is finding it is beneficial in his L&D
endeavors both at work and after work.

This L&Der read the book and a related blog or two. Even though he isn’t in an L&D
role, he has created a learning cluster at work and shared the approach with others. He is
applying LCD principles at work and with high school students. He views the approach
as helping him across all aspects of L&D work, with the biggest value coming from
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the LCD model itself, and the Surround Action and principles in particular. He says, “It
helped me think of other avenues of learning that I could craft, to help me in my work
and with my personal after-work students. Both of these groups will benefit from me
applying the LCD model more, I feel. In particular, I think it can help me personalize
the learning to my students in better ways, to help them get the results they are looking
for in their studies.”

At work, he says that he “incorporated the ideas into the project mid-way through. It
worked well as a learning experience for the participants.” Of his work with high school
students, he says, “based on the LCDmodel, which does make a lot of sense to me, I am
revamping the way I am teaching my students, providing more learning touchpoints for
them in different ways to meet their moments of learning need when I’m not around to
help them. … they are all different and need different things ….”

He is sharing his LCD approach with others. “I am coaching my manager on these
ideas and showing examples of how we can use them. So far, I feel it’s going well,” he
says. Of the LCD language, he says, “Because some of this is new vocabulary, it’s a
work in progress to help others know what I mean if I use the terms — but repetition
and persistence will pay off.”

This L&D professional in a non-L&D role can see how the model applies to a wide
variety of situations, and is appreciative of the model and how it helps him continue to
improve in his L&D vocation. LCD appears to bring a sense of professional fulfillment
and growth.

Case Study 3: Layering LCD into L&D Work. This experienced L&D professional
is currently a consultant, who delivers training and designs it, with some work in digital
design. To understand the model, he read the book and enhanced his understanding with
other LCD learning assets, including webinars and blogs. He is at the early stages of
creating a learning cluster and is layering on the LCD principles in his work, as well as
sharing the LCD concepts with others in his network. He sees LCD as benefiting a wide
range of L&D work and values each of the five Actions and the set of LCD principles.
He uses all of the LCD language with at least half of the terms being a regular part of
his L&D conversations.

He tells us that “In designing network training programs during 2020 and now 2021,
I have consciously thought about the model and how I can use it to design and deliver the
most impactful training possible.” He goes on to describe his most recent project. “I just
launched a semester-long program with the Business Law Scholars at my University.
As part of the first webinar, I provided a short survey to understand more about their
learning personas.” This is a good step forward to assure that a helpful mix of learning
assets are provided for these Law students.

This L&DProfessional describes experience with senior leaders and the challenge to
make change happen. He notes, “Given the opportunity to work with senior management
prior to designing and delivering training, I would emphasize the Strategic Performance
Objective.” He sees the SPO as being consistent with his past work with the Kirkpatrick
levels of evaluation and his viewpoint on the purpose and value of training. “I have long
approached training with the end game in mind. If the time and effort and money to
design and deliver training doesn’t result in actual behavior change on the job, what is
the point?” he says.
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This consultant sees themodel as valuable, describing it like this: “So the LCDmodel
creates a very effective way to communicate how and why training should be designed
and delivered in a way that will ensure results. For me, it is the path to creating effective
L&D programs in the 21st century.”

Additional Insights. Despite the small base size for this study, a few common threads
stood out.

Professional Fulfillment. As we saw in Case Study 2, the LCD approach may create
personal fulfillment or professional satisfaction. This is reinforced by this respondent’s
comment: “It has sparked new creativity and excitement in my work.”

Favorable Attitude. In general, respondents are favorable toward the LCD approach, as
is further demonstrated by these quotes from other respondents:

– “I appreciate the model, have begun using it in our team’s work, and see us continuing
to grow and develop with this being one of the fundamental models we use going
forward.”

– This is “the best tool to communicate MODERN learning, especially in the age of
COVID.”

– “I absolutely love the tie to business objectives and having a data-driven approach to
modern learning.”

LCD Model Drives Change. Some professionals aremaking dramatic changes based on
their understanding of the LCD model. One says, “The model is excellent and certainly
challenges L&D professionals to think differently and act differently. Rather than focus-
ing on creating programs that simply check a box, focus on changing the job.” Another
relates, “Adopting the LCD model has encouraged me to think differently about how
we deliver learning opportunities and the type of team members I will be focused on
hiring.” Still another comments, “The model has changed the way we develop content
for our stakeholders.”

Insights on What’s Challenging for LCD Users. Twenty of the 22 respondents com-
pleted the question “What are the top 2–3 struggles you are navigating this year?” Their
responses tell us what is top of mind. For some, it’s the daily work, others the pandemic,
and for some, it’s related to implementing the LCD model. The following threads focus
on the LCD-related comments.

Management Challenges. These showed up most commonly along the theme of buy-in:
“Getting support for people to take time to learn”; “Leadership buy-in”; “The struggle
to get buy in from senior leaders always looking to get results without committing to
everything that is required to get those results. Can we do it quicker, spend less money,
etc.”

Learning Management Systems (LMS). The relationship between LMS and the LCD
model will require additional investigation, given the ambiguity of the comments. For
example “LMS evaluation” as a challenge may mean the respondent is implementing a
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new LMS, or that integrating the Track Action measures into the existing LMS is the
challenge. Likewise, “changing LMS mindset” could reference the traditional thought
process that LMS are used to house and track formal programs. If the learning asset isn’t
fully linked to and measured on the LMS, it’s not worth L&D’s time to work on.

L&D Growth and Development Challenges. These were articulated like this: “L&D
team growth”; “team’s organizational structure and the need to build new capabilities
to support a holistic learner journey”; “Growing team and offerings”. Growing L&D
capability to meet modern learning design needs is a challenge. Though there are many
avenues to upskilling in the LCDmodel, manymight find investment as a barrier, though
further investigation is needed.

Change Management. Some describe it like this: “Shifting organizational mindset to a
new way of designing”; “constant change and transition.”

Learners themselves are viewed as potential barriers to change. “Learner buy-in”;
“Packaging the training in ways that ‘sell’ and meet these (learner) needs”; “Learner
engagement”; “Acceptance of social learning”; “Learner/manager compliance.”

Time is a barrier for most of us and was expressed by respondents like this: “Time to
put into L&D work”; “Ability to produce fast”; “Competing priorities preventing timely
development of complementary learning assets.”

In summary, challenges to LCD Model are typical of most change manage-
ment projects and span needs of leadership stakeholders, learners, L&D professionals
themselves, and technology, specifically LMS.

3.2 Quantitative Data

Given that the survey contained just seven quantitative items, each was written to answer
a specific question, as shown below.

Net Promoter Score. The first item is a Net Promoter Score (NPS) question, “How
likely are you to recommend the LCD model to a friend or colleague?” Results (Table
1) indicate a 77% NPS, a high score. For reference, any NPS score above 0 is “good.”
It means that your audience is more loyal than not. Anything above 20 is considered
“favourable.” Bain & Co, the source of the NPS system, suggests that above 50 is
excellent, and above 80 is world class.

Table 1. “How likely are you to recommend the LCD model to a friend or a colleague?”

Rating (1–10) # (Total sample size: 22)

10 14

9 3

(continued)
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Table 1. (continued)

Rating (1–10) # (Total sample size: 22)

8 4

7 1

1–6 0

NPS = ((14 + 3)/22) − 0 = .77

Exposure to Model. The second question was used to determine the level of exposure
respondents had to the LCD Model, with the possibility of eliminating anyone without
significant exposure. All but one of the respondents had either attended a live or virtual
multi-day workshop or read the book. One respondent was taught the model by another
user and, based on open-ended responses, is a valid user of the model. Seventeen, or
77%, of respondents used multiple learning assets, including reading related blogs and
getting personal consultations. There are five (23%) respondents who not only took the
workshop, but also read the book.

This is a testament to the LCD model itself in that it demonstrated that by providing
multiple learning assets, people will use the ones that meet their needs to help them learn
how and when they want to learn (Table 2).

Table 2. “What learning assets have you used to learn about the LCD model?”

Learning asset # (Total sample size: 22) %

Book 17 77.3%

Blog(s) 14 63.6%

Webinars 12 54.5%

Workshop 8 36.4%

Personal consultation 1 4.5%

None used 1 4.5%

Experience with the Model. The third question seeks to understand the depth of expe-
rience with the model in the workplace. Nineteen (86%) reported applying the LCD
model in more than one of the ways listed in Table 3.
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Table 3. “How have you applied the LCD model?”

How LCD was applied # (Total sample size: 22) %

Apply the principles 18 81.8%

Shared the model with others 16 72.7%

Establishing LCD as the norm 12 54.5%

Created a cluster at work 8 36.4%

Not applied yet 2 9.1%

Benefit of Model to L&D. The fourth question asks what the LCD model helps the
respondent do in an effort to understand why the LCD model is a benefit to these L&D
professionals (Table 4). Of the 22 respondents, more than half (54%) selected four or
more of the five items from the list provided. Three selected just one item, with two of
them saying the benefit was to help them better meet learner needs and one saying it
provided an approach for continuous learning for the company.

Table 4. “What does the LCD model help you do?”

Benefit # (Total sample size: 22) %

Better meet the needs of learners or clients 18 81.8%

Provides approach for continuous learning 18 81.8%

Streamlines work/thought-process for designing
training

15 68.2%

Better meet the needs of the business 13 59.1%

Language improves communication and/or increases
support for L&D

13 59.1%

What Users Value. The fifth question seeks to understand what aspects of the model
are most valued by the users, with a request to select no more than three items (Table 5).
While most respondents selected multiple items, one respondent was unsure what they
valued, and two valued only the model itself. In addition, two respondents valued only
one of the Actions – the Change Action for one respondent and the Upgrade Action for
the other.

LCD Language Usage. The language for the LCD model was strategically selected
with the intent to help L&D professionals signal a true change in what they were doing,
and to elicit support during the change effort. Question 5 seeks to understand which
terms are being used (Regularly, sometimes, not used).

The term “learning asset” is the most used term. A learning asset is defined as
a general term describing a wide range of things that help people learn. It might be
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Table 5. “What aspect of the LCD model is most valuable to you?”

Most valued parts of LCD (up to 3) # (Total sample size: 22) %

The model as a whole 15 68.2%

The LCD principles 15 68.2%

The surround action/learning cluster tool 12 54.5%

The upgrade action/9 elements tool 10 45.4%

How LCD integrates with other ID models 7 31.8%

The change action/strategic performance objective tool 6 27.3%

The learn action/learner personas tool 6 27.3%

The track action/measures tool 6 27.3%

Not sure 1 4.5%

content to read, an online search, a class (face-to-face or online), a discussion, a video,
or even a motivational poster. It can be as small as a 30-s audio recording or as large as
a three-month class. In traditional training, a learning asset most often takes the form of
a class, an e-learning course, or a blended learning program.

Other terms that get high levels of usage include learning cluster, modern learner,
and learning touchpoints.

Leadership Support. The last quantitative question was focused on understanding the
level of leadership involvement for the new model (Table 6). Encouragingly, in all but
one instance, respondents report that their leaders were, at a minimum, aware of the LCD
model or supported the L&D professions in their efforts to try it. In 12 cases, leaders
were more involved, either supporting the cost of a workshop, actively learning about
the LCD model themselves, or having been the person to identify the model and bring
it to the L&D professional.

Table 6. “At what level have your organizational leaders or L&D stakeholders/sponsors engaged
with the LCD model?”

Level of support # (Total sample size: 22) %

Supports trying out the model 17 77%

Aware of the LCD model 9 41%

Invested in L&D attending workshop 6 27%

Engaged personally in learning about the model 5 23%

Encouraged L&D to find modern ways of learning 3 14%

Brought the LCD model to L&D 2 9%

None of the above 1 5%
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Demographics. The demographic questions showed that the respondents represented
the full range of L&D professions (manager, digital designer, trainer, consultant,
designer/developer). Years of experience in L&D also covered the gamut with five hav-
ing three or fewer years in L&D, six having four to eight years, and eleven having nine
or more years’ experience. Industries in which respondents work include healthcare (3),
technology (9), energy (1), media (1), foods (1), and consulting (4), with three respon-
dents not specifying their industry. With this base size, there is no correlation between
responses and demographic differences.

4 Conclusions

The LCD model and LCD principles have been strongly accepted (77% NPS score) by
L&D professionals who represent a broad spectrum of industries, experience levels, and
types of L&D jobs. People are using the model in their workplace and are planning
on continue to implement this program for the foreseeable future. The LCD approach
is helping them meet learner and business needs and helping them create a continuous
digital learning culture. The LCD approach has provided the guidance needed to help
them implement the LCD model, streamline L&D work, and showcase a new language
to better communicate with other and garner support for their work. Surprisingly and
encouragingly, leadership level sponsors of L&D seem aware and engaged with the LCD
model as a new way of working.

The issues and barriers to LCD implementation at this point appear to be those things
common to all change management projects. Ways we can help adopters more through
these is to continue communicating the impact and benefits of the LCD model more
broadly and, perhaps, starting to push the message to non-L&D organizational leaders
and managers so that requesting a Learning Cluster instead of a training program is seen
as themodernway to do business. Continuing to encourage practice, pilots, and enrolling
internal champions for the LCDmodel are all important ways to drive successful change.

The authors intend to continue tracking implementation across the industry with the
intent of growing the pool of users and searching out barriers in a larger group with
the intent of bringing users together to help resolve any emerging issues as a social
community. “Modern” changes every day, and it is our intent to evolve.
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Abstract. The COVID-19 pandemic has led to some important changes to teach-
ing and learning. Many universities worldwide offered online learning courses. In
an online course, the most challenging aspect is not only the teaching process, but
also the student-to-student interaction. It is well documented that, during COVID-
19 pandemic, online learning has changed theway students interact, communicate,
and exchange ideas. Students experienced newways of online communication and
missed student-to-student interaction during the pandemic.University students, up
to now, had the opportunity for socialization during their university studies. Nowa-
days, they face the challenge to interact only online without any contact with their
closest friends. In a face-to-face environment, students build metacognitive skills
and improve their communication skills, working inwell-established partnerships.
When students faced the transition to online learning, they missed the interaction
with their peers, and they were engagedmore in specific class activities rather than
forming concrete project-oriented groups. To test the student-to-student interac-
tion during the pandemic, undergraduate students were asked to form their own
virtual communities, interact with their classmates, and make use of social media
for accurate and continuous communication. According to the findings, third-year
students, who had previous experience of face-to-face communication, were more
comfortable to trust online communities, interact with their peers, compared with
second-year students. A blended-learning environment with face-to-face commu-
nication and extra online activities using social media will keep and support the
student-to-student interaction for newer students.

Keywords: Student-to-student interaction · Online learning · Communication

1 Introduction

Technology plays a vital role in education promoting communication and supporting
the learning process [18, 35]. In the learning process, the main categories of interac-
tions are the student-to-teacher, the student-to-student, and between student and content
interaction [22, 26, 35]. There is a long literature in educational psychology concerning
the teacher-to-student interaction, but the student-to-student interaction is less discussed
[13, 14, 18]. Interaction between students and teachers encourages active collaboration,
debating, and learning activities [24, 34].
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Nowadays, learning and teaching principles have moved mainly to online experi-
ences, increasing internet use and changing the role of the teacher [3, 6]. In the learning
process, students use technology for synchronous or asynchronous communication with
their teachers and their peers. Information computer technologies (ICT) are used for
asynchronous communications, like messages, blogs, discussion forums, or other types
of communication. Synchronous communication is used mainly on online learning plat-
forms and social media [8, 9, 20, 27]. Therefore, uninterrupted internet connection at
school or at home has become a crucial factor for the communication of students with
their teachers and classmates [30, 35].

In the last decade, the internet played a significant role in the academic community
and had a strong impact on the way students learn [21, 25, 28]. Many universities world-
wide deliver distance education courses and blended learning, but during the pandemic,
several universities transformed into fully online. According to researchers [23, 25], the
enrolment rate in distance education courses had risen during the last ten years. This
tendency is expected to continue during and after the COVID-19 period, as the internet
supports the learning and teaching process [4].

Education, as a system, includes all types of interpersonal relationships. In schools,
students form relationships and structure their knowledge, developing at the same time
their cognitive, emotional, and social skills. The interaction of students with their peers
affects their socialization, promotes the feeling of belonging, reduces their isolation,
upholds their learning attitudes, and shapes their learning behavior [22, 27]. Online
cooperation among students provides self-esteem and diminishes competitiveness [2,
11]. Additionally, teamwork upholds individual accountability, the equal participation
of team members, and simultaneous interaction.

Although student-to-student interaction has been identified as one of the key compo-
nents for successful face-to-face learning, few studies refer to student-to-student inter-
action in online learning courses [34, 35]. Researchers [31, 32] found that students
can interact with other students when there is not any isolation of learners. But other
researchers [16] reported in their study that their participants found the interaction with
their teacherswasmore useful than the student-to-student interaction. In a distance learn-
ing environment, student-to-student interaction is influenced by gender, personality type,
year of studies, and motivation of students for online courses [15, 19].

Until the COVID-19 pandemic, many research studies focused on blended learning
and the online interaction in distance education [1, 33]. The ongoing coronavirus lock-
downs have led globally to the unexpected closure of higher institutions and the shift
to fully online learning [7]. Almost all universities, worldwide, to overcome the con-
sequences of the health crisis and continue their learning and teaching process, shifted
their curricula to fully online courses [5, 9, 10]. Particularly, the Greek Ministry of Edu-
cation and Religious Affairs, soon after the first COVID-19 lockdown in March 2020,
supported the shift of the Greek Universities towards online synchronous learning and
provided for free the LMS platforms to accommodate online educational material for
interaction and learning.

Thus, in COVID-19 lockdown, online learning has been in the center of interest for
educators. Students nowadays spend a considerable amount of time on the internet apart
from working for their online learning activities [7, 25, 34]. During pandemic, they had
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to demonstrate adaptability to this new normalcy. Several studies reveal uplifted stress
levels for undergraduates due to fear of a life-threatening virus, psychological impact
of social isolation, disruptions of everyday normalcy, and quality ambiguity on online
educational procedures [6, 14, 29]. Konstantopoulou and Raikou [16], in their study,
reported the increased symptoms of depression among Greek university students caused
by COVID-19 threat. Furthermore, other studies revealed that tension and isolation,
related to problematic internet use, reduced academic performance and communication
with their educators [12, 31, 32]. Therefore, due to social isolation measures, students
were fully dependent on the internet and social media to maintain their interpersonal
relationships [21, 30].

The aim of this study is to present students’ views regarding student-to-student
interactionduring theCOVID-19pandemic—especially focusingonhowundergraduate
students perceive the interaction among students in small online groups.

2 Materials and Methods

The teaching in Greek Universities during COVID-19 was online, and all students had
to participate in online lectures. The University of Ioannina utilized the online platform
of MS Teams and more than 200 undergraduate students from the Department of Early
Childhood Education, regularly attended the online lectures on ICTs and statistics. Both
are compulsory undergraduate courses. In the teaching process of these online courses,
all students were asked to form small subgroups underMS Teams platform, and they had
to complete various assignments. Additionally, the teacher encouraged all students to use
social media for extra communication with their peers. Students in these subgroups had
to interact with all groupmembers, share ideas, and prepare a final common presentation.
In both courses, clear time tables, procedures, and deadlines were given to all students
by the teacher. For the needs of this study, two self-selected groups of undergraduates
presented their views on student-to-student interaction during an assignment.

The main limitations of this study were the sample selection, the time of the survey,
and the gender of the participants, because students were self-selected, this study took
place during the COVID-19 pandemic and most of the participants were female.

2.1 The Process

The first group of students consisted of 105 undergraduates, participating in the ICT
course. This course is offered in the sixth semester of the undergraduate studies. Students
in this group formed 15 groups of 7 students each. They were created randomly by
MSTeams “breakrooms” command. Students had to prepare a project for children in
kindergarten using a selection of ICT tools. All students had to complete the project in 15
working days. Guidelines and technical support were offered by the teacher continuously
during the assignment. All students had to work online as a team and at the end of the
assignment to deliver a common PowerPoint presentation. This presentation included
the material provided by all students in the group.

The second group consisted of 150 undergraduate students participating in the statis-
tics course. This course is offered in the fourth semester of the undergraduate studies.
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Students in the second group split randomly into 15 groups of 10 students by MSTeams
‘breakrooms’ command. These sub-groups of students had to collect and analyze data
using the PSPP free online statistical package and complete the full project in 15working
days.

During the assignments, students were free to interact informally with their class-
mates and exchange ideas for the project using social media or other online tools for
cooperation (e.g., Viber, Google hangouts).

After the process, students in both groups replied to a questionnaire, with closed and
open-ended questions, concerning their views on student-to-student interaction during
these online meetings as a team member.

Students firstly had to rate the online cooperation on a Likert scale from one to three
(very good, good, fair/difficult) and then to choose from a list of advantages and disad-
vantages, up to three main advantages and up to three main disadvantages related to this
online cooperation. Specifically, students had to declare as advantages or disadvantages
the positive interdependence (e.g., working together for a common goal, helpful par-
ticipation of team members), the individual accountability (e.g., responsibility of every
member in the group, rely on groupmembers), the equal participation as a teammembers
(e.g., exchange of ideas equally), the simultaneous interaction (e.g., active engagement,
connection in chats), and the connection/cooperation (e.g., technical issues, internet con-
nection, use of mobiles, other issues). The replies of the students collected and analyzed
using the SPSS statistical package for quantitative data and qualitative methods applied
where appropriate.

3 Results and Discussion

In the first group of undergraduate students, 100 students were female, and 5 students
weremale. Asmost of the students were female, gender differences in student-to-student
interaction were not examined. All sub-groups of students had their own folders and
online chat to post their ideas. During the assignment, the teacher used the chat to give
feedback and explanations to all sub-groups of students. The advantages and disadvan-
tages in student-to-student interaction in this study that appeared in all groups more
frequently (greater than 70%) are listed below.

Firstly, all students were asked if the face-to-face cooperation with their classmates
before COVID-19 had a positive impact on their current online cooperation. Seventy-
three (69.5%) of them declared that face-to-face cooperation was very important in their
online teamwork because they knew each other, and theywere able to discuss the project,
split tasks in the group and cooperate.

At the second stage, students reported about the online interaction. Sixty-five students
(61.9%) declared that the student-to-student interaction amongst team members was
very good during this course. They reported as main advantages equal participation
(they were able to equally exchange ideas and different views), positive interdependence
(split the workload and encouraged group members for the common task), simultaneous
interaction (they interacted in chats), and individual accountability (theywere able to rely
on one another). The students said that they also used Facebook for extra communication.
They considered technical difficulties as the main disadvantage.
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Thirty-one students (29.5%) reported that student-to-student interaction was good.
The main advantage was the equal participation and simultaneous interaction (active
communication in chat of team members). They reported, as disadvantages, techni-
cal problems (internet connection and use of mobiles instead of PCs) and individual
accountability.

Nine students (8.6%) said that the communication was fair. They considered,
as main disadvantages, technical difficulties, simultaneous interaction, and non-equal
participation.

In the second group of students, 140 participants were female and 10 were male.
Sex differences were not considered in this group because most of the participants were
females. Students in this group could not meet all their classmates before, on the campus,
due to COVID-19 pandemic.

Sixty students of the second group (40%) said that student-to-student interaction
was very good, and the main advantages were: positive interdependence, individual
accountability (the activities of teammembers promoted the success of the whole team),
and simultaneous interaction (frequent online chat). The main disadvantages were the
lack of equal participation and technical difficulties. They declared also that they used
social media (Facebook) very often for extra communication and active participation
during the assignment.

Seventy-five (50%) students said that student-to-student interaction was good, and
the main advantages were the positive interdependence (exchange of ideas among team
members to work together) and individual accountability (the ability to rely on one
another). Themain disadvantageswere the inability to have equal participation, technical
problems, and sometimes poor online interaction.

Fifteen students (10%) said that the interaction was fair, because they were unable
to join other members of their team due to technical problems (problematic internet
connection, not available PCs or mobiles).

Students in this group finished their assignment in 20 working days, which means 5
more days than the scheduled date of the assignment.

According to the views of students in the two groups, it comes straightforwardly
that working in teams makes each member a valuable one; it makes increasing positive
interdependence, individual accountability, and student-to-student interaction feasible,
provided that all individuals are responsible and accept to cooperate equally online.

Focusing on the first group of students, equal participation was amain advantage, but
on the contrary, in the second group, equal participationwas reported as disadvantage.An
explanation to this outcome is that students in the second group did not know each other
verywell from face-to-facemeetings, to split the tasks accordingly. So some experienced
students in the team had to carry out more workload than others to achieve the final goal.

This study also reveals the importance of social media communication. Online com-
munication supports the interaction with students’ classmates. Moreover, students said
that regular face-to-face meetings or online meetings with teachers for additional advice
is important for successful collaboration in the online teams. Thus, teachers must not
underestimate the importance of online communication with their students and the role
of social media for continuous, uninterrupted, and active online learning.
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4 Conclusions

Student-to-student interaction is an important factor for educational success. When stu-
dents work in teams online, they develop equal responsibility and eliminate controver-
sies. Small online groups of students support the interaction, eliminate the stress, provide
a safe place for communication, and promote active learning. Competition or individu-
alistic learning is eliminated in student-to-student online cooperation because they work
for a common task.

Additionally, the role of the teacher in online learning should not underestimated, as
behavior management and quality feedback from teachers in online learning, stimulate
and support the learning process. The teacher sets the learning goals and controls the
online teamwork systematically, and the students support the student-to-student inter-
action when they are ready to accept their commitment to positive interdependence,
individual accountability, equal participation, and simultaneous interaction.

According to our findings, older and more experienced students support better
student-to-student interaction in online courses. Elder students, who have the experi-
ence of face-to-face teamwork support active learning and implement online teamwork
more equally than their younger peers. So teachers must encourage student-to-student
online interaction offering at the same time the required emotional and instructional
support.
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Abstract. The present paper aims to illustrate the learning results of a pilot expe-
rience focused on the development of critical thinking (CT) skills through work-
based activities, as an example of continuous instructional improvement in higher
education institution (HEI) contexts. Specifically, more than 100 university stu-
dents of two master’s degree programs at University Roma Tre participated in
two different online learning paths, carried out by the Centre for Museum Stud-
ies research group during the academic year 2020–2021, containing activities
of analysis, interpretation, argumentation, and critical evaluation of work-based
experiences in the educational fields. Specific online meetings with stakehold-
ers were carried out within the paths, together with experiences based on the
following teaching methodologies: problem solving, oral dissertation, digital sto-
rytelling, analysis, and critical reflection. Formative and summative evaluation
activities were carried out in the pilot experience in order to collect and analyze
data in relation to the promotion of professional and CT skills. Results from the
pilot experience show a statistically significant improvement in some CT indica-
tors within students participating in the activity and an overall good evaluation of
the learning courses, stakeholder meetings, and assigned work-based activities. In
addition to CT, collaboration and creativity skills were also self-assessed by the
students, as stimulated by the online activities.

Keywords: Critical thinking · University ·Work-based education

1 Introduction

Nowadays, a debate regarding the role that higher education is supposed to play in
the broader society is present at an international level. The debate refers to a dialectical
conflict between two different stances: should university prepare students to fulfil the job
market needs? Or is the university supposed to transfer knowledge without considering
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professional skill training? An education system that focuses on developing higher-order
skills, especially critical thinking (CT), could overcome such a conflict.

As stated by Facione, CT is “purposeful, self-regulatory judgement which results in
interpretation, analysis, evaluation, and inference, aswell as explanationof the evidential,
conceptual, methodological, criteriological, or contextual considerations upon which
that judgement is based. CT is essential as a tool to inquiry” (p. 2) [1]. In order to define
CT, it is necessary to focus on the dimensions that characterized it, and that are basically
divided into cognitive skills (such as interpretation, analysis, assessment, inference,
explanation, and self-regulation) and dispositions (such as curiosity, appreciation of
individual differences, skepticism, and flexibility) — positive approaches that favor its
development [1–4]. CT skills aremore andmore considered pivotal for human and social
progress in terms of innovation, economic and knowledge growth by educational policy
[5, 6]. Also, CT provides students with tools to be autonomous thinkers, active citizens
[7], and critical users of digital technologies [8]. As pointed out by several researchers,
even during the COVID-19 pandemic, CT is defined as a necessary competence in order
to support people in logical reasoning, thoughtful analysis, adaptability to new contexts,
problem-solving, logical solutions, and social cohesion [9–11].

The complexity of the CT construct requires careful and rigorous pedagogical design
and interpretation of data in the educational field in order to identify methodologies and
tools that are truly effective in promoting CT in learners. Moreover, the promotion
of CT learning and teaching methods should be considered as an urgent need in all
the formal educational context, taking into consideration the different dispositions and
cognitive skills to be promoted at a university level. University teaching activities aimed
at promoting CT in students can be implemented through the use of real-world situations
and/or workplace-based scenarios, as stated by Dominguez et al. [12]. In particular,
active learningmethodologies, such as authentic situations and problem-based activities,
engage students in problem-solving and decision-making, thus promoting some of the
six core CT skills set by the experts [13]: interpretation, analysis, evaluation, inference,
and explanation. In particular, educational practices based on problem-based learning
methodology can improve social science students’ abilities to analyze, compare, and
share experiences, as well as improve engagement with content and self-assessment
[12]. In general, although research on the effectiveness of instructional interventions
is inconsistent [12], if CT skills are solicited in disciplinary settings, outcomes appear
improved [14].

In addition, great attention should be paid to the methods and tools for evaluating
CT, which are considered an open challenge in the educational and professional field. As
already defined in previous publications [15], CT assessment tests can be classified in
different ways. Multiple-choice (MC) tests or questionnaires are those most widely used
because — in general terms — they best meet the reliability criteria of an assessment
test [16]. However, some authors point out that the MC measures are not suitable for
higher-order skills assessment, such as CT, but they may be answered merely by low-
level processing, such as factual recognition and selection [17]. Moreover, MC tests can
never assess students’ skills to synthesise ideas or written text [18]. Lastly, all the tests
based on MC are not free, which limits their accessibility and their use in educational
contexts. To address the limitations of MC tests, researchers and authors of the present
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paper have developed alternative assessment methods, which involve the adoption of
open-ended tasks.

Starting from these assumptions, the Centre for Museum Studies (CDM) research
group, coordinated by Antonella Poce, developed in the academic year 2020–2021
a series of higher education institution (HEI) learning paths aimed at promoting CT
through specific activities carried out within workplace context. A specific evaluation
rubric, already validated in previous publications [16], was used to assess CT skills
solicited by the students during the activities.

2 Methodology

2.1 Goals of the Research

According to the above-mentioned premises, the main goal of the herewithin described
pilot experience is the promotion of CT skills in HEIs students through work-based
learning activities. The research group also tried to answer the following research
questions:

• How do student CT indicator levels change in a university course designed to support
students’ CT levels?

• What is the level of CT perceived by the students at the end of the activities?
• What other transversal competences are solicited by a university course foreseeing
work-based activities?

• Did the online activities, including assignments and meetings with educational
professionals, improve the levels of CT in the participating students?

In order to answer the above Research Questions, the researchers designed different
phases of monitoring and evaluation of the learning activities carried out by the students
and two different evaluation tools were used.

2.2 Learning Activities

During the academic year 2020–2021, the research group developed a series of HEI
learning paths aimed at promoting CT through specific activities carried out within
workplace context.

Specifically, 125 students from twomaster’s degree programs atUniversityRomaTre
participated in two different learning paths containing activities of analysis, interpreta-
tion, argumentation, and critical evaluation of work-based experiences in the educational
field. The pilot experience can be considered an example of continuous instructional
improvement, in which students are continuously solicitated in analyzing, interpreting,
evaluating, and finding solutions through specific work-based activities.

The students participating in the activities are divided as follows:

• Seven students from the master’s degree course in pedagogical sciences attending
the second-year course in “Experimentalism, Museum and Reading” from October to
December 2020 (12 ECTS).
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• A total of 118 students from the master’s degree course in primary school education
attending the first-year course in “ResearchMethodology in Education” fromOctober
to November 2020 (4 ECTS).

Within the abovemodules, specific onlinemeetings with stakeholders were held, and
experiences based on the following teaching methodologies were discussed: problem
solving, oral dissertation, digital storytelling, analysis, and critical reflection.

In total, studentswere asked to participate in allmeetings organizedwith stakeholders
from the education sector and to accomplish at least three out of five activities assigned
by the professionals themselves. The activities were organized throughout the courses
and concerned contents in line with the courses’ objectives.

For organization reasons and due to the different numbers of participating students,
the activities of the course in “Research Methodology in Education” were carried out
collaboratively by the students, who worked in 17 groups of 6–10members each. For the
“Experimentalism, Museum and Reading” course, students had the choice of working
individually or in groups of up to three participants.

Table 1 gives a summary of all the online activities’ topics and meetings organized
for each course.

Table 1. Table of online meetings and activities organised for the two HEI courses participating
in the pilot experiment.

Course Meeting Related activity

Research methodology in
education

The Inclusive Memory (IM)
project questionnaire: design,
implementation,
administration and results
Participating stakeholders:
museum education
researchers, educators,
trainees

Adaptation of the IM
questionnaire to a different
category of respondents + oral
dissertation

Music of oral tradition as
intangible Cultural Heritage
of humanity: an opportunity
for inclusive teaching
Participating stakeholders:
museum education
researchers, university
researchers

Reading grid for empirical
research production + oral
dissertation

(continued)
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Table 1. (continued)

Course Meeting Related activity

Narrating the museum: the
E-trouria VR app and digital
storytelling for heritage
education
Participating stakeholders:
museum education
researchers, university
researchers, graphic designers,
computer engineers, educators

Collaborative storytelling for
heritage education realization
+ oral dissertation

Empirical studies of museum
education. Promoting social
inclusion of different
categories of museum users
Participating stakeholders:
museum professionals,
university researchers

Recognizing strategies and
stages of education research +
oral dissertation

Experimentalism, Museum
and Reading

Creative approaches to
explore the museum collection
Participating stakeholder: J.
K., the National Gallery – UK

Designing a museum exhibition
for a specific community

Cultural heritage and
wellbeing in Flanders, a
grassroots approach
Participating stakeholder: B.
D. N., FARO – NLB

Community and public
engagement programme
through Cultural heritage +
oral dissertation

An inquiry approach to
museum education
Participating stakeholder: S.
Bailin, Simon Fraser
University

Inquiry into the restoration of
Palmyra site and analysis of
scientific articles + oral
dissertation

Building relationships through
heritage
Participating stakeholder: L.
E., Communities and
Diversity National Lottery
Fund – UK

Case study analysis + oral
dissertation
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The stakeholderswho tookpart in the onlinemeetings are organizations, associations,
and companies linked to University Roma Tre through partnership agreements and work
in the field of education and research in education. The work-based activities related to
the online meetings were designed by the stakeholders, with the support of the teachers
and tutors of the university courses, in order to ensure a connection with the specific
learning objectives of the courses themselves, as well as a continuous implementation
of the learning path according to the monitoring results collected during the process.

In line with to the European Commission documentWork Based Learning in Europe:
Practices and Policy Pointers (2013) [19], work-based learning can be identified by three
main models:

– Model 1: alternance schemes or apprenticeships, also known as “dual system,” in
which students spend a significant amount of time training in companies and acquire
general and occupation-related knowledge in VET schools or other education/training
institutes.

– Model 2: school-basedVET,which includes on-the-job training periods in companies.
– Model 3: work-based activities are integrated in a school-based programme, through
on-site labs, workshops, simulations or real business/industry project assignments.

The pilot experience here presented was designed taking into consideration the last
model, in which the simulation of a professional and entrepreneurial environment was
carried out with the cooperation of the participating stakeholders.

2.3 Evaluation Tools and Phases

During the two courses, formative and summative evaluation activities were carried out
in the pilot experience in order to collect and analyze data in relation to the promotion of
professional and CT skills. In particular, the evaluation phases were divided as follows:

1. Evaluation of the work-based activities carried out by the students or groups of
students participating in the pilot experience, aimed at monitoring the solicitation of
CT skills during the courses.

2. Final summative evaluation through a questionnaire, aimed at assessing the percep-
tion of the levels of transverse competence reached by the students at the end of the
pilot experience and the quality of the activities and meetings organized.

Two different evaluation tools were used for the two phases of monitoring and
evaluation of the pilot experience.

• CT evaluation rubric, already validated in previous publications [16], and composed
by six macro indicators on a scale from 1 to 5: use of the language, argumentation,
relevance, importance, critical evaluation, and novelty.

• Questionnaire for self-assessment of transverse and professional skills and evaluation
of the quality of the activities and online meetings carried out in the pilot phase. The
questionnaire was created ad hoc for the experience, starting from indicators already
validated and used in Poce, Agrusti, and Re [20].
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In this analysis, 87 work-based products, realized by the student participating in activi-
ties, were evaluated in order to analyze the CT levels during the courses. Sixty-one prod-
ucts are part of the 4 work-based activities proposed for the “Research Methodology in
Education”module and 26 for the “Experimentalism,Museum, Reading”module. Three
evaluators blindly assessed each work-based activity using the CT evaluation rubric. The
mean scores obtained were analyzed through basic statistical analysis.

The questionnaire for self-assessment of transverse and professional skills and eval-
uation of the quality of the activities and online meetings was filled in by all the 125 stu-
dents participating in the pilot experience. This evaluation tool is composed by different
section and indicators, as summarized in the following Table 2.

Table 2. Structure and indicators of the final evaluation questionnaire of the pilot experience.

Section Indicators Type of questions

Evaluation of the course Professional skills,
educational gaps, studies and
work expectation, motivation,
inspiration, teachers and
tutors support, teachers and
tutors feedback, online
communities

Likert scale

Evaluation of the online
meeting with stakeholders

Quality of the contents of the
meetings in terms of ease of
understanding, content
adherence, clarity of the
structure and the content,
activities difficulty,
exhaustiveness, digital tools
effectiveness

Likert scale

Professional skills
self-assessment (educational
area)

Planning educational path,
creating educational tools,
identifying students’ needs,
evaluating educational
activities, strengths and
weaknesses, defining future
development

Likert scale

Transverse skills
self-assessment

Creativity, Innovation,
Communication, Critical
thinking, Problem solving,
Research abilities,
Collaboration

Multiple-choice, open-ended
and Likert scale

Data from the final evaluation questionnaire were analyzed through basic statistical
analysis.
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3 Results

3.1 Analysis of the Data from the Final Evaluation Questionnaire

Generally, the data from the overall evaluation of the modules are positive. On average,
92% of the students agreed that the course promoted their professional skills. Most of
the students strongly agree that they found new inspiration interacting with colleagues
during meetings and work-based activities (63.2%), they perceived the support of the
university team of professors and tutors during the course (64%), and they received
feedback and useful answers during the online sessions (64.8%). Furthermore, more
than 90% of the students agreed that the course will allow them to perform better in
their studies (90.4%) and in their work activities (91.2%). Again, more than 90% of
the students quite agree (62.4%) or strongly agree (29.6%) that their point of view was
enhanced by the tutors and professors during the online meetings.

With regard to the quality of the content of themeetings, the data also show extremely
positive results. A total of 56% of the participating students assign the maximum score
of 5 to the didactic tools used as support during the online meetings, such as videos,
PDFs, and slides. The language used by the stakeholders is defined as extremely clear
for 45.6% of the students; 22.4% of the participants assigned a score of 5, and 46.4%
assigned a score of 4 to the quality of the course in terms of “Exhaustiveness of content.”
However, only 8% of the students stated that the assigned work-based activities were
not difficult at all, assigning the minimum score of 1 in terms of “Difficulties of the
activities carried out.” Actually, the activities had a difficulty level of 3 out of 5 for 32%
of the participants and of 4 out of 5 for 20.8% (see Fig. 1).

Fig. 1. Evaluation data on the quality of online meetings with stakeholders (%).

Concerning self-assessment of the professional competences promoted during the
course, respondents give the highest mark to the competence of “Organising activities,
workshops and educational paths,” followed by “Independently carrying out research to
create educational activities” and “Identifying students’ needs, problems and barriers to
learning” where thy consider themselves as very competent (33.6%, 32.8%, and 29.6%,
respectively). The competence level of “Creating materials functional to educational
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interventions” is also self-assessed with high scores by the students: 23.2% of the partic-
ipants perceive a maximum level (4 out of 4) of this professional competence at the end
of the course and 58.4%perceive a level of 3 out of 4. The competence of “Teamplanning
educational and research activities” is also self-assessed with high scores by the students
(36% self-assessed the maximum level of competence): the reason is associated with the
type of group activity set up formost of the participating students (118 out of 125), which
proved to be particularly effective also in online education contexts. The competence
related to “Planning educational interventions in partnership with other institutions” is
the one which receives the lowest self-assessment scores from the students: 38.4% of
the respondents score this competence 2 (out of 4).

Interesting results emerge from the analysis of the data concerning self-assessment
of transverse competences. In the questionnaire, students had the possibility to select
the 3 transversal competences that they felt had been most demanded during the course,
either through online meetings with stakeholders or through the work-based activities.
Collaboration, creativity, and CT were rated as the most supported skills, having been
selected respectively by 91%, 67%, and 63% of students. These are 3 of the 4C skills,
already defined by Trilling and Fadel [21] as the basic skills necessary for the promo-
tion of more complex competences, skills, and attitudes. Moreover, the constructs of
collaboration, creativity, and CT skills present similar characteristics and indicators:
for example, the “Novelty” indicator, used in CT assessment, is closely related to the
competence of creativity and divergent thinking. Furthermore, Collaboration is defined
as an essential condition for the promotion of CT, considered as a competence that is
realised living in society [22]. Research abilities and communication skills were also
rated positively: 59% and 58% of students, respectively, selected them as the three most
promoted skills during the course. The skills least selected by the students were problem
solving (30%) and innovation (21%), even if some work-based activities were designed
to foster such skills (see Fig. 2).

Fig. 2. Self-assessment of transversal competences most stimulated during the modules (%).
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3.2 Evaluation of CT Skills

In total, 125 students participated to the learning experience. The first group of partici-
pants is composed of 7 students from the master’s degree course in pedagogical sciences
attending the second-year module in “Experimentalism, Museum and Reading.”

The averages of the assessments carried out in the double-blind mode by three evalu-
ators were analyzed through basic statistical analyses in order to verify the level of solic-
itation of the following CT indicators: use of language, argumentation, relevance, impor-
tance, critical evaluation, and novelty. Analyses show that the average scores assigned
to 4 out of 6 indicators increase from the first activity to the last one: the mean of the
scores assigned to the first group of students increases respectively in the indicators
of justification (from 3.6 to 3.8 points), relevance (from 3.5 to 3.9 points), importance
(from 2.3 to 3.7 points), and critical evaluation (from 3.4 to 3.6 points). The average
score obtained by the participants changes from 21 points in the first activity to 22 points
in the last activity (first activity ds = 2.98; last activity ds = 2.76). The average score
in outgoing activity is always higher than the average score in incoming one, except for
the indicators use of language and novelty.

Students participating in the four activities slightly increase their ability into jus-
tify their opinions (argumentation) and also slightly improve the ability to evaluate
sources, data, and background knowledge using a personal and critical elaboration (crit-
ical evaluation). The Wilcoxon signed rank test shows that the improvement in partici-
pants’ importance levels from the first to the last activity is statistically significant (P =
0.048).The second group of participants is composed by 118 students from the master’s
degree course in primary school education attending the first year course in “Research
Methodology in Education,” who were divided in 17 groups. The average score obtained
by the participants increased from 18.7 points (ds= 2.4) in the first activity to 22.5 points
(ds = 2.7) in the last activity. The data analysis shows that the average score given by
the participants increased in all the indicators: language use (pre-test = 3.14, ds = 0.6;
post-test = 3.7, ds = 0.4), argumentation (pre-test = 2.9, ds = 0.5; post-test = 3.7,
ds = 0.5), relevance (pre-test = 3.3, ds = 0.5; post-test = 3,8, ds = 0,4), importance
(pre-test = 3, ds = 0,3; post-test = 3,8, ds = 0,4), critical evaluation (pre-test = 3,2,
ds = 0,6; post-test = 3,9, ds = 0,5), novelty (pre-test = 3, ds = 0,7; post-test = 3,7,
ds = 0,6). As shown in Fig. 3, students participating in the four activities increase their
writing skills, demonstrating improvements in the use of the language indicator. They
also show a higher capability of justifying their opinion (argumentation). They learned
to be more relevant and consistent (relevance) in their expressions and to better link their
previous knowledge with new situations (importance). Moreover, they show a higher
ability into evaluating sources, data, and background knowledge using a personal and
critical elaboration (critical evaluation), and using unusual terms to elaborate their ideas
(novelty).
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Fig. 3. CT score distribution in the first and in the last activity made by students attending the
first-year module in “Research Methodology in Education.”

In order to analyze whether the differences in the scores assigned to the indicators
between the first and last activity were statistically significant, theWilcoxon signed-rank
test was used: the results show a significance P < 0.01 for all six indicators analyzed
(see Table 3).

Table 3. Results of the Wilcoxon signed-rank test for the mean scores assigned to CT indicators
in the first (T1) and last (T4) task.

T1_UoL
– T4_UoL

T1_Jus
– T4_Jus

T1_Rel
– T4_Rel

T1_Imp
– T4_Imp

T1_CritEv
– T4_CritEvt

T1_Nov
– T4_Nov

Z −2,692b −3,293b −2,898b −3,470b −2,560b −2,510b

Sign. asint
(two-tailed)

0,007 <0,001 0,004 <0,001 0,010 0,012

4 Discussion and Final Remarks

CT skills are increasingly considered as pivotal for human and social progress. For this
reason, the creation of learning modules aimed at promoting CT should be enhanced
at all levels of education. The present paper aims at illustrating some results of a pilot
experience carried out by CDM research group based at University of Roma Tre for
the purpose of increasing CT skills in HEI students through work-based activity and
online meetings with stakeholders from the educational field. The pilot experience can
be considered an example of continuous instructional improvement.

Data analyses show a generally positive evaluation of the pilot experience carried
out in the academic year 2020–2021 by 125 university students attending two differ-
ent modules, “Experimentalism, Museum and Reading” and “Research Methodology
in Education.” The analysis of CT levels carried out using a specific evaluation rubric
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shows that the scores assigned by three evaluators to the outgoing activity is higher
than the incoming activity for different CT indicators: as regards the students partici-
pating in “Experimentalism, Museum and Reading” module (N. 7), the improvement
of importance levels from first to the last activity is statistically significant (P < 0.05).
Regarding the students attending the “Research Methodology in Education” (N. 118)
module, the improvement in CT levels is statistically significant for all the CT indica-
tors under evaluation: use of the language, justification, importance, relevance, critical
evaluation, and novelty. In general, the CT levels of students participating in the pilot
experience improve during the module.

At the end of the activities, the students participating in the pilot experience self-
assessed their level of CT as very good: CT is one of the three most selected transverse
competences defined by the students as more solicited through the online meetings with
stakeholders and work-based activities, together with collaboration and creativity. In
addition, some professional competences were also positively self-assessed by the stu-
dents, such as “Organising activities, workshops and educational paths,” “Independently
carrying out research to create educational activities,” and “Identifying students’ needs,
problems and barriers to learning.” Stakeholder meetings and work-based activities are
also evaluated positively by the students, especially in terms of didactic tools, language,
and exhaustiveness of content.

The pilot experience has large room for improvement, but it presents some important
indications for the implementation of online learning paths aimed at enhancing CT skills
with the support of external stakeholders and through continuous instructional learning
design.
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Abstract. Learning to program is a challenging process for children with visual
impairment (VI). Despite the development of technology, there are still several
social and technical barriers that each learner with VI has to overcome. Indeed,
many programming environments use a screen reader, thus, making them inac-
cessible for students with VI. In this work, we aimed to examine and discuss
practical issues, as well as suggest potential alternatives options for teaching pro-
gramming to children with VI. For this purpose, we conducted a review of litera-
ture published up toMarch 2021.We have highlighted that the use of block-based,
language-based, and auditory languages seems to be more appropriate. Moreover,
special attention should be given to the inability of learners with VI to understand
the overall structure of a code. Furthermore, we present the first from a series of
applications under development by our team. Finally, we provided evidence that
supports the use of tangible-based applications, robots, and microcontrollers that
could help the programming learning process. The main outcome of our review
is that further research is needed to examine and develop new and more effective
strategies to introduce children with VI to the world of programming.

Keywords: Visually impaired · Programming skills · Computational thinking ·
Educational robots ·Mobile game-based learning

1 Introduction

An important issue in contemporary society is to ensure inclusive and equitable education
and learning opportunities for all citizens, including those with disabilities, such as
visual impairment (VI), in the framework of the Universal Design Learning (UDL).
This term includes both those who are blind and those with low vision [1]. According to
the World Health Organization, approximately 285 million individuals worldwide have
VI [2]. Despite the fact that many of them try to socialize and have equal education
opportunities, they still face several difficulties, which prevent them from making use
of these opportunities.
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Nowadays, an increasing number of countries have included programming and com-
putational learning into education and national curricula [3]. To achieve this goal, many
educational tools are needed, such as block-based languages [4]. The rapidly evolving
technological development can be helpful in our effort to provide equal educational
opportunities in individuals with VI. Nevertheless, the formalization of computational
learning highlights the lack of appropriate tools for many children with disabilities.
Indeed, although programming is challenging for children, for learners with VI, there is
still a number of additional barriers, which need to be overcome. Interestingly, previous
works have examined the accessibility [5], bias [6], navigation misinformation [7], and
usability [8] of technology for such individuals. However, in several countries, the inclu-
sion of individuals with VI in education procedures was found to be limited because of
the limited financing, involvement of people with disabilities in decision-making, and
knowledge regarding the needs of these individuals [9]. Therefore, it seems that there is
an increasing need to generate accessible learning units oriented toward the development
of computational thinking practices for VI learners, which is at the same time important
to better equip them for living and working in an increasingly digital world, while it
is also challenging, as there is a tendency to rely on visual representations to convey
abstract concepts.

In this study, we conducted a review of literature on education, computational think-
ing, and educational technologies for students with VI. Our main aim was to provide
an overview of the different strategies that have been used to make learning program-
ming accessible to VI learners. To this end, we performed an extensive search in Google
Scholar and the PubMed databases for works published up to March 2021. Addition-
ally, we present the first of a series of educational applications that are being developed
by our team, incorporating existing technologies for the Android operating system to
be used by students with VI. Can the adoption of mobile-assisted learning tools help
visually impaired students to acquire knowledge on equal terms as those without such
an impairment when more emphasis is placed on the graphic presentation?

2 Physical Programming Languages

2.1 Accessibility

Recentworks have demonstrated that several programming environments are not friendly
for individualswithVI, as they do not provide auditory support or screen reading [10, 11].
In contrast, Visual Studio (2010) is technically accessible. However, there is no sound to
indicate when the user switches between tabs. Thus, it is very challenging for children
with VI to develop an overall understanding of code structure and the relationships
among the different elements [12, 13]. The use of a standard text editor alongside a
screen reader has been attempted, but it lacks debugging tools, which are standard in
most programming environments [11].

Moreover, the choice of programming language is also of great importance. The
most frequently used languages, such as C and Java, use non-alphanumeric characters
(i.e., brackets and curly braces), making it challenging to work while using a screen
reader [14]. In addition, many languages have a complex syntax, which can increase the
possibility of errors [14].
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Based on the above, it is clear that programming for children and, especially, those
with VI is challenging and demands great effort to overcome several obstacles. Block-
based languages create a useful and efficient tool in programming courses. Nevertheless,
many of them that have a visual nature are not accessible to students with VI. Conversely,
physical programming languages using physical blocks or pods to represent a command
are more accessible, as each block could be distinguishable by touch [9, 16]. Therefore,
a question could be raised regarding the use of text-based languages, as alternatives of
block-based languages.

Indeed, languages that use text and limit the use of non-alphanumeric characters, such
as “Python,” are preferable [14]. It should be noted that the accessibility of text-based
languages is largely dependent on the programming environment, with many being inac-
cessible. Interestingly, Kane et al., in their study, enrolled 12 patients with VI and found
that they could successfully write programs in “Ruby” [14]. Moreover, other text-based
languages (i.e., Audio Programming Language [APL]) have been developed especially
for individuals with VI [15]. The latter language uses a reduced set of commands, which
can be accessed and selected through a circular command list, with no requirement for
memorization [16]. In addition, an American team performed a study and evaluated
the accessible programming environment “Sodbeans,” along with the developed “Hop”
programming language. The first language focuses on middle to high-school students
and uses audio cues for navigation along with an auditory debugger. The researchers
showed that their participants presented increased self-efficacy after participating in a
programming workshop that used these two languages [17]. Interestingly, the Hop lan-
guage was further developed and led to the creation of “Quorum,” which is accessible
for all users, even those with VI [17].

2.2 Code Navigation

A common issue reported in many studies is the difficulty that the individuals with VI
face in navigating their code and in understanding the structure when they use a screen
reader [10, 14]. This issue could lead to mistakes when inserting code, as in some cases,
the learners insert it at an incorrect position [18]. Therefore, it is very challenging for
children to develop an overall understanding of code structure and the relationships
among the different elements [18].

However, this issue was taken into consideration by the programmers when devel-
oping “StructJumper.” The aforementioned is a plugin for the Eclipse programming
environment that enables individuals with VI to navigate through a program written in
Java [19]. Especially, this language uses nested structures, which enables the user to
easily jump between each nested structure in the code [19].

“Code Jumper,” a tangible, music-coding environment, is also another code-learning
toy that is developed by Microsoft for children with VI, especially those aged between
7 and 11 years [20]. However, it can also be used for those without VI. Specifically,
it uses physical pods to represent commands that can be joined together to construct
programs that produce sound in the form of music, stories, and poetry; therefore, it
introduces foundational programming knowledge to learners [20]. Among its features
are the following: it supports screen readers andBraille display for studentswho are blind
and large font and high contrast for those with low vision; provides an auditory feedback
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on all components (i.e., Code Jumper application); enables teachers and parents who do
not have any prior programming experience to teach students the basics of coding;
includes a curriculum with student activities and teacher guidance, such as educational
videos and activities; includes assessments to gauge students’ skills and understanding;
and accompanies the required Code Jumper kit, which is composed of a set of physical
“pods” that are connected to build computer programs [21] (Fig. 1).

Fig. 1. Code jumper.

2.3 Physical Computing Devices

Physical computing devices (i.e., robots andmicrocontrollers) can be effectively used by
amateur young programmers who have VI. Especially, the BBC micro:bit is extensively
used in the United Kingdom (UK) since 2016 because it has a low cost and plug-and-
play nature. Therefore, it is an accessible choice that has influenced the lives of several
children with VI and introduced them into the world of programming [22]. Nevertheless,
Python is more preferable compared to BBC micro:bit, as it is the most popular text-
based programming language in UK and the micro:bit implementation of Python has a
basic speech synthesizer [22].

Another programming environment, namedMu, has been recently introduced to help
students program the micro:bit using Python. However, it does not work with screen
readers; thus, it could not be used by children with VI. Nevertheless, a command-line
tool (named uFlash) can be used to transfer a Python programonto a connectedmicro:bit.
This tool is used in combination with NotePad++ (i.e., a text editor) in order to define
keyboard shortcuts [23, 24]. The users write their Python program in Notepad++ and
press a keyboard shortcut when they are ready to test it on micro:bit [23, 24].

3 Tangible-Based Applications

As mentioned previously, children with VI use the sense of touch and hearing in their
education. Therefore, the use of an education tool should be primarily based on these two
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senses to be accessible [25]. A tangible user interface-based software has been suggested
for teaching tactual shape perception and spatial awareness sub-concepts in small-scale
space in children with VI [25]. It provides three-dimensional-printed objects that feature
the place values in Braille along the top and a series of slots that “bits” can be placed
into [25]. Children can feel these objects, place them on the surface, and receive audio
feedback regarding shape and spatial relationships in the context of various learning
activities. Each “bit” corresponds to a separate tile with the Braille representation for
0 on one side and 1 on the other. Interestingly, each student can represent numbers by
flipping the “bits” to the correct side and placing them under the appropriate place value.
Thus, such applications can be effectively used to design programs [25].

4 Game-Based Learning

Game-based learning not only creates games for students to play, but designs learning
activities as an integral part of the games that can gradually introduce concepts and
guide users to new skills [26]. Games offer self-affirmation (in other words, students
know when they are correct by the way the game progresses) and prepare them for
the next stage of their development. Through games, people expand their capabilities.
They can help develop social interaction, self-expression, affirmation, problem-solving,
experimentation, and strategy development. These abilities and skills, of course, can
then be applied to the real world [27].

In recent years, there has been a push to introduce coding and computational thinking
to children, and robotics is a great tool to achieve this [28]. Educational robots can help
children develop computational thinking and develop new skills that can apply to a
variety of situations to solve problems in almost all areas of their lives [29].

Programmable floor robots, such as Bee-Bot, are specially designed robots to be
used even by preschoolers, but especially in the first grades of elementary school. They
are programmed with keys (on-board) by entering commands (forward, backward, turn
left and turn right), which are then executed when the start button is pressed. In this way,
they can be programmed to move the robot precisely in a predetermined space [30].

Through this process, children learn by “playing” at important programming prin-
ciples, such as coding — the (logical) series of individual commands, which are then
processed one after the other (sequentially) when the program is called. This approach
promotes problem-solving skills in children, as sequences are one of the three basic
algorithm structures in coding, along with selections and loops.

However, there are practical problems when visually impaired children use games
to develop skills — even more so when it comes to mobile video games, where there is
a great deal of emphasis on visual dimensions, which makes them most inaccessible to
the visually impaired.

5 Our Ongoing Implementation

Our goal is to make a sound-based game accessible to the visually impaired, which is
based on the last category. We have developed a mobile game that can be played with
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keys as well as with voice commands, allowing children with VI to play on equal terms
and share the same gaming experience.

The game concept is based on the logic of the educational robot “Bee-Bot,” as
mentioned above, and is planned to deploy as an Android application. The development
environment selected is App Inventor because of the built-in features it provides for
speech recognition and text-to-speech (TTL) conversion.

The student should guide a character (a turtle) to a target (a flower) by specifying
a path on a grid. The turtle always starts from the upper left corner, while the position
(row and column) of the target is always stated. Therefore, the students with VI should
mentally plan each step (direction and number of steps in this direction) as they move
in the grid.

As mentioned above, commands can be given either via buttons or by voice com-
mands (forward, backward, turn left, turn right). These commands are given sequentially.
Once the route has been determined, the player must press the “Go” button or give the
voice command “Start” to execute the commands.

During the execution and as the turtle moves in the grid, the commands are reported
aloud. If the turtle exceeds the limits of the grid, the game starts from the beginning. In
each iteration, our target changes position randomly (Fig. 2).

Fig. 2. First application screenshot.

A differentiated and improved version of the application that is being developed
includes some obstacles, which students should avoid in trying to reach the target. As a
result, another level of difficulty is added to the game. These obstacles are not announced
at the beginning of the game, so the students have to discover themwhile trying to find the
path to the goal. This is the first attempt of our team for the design and the implementation
of the applications in this field. A series of applications will follow (Fig. 3).
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Fig. 3. Second application screenshot.

Similar to individuals with VI who create concept maps to explore an environment,
the environment, in these games, is revealed through exploration, actions, and decisions
whose results are not known in advance. They are expected to employ algorithms similar
to the ones they use in daily life navigation. The ultimate goal is to equip students with
VI with skills to tackle the difficulties they face in real life.

6 Pilot Study

Putting ourselves in the user’s position, we took the time to think about the people who
will use our application and how they will interact with the app environment. Although
we intended to test the app in the field, due to the constraints of the COVID-19 pandemic,
we had difficulty in visiting special education schools. This is now, therefore, a future
plan.

As a pilot study, the first step after the implementation of the application was to ask
some experts to use and test this app and its differentiated versions in order to check
its feasibility and its usability. Through this method, we tried to understand how they
perceive the capabilities that they are offered from the app and how we will improve the
interaction with the app interface. Additionally, we noted the steps that a user should take
using the app and created a manual to assist him in better comprehension. Additionally,
we tried similar apps in order to gain a clear understanding of how users will interact with
the interface and how they will improve their programming skills. Finally, we gradually
developed the user interface, taking into account the comments of these experts and the
aforementioned similar apps.
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7 Conclusions

Nowadays, the need to provide equal educational opportunities for young individuals
with disabilities, such as VI, remains on the spotlight. Although the scientific research
has focused on interventions and student engagement in several educational fields, the
knowledge of teaching programming to children with VI remains limited. In this study,
we aimed to summarize the currently available options for learning programming that
seem to be suitable and accessible to children with VI.

According to the literature that our team has reviewed, several guidelines have been
proposed for educators and developerswhoworkwith childrenwithVI. The use of block-
based languages is suggested as the more suitable alternative for teaching programming,
while 3D artefacts can be used to teach simple programming concepts (i.e., writing an
algorithm to move a bee in a tactile grid). More specifically, abstract concepts taught
using visual representations can often be effectively taught to children with VI using 3D
artefacts.

In addition, the choice of language is important when the learners are children with
VI. Languageswith limited use of non-alphanumeric characters seem to bemore suitable.
Moreover, the programming environment should be accessible using a screen reader.
Furthermore, in cases of an inappropriate environment for learners with VI, the use of a
plain text editor seems to be efficient.

Finally, tasks that involve programming of a physical device (i.e., a robot) are more
engaging. Indeed, the choice of an appropriate theme for programming is crucial and
supports the engagement of learners with VI.

In this research, we present an effort, taking advantage of innovative technologies
such as TTL and voice recognition, and create a mobile game adapted and accessible
on equal terms to blind and visual impaired students. Taking into account the different
ways they learn, we propose this method with successful results after trials on the field
with experts.

The biggest barrier to integrating children with VI into computer science-related
activities is that existing methods rely heavily on the use of text-based or graphics-based
educational environments, making them inaccessible to people with VI. In addition,
these educational environments require teachers to spend a lot of time designing and
adapting to the needs of children with VI [31].

However, in recent years, screen readers, as well as voice commands, have been
integrated functions in all mobile devices that are widely used by children with VI. The
design of mobile apps for computer science concepts has a significant supplemental
learning effect as a mobile-assisted learning tool. The more user-friendly and practical
these learning objects are, the easier it is to access computer science. According to [32], it
seems that parameters such as ease of use, consistency, operability, perceived usefulness,
minimal memory load, system usability scale were found to have a positive effect on
user satisfaction and experience of the user.

In the future, the studies should focus on the differences observed concerning the
effectiveness of the proposed methods between the two sexes. The research should be
performed with an aim to help bridge the digital divide. We hope that our work would
help and motivate the development of new tools in order to enhance the education of
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students with VI in the field of programming and, especially, in exploring, analyzing,
and visualizing data.
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ysis was performed, in order to track and monitor the climate in different clusters
within the company, by mapping sentiment through natural language processing
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1 At Your Best! People and Business Analytics, Data Science,
Avatars, Immersive and Interactive Learning

1.1 Organizational Network Analysis

This article is about a training project for insurance claims liquidators, developed within
a leading Italian insurance company, based during a first stage on people analytics and
data science applied for human resource development, then on multimedia—immersive
and interactive—learning tools.

The intervention started with a first phase designed and implemented by Glickon, an
Italian consulting firm in people analytics and HR assessment and development. A first
step was performing an Organizational Network Analysis (ONA) regarding informal
and spontaneous communication from which skills and ideas arise: this is the starting
point that allows the HR Team to take decisions and outline strategies to support growth.
ONA is a structured way to visualize how communications, information, and decisions
flow through an organization. Organizational networks consist of nodes and ties, the
foundation for understanding how information in your organization is flowing, can flow,
and should flow.

In every organization, people build informal “go-to” teams. They rely on that one
person who always knows “how we do things here.” They find someone in finance who
can answer any budget question. These spontaneous, critically important connections
are the lifeblood of organizations worldwide. Every organization has people (nodes)
who serve as critical conduits for the exchange of ideas and information.

Fig. 1. Representative actors from the organizational network.

In the ONA framework, a connection delivers value when needed information is
exchanged (Fig. 1).

• Central node: These are the people who seem to know everyone. Central nodes share
lots of information and influence groups quickly. Central nodes can be anywhere in the
hierarchy of an organization, are often well liked, and are highly engaged in company
news and developments.
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• Knowledge broker: These people create bridges between groups. Without knowledge
brokers, information and idea sharing grinds to a halt.

• Peripheral: Easily overlooked and unconnected to the rest of the company, high-
potential peripherals can be a risk to organizations. Exceptional Java coders who
don’t teach others best practices not only stagnate product development, but they are
also easily convinced to take their talents elsewhere.

• Ties: Ties are the formal and informal relationships between nodes. Establishing opti-
mal relational ties between central nodes and knowledge brokers helps ensure useful
information moves easily between and within groups.

Nodes and ties are the core elements of ONA. Visualizing the relationships between
nodes and ties makes it much easier to identify critical connections and potential barriers
to information flow and collaboration. ONA reveals where central nodes could have the
most impact—in groups that “don’t talk much,” for example—or where you should build
stronger connections to streamline information sharing and eliminate redundancy. ONA
is a method for studying communication and socio-technical networks within a formal
organization. This technique creates statistical and graphical models of the people, tasks,
groups, knowledge, and resources of organizational systems. It is based on social network
theory and more specifically, dynamic network analysis [1].

1.2 Organizational Climate, Sentiment and Tensions Analysis

Second, a Sentiment Analysis (SA) was performed, to track and monitor the climate
in different clusters within the company. Organization climate (OC) (Fig. 2) usually
does not have a clear definition and is explained as a perception that every employee in

Fig. 2. Main factors related to organizational climate.
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an organization feels, understands, and shares. OC is determined by factors from both
internal and external environments. Internal environment refers to the factors that affect
the perception of the employees that occur within the organization, and external environ-
ment factors are from outside the organization, which is difficult to predict and control.
OC is the “weather” that a particular organization is having, reflecting how its’ system
deals with the members—which is something that is difficult to be measured because it
is senses or feelings of employee perception toward the organization, and this cannot be
evaluated using tools. The combination of the perceptions reflect the actual workplace of
the organization. The SA was aimed at bypassing the climate measurement’s issue and
was performed by mapping sentiment through natural language processing algorithms
[2].

SA, also known as opinion mining, is a process (automated and performed with
different methodologies) aimed at recognizing positive, negative, and neutral emotions
in social media comments, reviews, and survey responses—all anonymized. In SA, the
accuracy can never be 100%: for example, a machine does not understand sarcasm. The
machine’s accuracy level is higher that standardized human perception, so manually
analyzing is not an option [3] (Fig. 3).

Fig. 3. Word breakdown structure of a sentiment analysis.

This step opened to a TensionsAnalysis (TA), aimed at targeting expressions of anger
or misalignment with the corporate culture (Fig. 4). Corporate people and executives
may talk about problems in terms of dilemma, paradox, and other tensions generated by
environmental forces such as culture. Such tensions usually pervade organizational and
managerial cognitive and emotional frames [4].
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Fig. 4. A representative framework of organizational tensions.

1.3 Employee Potential Analysis

As a further step, an Employees’ Potential Chart was developed, providing the HR
Team with essential metrics, such as performance peaks, key competencies, and skills
(Fig. 5). Employee performance metrics are key to tracking how well employees are
performing. Analyzing them the right way could be tricky, but it’s essential because
employee performance metrics benefit both the organization and the employees [5].

Fig. 5. A representative employees performance chart.
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As an output of this project phase, the HR Team was provided with essential met-
rics such as relational networks, communication and collaboration among teams and
departments, key competencies and skills, performance peaks, and correlations between
performance and training or between performance and managerial styles (Fig. 6).

Glickon’s algorithms organize and analyze data moving from an unusual starting
point: quizzes, trivia games, and open questions to be addressed during gamified activi-
ties. Gamification creates engagement and produces essential information to get to know
corporate people better, organized in a panel of data and insights with one main goal: to
discover the potential of the human resources in order to grow the business.

Fig. 6. Representative management and performance correlation chart.

2 The e-REAL® Blended Learning Program

2.1 Interactive Tutorials and Immersive Online Experiences

Then, as an ideal next step based on gamification, a blended learning program enhanced
by the e-REAL® online platform and some artificial intelligence (mainly deep learning
components for interactive digital humans) was designed.

The key components are interactive tutorials and immersive online experiences (first
of all an online escape room) based on the people and business analytics from the project
phase summarized above. Therefore, gamification is a key word that puts the two stages
of the intervention into an ideal continuity.

Interactive tutorials consist of content along with interactive components for
checking and reinforcing understanding (Fig. 7). They can include any or all of the
following:

– Narratives, figures, illustrations, and equations
– Quiz questions
– Videos
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These tutorials automatically preserve work done within them, so if a learner works
on a few exercises or questions and returns to the tutorial later, they can pick up right
where they left off. They are useful to cascade basic knowledge and know-how that all
the learners have to share and master before approaching the next level.

Fig. 7. Representative interactive tutorial with an avatar displaying virtual content (left) and
opening a website (right) by the flick of its hands (© courtesy of Logosnet™ and World Bank
Group™).

Online experiences are provided in the e-REAL®platform that is designed to engage
learners in simulation scenarios and into an online escape room: for example, an office
to meet—online—an actor and/or a digital human performing as colleagues to talk with,
or as providers to negotiate with, or as professionals to meet in order to analyze complex
damages to be avoided (i.e., to avoid a trial) (Figs. 8–10). An actor is a professional
co-trainer performing live as a standardized character; a digital human (or avatar) is a
human-like virtual being, sometimes powered by some artificial intelligence, that may
interact with real human beings using verbal and non-verbal cues—like tone of voice,
facial expressions, and/or body posture.

The e-REAL online platform submerges learners in an immersive reality where the
challenge at hand is created by sophisticated, interactive computer animation—without
the need towear special glasses or otherwearable augments. The system includes live and
real-time interaction with peers, instructors, tutors, facilitators, and mentors—not only
actors and digital humans. Thus, it adds a very important social component that enhances
learning outputs, skills, and cognitive and metacognitive processes. Learning by doing
within an immersive setting, based on multimedia and visual storytelling, leaves both
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Fig. 8. e-REAL online platform: representative avatar introducing the learners within a multime-
dia scenario based on aMr. Bean adventure and able to interact dialogically with the learners about
specific topics (© courtesy of Logosnet™ and the Harvard Center for Medical Simulation™).

Fig. 9. e-REAL online platform: representative multimedia scenario with an avatar performing
as an employee into an insurance company’s office (© courtesy of Logosnet™ and Cattolica
Assicurazioni™).

the learners and the trainers with memorable experiences, and produces robust learning
outputs—all directly linked to the data coming from the first project phase.

The e-REAL teaching and learning approach is designed to have the learnersworking
on tasks that simulate an aspect of expert reasoning and problem-solving, while receiving
timely and specific feedback both from fellow students and the trainers. These elements
of deliberate practice and feedback are general requirements for developing expertise
at all levels and disciplines, focusing on specific topics and key-performance indicators
collected during the first project phase [6].
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Fig. 10. e-REAL online platform: representative avatar displaying and performing as the CEO
of a company, in a direct talk with people invited online about specific topics ( © courtesy of
Logosnet™).

2.2 The e-REAL “Phygital” Classroom Experience and Further Methodologies
to Use

At the end of the online immersive and interactive experience, the training project is
designed to allow learners to enter a “phygital” e-REAL classroom (Figs. 11 and 12),
that is a mixed-reality environment for hybrid simulation where physical and digital

Fig. 11. Representative e-REAL® “Phygital” Classroom: mixed-reality environment for hybrid
simulation where physical and digital objects are available for tactile, visual, or vocal interaction
in a real, brick-and-mortar, learning setting.
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Fig. 12. Representative e-REAL® content designed for a “phygital” environment.

objects are available for tactile, visual, or vocal interaction in a real learning setting
(without the use of virtual reality glasses).

Other learning and development methodologies are available, as well as a third stage
of the intervention: training on-the-job, coaching, andmentoring—just to name a few.All
the learning methodologies and the related content were designed starting from the large
amount of data about people and business analytics collected and analyzed during the
initial project’s phase—based on gamified activities, as the further steps of the project.
This model of intervention is allowing for micro-targeted and highly precise “answers”
to the key-points, analyzed during the initial phase of the project, that are very innovative
in the field of learning and development.
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1 An Online Escape Room to Enhance Effective Thinking,
Unbiased Decision Making and Digital Mindset

1.1 An Agile Mindset for the Digital Society

This article is about an online escape room designed for its participants to experience
cooperation and conflict, rational choice, decisionmaking, truth-functional logic, causal-
ity, hypothesis testing, problem solving, cognitive and metacognitive challenges, team-
working, and interpersonal communication under time pressure and stress — all within
a totally digitalized environment.

The main instructional target and learning output that is grounding our escape room
is fostering an agilemindset for the digital societywe’re living in, because in our opinion,
the ongoing digital transformation — that we can name by two key-words: Industry 4.0
and Society 5.0 — is first of all about mindset.

Society 5.0 is a very interesting trend expected to balance economic advancement
with the resolution of social problems by a system that highly integrates cyberspace and
physical space. For example, a huge amount of information (big data) from sensors in
physical space is expected to be accumulated in cyberspace. In cyberspace, information
is analyzed by artificial intelligence, and the analysis results are fed back to humans
in physical space in various forms. The vision of Society 5.0 requires us to reframe
two kinds of relationships: the relationship between technology and society and the
technology-mediated relationship between individuals and society. According to the
early research about Society 5.0, that so far are focusing mainly on Japan, it is a human-
centered society, merging cyberspace with physical space: both a knowledge-intensive
society and a data-driven society [1].

Society 5.0 is expected to go beyond Society 4.0 as an information society char-
acterized mainly by production processes usually called Industry 4.0, which is mainly
based on various typologies of artificial intelligence aimed at transferring the decision-
making capability that belongs to humans to electronic systems and machines. Industry
4.0 is the technology revolution that is changing the way we live, work, and relate to one
another. Billions of people are connected bymobile devices,with unprecedented process-
ing power, storage capabilities, and access to knowledge. Ubiquitous super-computing,
intelligent robots and “cobots” are boosting human-machine cooperation, self-driving
cars, neuro-technological brain enhancements, genetic editing, and the confluence of arti-
ficial intelligence, robotics, and the Internet of (every-) things. The evidence of dramatic
change is all around us, and it’s happening at exponential speed [2–4] (Fig. 1).

The digital society, both in its current 4.0 configuration, as well in the next 5.0 config-
uration, needs teamwork that is more and more diverse, dispersed, digital, and dynamic
— with frequent changes in membership and contributors with multiple affiliations,
from “within” the same organization or, moreover, from the “outside” world. The pro-
cess of digital transformation is inherently uncertain: changes need to be made provi-
sionally and then adjusted; decisions need to be made quickly; and usually different
groups need to get involved. As a result, traditional hierarchies get in the way, and it’s
best to adopt a flat organizational structure. Silicon Valley start-ups are still an inter-
esting benchmark, as they are known for their agile decision-making, rapid prototyp-
ing, and flat structures. Networks, communities, teams, and groups, and how they work
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Fig. 1. Ongoing trends: digital society that is expected to evolve from 4.0 to 5.0.

together, are the most important factors and the best way for people to work together
with agility, to respond quickly to change and innovation challenges.

“Digital” is on everyone’s lips. But while there are arising questions like “what’s
our strategy in relation to mobility, social media, the cloud or big data or telemedicine,”
the answers are often limited to only addressing the impact of each trend on a certain
aspect of running current business. What is really needed is a better grasp of the deeper,
ongoing mega-shift, which is utterly transforming the very nature of our societies and
businesses, and of which mobility, social media, the cloud, and big data or telemedicine
are mere manifestations [5].

1.2 An Online Escape Room to Foster the Key Factors Enabling a Digital
Mindset Within the Workforce

Industry 4.0 and Society 5.0 are disrupting the “analogic” and “siloed” mindsets that are
so easy to find within our work environments. The online escape room that we developed
within the e-REAL® platform is aimed at fostering a digital mindset within people and
their companies, international organizations, governments, schools, museums, hospitals,
and more [6].

Escape rooms are a great way for teams to work together to practice quickly solving
problems under pressure and time constraints — all while simultaneously having fun
[7]. The virtualized escape room within the e-REAL setting, which is highly immersive
and interactive both in this online configuration and also into the original “phygital”
configuration (that is available as well, but more difficult to use today due to COVID-
19 restrictions), has been designed to foster collaborative analysis, knowledge sharing,
effective teamwork, and dynamic decision making. Cognitive biases, fixation errors,
and other obstacles to overcome are assured, but evitable thanks to the effective learning
experience is assured within the e-REAL setting.
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According to the research performed by Centro Studi Logos, the key factors enabling
a digital mindset are as follows [8]:

– Agility management
– Cognitive flexibility and adaptation to constantly changing environments
– Collaborative and inclusive work-style
– Data-driven decision making
– Digital literacy about the main 4.0 and 5.0 drivers
– Internal locus of control
– Metacognition
– Networking
– Virtual teamwork.

Agility management refers to tools, procedures, processes, and a mindset allowing
participants to react quickly to rapidly changing circumstances and accelerate activities
on critical paths. It enables organizational flexibility and the capability to act other.

Cognitive flexibility refers to the mental ability to switch between thinking about two
or multiple different concepts, and to the ability to shift thoughts and adapt behavior to
an ever-changing environment.

Collaborative and inclusive work style refers to the ability to work together with one
or more individuals to complete a project or task, or to develop ideas or processes. Inclu-
sivity further refers to the inclination to include individuals regardless of age, ethnicity,
gender, sexual orientation, social classes or clusters, or disability.

Data-driven driven decisionmaking involvesmaking decisions that are backed up by
hard data rather than making decisions that are intuitive or based on observation alone.
It has become a fundamental part of all sorts of industries, including important fields
like medicine, transportation, and equipment manufacturing.

Digital literacy refers to an individual’s ability to find, evaluate, and compose clear
information through writing and other media on various digital platforms.

Internal locus of control refers to the degree to which individuals believe that they,
as opposed to external forces beyond their influence, have control over the outcome of
events in their lives.

Metacognition refers to the awareness and understanding of one’s own thought pro-
cesses through self-reflection; it allows conscious changes in mental strategy toward
solving problems and understanding new concepts.

Networking refers to the exchange of information or services among individuals,
groups, or institutions.

Virtual teamwork refers to groups of geographically, organizationally, or time dis-
persedworkers brought together—both synchronously and asynchronously—by infor-
mation and telecommunication technologies to accomplish one or more organizational
tasks [9] (Fig. 2).
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Fig. 2. Digital mindset and its key factors as a competence.

Moreover, there are at least five key psychological traits that make up a digital
mindset and that are strongly needed in order to foster digitally minded leadership. They
may seem paradoxical or contradictory, but they are crucial to managing the digital
transformation upon us [10] (Fig. 3).

Fig. 3. The five key psychological traits tomake up digitalmindset and to foster a digitallyminded
leadership.

Digitally minded leaders need to cast the vision for this new age of digital trans-
formation, while at the same time supporting the grass roots initiatives of teammates
and colleagues to translate this high-level vision into on-the-ground action. This means
fostering an organizational environment where people are safe to experiment with their
ideas and where learnings from their experimentations are systematically captured, ana-
lyzed, and acted upon. Digitally minded leaders are expected to empower teammates
and colleagues by giving up control; that doesn’t mean leaders stop being in the driver’s
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seat. Instead of sticking to rigid rules, leaders should seek to influence outcomes more
through the way they design and present the choices to those best suited to make the
decisions and carry out the tasks. Leaders become “choice architects.” An easy way
of understanding this is by making the option you want become the default choice, so
people have to opt out of doing something instead of affirmatively choosing to opt in.

For most organizations, digital transformation will be a multi-step journey, with
some steps enhancing and extending the firm’s existing capabilities, while others will
be disruptive, stirring up internal rifts and undermining skills and competencies that
everyone worked so hard to master. Digitally minded leaders need to mitigate conflicts
and serve as a bridge between the old and the new.

As a digitally minded leader, the goal is to move managerial discourse away from
contentious turf wars of opinions, toward a reasoned conversation based on facts and
experimental measurements. Data are key when it comes to decision-making. But the
digital mindset doesn’t rule out judgment and intuition. Data are often historical in nature
and may not always serve as an accurate predictor of the future, especially in rapidly
changing environments. Intuition plays a role in envisioning the future, helping leaders to
formulate hypotheses and define assumptions to decide which data types and resources
to focus on, and how to combine, analyze, and interpret them, in today’s endless sea of
information.

As well as encouraging experimentation throughout the organization, digitally
minded leaderswill embrace the try-it-and-see approach in their personal lives. Theywill
jump on the next digital bandwagon, if only to realize it is not for you may not be such
a bad idea, so long as there is a bigger objective — which is to engage in an exercise of
active sense-making, forming new meanings of what technology affords us to do across
contexts and experiences. So be skeptical, but see it and prove it for yourself. There is
no substitute for sharing in the same experiences that your customers and employees are
going through [11].

2 Complex Decision Making Within a Virtual Escape Room:
Intuitive Decisions Are Better

2.1 The e-REAL Virtual Escape Room as an Immersive and Interactive
Simulation Setting

Escape rooms can be used as a learning tool to organize a strategic response that can
later translate to the efficient and effective facilitation of real-world actions. An escape
room is essentially a game throughwhich players can cooperatively discover clues, solve
puzzles, and accomplish tasks in one or more rooms. By accomplishing these tasks, the
players can progress to further achieve a specific goal in a limited amount of time. To
“win” the game, the goal is often for the players involved to escape from the room.

The e-REAL escape room designed to enhance digital mindset is a highly immer-
sive and interactive one: participants are attempting to simulate the decision-making
and knowledge-to-application process, so are provided with conditions, including being
under operational and psychological pressure — feeling a sense of urgency that more
closely mirrors (even if at times vastly accelerated) what team members experience in
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real-world events in their professions [12–15]. It’s an escape room designed to perform
lively interactive activities aimed at understanding challenging scenarios like decision
making chains as well as thrillers or cybercrime scenarios, Blockchain-based operations
or digital and cryptocurrencies, but also data visualization and interpretation, preven-
tative maintenance operations, and crisis management in healthcare or telemedicine
(Figs. 4 and 6).

Fig. 4. e-REAL Escape Room: Managing critical events with the Name-Claim-Aim©mnemonic
and check-list from the Harvard Center for Medical Simulation.

Instructional design and learning outputs are related to key issues such as: What
are the best ways to decide, argue and solve problems? Why is analogy at the core of
human cognition? How can a psychologist label an idea as a creative insight? What
about judging right from wrong, subjective belief from intersubjective evidence? What
do economists mean when they refer to a rational agent?

Answers to these questions are rooted in the critical — and sometimes counterin-
tuitive — concepts experts use to make decisions [16, 17]. Their methods determine a
number of relevant decisions: whether we are guilty or innocent, where we should invest
our money, or whether a drug effectively treats a particular illness.

In the e-REAL online platform, several multimedia resources are available for incor-
porating escape rooms as an advanced simulation. One of the most valued experiences
available among the e-REAL escape rooms focuses on the cases when you are not the
only one choosing. Game theory is a rich and interesting paradigm, mainly if we look
at the cooperative approach by looking at the Prisoner’s Dilemma and the trust games
related to the principle of reciprocity. Usually decision makers are generally less self-
ish and less strategic than game theory predicts, and they value social factors such as
reciprocity, fairness, and relative social status more than the theory predicts.
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Fig. 5. e-REAL Escape Room: Cognitive and metacognitive challenge within the Simplification
game™ (further described below).

Fig. 6. e-REAL Escape Room: Blockchain, digital currencies, and cybercrime game designed
within a training program for young leaders into the energy sector, in collaboration with Eni and
Aramco under the umbrella of the World Economic Forum.

Other experiences within the e-REAL escape room, valued by learners as highly
rewarding, are about howa subjective degree of belief should rationally change to account
for evidence. Even if we are used to expressing information in terms of probabilities and
percentages, our cognitive systems evolved over millions of years to process information
in frequency — without even counting. We do it automatically.
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What our perceptual and cognitive system registers is quantities or frequencies, not
percentages: what dowe dowhenwe are required tomake decisions based on probability
information? Mostly, it seems that we tend to ignore prior probabilities. Fallacy is the
rule, even with people who take advanced courses in probability and statistics. Usually,
we are very good at classifying items according to similarity to a prototype, but not
at all at making probability judgments. More broadly, we can say that our decisions
are influenced more by how a problem is described (framed) than by the objective
data contained in the problem: the strongest framing effects are usually found when
probability information is pitted against a deep-seated bias in our cognitive architecture.

The best example of this is loss aversion bias, that is our tendency to strongly prefer
avoiding losses to acquiring comparable gains. By the way, we are not the only ones who
act this way because it seems that Capuchin monkeys do the same things. Moreover, we
respond to changes in relative, rather than absolute, gains and losses (losing or gaining
$10 means more if you have only $20 than if you have $200). This means that we make
decisions by comparing them to a flexible reference point. Escaping from an e-REAL
room understanding this is a highly valued outcome.

2.2 Intuitive Decisions are Better?

Research in the last 25 years indicates that human cognition involves two qualitatively
different processing modes. The first one is fast, affective, parallel, associative, and
holistic and has been attributed to the operation of an experiential/affective or intu-
itive system, while the second is slower, sequential, rule-based, and analytic and has
been attributed to the operation of a rational or a deliberation system. As each of these
processing modes has its strengths and limitations, for each cognitive activity, optimal
performance requires an adequate mix of the two modes [18].

Decision-making is a cognitive activity, which has traditionally been thought of as
the normative play-field of rational deliberation. Accordingly, one should consider the
various aspects of the alternatives, consciously evaluate the risks and values, and decide
through careful analysis the expected (or weighted) utility of each option. Initial research
in decision-making has provided support for this view, in the form of a variety of decision
biases that have been attributed to the shortcomings of the intuitive mode. Prominent
examples are reference and decoy effects, loss-aversion, and violations of invariance and
transitivity, which have been explained by assuming that intuitive decisions involve the
deployment of a set of heuristics; similarly, affect has also been associated with decision
biases thought to reflect a type of heuristic [19–21].

Recent work, however, indicates a need to re-evaluate this assessment. First, it has
been proposed that the association between heuristics (such as lexicographic rules,
responsible for violations of intransitivity) and intuition in decision-making is unwar-
ranted. Researchers are pointing out that one can distinguish experimentally, between
the deployment of such heuristics, which are sequential and rule based, and the deploy-
ment of fast/parallel but compensatory modes of decision-making, which characterize
the intuitive mode. It seems to be possible that the traditional view has underestimated
the power of the intuitive/affective mode [22]. Simon, who was the first to appreciate
the capacity limitations of conscious processing in decision-making, has warned us that
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“there is a complete lack of evidence that, in actual choice situations of any complex-
ity, these [rational] computations can be, or are in fact, performed… but we cannot, of
course, rule out the possibility that the unconscious is a better decision maker than the
conscious” [23].

Simon’s warning is now supported by two lines of research. First, neuropsycho-
logical studies of decision-making and of social cognition have indicated the existence
of an affective or somatic process, which under certain conditions plays a substantial
(rather than a biasing) role in value integration and in intuitive judgments [24]. For
example, affect is thought to provide a common currency, which is essential for value
integration, while intuition can be characterized as the subjective experience of a mostly
non-conscious process that is fast, a-logical, and inaccessible to consciousness that,
dependent on exposure to the domain or problem space, is capable of accurately extract-
ing probabilistic contingencies [25]. This process has a different (holistic) nature and
can be distinguished experimentally, from the rule-based, sequential decisions that are
subject to capacity limitations in working memory [26]. Experimental studies have also
indicated that conscious deliberation (explicitly analyzing reasons when making deci-
sions) can have a disruptive effect on attitudes and that distraction — a process likely to
reduce the contribution of the deliberation process in decision-making — is not always
detrimental for product evaluation [27].

More recently, the hypothesis that the processes associated with intuition can facili-
tate decision quality has been supported by a series of studies according towhich decision
quality is enhanced by setting the problem aside (from conscious scrutiny) after the initial
(conscious) encoding, or in other words, by “sleeping on it” [28].

The scientific debate about distraction and intuition, the unconscious thought effect,
and the so-called affective versus analytical mindsets is still vigorous. What we are
trying to do is keep the e-REAL escape room within a framework that is based on two
interacting subsystems of decision-making: an affective/intuition based system and an
analytic/deliberation system.

2.3 Intuition is Decision Making

Intuition has been approached from different perspectives by many researchers: it is
described in terms of expertise [29], heuristics [30], implicit learning and memory [31,
32], and individual differences in processing styles or decision-making modes [33], as
well as lower level perceptual processing [34].

Kahneman and Tversky, since 1973, have investigated the role of heuristics in deci-
sion making and established the bases for common human errors in decision making,
later renamed cognitive biases. In 1979, they also discovered and published The Prospect
Theory, an interesting explanation on human brain risk assessment when facing gains
and losses. Their model is based on two separate systems for decision making: the first,
called System 1, is the brain decision making network responsible for automatic, uncon-
scious, habitual decisions. This system is assumed to be extremely quick in response and
efficient from an energy consumption perspective. Evolutionarily older than its ratio-
nal counterpart, System 1 bases it’s functioning on associative memory mechanisms; it
is efficient, but very prone to mistakes — especially when facing decisions related to
complex problem solving.
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System 2 is, instead, the brain dedicated decision making network functioning at a
conscious level. It ismuch slower andmuch less efficient in terms of energy consumption,
compared to System 1. Is the system that we use for complex decision making and,
differently from System 1, solidly error free. According to this model, almost 95% of
our daily decisions are carried out by System 1 — whose decision making network is
strongly related to intuitive decision-making processes.

In 1994, Bechara and Damasio [24], based on their Iowa Gambling Task experiment,
argued the role of emotional processing in decision making. Participants were presented
with four decks of cards. They were told that each deck holds cards that will either
reward or penalize them, using game money. The goal of the game was to win as much
money as possible. The decks differed from each other in the balance of reward versus
penalty cards. Thus, some decks were “bad decks,” and other decks were “good decks,”
because some decks were intended to reward the player more often than other decks.

Most healthy participants sampled cards from each deck, and after about 40 to 50
selections were fairly good at sticking to the good decks. Patients with orbitofrontal cor-
tex (OFC) dysfunction, however, continued to persevere with the bad decks, sometimes
even though they knew that they were losing money overall. Concurrent measurement of
galvanic skin response showed that healthy participants manifested a “stress” reaction
to hovering over the bad decks after only 10 trials, long before conscious sensation that
the decks were bad. By contrast, patients with amygdala lesions never developed this
physiological reaction to impending punishment. So Damasio and Bechara theorized
a phase of intuitive decision making that they called “pre-hunch,” in which emotional
arousal is used by the brain to stimulate a rise in the level of anxiety in order to signal, at
an unconscious level, effective choices, long before our brain becomes able to process
the rational reasons behind our choices.

In 2008, Betsch defined intuition on the basis of three core components: inputs,
processes, and outcome: “Intuition is a process of thinking. The input to this process
is mostly provided by knowledge stored in long-term memory that has been primarily
acquired via associative learning. The input is processed automatically and without
conscious awareness. The output of the process is a feeling that can serve as a basis for
judgments and decisions” [35]. Thanks to his work, we can figure out that intuition is,
by all means, an effective and efficient decision-making process that is characterized by
the following elements:

– It is knowledge based, in the sense that intuitive decisionmaking cannot be diminished
as amere gambling activity producing results out of luck and causing excessive risk for
the organizations. Properly addressed and nurtured, intuitive decision-making efficacy
can be tailored to specific organizational expertise.

– It is processed automatically and without conscious awareness. This second element
highlights the importance of intuitive decision making in modern organizations deal-
ing with a volatile, uncertain, complex, and ambiguous environment (the so-called
VUCA world).

– It is correlated with associative learning processes stored in long-term memory. The
big insight about intuitive decision making is that it is something that can be learned
and not merely a personal trait or belonging to specially gifted individuals.
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– The output of the intuitive process is a feeling. Looking at the research outputs from
Kahneman, Tversky, Damasio, and Bechara, intuition or “hunch” can be considered
an emotionally influenced decision making process.

From this perspective, we can say that intuitive decisionmaking can be trained in order to
minimize bias driven errors. By e-REAL escape room training, people can retain all the
benefits of intuitive decisions, like speed and efficiency, while mitigating the increased
risk correlated with cognitive biases.

3 The Simplification Escape Room

We are frequently required to make decisions based on calculations that are difficult
to do in our heads. Standard economic models based on rational choice presuppose
the operation of a single rational information processor, while results of neuroscience
research indicate that decisions are the outcome of two separate neural processors— and
the two processors also have been found to compete with each other in decision-making.

Many researchers are pointing out a competition between two neural systems: an
emotion-based system (amygdala) and a predominantly analytic system (orbital and
prefrontal cortex). So, when people decide to make risky decisions, the reward areas of
the brain become highly active just prior to making the decision. In other words, this
neural signature shows that they are anticipating large payoffs and are not thinking about
the probability of payoffs [36]. This is one reason gambling can be so addictive: the act
of placing the bet can feel as rewarding as winning. Throw into the mix the fact that we
are frequently deciding under conditions of uncertainty, with insufficient information
either because that’s all there is or because information is asymmetrical. It the end, we
try to avoid risk, yet we make extremely risky decisions when facing potential losses.

And as we wrote above, we can’t forget overconfidence bias: both novices and
experts are more confident about their decisions than is justified given the environment;
as a result, they frequently stop their search for answers before all available evidence
can be collected. When System 1 is in charge, we can end up being overly confident in
our decisions, and that’s referred to as overconfidence bias.

Simplification Escape Room training (Fig. 5) has been designed to enhance the
human brain’s ability to conduct efficient intuitive decision making to problem solv-
ing, mitigating the negative effects of cognitive biases and time induced stressors on
emotional arousal.

Simplification Escape Room is a multiplayer gaming activity presenting the players
with multiple cognitive riddles to solve in a limited amount of time in order to escape
a room. Each cognitive riddle has been embedded with intuitive shortcuts that allow
the players to drastically reduce the time required to solve the riddles. The intuitive
decision-making process in the game is complicated by the use of stressors related to
limited time for riddle solutions and the requirement to manage teamwork dynamics.
The escape room can only be solved using collective intelligence and knowledge shared
inside the players’ team, but this process also increases the individual emotional strain
and complicates the effective use of intuitive decision processes.

Furthermore, the gaming activity is designed to collect and to provide, during the
debriefing phase, individual and team related key-performance indicators.
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As human beings, we want to maintain a knowledge base filled with true beliefs,
particularly true beliefs about what causes what. This means that we have to test the
truth of our beliefs via a process called hypothesis testing, based on assuming the belief
is true, then on deducing what it predicts, and, finally, on testing those predictions. This
process is very challenging because people are genuinely bad at this [37]. Even if we are
aware that a number of pitfalls occur in our intuitions about hypothesis testing, mainly
because our beliefs and expectations influence how we interpret the so called facts,
we are mainly seeking evidence that confirms beliefs, and having ourselves engaged
with trying to falsify beliefs and hypothesis is not so easy — despite that at the heart
of scientific inquiry we find hypothesis testing by “disproof” and “falsification” [38].
Seeking evidence that confirms beliefs may also affect our problem solving procedures,
creating the so called “framing effects” (the way a problem is described influences how
we think about it) and making it harder and harder to think out-of-the-box and bridge
different domains of expertise strengthening our analogical mind that is the core of
cognition. It the end, this is what makes escaping the e-REAL room highly valuable and
worthy to do.
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Abstract. How can we design engaging and effective online learning in health-
care? How can we perform tele-simulation? How can we make digital learning
authentic and not over-produced? How can we apply gamification strategies to
enhance online cooperation? Tele-simulation and online cooperation are essential
today in healthcare education and training, first of all for medical simulation: The
e-REAL® online platform for healthcare simulation, aimed at fostering effective
teamwork, knowledge sharing, and cooperation, is a solution that we designed to
work within a highly immersive setting where learners and simulation instructors
may interact all together in real time among themselves, as well as with virtual
objects and avatars. This solution allows simulations in a virtual environment
that display challenging situations; unlike other VR and AR solutions, e-REAL
allows users to experience full immersion without the need for glasses or goggles,
providing a memorable experience with a robust learning outcome. e-REAL is
user-centric and easy to use: an Internet connection and a browser are the only
requirements.

Keywords: Tele-simulation · Online cooperation · e-REAL

1 Healthcare Training by Tele-Simulation and Online Cooperation

1.1 Key Questions About Online Simulation and First Answers

How can we design engaging and effective online learning in healthcare? How can we
perform tele-simulation? How can we make digital learning authentic and not over-
produced? How can we apply gamification strategies to enhance online cooperation?
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Tele-simulation and online cooperation are essential today for medical simulation.
The main challenge, in our experience, is really enhancing learners’ online cooperation
and proactive participation. To do so, we created a number of scenarios for healthcare
simulation aimed at fostering effective teamwork, knowledge sharing and cooperation
into a platform called e-REAL® Online.

The simulation setting is highly immersive, and learners may interact together in
real time among themselves, as well as with virtual objects and avatars. Users can also
take notes, overlay key concepts, rotate virtual objects, or move them point to point
and complete questionnaires directly in the online environment that works as a sketch-
board. Usability also extends to content, as it is easy to import and show a user’s existing
content, as well as create and edit new content. It is truly a totally customizable solution,
partnered with a powerful multimedia editor that is provided on demand as a premium
feature.

This solution allows simulations in a virtual environment that display challenging
situations; unlike other VR andAR solutions, e-REAL [1] allows users to experience full
immersion without the need for glasses or goggles. What this solution mainly provides
is a memorable experience with a robust learning outcome. It is really easy to use: an
Internet connection and a browser are the only requirements (Fig. 1).

Fig. 1. The e-REAL®Online Platform for the Center ofMedical Simulation, Boston,MA.A case
regarding an injured ankle within an alpine environment, made available online into the platform
that is configured displaying a room, to recreate a setting similar to the one where the learners
are in a brick-and-mortar e-REAL classroom that acts as an immersive and interactive “phygital”
environment (both physical and enhanced by digital objects).

The feedback we receive most often — both by the learners and by the simulation
instructors invited to coordinate and facilitate the online sessions — is that they didn’t
expect such easy access to an intensely engaging and meaningful experience. This is



306 F. Salvetti et al.

a very important feedback because our efforts are aimed at designing solutions that
empower learning with a strong focus on the UX, both for learners and trainers.

We believe that flexible and user-friendly solutions are needed in learning, so we
designed the e-REAL online platform to include ready-to-use courses, courses co-
designed with our team, or creating and uploading existing content with a dedicated
editor in a very simple way—even last minute.

Our immediate goal is to build significant learning solutions that help educators
and “simulationistas” integrate into their practice new technologies to boost learning
in easy and effective ways. Feedback and outputs from the field are pointing out that
tele-simulation based on online cooperation within the e-REAL immersive learning
environment makes for engaging and effective healthcare simulations — in particular,
immersive and interactive experiences that can be performed without special glasses,
joysticks, or other “augments” to allow authentic and hands-on experiences. e-REAL is
specifically designed to be properly produced and easy to use; those are the two main
concerns usually regarding online learning.

1.2 Further Answers to the Key Questions

Designing and delivering online learning as a cooperative tele-simulation, within an
easy-to-use environment that works like a virtual reality setting but not requiring head-
mounted displays or other augments to interact with, is essential for an effective expe-
rience. A good user experience (UX) is expected to be among the main targets for the
instructional design team, and this means a focus on having a deep understanding of
users, what they need, what they value, their abilities, and also their limitations.

Another essential success factor is mastering simulation techniques: the use of sim-
ulation is growing exponentially in academic and service settings because it can enable
students, new graduates, and experienced clinicians to develop clinical competence and
confidence in a number of clinical situations, far more than a learner can be exposed to
in a live environment [2].

To be effective, the instructional design supporting the tele-simulation experience
has to be state-of-the-art, which is unfortunately not the standard in the online learning
industry.

1.3 Can Online Learning Be Effective?

What did you do during your recent online course?
“I fell asleep.”
“I was playing an online game.”
“I was watching TV.”
“I was chatting with friends on social media.”
“I haven’t seen the last three lectures.”
These could be the answers from student feedback [3]. As the use of online learning

worldwide has continued to grow, the perception of most online learning has often been
less than positive. As David Guralnick pointed out, while of course there are exceptions,
the negative comments about online learningprogramshavebeengenerallywell founded.
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There is no single way to create learning experiences that are effective and that the target
audience enjoys and connects with, but there are common success factors and active
online learning methods that have been successful [4].

How can we design engaging and effective online learning? First of all, we can
do this by designing experiences to connect with, and not “to-do-lists” or “medical
prescriptions” working one way, from the teacher to the student. It’s all too easy for a
subject matter expert to distill “core content” down into a list of abstract concepts, but
even if there is someone who memorizes everything, this doesn’t mean that he or she
knows how to apply the concepts in real life [5, 6].

We suggest designing the online learning experiences by involving learners in authen-
tic stories that address key issues and realistic concerns, because human beings respond
well to things that are relevant to them, concrete, and context related.We suggest adopting
the situation-impact-resolution (SIR) format to establish story context for each simula-
tion. This derives from Aristotle’s Poetics and focuses on the sequence drama, suspense,
and resolution — to use with epistemological acumen, within a systemic paradigm.

How can we make digital learning authentic and effective? By encouraging learners
to learn by doing and allowing them to cross conceptual and theoretical boundaries
within a simulation’s setting. In an online learn-by-doing simulation, the learners are
asked to play particular roles and must make decisions in realistic situations, sometimes
with the assistance of a coaching or mentoring component. It’s critical that learners then
receive feedback as to the results of their decisions.

In e-REAL, learners practice handling realistic situations, rather than learning facts
or techniques out of context. Context refers to the circumstances that form the setting
for an event, statement, or idea. Context related factors can be influential and even
disruptive: for example, a loud background noise within a virtually recreated operating
room in e-REAL negatively impacts the surgical team’s ability to communicate and may
consequently contribute to surgeons committing an error. The most effective learning
occurs through being immersed in context, requiring the ability to understand the limits

Fig. 2. Representative situation into the e-REAL online platform.
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of our knowledge and action, and to adapt that knowledge to an environment different
from the one in which it was developed (Fig. 2).

Ultimately, as research in the area of videogameshas noted, there is another key factor
that works as a motivator for participants: by providing a dramatic, realistic storyline
with difficult decisions for the learners to make, and providing feedback so the learners
can see how things are going, a simulation can create a true challenge for learners. Game-
like elements can play a substantial role in the success of an online learning experience
[4].

A context related experience within an e-REAL setting is similar to being immersed
within a video game. Characteristics of games that facilitate engagement can be grouped
into two general categories: those that create a rich mental model of the game environ-
ment and those that create consistency between the things in that environment. The
richness of the mental model depends on having a cognitively demanding environment
and a strong and interesting narrative. A bird flying overhead is good. Hearing it screech
is better. Cognitively demanding environments in which players must focus on what’s
going on in the game will occupy mental resources. The richness of the mental model
promotes engagement and immersion into the scenario, because if the brain power is
allocated to understanding or navigating the world, players are too occupied to notice
all of the game’s shortcomings that would otherwise remind them that they’re playing a
game. Finally, good stories with interesting narratives (which are credible because they
are as intrinsically congruent as possible) attract attention to the game and make the
world seem more believable. Good stories tie up mental resources.

Fig. 3. Multimedia storytelling enhanced with features allowing mnemonics and checklists, as
well as drawings: in this case the overlaying is about the positions taken by the first responders
within the simulation scene in an e-REAL online tele-simulation platform.
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Turning to game traits related to consistency, believable scenarios, and behaviors in
the game world ensures that virtual characters, objects, and other creatures in the game
world behave in the way learners expect. Game developers strive for congruence among
all these elements. In this way, learners are challenged both cognitively and behaviorally
in a fully immersive and multitasking learning environment, within interactive scenarios
that usually present a wealth of information: the many levels of the situation are made
available simultaneously, by overlaying multisource — e.g., words, numbers, images
— within an environment designed by AR techniques [7, 8] (Fig. 3).

e-REAL submerges learners in an immersive reality where the challenge at hand
is created by sophisticated, interactive computer animation. Importantly, the system
includes live and real-time interaction with peers, instructors, tutors, facilitators, and
mentors—aswell as with avatars or digital humans. Thus, it adds a very important social
component that enhances learning outputs, skills, cognitive processes, andmetacognitive
processes. The process of learning by doing within an immersive setting, based on
multimedia and visual storytelling, leaves both the learners and the simulation instructors
with memorable experiences and produces robust learning outputs.

Our contribution to this growing approach enables a multilayer vision, based on
cooperative communication and learning; the many levels of the situation are made
available simultaneously byoverlayingmultisource information—e.g.,words, numbers,
images and by visualizing relations between topics, contextual factors, cognitive maps,
and dynamic cognitive aids — but without AR and VR head-mounted displays.

The e-REAL teaching and learning approach is designed to have the learnersworking
on tasks that simulate an aspect of expert reasoning and problem-solving, while receiving
timely and specific feedback both from fellow students and the trainers. These elements
of deliberate practice and feedback are general requirements for developing expertise at
all levels and disciplines [9–11].

2 Tele-Simulation and Online Cooperation as Enhanced Learning

Weareworkingwith awide array of simulation instructors from all around theworld.We
understand that helping an instructor formulate an effective or innovative experience or
assignment is only part of our job.We’re also here to help the instructor bring that idea to
life, whether that means offering specialized training to teaching fellows, a custom-built
web resource, or workshops where learners receive direct training in the skills where
they need to demonstrate their understanding of a key course concept.

If anything, this has become critical in these times of remote teaching. e-REAL is
at the forefront of a trend that COVID-19 is accelerating: reality in the digital age is
becoming more and more virtual. We are mixing up the latest trends from digitalization,
virtualization, and artificial intelligence with the goal of building powerful solutions
for medical simulation, including a focus on organizational behavior and leadership. As
Pierre Lévy used to say, reality in the digital age is becomingmore andmore virtual [12].
In healthcare simulation, the dematerialization of the learning environment is allowed
by new technologies that offer options to improve the usability of traditional e-learning
methods. Sharing and mixing up the latest trends from digitalization and virtualization,
neurosciences, artificial intelligence, and advanced simulation allows us to establish a
new paradigm for education and training.
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Nothing is revolutionary within a simple VR or AR headset, but if virtual and aug-
mented content and scenarios are actualized — or enhanced — within an online simu-
lation setting, this adds value to the digital learning process. In such a way, e-REAL can
contribute to enhancing our learning experience (Fig. 4).

So far, the ongoing exploratory projects within the e-REAL set up at the Center for
Medical Simulation in Boston are:

1. The further use of the e-REAL visualizations in Labor & Delivery programs and in
Anesthesia programs.

2. The design of distance-based simulations to take care of COVID-19 related
situations: logistics, team safety, relationship with patients and families.

3. The introduction of online learning modules where different types of virtual objects
are co-existing: artificial but realistic avatars and real actors performing as standard-
ized patients or family members or colleagues, photorealistic 3D tools, indoor or
outdoor scenarios.

4. The development of self-learning solutions to improve results related to critical
conversations, debriefing sessions, video-interviews and videoconferences.

5. The use of AR solutions to provide guidance during remote on-site simulations.
6. The visualization of interactive checklists and mnemonics to foster team perfor-

mance.

Fig. 4. Representative multimedia visualization within the e-REAL platform.
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Abstract. Bachelor’s and Master’s theses are excellent ways for students to dive
deep into a research question and gain in-depth knowledge about a research topic.
At the end of a curriculum, theses act as a kind of bridge between the educational
stage andwork or further study. Thesis supervision is a resource-intensive task and
often a critical factor for the quality of a thesis. After decades of experience with
different methods, we have developed a concept for continuous thesis supervision
and applied it to two specific degree programs at our university, the Bachelor’s
program in Computer Science and Digital Communication and the Master’s pro-
gram in Software Design and Engineering. Compared to traditional supervision
methods, this concept has led to a higher adherence to deadlines and to a higher
quality of the final theses. In this paper, we present our findings on different types
of supervisors and our concept for continuous thesis supervision, which can be
adapted to each identified supervisor type. This concept comprises several meth-
ods, intended to inspire other supervisors to choose the set of methods that best
suits their needs.

Keywords: Supervision · Higher education · Bachelor thesis ·Master thesis

1 Introduction

At the end of a study program, students are usually required to write a final scientific
thesis to demonstrate their maturity and readiness to investigate a complex topic in
depth. This requires two major changes in student behavior. First, they must move from
guided learning in larger groups to self-organized learning with an individual topic.
Second, the topic and research question of a Bachelor’s or Master’s thesis is usually
new and the outcome is unpredictable, which is different from other courses in a study
program. Thus, students work on a complex problem, while most other courses deal
with complicated topics [1]. The main difference between complex and complicated
problems is that solving complicated problems requires expert analysis, followed by the
application of one of several good practices. For solving complex problems, we need to
rethink existing solutions, explore and sense their implications, and find new solutions
iteratively and evolutionarily.
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The supervision process has repeatedly been shown to be an important aspect for
the success of a thesis project [8]. Different types of supervisors have been identified
[12], and there exist several recommendations and guidelines for supervising scientific
theses [6]. In this paper, we analyze goals and challenges of scientific theses, present
a categorization of supervisors along the two dimensions “responsibility” and “auton-
omy,” and derive a recommendation for a supervising process addressing all types of
supervisors. We already have applied this process at our university for several semesters
and experienced an increase in the number of students finishing their thesis on time, as
well as an increase in the quality of theses.

The remainder of this paper is structured as follows. Section 2 presents related work
in the field of supervising Bachelor’s or Master’s theses. In Sect. 3, we analyze the main
goal of theses, as well as corresponding critical success factors and necessary conditions.
Main challenges for writing theses and their potential root causes are described in Sect. 4.
Section 5 presents our concept for supervising scientific theses, including a classification
of four different supervisor types, and Sect. 6 concludes this paper.

2 Related Work

Several authors discuss that the supervision process is highly influenced by the personal
relationship between supervisors and students. In Ref. [2], the different responsibilities
of students and supervisors are analyzed, and their match in expectations according to
who is responsible for which task in the supervision process is evaluated. Their study
shows that there exists a significant mismatch between students’ and supervisors’ expec-
tations regarding who is primarily responsible for which elements in this process (e.g.,
topic selection, initiation of meetings, checking on progress, methodology discussion
or requesting feedback). An alignment between expectations is highly recommended
to improve results. Similarly, Grant [3] discusses the complex relationship between
students and supervisors and derives three different supervision styles: traditional-
academic, techno-scientific, and psychological. The traditional-academic style is formal
and asymmetric, where students have a passive role in the supervision process. The
techno-scientific style focusses on the development of students’ research skills. This
also is an asymmetric style resulting in a high degree of dependency of students on
their supervisors. Psychological supervision styles are characterized by an equal power
distribution between students and supervisors.

In Ref. [4], an alternative model to the traditional one-to-one supervision is pre-
sented. This model aims at utilizing the benefits of group supervision and peer feedback
to overcome the negative effects of students being supervised by only one person. They
emphasized the benefits of student colloquia where students discuss their ideas, positive
and negative experiences, as well as other thesis-related problems. In addition, early
individual and group feedback is recommended. Holmberg [5] also discusses three dif-
ferent supervisor roles. According to this research, supervisors either act as coaches, who
see a thesis as a joint project, and the supervisor primarily acts as a trainer to support
the student. Other supervisors take the role of a consultant, where supervisors act as a
resource that students have the responsibility to use according to their individual needs.
The third type of supervisor acts like a parent who carries the whole responsibility of
the supervision process.
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The authors of a study presented in Ref. [6] conclude that effective supervision of
theses should focus on the following two parts: support at the beginning to clarify the
aim of the thesis and support of students in applying the methodology.

The main challenges in supervision processes are analyzed in Ref. [7]. They found
that one of the main difficulties is to find the right balance between student autonomy
and supervisor direction, as well as between authorship and responsibility. In addition,
the diversity of students implies that there is no perfect supervision process that fits the
needs of all students. Supervisors also need to keep in mind to allocate time between
students equally. Furthermore, giving feedback is a crucial point.

The importance ofmetacommunication in the supervisionprocess is discussed inRef.
[8]. Metacommunication hereby refers to the communication between supervisors and
students about certain aspects of the supervision process. Again, the authors emphasize
the importance of early-phase metacommunication, where students clarify the roles of
supervisors and students, expectations, and how the process is structured. In addition,
regular metacommunication contributes to a better communication between supervisors
and students.

Several authors evaluate how blended learning approaches can facilitate and improve
the supervising process. The integration of agile methods from software development,
such as using a Trello board, is proposed in Ref. [9]. In Ref. [10], several parts of the
supervision process are supported by an online tool. Particularly, tasks concerned with
thesis administration, exchange of information, and collaboration have a high potential
for blended learning tool support.

3 Goal of Bachelor’s and Master’s Theses

Successful completion of a thesis demonstrates several skills. First, students show a
deep understanding of a specialized topic, which in our study programs is in the field of
engineering. Second, they demonstrate the ability to work in a self-organized manner,
because there is no strict process to follow in order to be successful, as it is the case in
most other courses in a study program. Finally, social skills are necessary to cooperate
with supervisors and stakeholders in the company (for final theses that are done in
collaboration with our industrial partners). All these skills are also highly demanded by
the industry, so we can define as an ultimate goal of a thesis to prepare students for their
careers in industry, as shown in the goal tree in Fig. 1.

In order to develop these skills required to achieve the goal (also called critical
success factors), several necessary conditions must be met. For example, students must
build advanced knowledge of a particular topic based on what they have learned in their
studies. They must conduct an extensive literature review and formulate a scientific
research question. These three conditions are necessary for students to deepen their
knowledge of an advanced engineering topic (see Fig. 1). Additionally, in order to work
in a self-organized manner, they must define and follow a project plan, which also serves
as a commitment for the completion of each task. Finally, students also need a solid level
of communication skills to meet stakeholder expectations.
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Fig. 1. Goal tree of a bachelor’s or master’s thesis.

4 Challenges of a Thesis

As we have seen, a Bachelor’s or Master’s thesis is expected to be the final preparation
for the students’ further career. However, every year at our university, we experience a
number of students who do not successfully complete the thesis, even though they have
successfully completed all other parts of their studies. In this section, we will discuss
the reasons for this, based on the feedback we have received from students.

At our university, there are firm deadlines for students to submit their final theses. If
students miss this deadline, they cannot finish their studies. Therefore, the most unde-
sirable effect (UDE) in the context of supervising Bachelor’s and Master’s theses is that
students cannot meet their deadline. In Fig. 2, we analyze the main reasons leading to
this effect in a current reality tree focusing on this UDE. We identified three causes of
UDE, inadequate writing, inadequate self-study skills, and lack of time. As shown in
Fig. 2, there are other causes for these three deficits, all of which lead to twomain causes:
a strong focus on technical skills in an engineering curriculum and insufficient thesis
supervision.

After identifying the root causes, we considered ways to address them. First, we
redesigned our curriculum to include more professional skills courses. For example,
we introduced a “Scientific and Technical Writing” course in the third semester of our
Bachelor’s program and some courses in almost every semester that require students to
write a term paper. To show the practical relevance of the courses, we have combined
them with the engineering courses into modules, with a common module grade for both
courses. This mitigates the first root cause. More about the structure of our Bachelor



316 S. Schefer-Wenzl and I. Miladinovic

program can be found in Ref. [11]. Second, we have developed and implemented a con-
cept for the supervision of Bachelor’s and Master’s theses that supports the elimination
of the second cause, insufficient supervision. In this paper, we introduce this concept
and discuss its benefits and challenges.

Fig. 2. Focused current reality tree for an unsuccessful Bachelor’s or Master’s thesis.

5 Concept for a Supervision Process

As mentioned in Sect. 2, there are different types of supervisors. We have experienced
the greatest differences in the perception of responsibility for the thesis, as well as in
the perception of students’ ability to work in a self-organized manner. On this basis,
supervisors can be divided into four categories, as shown in Fig. 3:

1. Controller: The supervisor assumes the main responsibility for the thesis and also
for the entire process. The supervisor defines the topic, sets deadlines, and usually
has a clear expectation of the outcome of the work.



An Approach for Continuous Supervision 317

2. Gatekeeper: The supervisor works with students who take responsibility of the
thesis writing process and are self-organized. The supervisor has a clear expectation
of the results and feels responsible for the results.

3. Supporter: The supervisor defines the topic of the thesis and a clear process for
the supervision. During the process, students have defined submissions to track the
progress of the work and receive feedback. Students have primary responsibility for
the outcomes of the thesis.

4. Coach:The supervisor allows students towork in a self-organizedmanner. Coaching
sessions are provided if students request them. Again, students have the primary
responsibility for results.

Fig. 3. The four supervisor types.

We designed and implemented a supervision process that can be adjusted to each
supervisor type. The process defines a clear and continuous guidance to support students
according to their needs. The supervisor ideally applies the process individually for each
student to support different student types.

Figure 4 summarizes our supervision process of theses that addresses the goals and
challenges of theses as described in Sects. 3 and 4.We have divided this process into four
successive phases. The first phase is about topic selection. For this purpose, we organize
a kick-off meeting where we present potential topic pools of the respective supervisors.
During this event, students can clarify questions and also propose and discuss their own
ideas directly with the supervisors. Students can then vote for three different topics and
are assigned to the priority that best suits them. Each faculty member supervises a group
of students who are all working on related topics. In this way, students can also inspire
each other while being supervised.
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Fig. 4. The four phases of continuous thesis supervision.

The second phase begins with a meeting with the corresponding supervisor in which
we introduce the supervision process and communicate our expectations for a successful
thesis project to the supervised group. We ask students to submit their research question,
a first draft of the content, a first subchapter, and a preliminary bibliography within
about two weeks. For these parts, we provide timely feedback so that potential errors
and misunderstandings can be corrected immediately. To inspire and support students at
this stage, we also share best practices from previous years.

Most of the writing is done in the third phase. At the beginning of this phase, students
have a good, but almost blank, outline for the thesis and, at the end, a draft version
of the complete thesis. This phase consists of regular coaching meetings (usually bi-
weekly) where we discuss the status of the thesis, next steps, and current and upcoming
challenges with the respective student coaching group. In addition, we set optional
deadlines for the submission of parts of the thesis (e.g., the next 10 pages or the next
chapter). Note that students are free to choose whether they submit their progress at the
given deadlines and if they participate at the meetings. For their submissions, which
are usually monthly, students receive timely feedback to be incorporated into the next
submission. All submissions are set and done in our Moodle course. In the coaching
sessions, where we discuss feedback on these papers, students also receive peer feedback
from other students. Therefore, it is important that all students work on related topics in
a coaching group.

In the fourth phase, students submit their preliminary final theses in our Moodle
course. The deadline for this submission is usually 2–3weeks before the official deadline.
This allows us to provide final feedback on the complete thesis and also to organize a
peer review, where each student not only reviews and provides feedback on the theses of
two other students, but also receives feedback from two peers. At this stage, there is also
a final coaching meeting where we discuss the feedback on the preliminary final version
and conclude the supervision with a retrospective reflecting on what worked well, what
could be improved and why. After that, students are ready to officially submit their final
theses.

In particular, by providing feedback early in Phase I, we can mitigate difficulties in
selecting relevant material for the research questions. By introducing regular deadlines
and gradual submission of theses, we ensure that students work continuously on their
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theses and do not postpone the work until the final submission at the end of the semester.
This concept thus eliminates “insufficient supervision” as the cause of the current reality
tree (Fig. 2).

6 Conclusion

We developed and implemented the presented concept for continuous theses supervision
for the first time in the summer semester of 2017.We started with four groups of students
and were the only two lecturers with this concept. In total, 40 out of 50 students were
able to complete their thesis on time (80%). In our groups, we supervised 22 students
according to the given concept, ofwhich 19 finished on time (86.4%). In the other groups,
there were a total of 28 students, of whom 21 finished on time (75%). After this year,
we started to transfer our concept to other groups and share it with other supervisors.
Today, more than 75% of our students are supervised following this concept.

Our preliminary findings are that there are a few key success factors for a supervision
of a Bachelor’s or Master’s thesis. First, the process and expectations need to be clearly
communicated at the beginning. Second, support and feedback at the early stage of a
thesis helps students to find an appropriate topic and formulate a research question,
which is a precondition for a successful thesis. Third, continuous work on thesis and
intermediate feedback from the supervisor increases on-time delivery rate of theses.

In our future work, we plan to identify an optimal supervision process for different
supervision styles, to further evaluate this concept, as well as to investigate reasons for a
failure to complete theses. According to these reasons, we will introduce further changes
in the curriculum or adaptions in the proposed supervision process.

References

1. Snowden,D.:WhatCynefin is in brief. In:Greenberg,R., Bertsch,B. (eds.) Cynefin –Weaving
Sense-Making into the Fabric of Our World, Cognitive Edge - The Cynefin Co (2020)

2. Stappenbelt, B., Basu, A.: Student-supervisor-university expectation alignment in the
undergraduate engineering thesis. J. Technol. Sci. Educ. 9(2), 199 (2019)

3. Grant, B.M.: Fighting for space in supervision: fantasies, fairytales, fictions and fallacies. Int.
J. Qual. Stud. Educ. 18(3), 337–354 (2005)

4. Dysthe, O., Samara, A., Westrheim, K.: Multivoiced supervision of master’s students: a case
study of alternative supervision practices in higher education. Stud. High. Educ. 31(3), 299–
318 (2006)

5. Holmberg, L.: Coach, consultant or mother: supervisors’ views on quality in the supervision
of bachelor theses. Qual. High. Educ. 12(2), 207–216 (2006)

6. Strebel, F., Gürtler, S., Hulliger, B., Lindeque, J.: Laissez-faire or guidance? effective
supervision of bachelor theses. Stud. High. Educ. 46(4), 866–884 (2021)

7. Vehviläinen, S., Löfström, E.: ‘I wish I had a crystal ball’: discourses and potentials for
developing academic supervising. Stud. High. Educ. 41(3), 505–524 (2016)

8. Baltzersen, R.K.: The importance of metacommunication in supervision processes in higher
education. Int. J. High. Educ. 2(2), 128–140 (2013)

9. Brodtkorb, A.R.: Agile supervision of Bachelor, Master, and PhD. Theses. In: Proceedings
of the MNT-konferansen, Tromso, Norway (2019)



320 S. Schefer-Wenzl and I. Miladinovic

10. Karunaratne, T.: Blended supervision for thesis projects in higher education: a case study.
Electr. J. e-Learn. 16(2), 79–90 (2018)

11. Miladinovic, I., Schefer-Wenzl, S., Hirner, H.: Curriculum of a telecommunications study
program—a matter of trends? In: Proceedings of the 15th International Conference on
Telecommunications (ConTEL), Graz, Austria (2019)

12. Schmolitzky, A., Schümmer, T.: Patterns for supervising thesis projects. In: Proceedings of the
13th Annual European Conference on Pattern Languages of Programming, Irsee, Germany
(2008)



Hybridx Higher
Education – A Multidimensional Overlay
of Hybrid Forms of Learning and Teaching

Christian-Andreas Schumann1(B) , Anna-Maria Nitsche1,2 , Claudia Tittmann1,
and Kevin Reuther1,2

1 University of Applied Sciences Zwickau, Kornmarkt 1, 08056 Zwickau, Germany
christian.schumann@fh-zwickau.de

2 University of Leipzig, Augustusplatz 10, 04109 Leipzig, Germany

Abstract. The diversification of study programs serves to impart knowledge and
skills in a way that is appropriate to the target group and to individualize learn-
ing paths in a student-centered manner. Traditional hybrid forms of learning such
as the combination of face-to-face and distance learning (blended learning) are
extended by new hybrid approaches. However, these often appear rather by chance
than on a sound basis due to the diversity of opportunities and digital tools available
today. Hybrid forms of university teaching are increasingly combined in different
contexts and degrees of digitization. The resulting increase of higher education
teaching complexity can only be managed through structured, transparent, and
evidence-based approaches when designing learning and teaching models. The
suggested Hybridx university teaching reference model describes the combination
of several teaching and learning dimensions. It builds a foundation for systemati-
cally restructuring university teaching using innovative, digital approaches. Next
to the conceptualization of the novel Hybridx reference model, the paper provides
case study examples and recommendations for using hybrid forms of learning and
teaching.

Keywords: Hybrid higher education · Hybrid learning · Learning strategy ·
Learning in practice

1 Introduction – Knowledge Transfer in the Network Society

The transfer of information and knowledge has gained in importance with the develop-
ment of the industrial society via the knowledge society to the network society [1]. The
growing complexity of knowledge resources forces new forms of knowledge transfer
while learning. Networking is mainly driven by new organizational structures, whereby
individual knowledge nodes, containing either individuals or complex organizational
units, form connections with each other [2]. A knowledge node is a small knowledge
unit, the smallest possible knowledge carrier. It may be a single person, a group of
persons, a part of an organization, a whole organization, or a company (see Fig. 1).
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Fig. 1. Cycle of knowledge node growth – from the individuals to organizational networks [3].

Organizational linkages are significantly facilitated and pushed by the possibilities of
digitization in the context of newmedia and platform strategies. The growing complexity
of knowledge resources requires a more selective approach to knowledge resources and
increases the compulsion to specialize, whereas the growing networking of knowledge
nodes technically and organizationally promotes access to both specialized and general
knowledge. Implicit knowledge, thus, generally grows in the course of possible individ-
ualization on the basis of constantly improved access to explicit knowledge in networked
systems. Individuals have constantly expanded opportunities to access extensive, net-
worked knowledge stocks. However, this also increases the requirements for having
competencies that enable access to global knowledge. Knowledge is based on medial
and informal literacy, which at the same time is associated with new forms of teaching
and learning.

These dynamic processes of new forms of teaching and learning for knowledge
transfer in the network society will be intensified and accelerated in the future by closer
human-machine cooperation. The increasing intertwining of natural and machine intel-
ligence creates new opportunities and risks for knowledge transfer, which will be more
strongly characterized by the application of Artificial Intelligence (AI) in the future. The
existing use of webbots already demonstrates how the ways of life and learning of peo-
ple in the network society will be different. Due to the multitude of influencing factors
(dimensions) and their continuous or discrete expression in different contexts, hybrid
approaches are becoming more and more significant [4], because the diversification for
the target-group-oriented transfer of knowledge and skills and the accompanying indi-
vidualization of learning paths for learners is progressing. Learning forms and units, as
well as knowledge transfer and learning processes, are cross-linked [3].
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2 Knowledge Transfer via Hybrid Forms of Teaching and Learning

Teaching and learning forms can be distinguished according to whether learning pro-
cesses take place through teaching in the sense of externally controlled impulses or
whether teaching intends self-directed learning. This distinction between self-directed
and externally directed learning is not absolute, but a fluid continuum. Therefore, differ-
ent social forms as well as methods of teaching and learning emerge. Teaching is ped-
agogical action for the purpose of a successful learning process and, thus, not directly
knowledge transfer. Learning, on the other hand, is directly aimed at the individual
acquisition of knowledge, skills, and competencies. Teaching is classically divided into
several basic forms, for which there are different scientific approaches. A division into
twelve basic forms [5] differentiates in telling and referring, showing, and demonstrat-
ing, looking, and observing, dealing with texts, writing texts, working out the course
of action, forming concepts, building up problem solutions, working through, practic-
ing and repeating, applying, and independently discovering learning. Another structur-
ing according includes four basic forms: Class work, group work, partner work, and
individual work [6]. Jank and Meyer [7] distinguish individualized, instructional, and
cooperative instruction.

Already in this context regardless of the type of classification, each basic form
can occupy different degrees between two poles in a continuous or discrete spectrum.
For example, either pure group work or pure individual work as extremes (poles) or
any mixed forms in a defined but variable ratio of the two basic forms. Each basic
form can also be considered and hybridized individually, because, for example, between
the extremes, no or absolute individualization of teaching and learning between the
poles a range of 0%–100% can be chosen. Classical hybrid learning forms such as the
combination of face-to-face and distance learning (blended learning) are overlaid by
new hybrid approaches [8], such as the mixture of face-to-face and online teaching [9]
in the face-to-face part or digitized learning and classical literature study in distance
learning. Theoretical approaches and practical solutions of hybrid forms of teaching and
learning [10] have existed for many years for changes of a feature or an object between
two extreme states or for the change of the ratio when combining two features or two
objects. As far as only between two states or combinations is to be differentiated, in
the following, the term dimension is used for it. While solving complex teaching and
learning scenarios for successful knowledge transfer, several dimensions have also been
combined. Due to the digitalization of all areas of life [11], including education, further
dimensions are added, so that the degree of multidimensionality is constantly increasing
[12]. This multidimensionality is shown by examples in Table 1.

Table 1. Pragmatic attempt to connect learning dimensions with digital applications [13].

Selected main dimensions Examples of digital sub-dimensions

Self-learning e-Books, CBT/WBT, Chatbots, Learning Nuggets,
e-Paper, Video Instructions, Badges

(continued)
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Table 1. (continued)

Selected main dimensions Examples of digital sub-dimensions

Teacher centered learning Online-Tutoring & Coaching, e-Assessments, Online
Seminars, interactive Whiteboards

Group centered learning Interactive Gaming, online Barcamps, Internet
Collaboration, Online group work

Group centered communication Social Networks, Chats, Newsgroups, Instant Messaging,
Micro Blogging

Universal tools Virtual Reality, Augmented Reality, Moocs, Learning
Videos, Podcasts, Simulation Tools

The multitude of possible teaching and learning forms from different classifica-
tion views in connection with diverse and increasingly also digital learning scenarios,
all of which can be mapped via hybrid dimensions, shows the dilemma of growing
complexity. This challenge is already evident in the small excerpt of possibilities [13].
Therefore, insights from systems and software engineering should also be used for mod-
eling hybrid teaching and learning worlds. If the principles, concepts, and models of
well-structuredness can also be applied to educational systems with hybrid dimensions
of teaching and learning, there is a chance to solve the dilemma of constantly increasing
complexity through systematic modeling.

3 Knowledge Transfer in the Network Society

The basis of hybridism is the mixing and varying of system or object states, which are
characterized by the variety of possible attributes and variable attribute values of entities
and the associated complexity and combinatorics [14]. In the context of describing
forms of teaching and learning in their various combinations, their manifestations can be
described by attributeswithmutable attribute values and can be conceived as dimensions.
The possibility that dimensions can thus be hybrid opens the chance of dynamic changes
of attribute values in a continuous or discrete spectrum, which can continuously increase
adaptability and flexibility of teaching and learning systems.

Minimally, hybrid forms lead to simplifications and reductions in complexity, but
also to more static and inflexible forms of learning and thus knowledge acquisition.
Maximum hybrid forms extremely enable learner-centered scenarios with a high degree
of individualization of knowledge transfer, but also increase complexity and, thus, reduce
controllability, as well as transparency of learning processes.

Hybrid is the property of being able to adopt mixed states or generate mixed forms.
Selected states are shown in Table 2.
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Table 2. Typical forms of one or more hybrid states.

Hybrid forms Solution forms Graphic representation

A possible state between two 
opposite states of one thing

One-dimensional line

A state by combining different 
states of two different things

Two-dimensional area

A state by combining different 
states of three different things

Three-dimensional cube

A mixed state composed of 
different states of n different 
things (n>3)

Multidimensional space

Thus, in a holistic view in the context of systemic modeling, 1 to n dimensions are
to be considered for hybrid systems, which in turn can be hybrid themselves. Starting
from a single dimension, by means of which hybrid states of a characteristic between
two opposite extreme states of the characteristic are described, an infinite number of
dimensions with an infinite number of hybrid states can be included in the modeling.
Furthermore, it must be possible in themodeling to combine 2 to n dimensions character-
ized by hybrid states. The successful combination of hybrid dimensions is an application
field of poly-optimization for the purpose of multicriteria goal achievement.

4 Reference Model Approach for Multidimensional Hybrid Forms
of Teaching and Learning

To better analyze and model complex systems, the method of object orientation was
developed. Objects are elements of the real world that exist physically or conceptually.
They are uniquely identifiable and distinguishable from other objects, have attributes
with attribute values, and can have methods for describing their behavior in the context
of state changes [15]. If the dimensions are conceived as objects, then their interaction
can be described using this method. Similar objects or dimensions can be grouped into
classes, which abstractly serve as a means of ordering. A class is derived by recognition
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of similarities of objects. Similar objects are summarized in classes. Objects as well
as classes can have relations among themselves. To be able to describe dimensions,
objects, and order by classes, the object-oriented analysis is accomplished, whose result
is a conceptual model. Afterwards, the object-oriented design takes place, as described
in Table 3.

Table 3. Application of object orientation in the dimensional approach of hybrid systems.

Object-oriented analysis Object oriented design

(1) Identify the dimensions
(2) Ordering the dimensions
(3) Assigning attributes of the dimensions
(4) Assigning behavior of the dimensions
(5) Describing interactions of the dimensions

(1) Restructuring the classes
(2) Implementing attributes of dimensions
(3) Implementing behavior of dimensions
(4) Implementing the control
(5) Implementing the associations

Typical objects are, for example, the lecturer Miller, the student Brown or the PC at
Mr. Jones’ workplace. They are objects of classes such as “lecturer,” “student,” or “com-
puter.” Dimensions, on the other hand, are a different, conceptual type of classes. They
represent abstract objects where one or more attributes can take on different attribute
values. Related to modeling hybrid teaching and learning, the primary interest is how
classes behave, for which the concept of dimension was chosen. Class formation is
exemplified by the example of networking (see Fig. 2).

Superclass: Networking
Attribute: Degree of cross-linking

Method: Change degree of cross-linking

Class: Computer networking 
Attribute: Degree of computer networking

Method: Change degree of computer 
networking

Class: Learner networking
Attribute: Degree of learner networking

Method: Change degree of learner networking

Class: Lecturer networking
Attribute: Degree of networking of lecturers
Method: Change degree of networking of 

lecturers

Fig. 2. Reference model class approach for dimensions of hybrid teaching and learning forms.

The attributes of the classes can take attribute values between zero (minimum) and
one (maximum) either continuously or discretely, depending on how it is defined. Thus,
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each dimension forms a class with attributes having hybrid values. In addition, classes
can also have relationships among themselves.

5 Hybrid3 Higher Education Multidimensional Cases

Hybrid learning is defined by Singh and Reed [16] as learning that uses more than one
learningmodel, with the aim to optimize learning outcomes. Furthermore, Singh&Reed
state that hybrid learning is mixed learning that focuses on optimizing the achievement
of learning goals by applying learning technology [16].

Multidimensional hybridmodeling has not yet been explored in a complex theoretical
way, but it has been practiced in research and teaching for several years. Due to the
increasing digitization and rising complexity of global educational activities, clearly
pushed by the contact restrictions in the wave of the global pandemic in 2020 and
beyond, the focus on hybridization in teaching and learning is becoming apparent, which
also reveals the increasing need for research. This can be done at a level based on
successful concepts and models of multidimensional, hybrid educational projects. Two
three-dimensional, hybrid approaches are presented as examples.

Case 1. Hybridity in the Generalization and Specialization of Teaching for Digiti-
zation
In the classical T-shapemodel [17], the vertical bar of the letter Tmeans specialization—
i.e., representation of the depth of the acquired competences in a subject area—and the
horizontal bar means generalization—i.e., representation of the breadth of the acquired
knowledge for the purpose of interdisciplinary cooperation with other specialists based
on generic competences. Both dimensions are modifiable and can thus be hybrid. During
the growing digitization of education, it was examined what influence it has on the indi-
vidual subjects. The consequence is that each subject has to be digitized in a specific way
depending on the respective field of knowledge. This makes it necessary to introduce a
third dimension, digitization, which in turn is also hybrid in nature (see Fig. 3).

Fig. 3. Hybrid3 – Impact of digitalization of subjects on T-shape model [18].
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This three-dimensional hybridization of the extended T-shape model improves the
planning of digitized study content in the curriculumby conceiving the depth and breadth
of the competencies to be taught as well as the degree of digitization as hybrid and thus
freely variable within certain limits to be able to act in a target group-specific manner.
The model was, for example, the basis for complex digitization steps for study content
in the Chinese-German University of Applied Sciences [18].

Case 2. Individualized Content Delivery from a Complex Knowledge Base
To be able to individualize learning more strongly, complex knowledge pools on one or
several subject areas must be granulated—i.e., broken down into elementary knowledge
modules, which are then compiled as needed for the concrete demand, be it a short
learning sequence or an entire teaching unit for individual learners or learning groups.
For the mainly automated realization of such learning systems based on a knowledge
base, three dimensions were considered in the hybrid model: Difficulty, Methodology,
and Presentation. The states of each dimension were stored as discrete values. Each
state of a dimension can be combined arbitrarily with the respective states of the other
two dimensions. This results in hybrid forms with respect to the characteristics of the
individual dimensions, as well as in the combination of the states of several dimensions
(see Fig. 4).

Fig. 4. Hybrid3 – Three-dimensional selection of content modules.

Themodelwas the basis for the development of a digital prototype for themultivalent
target group and application-oriented use of knowledge modules from a complex body
of knowledge (see Fig. 5).
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Fig. 5. Hybrid3 – Course generation of structured content using a semantic model.

Monolithic knowledge bases are imported and then decomposed into elementary
knowledge components that are stored as objects in a semantic hybrid network. Semantic
networks are causally related to applied AI. The discrete state of each of the three hybrid
dimensions is chosen so that a generation of the learning unit appropriate for the target
audience can be generated, which is then used with the output format of the chosen type
of output device [19].

6 Hybridism and Learning Theories

Learning processes are scientifically described and explained by means of learning the-
ories. An all-encompassing learning theory has not yet been developed, but special
theories exist that relate to specific forms of learning and learning situations. Learning
theory research is based on two main branches: behaviorism and cognitivism. Human-
istic learning theory should also be mentioned. From the pedagogical point of view,
instructionism and constructionism should be emphasized as learning theories. Around
this basic set of scientific explanations of learning, numerous other learning theories are
grouped [20–22].

One of the learning theories that builds on constructivism is connectivism, whose
basic principle is that knowledge is distributed in networks and can be socially gener-
ated by individuals. Learners must be able to access distributed knowledge and make
it useful to themselves. In a self-organized process, learning takes place in real and
virtual networks, and the acquired knowledge is constructively incorporated into one’s
own thought model. The advantage of this approach is that increasing medialization and
technologization in the context of digital transformations are an essential part of this
learning theory. Learning, thus, refers not only to the pure acquisition of knowledge
from networked sources, but also to how selection, access, and participation in relevant
knowledge take place in the network. A limiting factor is that humans primarily have an
influence on the type, form, and characteristics of the relations in the network, without
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being able to specifically plan and externally control them. Due to the extensive decen-
tralization of the learning processes as an interaction between the participants, essential
options of a central control are omitted.

The structural foundations of connectivism show parallels to knowledge networks,
which consist of a set of knowledge nodes and knowledge edges. The knowledge of the
individual nodes,which canbe single individuals, groups of individuals, or organizations,
can be transferred via edges if the nodes are networked by such edges (see Fig. 6).

Fig. 6. Triggering of knowledge flows through different knowledge potentials [3].

In this model approach, as in the potential equalization method, flows are generated
between nodes when the difference in the potentials of two connected nodes exceeds a
certain level. In analogy to connectivism, this equalization occurs as an internal process
without the possibility of external control options. Learning is controlled as an internal
process within the node itself.

Furthermore, it is possible to influence from each node which edges (relations) to
other nodes are established and in which form. Further control options arise when, as in
real systems of knowledge transfer, socially, organizationally, and/or technically justified
limitations or extensions of the knowledge flows are made by the representative of the
knowledge node. In nodes themselves, as well as within the edges connected to them,
throttling and increases of knowledge flows can be achieved by filters.

In learning processes based on these knowledge flows, filter parameters can be con-
tinuously or discretely influenced and thus changed. They can assume hybrid states. This
principle underlying hybridization enables both self- and external control of knowledge
transfer and learning processes in the network. Control can also be transformed into
regulation when one or more control parameters are introduced. There are three basic
possibilities of hybrid control (possibly regulation) of learning processes by means of
hybrid states in knowledge networks: self-control, socially determined external control,
and machine-determined external control.



Hybridx Higher Education – A Multidimensional Overlay of Hybrid Forms 331

To summarize, hybridization offers the option of a new learning theory approach
for the explanation of learning in social and digital networks. Building on other basic
and special learning theories, hybridization opens a possibility to explain learning in
networked systems in the digital age as a partially controllable system with self- or
external control via hybrid states. Moreover, using hybridism as a learning theory can
also provide explanations for the collaboration of human and machine learning.
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Abstract. The context of the presentation is a challenge of a “skill gap” of the
latest Future of Jobs Report, emphasizing the importance of some relevant skills
for project-based courses in higher education—for instance, active learning and
learning strategies, complex problem solving, and critical thinking and analysis.
Under COVID-19, higher education has transformed to online learning, which
requires renewing the concept of project-based courses. The presentation focuses
on innovation of assessment, especially giving some examples usingZoom in order
to strengthen collaborative assessment culture under the umbrella of formative
assessment. The actual outcomes of the presentation refer to collecting opportuni-
ties, experiences and challenges on the feasible coherence between online learn-
ing and project-based courses, especially focusing assessment on giving some
examples on sharing aims and expectations, using self-assessment, a progression
plan and shared assessment criteria on final presentations, team digital portfolios
and individual reflective papers. Finally, the conclusion has some dilemmas and
questions for discussion.

Keywords: Skill gap · Transformation · Digital mindset · Knowledge
management

1 Contextual Background

In the first approach (narrow sense), a skill gap is the difference in the skills required on
the job and the actual skills possessed by the employees. A skill gap is related workforce
readiness for the challenges of the fourth Industrial Revolution. One of the biggest chal-
lenges is to prioritize soft skills in the workplace—for instance, ethics, personal organi-
zation and work habits; time management; teamwork and interpersonal communication;
anger management; reasoning and problem solving; and managing one’s learning. In
the second approach (broad sense), a skill gap is based on changing the future-oriented
skill set. Half of all employees will need reskilling by 2025, as adoption of technology
increases, according to theWorld Economic Forum’s Future of Jobs Report [11]. Behind
the growing needs of reskilling and upskilling process, the top 10 job skills of tomorrow
are:

1. Analytical thinking and innovation
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2. Active learning and learning strategies
3. Complex problem solving
4. Critical thinking and analysis
5. Resilience, stress tolerance, and flexibility
6. Creativity, originality, and initiative
7. Leadership and social influence
8. Reasoning, problem-solving, and ideation
9. Emotional intelligence
10. Technology design and programming

In fact, these future-oriented skills are related to the challenges of the fourth Industrial
Revolution. This is the digital-driven process, which prioritizes transformation towards
the knowledge-based society highlighting technological changes, such asArtificial Intel-
ligence andBigData. This process of transformation has enormous impacts on rethinking
higher education, especially curriculum development, teachingmethodology and assess-
ment function. Regarding curriculum development, collaborative planning comes to the
front. Rethinking teaching methodology is based on interactions; accordingly, this pro-
cess puts great emphasis on project method and problem-based learning and Socratic
teaching. Traditional higher education stresses summative assessment. Analytical think-
ing and innovation, active learning and learning strategies, complex problem-solving,
and critical thinking and analysis require diagnostic and formative assessment. Du Preez
et al. (2016) [1] suggest that transformation is a complex, open-ended process, which
“can refer to changes in institutional structures and culture, aswell as to specific elements
such as curriculum and academic and student experiences.” [9]. This is a transforma-
tional learning,where learning is a central point at the individual, teamand organizational
levels. In other words, the trend is focusing on teaching and learning. No doubt, this pro-
cess characterizes fluidity, open-endedness and inherent complexity [1]. On the other
side of the coin, under the COVID-19 pandemic, higher education has transformed to
online learning, which requires renewing the concept of transformational learning. How
can online learning transform learning and teaching process and higher education? In
order to answer this question, the presentation focuses on the triangle of digital mindset,
methodology of online learning and technological innovation.

2 Phenomena on Coherence Between Online Learning
and Project-Based Courses

In order to understand changing a traditional to a digital mindset in higher education, we
need to analyze some phenomena from the point of required coherence between online
learning and project-based courses. The traditional mindset of higher education is based
on a huge lecture hall, where hundreds of students listen to the teacher. They take many
notes; formerly, they wrote these notes on the paper, and nowadays they type them on the
laptop or iPad. This process requires high concentration and memorization. Seminars
prefer text analysis with discussion and convergent thinking. Small interactions, ques-
tioning and debating take place. The traditional mindset has a behavioristic approach of
learning and teaching process, where teachers teach and students listen to the teacher.
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The conception of knowledge is mainly declarative and explicit. According to Ten Berge
and van Hezewijk, “traditionally, cognitive psychology has viewed the human mind as a
general information-processing device” [10]. In this sense, the peak of this learning and
teaching is recording the information (facts, data) with different levels of understanding
and application of knowledge. Expression of declarative knowledge requires directed
attention, as opposed to the expression of skills, which is automatic [12]. Obviously,
neglecting procedural knowledge cannot answer the above-mentioned challenges of the
fourth Industrial Revolution and the future of jobs. The good news is in artificial intelli-
gence research started to find the required balance between declarative and procedural
knowledge [10]. It is the first phenomenon on coherence between online learning and
project-based courses. In order to understand the second phenomenon, we need to turn
back to the Polanyi’s concept of knowledge, especially the difference of explicit and
tacit knowledge [6, 7]. In a narrow sense, explicit knowledge is easy to articulate, write
down, and share. Tacit knowledge, which is based on your personal experience, is more
difficult to express. In a broader sense, Polanyi [8] argued that knowing was always an
act of a particular individual. The other famous statement that “we can know more than
we can tell” [7]. Tacit knowledge has experienced-based, individualized characteristics
[6, 7]. Finding the coherency between online learning and project-based courses, it is a
fundamental statement that tacit and explicit knowledge should not be seen as two sep-
arate types of knowledge [2]. As Jasimuddin, Klein and Connell stated: “all knowledge
has both tacit and explicit components” [4]. No doubt, digitalization, the fourth Indus-
trial Revolution and growing needs for reskilling have changed the traditional mindset
of higher education, especial concept of knowledge and learning. COVID-19 has accel-
erated the above-mentioned process; online learning, especially, has some opportunities
in order to rethink curriculum development, teachingmethods and assessment functions.

3 Practical Case

Budapest Metropolitan University was the first higher education institution in Hungary
that implemented online learning last year in March using Zoom platform (zoom.us) for
remote teaching. Changing the traditional mindset, we organized online Teachers’ Club
for mentoring on lectures, especially using Zoom with some functions:

1. Chat - put comments, questions, fast information from the students’ and teachers’
points of view, short brainstorming, collecting students’ questions, collecting key
words, quotes

2. Raise hand – answering the questions, indicating the level of understanding
3. Breakout Rooms – group work with teachers’ mentoring
4. Sharing – videos, lectures, music
5. Reactions – giving feedback, emotions

Fundamentally, without changing the traditional mindset moving forward to a digital
mindset, lectures have the same characteristics on online as an offline learning environ-
ment. A digital mindset ismuchmore thanmethodological innovation. Digital mindset is
an approach that focuses on learning and learners at the cognitive and affective dimen-
sions. The “Art and Science of Teaching” [5] in this sense, means balancing among
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knowledge, skills and attitudes via the learning and teaching process. Essentially, learn
first, teach second. Redesigning project-based courses prioritize collaborative curricu-
lum development using e-mind mapping and MIRO (miro.com) in order to share aims
and expectations, and rethink learning outcomes. This process is based on the concept
of collaborative professionalism. As Hargreaves and O’Connor state: “Collaborative
professionalism is about how people collaborate more professionally and also how they
work as a profession in a more collaborative way” [3]. Greater collaborative profession-
alism appears at methodological level, where teachers - students, students - students,
teachers - teachers collaboration are the fundamental point. No doubt, project-based
courses have collaborative characteristics. However, online learning requires stronger
intrinsic motivation at the levels of personalized and cooperative learning. Organizing
breakout rooms, working with our students, together giving continuous feedback, is the
starting point on this process.Motivating our students for using online collaborative plat-
forms and communication tools can strengthen coherence between project-based courses
and online learning. Practically, mapping the students’ prior knowledge via brainstorm-
ing and e-mind mapping, promoting questioning on question cards, developing critical
thinking, communication and debating on place mat are effective learning and teaching
methods. Turning back to the top 10 job skills of tomorrow, especially to the first compe-
tency areas—analytical thinking and innovation, active learning and learning strategies,
complex problem-solving, and project-based courses—is extremely relevant. Complex
problem-solving combining with analysis is a traditional concept of project-based learn-
ing. Nevertheless, project presentations are based on analysis and conclusion, which are
raising some questions and dilemmas. In this sense, it is not necessary to put a point at
the end of the sentence. The fundamental key point of the presentation is changing a
traditional to digital mindset via using online learning with some teaching methods—for
instance, e-mind mapping, breakout rooms, place mat with using collaborative learn-
ing platforms. Regarding assessment functions, it is obvious that formative assessment
comes to the front. Concept of assessment for learning is a horizontal aspect for a project-
based course in higher education—for instance, giving continuous feedback during the
learning and teaching process, using e-portfolio following the progression and sharing
the evaluation criteria. An e-portfolio is a significant part of self-branding collecting
some products and outcomes with reflective analysis [13]. In this paper, the basic inno-
vation turns to formative assessment, especially sharing aims and expectation with the
students in the beginning the course. It requires flexible curriculum development. For
instance, our curriculum of Social Studies project-based course formulates some aims
and learning outcomes:

“Students should be able to do collaborative presentations and evaluation on the
project work. Students should be able to reflect own project work and reflect to
others work. At the end of the course, students should be able to solve problems in a
creative way and be able to listen and understand others opinion, make conscious
decision.”

In order to reach these aims and outcomes with students, at the first lesson, we need
to map their prior knowledge (vision, values and beliefs) about collaborative assess-
ment. We think that changing assessment culture is a fundamental point of innovation.
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Sharing assessment criteria is important in this innovative process, as well. In fact, diag-
nosis of prior knowledge, interest and competency strengths are significant milestones,
especially using breakout rooms for introduction via name cards with letters of personal
characteristics. Students make self-evaluation about their strengths and weaknesses for
project work. Concerning following the progression, assessment focuses on continuous
feedback and assessment of project plans, progression—for instance, what we did (3–4
points or sentences), what we are going to do (steps and deadlines), risk factors, and
success criteria. Students present their Progress Report and give comments, advice and
feedback in order to strengthen collaborative assessment culture. Final presentations
are based on sharing assessment criteria: in the content portion, relevance, coherency,
consistency are the criteria, while in the presentation, transparency, understanding, and
creativity are the criteria. Finally, each project team needs to make their digital portfolio,
where they assess team progression on some competencies (communication, collabo-
ration, creativity, decision-making, complex problem solving). At the individual level,
they need to write a reflective paper on personal progression. In order to prepare the
final assessment level, we use chat function and reactions via Zoom to discuss the tasks,
giving continues feedback to the students, while showing scaffolding and best practices
on team digital portfolio and individual reflection.

4 Conclusion

Eo ipso, feasible coherence between online learning and project-based courses is a huge
challenge in higher education. Some contextual elements can promote this process. In
order to give relevant answer to the questions from the digitalization, the fourth Indus-
trial Revolution and the growing needs of upskilling are motivated higher education
institutions rethink strategy and practice, as well. As we see, behind this challenging
contextual background, it is necessary to conceptualize the vision of knowledge and
learning in order to find the balance between declarative and procedural, explicit and
tacit knowledge. How can online learning transform learning and teaching processes and
higher education? Introducing some examples and cases, these are raising some other
questions and dilemmas. How can we change a traditional mindset moving forward to
a digital mindset? We would like to point out, this is not an individual progression. It
requires collaborative professionalism and changing organizational culture. How can
we use the opportunities of online learning effectively? No doubt, intrinsic motivation
is a basic point. But collaborative curriculum development, professional mentoring on
teaching methods and assessment techniques are necessary on this process. Fundamen-
tally, this learning journey has enormous impact on changing your mindset, teaching
methodologies and assessment culture, but mutual trust is a fundamental factor.
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Abstract. The incorporation of data science and artificial intelligence (AI) tech-
nologies in different fields and areas providemany benefits in automation, resource
consumption, and efficiency.However, the deployment of information systems that
can exhibit autonomous behavior—and, thus, that can make decisions that have
an effect on their users—may need to be prepared to face some ethical dilemmas.
Those dilemmas cannot often be completely covered by following an ethics by
design approach, which is based on foreseeing, beforehand, all potentially detri-
mental scenarios. In order to allow autonomous systems to act ethically and fairly,
artificial morality techniques are a promisingway to go. Our goal is to use artificial
morality systems to support the incorporation of AI in eLearning environments.
However, before implementing systems that are able to identify and react to ethi-
cally relevant scenarios, there is the need to understand what makes an educational
situation be considered ethically relevant andwhy. In order to gain this knowledge,
this work presents a preliminary prototype that automatically generates hypothet-
ical educational situations that may involve (or not) potential ethically relevant
decisions: the Educational Dilemma Generator. The work characterizes ethical
dilemmas in education, presents the design of the Educational Dilemma Gener-
ator, and shows the results of the preliminary tests conducted. The contribution
of the research is to create tools to advance in the knowledge about what ethical
dilemmas in education are and what characterizes them.

Keywords: Artificial intelligence · Online learning · Ethics · Ethical dilemma

1 Introduction and Motivations

The new disciplinary approach of learning engineering as the merge of breakthrough
educational methodologies and technologies based on internet, data science and artifi-
cial intelligence (AI) have completely changed the landscape of online education over
the last years by creating accessible, reliable, and affordable data-rich powerful learn-
ing environments [1]. Particularly, AI-driven technologies have managed to automate
pedagogical behaviours that we would deem as “intelligent” within an online education
setting. Nevertheless, and just as it happened in other fields where AI tools have also
been extensively deployed, there is the risk of those semi-autonomous tools failing to
grasp the ethical dimension behind some of their decisions [2–4]. If we want to be able
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to confidently use the full potential that AI-driven technologies can bring to a wide
variety of fields, we must ensure that these technologies are able to identify and address
scenarios bearing an ethical dimension in a satisfactory way. Nowadays, the community
is aware of such a need and, therefore, ethics by design (that is, foreseeing, as part of the
design process, potential ethically relevant effects that the deployment of such technol-
ogy might have) is a common practice in new projects. However, and although ethics by
design is necessary, it is not enough to guarantee that autonomous systems will always
behave in a way that we would deem to be fair and ethically-desirable—specially, as
artificial agents become more autonomous, are deployed in more areas, and need to be
prepared to face a larger number of potential situations and decisions [5].

Particularly in the field of education, cases such as the ones presented in Ref. [6]
show how many decisions can have a profound ethical impact on the people involved in
them. As such, these situations usually require taking a holistic perspective and balance
educational, personal and social needs in order to make an ethically correct decision.
Although the cases depicted in the aforementioned work concern offline educational
environments, the increase of online education platforms, in most cases supported by
some sort of automated decision procedures, opens up the question about how these eth-
ically relevant scenarios will translate to these more ubiquitous learning environments.
Particularly, as the ratio between students and human teachers increases, many day-to-
day tasks in the virtual classroom are partly handled by AI-assisted systems (such as the
processing and classification of students’ messages, or the use of conversational agents
to provide support in online learning environments) [7]. In order to ensure that the inte-
gration of such autonomous systems in educational settings will not lead to unexpected
detrimental decisions, it is paramount to gain a thorough understanding of what makes
educational situations ethically relevant.

Gaining a deeper understanding on this will eventually serve a triple purpose: 1) to
further refine a conceptual definition of what elements, from the perspective of human
educators, are key in determiningwhether a situation bears a clear ethical dimensionwith
it; 2) to furnish artificial pedagogical agents with some sort of ethical sensor [5] that
would allow them to understand when a decision is clearly ethically relevant; and 3) to
generate a knowledge base suitable to be used bymachine learning techniques in order to
provide those artificial pedagogical agents with some sort of artificial morality [5, 8–11].
Thepurpose of this paper is to introduce apreliminaryprototype that automatically gener-
ates hypothetical situations featuring a decision that may or may not call for an exception
to bemade on the ground of ethical reasons. These decisions are inspired in the case enti-
tled “The failing eight-grade student,” presented in Ref. [6], and generalizes it in order to
explore how different variables would affect hypothetical situations similar to that one.

After this short introduction, we present a layered approach to ethical dilemmas in
education, which we use as a starting point to the design of our hypothetical scenarios, in
Sect. 2. Then, we provide details on the design decisions, user interface, and technologies
behind the prototype in Sect. 3. Furthermore, and after having had the chance to run a
few preliminary tests on our prototype, we briefly discuss some of the results we have
gathered in Sect. 4. Finally, in Sect. 5 we use those insights to foresee further lines of
work to improve our Educational Dilemma Generator before rolling it out for further
tests on a larger scale.
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2 Ethical Dilemmas in Education: A Layered Approach

Ethical dilemmas in education often involve multiple dimensions that might need to be
taken intoaccount inorder to reachanethically acceptabledecision to thedilemma[5, 12].
A theoretical model to represent the multiple relevant layers that can appear in an ethical
dilemma in education was briefly introduced in Ref. [5]. Nevertheless, in the aforemen-
tioned work, the model was focused on a case study example that was used throughout
that paper. In the present case, we want to devote some space to the core definition of that
model, and we use it as a starting point to guide the design of our Educational Dilemma
Generator.

As it was argued in Ref. [12], ethical dilemmas may come from either a resource
allocation problem (i.e., limited resources, such as teacher hours, that must be somehow
allocated among a higher number of students), or a clashing principles problem (i.e.,
different choices inevitably lead to upholding certain principles, whilst disregarding
other ones). In particular, when focusing on ethical dilemmas in education involving
students, there is the risk to focus solely on the students’ academic results, without
taking into account certain particularities that can make certain cases sensibly different
from similar ones. Some works focusing on ethical dilemmas in educational contexts
[13–15] already identify the struggle of having to make a decision where a conflict
between educational and personal needs might be in conflict. In this sense, and as an
example, it is noted in Ref. [15] how acknowledging the personal situation and needs
of a student may not always be in accordance with the school’s standard rules; this kind
of tension, as it happens in other situations featuring a similar conflict, often leads to
complex dilemmas where one must bring educational, personal, and social issues into
the picture in order to get a holistic perspective on the case and fully understand how
the outcomes of a decision might affect the parties involved.

Following these intuitions, we define a layered approach to ethical dilemmas in
education that identifies three relevant dimensions surrounding a student:

• Educational Layer: Refers to those elements of the learning process that are explicitly
taken into account by the educational system and which reflect the student’s activities
and progress within the classroom. They typically include the student’s marks in
assessed activities, continuous assessment activities, assignments and homework, the
student’s past record, etc.

• Personal Layer: Refers to the student’s personal life and, particularly, to the way this
relates to their learning process. In other words, the Personal Layer accounts for the
student’s goals and expectations, their studying habits, and their effort andmotivation,
as well as their preferences. Even though this is not explicitly taken into account by
the educational system itself, it directly impacts the way the student approaches their
learning, and it includes both psychological and emotional factors that affect such
learning process.

• Social Layer: Refers to the student’s social context and the way this context may
affect both their Personal and Educational layers. This layer is highly contextual and
changing, as it is linked to historical, social, and political realities. It can include,
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among many others, geographical and structural inequalities present in different ter-
ritories, opportunities and limitations associated with certain social and gender roles,
the possibility (or the lack) of access to technology, etc.

By capturing the intuitions related to what relevant features one can find in ethical
dilemmas, our model seeks to distill and classify those in the aforementioned layers.
This can be seen as a step forward towards the systematic identification and analysis of
ethical dilemmas in educational settings, and it can help ensure that all relevant features
in those situations are accounted for and taken into account, prior tomaking a decision on
what the most ethically desirable course of action would be. It is worth noting how this
model can help both human educators gain an understanding of these situations, as well
as enabling AI-assisted tools—for instance, in online learning environments, to identify
cases that could potentially classify as ethical dilemmas. A schematic representation of
these layers is depicted in Fig. 1.

Fig. 1. Understanding the different layers surrounding a student.

We provide, in Ref. [5], an analysis of a particular case study using our multifaceted
model for ethical dilemmas in education. In the present work, we instead use the model
to identify and distill the specific characteristics that could appear in these dilemmas,
and we use those insights to begin prototyping an automated Educational Dilemma
Generator.

3 Towards an Educational Dilemma Generator

The first stage of the Educational Dilemma Generator, defined in this paper focus solely
on the elements that belong to the Educational Layer—it is worth noting, however,
that we do include some minimal demographic information of the hypothetical student
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involved in the dilemma, as we would like to see, as part of the first preliminary tests,
whether this could already highlight certain relationships between this information and
the way some human educators would react to that scenario. Our aim is to test, through
a series of preliminary trials, whether the elements of the Educational Layer could be,
per se, enough to generate scenarios that human educators would classify as ethical
dilemmas. On future stages of the current project, we will add elements belonging to
the Personal and the Social layers to further study how those elements affect the ethical
dimension of the generated dilemmas.

3.1 Conceptual Design

Even though ethical dilemmas in education cangreatly vary in shape and content,wehave
chosen to focus our initial development to a pretty specific set of situations. Following the
analysis of a case presented inRef. [6], whichwe already explored using ourmultifaceted
characterization of dilemmas in education [5],we focus our dilemmas on the samekind of
situation: a student has failed an exam, and the user (potentially an educator related to the
student or to their institution) has to decide whether an exception should be made in the
case of that student with regards of their failed exam. The case presented in Ref. [6] had
a very specific set of features, such as the exam being a grade-pass exam, and providing
some information regarding the student’s Educational, Personal, and Social layers. In
this case, we have also included other elements that could likely make a difference to
the outcomes of the depicted situation—for example, and among other factors, in our
hypothetical situations, we consider different kinds of exams (with a different degree of
importance within the educational process), as well as different types of modules and
degrees.

Far from providing an exhaustive set of all the potentially relevant variables and
values, we have chosen to include the following elements (most of them belonging to
the Educational Layer, plus a few of them belonging to the demographic data of the
student) in this preliminary test of the Educational Dilemma Generator:

• Student:

• Name: The student’s first name.
• Gender: The student’s gender.
• Ethnicity: The student’s ethnicity.
• Record: The student’s performance record, specified as a combination of multiple
variables. It can either be a record that consistently shows the same performance
over time, or it can show a variation in performance.

• Effort: The student’s effort in the current module, plus potentially some additional
details on the student’s engagement and shown interest.

• Exam:

• Relevance: Indicates whether the exam is part of a formative, or summative assess-
ment activity, or whether it is the last exam of a module, or even a grade pass
exam.



346 J. Casas-Roma and J. Conesa

• Mark: The range of the mark achieved by the student. Because of the nature of the
dilemma itself, the mark will always be a fail (we have considered the mark to be
evaluated in a 0 to 10 scale, being 5 the mark required for a pass), but it can have
a variety of ranges featuring a clear fail (less, or equal than 3), a fail (between 3.1
and 4.4), and an almost pass (between 4.5 and 4.9).

• Module:

• Prerequisite: Indicates whether the module is prerequisite to other modules (that is,
whether the student not having learned its contents may likely be an impediment
for future modules).

• Course:

• Degree: Specifieswhat sort of degree,within the educational system (that is, primary
education, high school, undergraduate, or graduate) the course and the module
belong to.

A schematic representation of these elements can be seen in Fig. 2.
The prototype developed will create new random scenarios by generating different

combinations of the relevant variables. These scenarios will be presented to teachers by
using a web-based interface to get insights on whether the generated scenario poses an
ethical dilemma, as well as how the dilemma should be solved and why. An example of
one of such scenarios is the following one (we highlight in bold font those elements that
are part of the randomly-generated variable values):

Alex is a latino female student who recently failed a formative assessment in a
module which is a prerequisite module to other modules as part of a high school
course; Alex scored almost a pass (between 4.5 and 4.9).

The student has shown a good amount of effort, being consistently engaged
during the course of this module. Alex’s student record recently has shown out-
standing results but, in the past, has shown average results (mostly passes, a few
fails).

According to the standard school rules, Alex should fail the exam. Do you think
an exception should be made in this case? Why?

The aim of our Educational Dilemma Generator is to understand better what the
weight of the aforementioned elements are, in relation to that hypothetical situation,
being eligible to be considered as an ethical dilemma. Similarly, we also want to under-
stand whether and how different combinations of those variables can make a difference
in cases where, say, those elements do not occur all at once, or where other variables
may act as inhibitors (for example, is the fact that a module is not a prerequisite to other
modules key in determining whether an exception should be made in a failed final exam
of such module?).
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Fig. 2. A conceptual diagram for the dilemmas generated.

3.2 Interface

The prototype runs on a web browser and presents the user with an initial screen that
briefly introduces the project and its context, and provides a minimal set of instructions
on how to run the tests—plus some information regarding privacy and the data we gather.
Once the user clicks the button to start the test, the browser shows five different cases
which describe, in a short text, what the hypothetical situation is (see Fig. 3).

Fig. 3. A screenshot of the prototyped educational dilemma generator.

The user is then told that, according to the standard school rules, the hypothetical
student should fail the exam, but the user is then asked whether they think that an
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exception should be made in this case, according to the particular situation depicted and
the information provided. The user can answer with either a “yes” or a “no”, and in
this preliminary case, we have chosen to include an optional textbox to provide an open
reflection on why they have decided to choose one, or the other option. We believe that,
in the early stages of our project, the comments provided by the users can help us refine
our prototype.

3.3 Technologies

In order to make our test as widely accessible as possible, we have chosen to use web-
based responsive technologies that allow the program to run in different devices by using
a web browser. We use basic HTML to show the relevant information to the user, PHP
7.3.21, to generate the scenarios automatically and a MySQL 8.0.21 database to store
the scenarios tested and the test results.

4 Preliminary Tests and Results

The URL where we initially uploaded our prototype has been sent to a controlled group
composed by several eLearning teachers from the field of computer science. We have
performed a preliminary set of tests, involving 40 different cases (all of them randomly
generated by following the patterns specified in Sect. 3.1); aside from the responses
associated to those 40 cases, we have also gathered qualitative feedback regarding the
interface of the prototype.

Regarding the users’ answers to the cases, we have collated some interesting pre-
liminary insights. Of course, because this is just a preliminary test, and because it is
mainly intended to point towards ways of improving it in its next iteration, we do not
have yet enough data to draw any solid conclusion; nevertheless, there are some insights
that could be interesting to see whether they will appear again in further larger tests. We
summarize those comments in the following lines, in no particular order:

• In general, answers suggesting that an exception should be made, with regards to the
student failing their exam, mention the student’s motivation (effort and engagement)
in the module. This is revealing in the sense that this variable already falls within the
scope of the Personal Layer (as explained in Sect. 2); this would seem to preliminary
suggest that attributes from the Personal Layer are indeed key in this regard.

• Some answers saying that they would not make an exception point to the fact that
they would need more information in order to justify making an exception. It is worth
noting how, in some of those cases, no information regarding the student’s record
was available (this is something that we intentionally introduce as a possible variable
value for the record). In this sense, it seems that, without having the chance to take
into consideration the student’s past performance, users did not have enough reasons
to support making an exception.

• Some answers saying that they would not make an exception explicitly refer to the
“school rules,” which we intentionally introduced as part of the test’s question (and
following the work of Ref. [15], which identifies the tension that sometimes arises
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between the caring climate and the formal climate, and towhich the dilemmas depicted
in our prototype fit very well).

• The student’s attitude is something that has been mentioned in some cases where the
hypothetical situation depicts the student as showing little effort, and the user decides
not to make an exception. In those cases, the fact of failing the student is suggested
as something to foster a change of attitude in the hypothetical student.

• Some of the answers suggest that they would need more information about the student
and their case in order to make a decision and that they would like to talk to the student
beforehand. This seems to hint thatmore information on the Personal and Social layers
of the student would help make a decision; thus, it may suggest that the Educational
layer is not always enough.

Regarding the current state of the prototype’s design, its interface, and the way the
user interacts with it, we have also received some valuable feedback from the controlled
group of users who performed the test. These comments are not related to the prototype’s
conceptual design or to the content of the cases that it generates, but they rather refer
to user interface while performing the tests; thus, it can help us improve it in order to
avoid confusion that could compromise the results. We summarize those comments in
the following lines (again, in no particular order):

• The prototype currently allows to go back and forth over the cases (through the
browser’s back and forward buttons); although the cases are kept the same, the user’s
inputs are recorded independently, which can potentially lead to a confusion in the
data we gather regarding the number of cases done in each session. This will need to
be amended from a technical point of view.

• Certain phrasings of the variable values should be improved, as they can be confusing
for the users. For instance, it should be explicitly mentioned that the hypothetical
exam mark is calculated on a scale from 0 to 10, as otherwise the value of the fail
mark might be a bit vague. Similarly, the concepts used to distinguish the type of
hypothetical exam may not fit all evaluation methods (for instance, those based in
continuous assessment activities), so they should be modified accordingly.

• Currently, the test ends somewhat abruptly and redirects to the home page of the
prototype.Most users have suggested that it would be good to add a final page showing
the overall answers of the test and maybe even including a way to share the test to
other people; this would be a good opportunity to spread the test further, once we
begin with more large-scale rounds of tests.

• Some of the users have suggested giving the chance, at the end of the test, to modify
their decisions; this would allow the test to either gather the first impression the user
has about a case, or either to allow further reflection and, once all the cases have been
seen, allow the user to put those cases in perspective.

5 Remarks and Future Work

In this paper, we have introduced the design of an automated Educational Dilemma
Generator that presents a human user with different hypothetical cases that could be
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classified as ethical dilemmas in education. The definition of those ethical dilemmas is
groundedonourmultifaceted characterizationof dilemmas in education,which takes into
account the Educational, the Personal, and the Social layers surrounding the students. For
this first iteration of our prototype, we have chosen to focus mainly on elements from the
Educational Layer, plus some extra demographic data of the hypothetical student. This
should help us see whether elements from the Educational Layer alone, without getting
into the Personal and Social layers, are enough to classify some of our hypothetical
situations as ethical dilemmas; furthermore, it would allow us to compare, in future
stages of the project, how the addition of elements from the Personal and the Social
layers affect those hypothetical cases. We have run a preliminary test of our prototype
with a controlled group of eLearning educators in order to gather some initial insights on
the content and the design of our prototype; the feedback points to some improvements
that can help make our prototype more robust, usable, and reliable.

Once we can start running tests with our prototype on a larger scale, the data gathered
will be helpful for three different goals: 1) to further understand what classifies as
an ethical dilemma in education, from the perspective of human educators, and what
elements are key in distinguishing what cases bear a clear ethical dimension with them;
2) to gather large amounts of human-labelled data that could be used to train ethical
sensors [5] in order to identify ethically relevant situations; and 3) to gather large amounts
of human-labeled data that could be used to train artificial pedagogical agents using
techniques from artificial morality (particularly, following either pure bottom-up, or
hybrid approaches).

Regarding goal number 2, and as we discuss in Ref. [5], artificial agents taking
broader roles in educational settings would need to be embedded with a mechanism
allowing them to distinguish which decisions bear a clear ethical dimension with them.
For instance, it is not hard to imagine how an automated system assigning the grades
of students in MOOCs could stumble upon a scenario similar to the ones depicted in
our dilemma generator. Our preliminary results show that some human teachers think
that, in the student’s best interest, an exception could be made in some cases. Having
a large amount of data that distinguish which scenarios are clearly ethically relevant,
and that points to the reasons behind why exceptions might be considered, could allow
these automated systems to be trained to recognize such situations and raise an alert to
involve teachers in their consideration. Similarly, and once the automated system has
been furnished with this kind of ethical sensitivity, deploying a layer of moral reasoning
into the system could either allow it to make ethically relevant decisions by itself, or act
as an ethical advisor to human teachers in the loop: this, which corresponds to goal 3,
could potentially be achieved through artificial morality techniques based on some sort
of machine learning process, which would require the large amounts of labeled data we
aim to gather with our tests. In order to do any of this, however, we would need to run
the tests at a much larger scale. Before doing so, nevertheless, there are some parts that
we still need to test, iterate and improve.

As future work, we want to start by integrating the feedback received from this
first test in order to improve our prototype; both comments regarding the prototype
interface, as well as related to the dilemmas generated, will be considered and taken
into account in the next iteration of our prototype. Once we have polished the current
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state of our prototype, adding elements from the Personal and the Social layers would
be the next step. By adding those elements, we not only open up the possibility of
generating more nuanced hypothetical scenarios, but we can also think about generating
paired hypothetical scenarios in which one of them features Personal and Social data,
whereas the other does not: we can then perform A/B comparison tests and see what the
significance of taking this information into account is, with respect to the way the users
would react to the same dilemma.
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Abstract. Adaptive learning solutions generally assume curricular, instructional,
content, and/or learning models to be known in advance. This paper describes an
ongoing research project being conducted by the Center for Inclusive Software
for Learning (CISL), funded by the U.S. Department of Education, that is devel-
oping a suite of open-source tools designed for diverse learners by making digital
educational materials—including open educational resources (OER)—accessible,
flexible, and engaging. The Clusive Reader at the heart of CISL leverages Uni-
versal Design for Learning (UDL) principles and includes a number of adaptive
features designed to operate without prior knowledge of how thematerials support
learning goals. These adaptive features include content complexity leveling, inclu-
sion of summaries and highlighted main ideas, dictionary and glossary tools, and
just-in-time tips and suggestions regarding preference setting and use of learning
tools. Information to support adaptivity heuristics comes from user interactions,
an onboarding skills discovery process, and embedded affective, comprehension,
and learning goal prompts and game-like vocabulary challenges. Per UDL, adap-
tivity in Clusive is designed to support not only immediate learning goals, but
also the building of “expert learners” who independently choose the most effec-
tive content, contexts, and supports. As such, adaptivity has been designed as a
learning scaffold, with the intention of gradual reduction over time, in two ways.
First, adaptivity operates transparently, providing students with insights as to why
choices and recommendations are made. Second, students are allowed to override
system decisions to promote self-agency. Evaluation of student impressions and
efficacy are being conducted as part of the CISL project. This paper provides the
research foundations and philosophical approach taken for this effort, describes
the current adaptive learning features being designed, and concludes with remarks
on next steps and challenges being faced.

Keywords: Adaptive learning · Universal design for learning · Reading supports

1 Introduction

1.1 Need for Reading Supports

A majority of America’s students fail to meet proficiency standards for reading of lit-
erature and academic texts [16], a situation compounded by recent COVID-19-based
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distance learning requirements, especially for at-risk populations. Differentiation and
individualization comprise common strategies among educators to address the need for
improved reading instruction, and educational technologies play a critical role in making
such personalization possible. These include perceptual supports, such as adjustable siz-
ing and spacing of text [6, 22, 27, 41] and adjustable color and contrast [13, 28]; linguistic
supports, such as reading aloud through text-to-speech [9, 18, 19]; comprehension and
cognitive supports, such as allowing students to highlight [12, 39] and annotate [17, 33]
text; access to digital glossaries and dictionaries [11, 20]; and text complexity reduction
[10, 31, 32]. Learning technologies frequently feature built-in assessment tools that pro-
vide prompt-based and diagnostic feedback on student performance, such as progress
tracking and identification of patterns in content acquisition. Additional personalization
can come in the form of content area selection andmastery-based advancement, in which
the technology directs students to additional resources, lessons, and activities based on
completion of prior work and student interest [34].

The challengewith all these supports is ensuring that students understand the benefits
that may—or may not—accompany their use. This is compounded by large variation as
a function of the learner, content, context, and reading goal [30].

1.2 Promise and Limitation of Adaptive Learning

Adaptive learning solutions—in which students are provided instruction, content, and/or
supports as a function of their individual, ongoing learning needs—have shown increas-
ing promise as an effective tool to improve learning. Most success has been achieved
within “well-structured domains,” those in which models of pedagogy have been well
established, such as some STEM areas (e.g., physics and algebra), and for whichmastery
learning approaches can be defined [3, 29].

Less effectiveness of adaptive learning approaches has been demonstrated in domains
where learning progression is harder to define and for which instructional models are
cruder. Within reading, the problem is further compounded. There are many reasons a
student may be struggling in reading. Even with a diagnosis of dyslexia, for example,
there is ongoing debate whether this is a monolithic diagnosis for which a singular
interventional approach is warranted, as opposed to a cluster of neurodiverse factors
warranting more “agile” intervention approaches.

Furthermore, adaptive learning solutions to support reading that generally assume
curricular, instructional, content, and/or learningmodels are known in advance and, thus,
are limited to self-contained learning systems [5]. Lastly, models don’t typically include
affective components of learning. This is a significant shortcoming, given that affect is a
critical, gating component for learning and has been shown to be especially deterministic
of reading success.

1.3 Promise and Limitation of Open Education Resources

Openly licensed and free available Open Education Resources (OER) are increasingly
being used in K-12 and post-secondary learning. OER provide greater equity for dis-
advantaged regions globally and for students who are economically disadvantaged.
Through their open licensing, they support the “5R Permissions of OER,” namely the
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rights to: (1) retain and make your own copies; (2) reuse in a wide range of ways; (3)
revise, adapt, modify, and improve; (4) remix by combining two or more; and (5) redis-
tribute to share your contributions with others (Lumen Learning, 2014). As such, OER
offer the potential to create many variants and choices to match the variability and diver-
sity of student needs. This same latitude and variety is generally unavailable with mass-
produced, copyright-protected commercial curriculum products. Furthermore, despite
their increasing popularity and use, OER still rarely include adaptive learning supports.

1.4 Current Effort

This paper describes an ongoing research project in which we are developing an open-
source reading tool that contains adaptive reading supports for diverse learners designed
to operate “in the wild” without a priori information about curricular, instructional,
content, or learning models. We will explain the research foundations and philosophical
approach taken for this effort, and we will describe the current adaptive learning features
being designed. The paper concludes with remarks on next steps and challenges being
faced.

2 Center for Inclusive Software for Learning

The Center for Inclusive Software for Learning (CISL) has been funded by the U.S.
Department of Education to develop a suite of open-source tools to make digital educa-
tional materials—including OER—accessible, flexible, and engaging for diverse learn-
ers. This effort is predicated on the need for an ecosystem of open source and interop-
erable software applications available to be implemented in state and local systems, so
that equitable opportunities for learning become a reality for all students served in K-12
schools. While accessibility—in the form of compliance with guidelines such as the
WCAG 2.1 [37]—is necessary, it is insufficient. It’s critical to implement existing and
new technologies as a means of providing equitable and improved learning opportunities
to ensure that K-12 systems can adequately prepare all students for college and career
readiness and are equipped to succeed in postsecondary education or the workforce.

The goal of CISL is three-fold. First, it will provide a body of research to increase the
knowledge and understanding of the current challenges, a market scan, and gap analysis
of which accessibility features and learning scaffolds are most useful for whom, and
under what conditions. This will include descriptions of what features and scaffolds
already exist and which barriers to access and learning need to be addressed by the
creation of new features and supports. Second, CISL will undertake an iterative co-
design process to develop an open-source applications suite combining extant and newly
developed software that allows students and end-users to customize their access to digital
content, online and off. Third, CISL will create developer’s guidelines and an ed tech
stakeholder’s group to encourage widespread use of the software, its discrete features,
and/or its design methodology by OER developers, publishers, and ed tech designers.
The ultimate goal of the CISL is to improve access and learning for all learners using the
full range of curriculum content and modalities available today and in the foreseeable
future.
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2.1 Universal Design for Learning

As an approach to instructional differentiation to meet individual students’ learning
needs [15], the Universal Design for Learning (UDL) framework draws from seminal
work in the learning sciences, cognitive psychology, and neuroscience that highlights
variability among learners [21, 25, 36, 38].UDL stipulates that, to address this variability,
effective learning opportunities must provide (1) multiple ways to present content, (2)
multiple ways for students to interact with content and express what they are learning,
and (3) multiple ways to engage students in learning [23, 30]. With this flexibility in
instructional goals, assessments, methods, and materials, potential barriers to learning
are lowered and opportunities to engage in productive struggle and learn are increased.
Awareness of UDL’s utility and potential has been growing, as evidenced by references
to it in the Individuals with Disabilities Education Act (IDEA), the Higher Education
Opportunity Act, and the Every Student Succeeds Act (ESSA), as well as in the 2010 and
2016 U.S. Education Technology Plans [35]. In addition, original work demonstrating
the effectiveness of UDL in the area of language arts is now being extended to math and
science, a wide range of populations, and to assessments [2, 9].

UDL implementation leverages students’ use of scaffolds and supports to promote
mastery of standards-based content and learning strategies, and to facilitate engagement
in learning. The scaffolds and supports operate by actively guiding students through
just-in-time feedback and contextual supports that can be gradually withdrawn as student
expertise increases [7, 8, 24, 30].

In addition to supporting students with immediate learning goals, UDL provides
a framework for fostering development of “expert learners” with the metacognitive
and self-regulated learning skills to be—in their own way—purposeful and motivated,
resourceful and knowledgeable, and strategic and goal driven. As such, expert learners
can decide for themselveswhich content, contexts, and supportswork best in themoment.
Even when curricula, instruction, and materials adhere to UDL principles and provide
flexibility, it can be daunting for students to make effective choices. An excellent way
to support students in building the metacognitive skills foundational for expert learning
is through modeling. This is where effective adaptive learning systems can best oper-
ate—and why they must operate transparently. Adaptive learning solutions that indicate
why choices and recommendations are made can scaffold students in making effective
choices. Allowing students to override system decisions further provides opportunities
for self-agency. In the end, students are provided not only with improved opportunities
for immediate learning goals, but they’re supported in becoming expert learners.

3 CISL Adaptive Learning Approach

Per UDL, adaptivity in the student-facing Clusive Reader at the heart of CISL has
been designed according to three approaches. First, adaptivity operates transparently,
providing students with insights as to why choices and recommendations are made.
Second, students can choose whether adaptivity is provided in terms of automated deliv-
ery vs. recommendations. Third, even when supports are delivered automatically, stu-
dents are allowed to override system decisions. Collectively, these approaches promote
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student self-agency and provide students opportunities to improve metacognitive and
self-regulated learning skills [1, 4, 26, 40].

CISL is researching a number of adaptive features designed to operate without prior
knowledge of how the materials support learning goals. These adaptive features include
content complexity leveling, inclusion of summaries and highlighted main ideas, dic-
tionary and glossary tools, and just-in-time tips and suggestions regarding preference
setting and learning tools use. Information to support adaptivity heuristics comes from
students’ interactions with Clusive, an onboarding skills and preferences discovery pro-
cess, and embedded affective, comprehension, and learning goal prompts and game-like
vocabulary challenges. These are described in the following sections.

3.1 Complexity Learning

Clusive adaptively delivers and recommends different versions of texts varying in lexical
and syntactic complexity. Currently, this is based on students’ reported knowledge of key
vocabulary words (Fig. 1), additional word look-ups in the text, and further interactions
and ratings of the terms in their word bank.

Fig. 1. Initial word rating panels and subsequent text challenge level “switch” panel.

We are exploring other means to reduce text complexity, including outline or sum-
mary views, views with themain ideas highlighted, and views with expanded vocabulary
support (e.g., simpler synonyms or pictures attached to difficult words).
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3.2 Adaptive Onboarding and Learning Tool Adaptivity

Clusive currently provides adaptive onboarding tooltips that identify and suggest features
of the application to new users. These are shown not in a fixed sequence or timing, but
based on each user’s actions and current context. For example, if the student hasn’t used
the text context menu, they would be prompted to try selecting text, then to highlight a
passage, look up a definition, or hear words read aloud (Fig. 2).

Fig. 2. Onboarding tooltip prompting students to try the text context menu.

Clusive also prompts students to consider using a learning feature (e.g., choosing
text level, text-to-speech, highlighting, word look-up) based on whether they have used
the feature yet, and if so, how recently (Fig. 3).

Fig. 3. An article showing adaptive learning tooltips.

Weare exploringways to enhance this feature to adaptively prompt studentswhen and
how touse learning features basedonmore sophisticatedmodels of their past interactions.
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For example, recommendations for using text-to-speech could be provided to students
based on their reading behaviors, frequency of tool use, student-identified reading goals,
and the challenge of the text vis-à-vis their reading skills. These recommendations could
include not only reminders to use specific supports, but also suggested settings for their
use (e.g., speed in the case of text-to-speech).

3.3 Affect-Based Adaptivity

As student affect and engagement play critical roles in reading, we are researching how
to include measures of student affect in recommending content and supports to students.
We are designing affect prompts in which students evaluate the emotional impact of
specific readings during or after reading activities. This information would be used in
combination with analysis of their general content choices, as well as information gath-
ered during the discovery process, to improve specificity of recommendations. Figure 4
shows an example of an affective prompt where the student has selected “engaged” and
“curious” and is then asked to indicate why. The open response “say why” option shown
below will be replaced by a multiple-checkbox response format for better automation.

Fig. 4. An affective prompt at the end of an article.

3.4 Comprehension-Based Adaptivity

Weare currently designing comprehension checks—ranging frommaze to open response
questions—for embedding within content as a means to improve student understanding
[14].Weare considering the use of student responses (to comprehensionprobes amenable
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to automated scoring) as data to support adaptive delivery and recommendationof content
and supports. However, we remain skeptical about their ability to provide valid and
reliable information unless we are able to obtain pre- and post-reading measures.

3.5 Learning Goals-Based Adaptivity

Learning goals-based adaptivity can occur across or within specific texts. For example,
the student might be prompted on the dashboard with, “What goals do you want to set
this week?” They may want to work on fluency, read for fun, learn something new,
test their knowledge, or just get their reading done. Based on their response, Clusive
would display and suggest appropriate tools. A student wanting to work on fluency, for
example, may be encouraged to use read-aloud, but set to a faster speed. An example
of setting content-specific learning goals is shown in Fig. 5. A student wanting to get
ready for a class discussion, for example, may see a version of the text with key ideas
highlighted, while one wanting to build skills may encounter a vocabulary game that
utilizes terms specific to that text.

Fig. 5. The goals prompt panel, shown as a student heads into a reading, provides finer-grained
information to Clusive’s adaptive algorithm engine.

3.6 Reading Skills-Based Adaptivity

During the discovery process, we are considering having students conduct a self-check
in which they identify their preferences for skill level based on comfort, interest, and
motivation. Figure 6 shows an example of an interactive sequence in which students
indicate the comfort with varying levels of vocabulary and sentence structure.



360 R. P. Dolan and K. Ducharme

Fig. 6. Example of how students could do a skill-level self-check to have a more customized
experience with Clusive.

The discovery process could also include more formal measures of students’ reading
decoding and comprehension skills.

3.7 Adaptive Self-regulation and Time Management Supports

We are currently exploring how Clusive could encourage students to set specific goals,
such as an amount of time they want to spend reading or a number of pages they would
like to read, and then support them in achieving their goals by tracking these metrics
and providing encouragement and reminders.

3.8 Contextual Preference Adaptivity

We had considered the possibility of allowing students to create multiple preference
configurations for use in different contexts. However, our user research and beta testing
has shown us that students prefer to have preference settings at their fingertips, easily
and flexibly changeable based on a particular context (e.g., goals, topic, environment).
As such, Clusive will maintain a single set of preferences for each user.

4 Conclusions and Future Work

Clusive is being soft-launched in the spring of 2021, after which we will be able to
evaluate students’ impressions and use of features.

Generation of complexity-leveled content is a labor- and skill-intensive process, and
as much art as science. Although there is promising research into automated text simpli-
fication processes and some tools are available, the inaccuracy and technical limitations
of the tools limit their suitability; they are error prone, often changing the meaning of the
text alongwith the reading level. Furthermore, the best performing of the current systems
are commercial services and, therefore, not readily incorporable into any open-source
software. Nonetheless, we are continuing to refine Clusive’s text adaptivity features,
with the assumption that viable automated and/or crowdsourced solutions for producing
leveled content are on the horizon.

Another challenge is the limited availability of information about students. We are
making it a point not to ask too many questions that may be intrusive and allow students
to opt out of any questions. Thus, we operate under the constraint of effectively adapting
content and supports based on limited information that we can transparently gather with
the user’s full awareness and consent.
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Abstract. In an increasingly polarized digital landscape, evaluating online infor-
mation has become a critical media literacy skill. Many individuals have difficulty
distinguishing satirical from legitimate news sources [1]. One useful strategy is lat-
eral reading, looking up information about a website or social media account in
order to judge its credibility from an outside source [2]. We developed a short lat-
eral reading task where we asked users to evaluate the trustworthiness of the satire
account@GOPTeens and explain their response in a short text response.We devel-
oped a natural languageprocessing classifier to detectwhether users correctly iden-
tified the account as a satire account, which would indicate that they employed lat-
eral reading to evaluate the trustworthiness of the account. This classifier examines
a very specific case and the NLP classifier was highly accurate with a Macro F1
statistic of 0.96 (OverallMacro F1= 0.96, Yes F1= 0.99, No F1= 0.94). In future
work, we will employ the classifier to provide targeted feedback to users and will
explore the effects of facilitative versus directive feedback on performance with
lateral reading tasks.

Keywords: Natural language processing ·Media literacy · Assessment

1 Introduction

As people increasingly consume news content online, the ability to correctly evaluate
the credibility of online information is becoming an increasingly important literacy skill
[3]. With the increased presence of misinformation online, it is essential that citizens be
equipped with the skills to distinguish credible from non-credible sources of information
[2, 4, 5]. However, traditional methods for evaluating online information encourage the
use of long checklists that include characteristics that have little relationship with the
sources’ reliability, such as whether it is a.com or.org or whether it contains official-
looking logos [4, 6]. Checklist approaches can lead to incorrect conclusions about the
reliability of a source. For example, the domain name is not a strong indicator of reli-
ability, since any entity can purchase a.org or.edu URL. Moreover, when users employ
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these traditional approaches to evaluate websites’ credibility, they are often led astray
and erroneously conclude that legitimate-looking sources are credible [6].

To address this need, the StanfordHistoryEducationGroup (SHEG) created theCivic
Online Reasoning (COR) curriculum [7]. The COR curriculum introduced a number of
strategies to evaluate online information, including “lateral reading.” To engage in lateral
reading, a user leaves the website in order to search for what other sources say about
the website in question [4]. For example, if someone comes across a Facebook post
with a headline from an unfamiliar source, the user can search that source in a new
tab to determine if it is a legitimate news organization. This method, which is used
by professional fact checkers, yields more reliable and faster assessments of online
information than spending time evaluating a source itself [4].

Lateral reading lends itself particularlywell to evaluating content thatmaybe satirical
in nature.When viewed out of context, it can be difficult to distinguish legitimate sources
from satirical ones [1]. For example, a user who saw the following post (see Fig. 1) on
social media, “Trump Explains Decision to Cut Meals on Wheels Program: ‘They just
die anyway,’” (February 11, 2020) might incorrectly assume that the headline, from a
legitimate-sounding publication, described a real news event. Others may question the
source of the information based on the tone of the headline, which suggests an anti-
Trump bias, but assume it is referring to a real event. However, a quick internet search
for the Breaking Burgh shows that it’s a satirical website [8]. When assessing online
information, it is important to be able to distinguish between biased accounts of real
events and satirical accounts (see Fig. 1).

Fig. 1. A screenshot of a Facebook post that posted the satirical article from Breaking Burgh.

In this paper,wedescribe a task thatwas embedded in anonline course on21st century
media skills and howwe used that data to construct a classifier to determine participants’
reasoning in the second version of the task. We then analyzed the effectiveness of that
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classifier and explored how it could be adapted to other text classification tasks in large-
scale learning settings such as massive open online courses (MOOCs). This method
could be useful in providing in-the-moment feedback within digital practice spaces to
offer redirection to participants in improvisational teaching scenarios. Natural language
processing (NLP) methods in other writing tasks show similar grading to experts and
can be used to provide feedback to users [9]. Other research on NLP methods in digital
teacher development tasks has shown that these methods can be used to detect confusion
in participants’ responses to provide them feedback and a moment of reflection [10].
Additionally, these feedback mechanisms can be critical in MOOCs where the larger
scale means that participants do not often receive one-on-one attention from instructors
[11]. Our design of performance tasks for educators in MOOCs with NLP integration
would allow them to receive feedback on their performance immediately.

2 Methodology and Analysis of the Task

To prime participants to evaluate satirical content online using lateral reading skills, we
developed a task where users had to evaluate the trustworthiness of a Twitter account
as a source of information about gun control. We showed participants a Tweet from
a satirical account, @GOPTeens, that stated, “#Teens: RETWEET if you walked out
because there weren’t ENOUGH #guns at #school!!!” (see Fig. 2). Participants were
then asked, “Based on your lateral reading, do you think this account is a trustworthy
source of information about the school walkouts?” and to explain their answer in the
form of a short response. A correct answer would correctly identify that the Tweet is not
trustworthy because the account is a parody account.

Fig. 2. A screenshot of the Tweet from @GOPTeens that participants saw in the activity.
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2.1 Analysis of Participant Responses

We tested this task with 501 unique users who were participating in aMOOC on evaluat-
ing online information that used strategies from the COR curriculum. Of the 501 unique
users participating, we removed duplicate responses by participants from our dataset,
leaving us with 441 valid responses. We then separated the short-answer responses into
three categories: thosewho viewed the Tweet as trustworthy, thosewho viewed the Tweet
as untrustworthy because it was satire, and those who viewed the Tweet as untrustworthy
because of political bias in the Tweet. Three researchers qualitatively coded short-answer
responses from individuals who labeled the Tweet as untrustworthy to understand the
reasoning behind that label; researchers coded responses for reference to two possible
explanations of untrustworthiness, satire and political bias (Cohen’sKappa= 0.949). For
example, one response coded as related to satire said, “This account is a parody account
and is not factual. I found that out by Googling the account name.” One response coded
as related to political bias said, “This Tweet has political bias so the account can’t be
trusted for information.”

Overall, most participants (73.47%) correctly noted that the account was a parody
account based on implementing the lateral reading strategy. Engaging in a brief online
search demonstrates that @GOPTeens is a parody account, as it is run by Daniel Kib-
blesmith, an editor at a website associated with The Onion (another satirical website).
The remaining responses did not directly answer the question or expressed confusion
with the task.

3 Developing and Deploying the Classifier

In order to provide more directive feedback within the learning environment, we set out
to design a text classifier that could identify when a participant failed to determine the
Tweet was satire so that we could offer additional support to that participant. Directive
feedback offers corrective feedback based on the users’ response and is often more
effective than general feedback when learners are just starting to learn a new skill [12].

During the task, participantswere providedwith explanatory video thatmodeled how
an expert would evaluate the credibility of the @GOPTeens account using lateral read-
ing. While we could have offered feedback based on multiple choice responses, limiting
the question to pre-constructed options would not have captured participants’ full under-
standing behind the trustworthiness of sources. Developing, training, and deploying a
classifier would allow us to provide more robust feedback to participants.

We built our classifier using the coded data reserving approximately 10% (N = 46)
as the validation set. We tested several different classifier models on our tagged dataset
using twoPython packages, Scikit-learn andNatural LanguageToolkit.We preprocessed
data usingmultiple Python libraries.We usedBeautiful Soup [13] to remove punctuation,
NLTK to remove stop words, and Porter Stemmer, a component of NLTK, to pull out
word stems [14]. We utilized five stratified shuffled K-folds in our models and analyzed
the power of the SVC and MLP models from Scikit [15] (see Table 1) and determined
that SVM with all three preprocessing methods provided the best results on the positive
class of the data. This resulted in an F-score of .99, precision of .97, and recall of 1.00,
in determining that a written response did identify the Tweet as satire in a validation set.
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Only one of the responses was miscategorized as a false positive in the validation
set for the SVM implementation. “Other sites, unusual names, conservative leaning,”
was coded by researchers as not including the correct reasoning about satire, but it was
marked as containing the correct reasoning by the model. This model was pickled for
future use. From there, we deployed this classifier to the back-end server that analyzes
participants’ written text responses to tasks using the Python script with our classifier.
The code for the web socket service implementation of this model is available on GitHub
through https://github.com/mit-teaching-systems-lab/dcss-satire-agent.

Table 1. Overall F1, precision, and recall scores for the validation set across different model types
and preprocessing methods (Yes: 36, No: 9).

Macro Yes No

Classifier Method F1 P R F1 P R F1 P R

SVM Stemming, stop words .92 .97 .89 .97 .95 1.00 .88 1.00 .78

+ punctuation .96 .99 .94 .99 .97 1.00 .94 1.00 .89

MLP Stemming, stop words .89 .91 .88 .96 .95 .97 .82 .88 .78

+ punctuation .93 .93 .93 .97 .97 .97 .89 .89 .89

With this classifier model, we then revised the task to include feedback by integrating
the classifier into the task to categorize responses. In this task, participants view theTweet
and click whether they believe the account to be a trustworthy source of information
about the school walkouts. If they select that it is not trustworthy, they are taken to a
screen to explain their answers (those who claimed it was trustworthy receive immediate
lateral reading feedback). From the text response slide, the responses are classified as
“Yes” or “No” for containing the correct satire reasoning (see Fig. 3). If the classifier
returns “Yes,” the participant sees positive feedback that they correctly identified the

Fig. 3. A representation of the assessment architecture that the classifier produces for participant
responses in the task depending onwhether their reasoning aboutwhy the Tweetwas untrustworthy
was correct.

https://github.com/mit-teaching-systems-lab/dcss-satire-agent
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Tweet as satire, and if it returns a “No,” the participant is shown: “That’s not quite it. It
looks like you did not correctly identify why this Tweet is untrustworthy. Remember, in
lateral reading, it is helpful to open a new tab and type in the name of the organization.
Try opening a new tab and searching the term ‘GOPTeens’ to see what comes up.”

4 Discussion

The current implementation of feedback with this lateral reading exercise provides a
debrief opportunity to participants that involves watching a video that describes how
an expert would perform the task. We anticipate the directive feedback mechanism will
be more effective than the current implementation of feedback because it replicates a
key aspect of the in-person learning experience that is missing from the online envi-
ronment—feedback and coaching from an instructor [5]. In upcoming implementations
of this design, we plan to integrate questions for participants on whether they believe
the classifier correctly identified their written response. For instance, in this satire task,
we will ask participants about if the feedback that they received from the classifier was
helpful to them and if they felt that the classifier responded appropriately. This will help
us refine this preliminary design and iterate using new data.

The creation of classifiers like thesewill help professional development designers and
researchers provide more directive feedback in large-scale environments like MOOCs
where the feedback more adequately captures a participant’s reasoning. Though our use
of a classifier to identify participant responses’ pertaining to satire is a small-use case,
it provides information on how we can implement more extensive classifiers to teach
individuals to evaluate the validity of online information, such as whether a user only
trusts a website based on the URL or if a user can discern sponsored content from non-
sponsored content. Future research will continue to explore these implementations in
MOOCs to allow for personalized feedback and improved assessments that utilize text
responses in online spaces.

Acknowledgments. We want to thank Garron Hillaire for technical help in the classifier
development, and Sydney Dell and Aria Eppinger for help in coding responses.
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Abstract. Massive Open Online Courses (MOOCs) make up a teaching modality
that aims to reach a large number of students usingVirtual Learning Environments.
In these courses, the intervention of tutors and teachers is essential to support stu-
dents in the teaching-learning process, answer questions about their content, and
provide engagement for students.However, as these courses have a vast and diverse
audience, tutors and teachers find it difficult to monitor them closely and effi-
ciently with prompt interventions. This work proposes an architecture to favor the
construction of knowledge for students, tutors, and teachers through autonomous
interference and recommendations of educational resources. The architecture is
based on a conversational agent and an educational recommendation system. For
the training of predictive models and extraction of semantic information, ontol-
ogy and logical rules were used, together with inference algorithms and machine
learning techniques, which act on a dataset with messages exchanged between
course forum participants in the humanities, medicine, and education fields. The
messages are classified according to the type (question, answer, and opinion) and
parameters about feeling, confusion, and urgency. The architecture can infer the
moment in which a student needs help and, through a Conversational Recom-
mendation System, provides the student with the opportunity to revise his or her
knowledge on the subject. To help in this task, the architecture can provide edu-
cational resources via an autonomous agent, contributing to reducing the degree
of confusion and urgency identified in the posts. Initial results indicate that inte-
grating technologies and resources, complementing each other, can support the
students and help them succeed in their educational training.
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1 Introduction

With the relevance and prominence ofmassive open online courses (MOOCs), the debate
on new ways to improve this teaching modality’s efficiency has gained relevance, as
some problems are recurring.MOOCs have expanded and democratized education, since
anyone with a computer or smartphone and an Internet connection can access a course in
this modality. In most cases, the participant chooses a course free of charge, and, in some
cases, there is a small fee for obtaining the certificate [10]. Several major universities
produce MOOCs, as well, including Harvard, Stanford, and the Massachusetts Institute
of Technology, just to name a few. Several platforms also produce courses of this type,
such as Coursera, edX, and Future Learn [9].

Although the expansion of MOOCs is somewhat noticeable, the number of evasions
is also very high [11]. School dropout is a problem that can be triggered by several
factors, one of which is the difficulty of understanding the content and the lack of
support to clarify some questions. However, due to a large number of students for a
low number of tutors in this teaching modality [14], it is challenging to be able to carry
out a pedagogical intervention on time. Therefore, the use of technology would make it
possible to accomplish the task.

In this work, Conversational Agent in an Educational Recommender System
(CAERS) is presented. CAERS is a software architecture composed of a conversational
agent. It works as follows: when a post in a discussion forum indicates that there is a
need for pedagogical intervention, the subject in the message is recognized; then, the
educational content is recommended for clarification of questions.

The study followed fourmain steps: (i) defining an architecture for the conversational
recommender system; (ii) using predictive models to automatically detect the need for
student intervention; (iii) building an ontology to extract subjects from the student’s
question in the MOOC forums; and (iv) implementing the system prototype to filter
contents corresponding to the student’s need.

This work relies upon the recommendation system’s overall concepts [12] to design
our architecture. The approach proposed includes an infrastructure that automatically
recognizes the student intervention necessity and, from a conversational agent, interacts
with them to recommend educational resources. The proposed architecture has been
evaluated through a usage scenario where messages from a discussion forum were sent,
and by using machine learning methods, the system prototype identified the correspond-
ing intervention moment. An ontology extracted the message concepts providing rich
data to build the student profile, enabling the recommendation of educational resources
to be made.

This paper is structured as follows. In Sect. 2, the related work is briefly presented.
In Sect. 3, the CAERS architecture is presented, by detailing each layer with its own
features. An evaluation of the proposed architecture and prototype is presented in Sect. 4,
where the corresponding experiments are detailed. Finally, Sect. 5 reports the concluding
remarks and mentions ideas for future work.
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2 Related Work

Several papers discuss the topic of recommending educational resources for students of
online courses.

In reference [8], the authors use a very rich data source to tackle the problem of
discussion forums in a massive open course environment, which is often not given the
desired attention, as the number of students is often higher concerning the number
of instructors. This problem can be very limiting, since guided and closely monitored
activities by a responsible person seek a lot of effort. A tool has been proposed to label
the characteristics of the messages posted on massive course forums to assist this type
of interaction. The knowledge is automatically discovered, guiding the instructor in his
operations. The information can also be helpful for conversation agents.

The colMOOC platform is proposed in reference [4], where a conversational agent
is modeled in a specific domain to mediate between dyads by triggering appropriate
interventions in order to facilitate productive dialogue during chat-based collaborative
learning activities in massive education, such as MOOCs. The agent’s interaction in the
chat is based on theAcademically Productive Talk, which is a framework formodeling an
experienced teacher’s interventions during students’ dialogues to make them elaborate
in the knowledge domain [18].

According to reference [5], students’ dependence on poor assistance and adaptation
in massive courses leads them to lose motivation and, consequently, drop out of the
learning process. As a solution, the authors developed a strategy for adapting activities
through a recommendation system. The proposal uses a hybrid recommendation system
based on knowledge, supported by ontology, to recommend activities for students in the
context of MOOCs.

Considering many questions posted on the forums in massive courses, YouEDU,
which helps students, detecting all messages that express content confusion is proposed
in reference [6]. The authors trained a set of classifiers to categorize the forum posts in
several aspects: feeling, urgency, and other descriptive variables that guide a classifier
to detect confusion. Then, the confusing posts are directed to video excerpts from the
course.

The authors in reference [7] proposed an agent-based recommendation system that
aims to help students overcome their disabilities. The system recommends relevant learn-
ing resources to provide support to improve the learning experience. An agent-based
cooperative system was designed, where agents act independently and update recom-
mendation data, making the recommender more efficient and enhancing experiences on
the learning platform.

The work developed in reference [16] aims to detect and analyze the involvement
of course participants in the context of online education, obtaining relevant information
related to aspects that indicate student involvement, such as feeling, urgency, and con-
fusion; the probability of evasion of each student is also informed. To accomplish this
task, students’ posts and comments are considered, using classification algorithms based
on machine learning.

In this work, the system architecture proposed uses a combination of techniques
to improve the intervention in the students’ learning process, detecting their need for
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help via machine learning techniques and producing the needed help by recommending
educational resources through a semantics-based conversational agent.

3 CAERS – Conversational Agent in an Educational Recommender
System

As shown in Fig. 1, the CAERS architecture was designed as an architectural struc-
ture with seven components: data, extraction, filtering or filter, knowledge model,
recommendation or recommender, conversational, and application.

In the data component, the information is obtained from external sources that feed
the system. This layer has a logical integration between the databases, making it possible
to trace the student’s profile, details of the student’s learning process, objectives, and the
possibilities that this training provides.

Fig. 1. CAERS architecture.

The extraction component is responsible for capturing data from different sources
and providing information for both the filter and knowledge models components. The
extraction process can be “explicit” and/or “implicit.”

The explicit extraction occurs when the system asks the user to fill in their data,
promoting their initial profile, which can be updated over time. This filing is done
through forms, surveys, and even evaluations of the information presented to him.

The implicit extraction occurs when the information to define the profile is obtained
without the user’s actions, i.e., it occurs in a passive way, reflecting his behavior in an
environment. This layer aims to provide information on skills, preferences, and interests.

The filtering component is responsible for implementing two types of filters, which
serve to recommend the resources. The first type is content-based filtering, which has, as
a principle, the similarity among the recommended items. The basic idea is that if a user
likes a particular item, he may also like a similar one. The second type is collaborative
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filtering, where the principle is to recognize users with similar interests based on positive
reviews made by similar users.

In collaborative filtering, after consuming the resources, the users collaborate with
evaluations about these resources, indicating whether they are relevant or irrelevant to
them. In thisway, the systemcanmakenew recommendations considering theusers’ eval-
uations. Thus, it is possible to recommend resources more adherent to users’ preferences
considering similar previous evaluations.

The knowledge component can bring understanding of the context, providing infor-
mation for both the conversational agent and the recommendation algorithms. In this
component, ontology is usedwith its rules and knowledge representation.Machine learn-
ing techniques are used to create a predictivemodel [19], where it is possible to recognize
the right moment to intervene with recommendations to enrich the student’s learning
moment.

This component can also adopt techniques responsible for improving the student’s
profile through ontologies and machine learning. The component techniques are used in
conjunction with the ones mentioned above, as they can be applied to enrich user data
or objects to be recommended [12].

The recommendation component is responsible for selecting open educational
resources (OER), which can be obtained from different repositories, e.g., learning
objects, linked data, and videos. In an attempt to obtain more relevant resources, a
relationship is made between the user’s profile and educational resources. This compo-
nent defines what will be recommended and the priority that each item will have. Tutors
and teachers will be able to analyze the available resources, thus indicating which ones
are more adherent to the educational context of the course.

The conversational agent is responsible for obtaining information according to the
students’ forummessages in the conversational component. The agent interactswith the
studentwhen themachine learningmodel identifies that it is necessary. In this component,
intervention and recommendation needs are detected based on the data extracted from
the conversation between the student and the agent. The agent is connected with the
course instructor, providing pre-selected educational resources. Hence, the instructor
can analyze and determine the best content for the student.

The application component is the interface of interaction with the user, responsi-
ble for sending and receiving messages through the conversational agent’s API, being
responsible for improving the usability experience by presenting the agent’s responses.

Once the architecture is defined, it is essential to analyze its feasibility to assist
students in a virtual learning environment. In thenext section, the architecture is evaluated
considering the technological components adopted in the development and the behavior
of the architecture when using messages posted by students in a MOOC.

4 Evaluation

An experiment was conducted using data from messages posted by students in MOOC
discussion forums. A prototype was developed to verify the proposal’s feasibility con-
cerning the components proposed in the architecture, the usage of the predictive model,
and the ontology. The underlying question of this experiment is: can the conversational
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agent identify the student’s need for intervention from the forum’s posts and carry out
an intervention, recommending an educational resource?

4.1 Environment Setup

A Stanford MOOCPosts dataset1 with 29.604 messages was used to carry out the exper-
iments, captured from forums of three courses from different areas of knowledge, during
14 months. The data were anonymized to avoid identifying the participants, so it is not
possible to tell the number of students who collaborated with these interactions.

Each post has the following attributes: text, opinion (0 or 1), question (0 or 1),
answer (0 or 1), feeling (from 1 to 7), confusion (from 1 to 7), urgency (from 1 to
7), course type (education, humanities, and medicine), forum_post_id (unique ID of
the respective post), course_display_name (course name), forum_uid (student’s unique
identifier), created_at (post date), post_type (comment or comment read, the last one
is attributed to the post that originated a topic), anonymous (true, if the poster appears
to everyone as the anonymous name), anonymous_to_peers (if true, the author of the
post will appear as “anonymous” to everyone except the moderator and the instructor),
up_count (number of positive votes for the post), comment_thread_id (topic object ID),
and readings (the total number of readings recorded in the topic).

Another characteristic is that the phrases were labeled with some attributes that add
more knowledge to the text fragments. This work’s essential property was the confusion
measure, which has a scale from 1 to 7, with level 1 for the least confused and 7 for the
most confused. The course that the student was enrolled in also helped in carrying out
the work [15].

Based on the confusion attribute, it was possible to train the predictive model using
a supervised learning algorithm. Based on other studies [1, 2], logistic regression was
used, as it presents good results in the classification of texts.

To use logistic regression, the dataset was divided into two parts, in the proportion
of 80/20: 80% for training, and 20% for testing the model. The model was trained
using k-fold validation, with k = 10, a cross-validation technique to avoid the model
overfitting. For the model not to become biased, it was necessary to balance classes,
the technique used to equalize was the oversample, which consists of generating new
examples, because applying the undersample could reduce the number of examples,
causing the loss of important information for the model training.

Total accuracy of 84.3% was obtained. Therefore, based on the trained model, if the
need for intervention is detected, the conversational agent will send a message directly
to the student.

The conversational agent is fed with terms extracted from the messages, added to
facilitate the identification of the topic present in the text. Figure 2 shows all the steps
taken to add knowledge to the agent. The process starts with obtaining the dataset with
the terms, ending with the term set, called entities.

1 https://datastage.stanford.edu/StanfordMoocPosts/.

https://datastage.stanford.edu/StanfordMoocPosts/
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Fig. 2. Workflow to feed the agent.

The first action is to extract keywords from forum messages, and it was necessary to
use natural language processing (NLP) techniques to do that. This step was performed
using the Python language and the Spacy library to enable keyword identification.

Later, only words that had amatch in the Eurovoc thesaurus were considered to avoid
identifying terms that did not add relevant information about the domain. In this step, a
dataset consisting of 5,933 descriptive terms was built, organized by areas of knowledge
[3].

Once the extraction of the relevant terms has been completed, they are loaded in
the ontology, shown in Fig. 3. This step was implemented via the Java OWL APIs,
meant to create, manipulate, and serialize OWL ontologies. Using inference machine
and ontology rules, instances from the ontology were extracted and then loaded in the
Dialogflow tool [13].

Fig. 3. Visualization of the classes that make up the ontology.

The classes of the ontology shown in Fig. 3 are term, domain, field, type,
sentiment, confusion, urgency, intervention, high_motivation, medium_motivation,
high_intervention, and medium_motivation. The urgency class has an attribute that rep-
resents the urgency value. The ontology has some attributes, which are avg_confusion,
dev_confusion, avg_urgency, dev_urgency, avg_sentiment, and dev_sentiment.
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Dialogflow2 is a tool that helps in the creation and integration of conversation inter-
faces. It is possible to integrate Dialogflow with cognitive services through its APIs,
such as sentiment analysis and knowledge base [17].

The prototypewas developed following these steps and usingDialogflow as an initial
user interface. The conversational agent waits for the student message, and, based on the
predictivemodel decision, the agent can intervene or not. The agent working is described
in the next section.

Fig. 4. Diagram of the agent’s operation.

4.2 Conversational Agent in Action

In order for the agent to perform the intervention with the user, it was necessary to create
a functioning flow represented in Fig. 4. The first step requires the agent to identify the

2 https://dialogflow.cloud.google.com/#/login.

https://dialogflow.cloud.google.com/%23/login
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student message’s context, which is enabled by the ontology. Later, the student is asked
a question on whether he wants to get more content on the identified topic, and if the
suggestion is accepted, a YouTube link is reported. If the student refuses the agent’s
content suggestion, the user will contribute with more details regarding the message’s
content. It gives the agent another chance to recognize the message subject and provide
the student with useful educational recommendations. However, if the agent fails to
identify the student’s necessity the second time, the message history is forwarded to the
tutor, asking him for a more specific intervention.

In this way, after performing the predictive model’s training, the new message sent
for the student is classified according to the model. Ten recent messages were selected
from the forum and presented to the conversational agent to check its operation, with
three of them classified as requiring intervention.

The ontology processed these three messages, and the agent gave an answer for each
of them. The students interacted with the agent, saying that they wanted to receive some
complimentary educational content. In this first moment, in order to verify the solution
feasibility, the agent selected videos from YouTube using the concepts identified by the
Ontology in the search string. Once the search was done, the agent provided a link where
the student could access the complementary content. Figure 5 shows one of the chats
between the conversational agent and the student.

Fig. 5. Operating agent.

If the subject identified by the agent was not relevant to the student, the agent would
ask for more details, allowing a new content identification from the ontology. If the stu-
dent deems the recommendations not interesting, this conversation’s history is forwarded
to the tutor responsible for the course, requesting help for this intervention.

4.3 Observed Evidence

The experiment demonstrated the feasibility of the proposed architecture, the concepts
and technologies involved, the use of the ontology, and the predictive model. It was also
feasible to integrate a recommendation system with a conversational agent, covering a
complete cycle of questions in a discussion forum within a MOOC.
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Concerning the ontology, the conversational agent was able to identify the content
of messages posted by students on the forum. On the other hand, the predictive model
achieved an accuracy of 84.3%, allowing the agent to identify the messages in which
immediate intervention was needed.

The conversational agent’s action flow allows educational resources to be recom-
mended directly to the student who presented the question. However, more complex
cases, where the agent cannot identify the content of the question correctly, are forwarded
to the instructors of the course.

5 Final Remarks and Feature Works

This paper presented CAERS, an architecture for a recommendation system with con-
versational agent interventions, which acts according to the students’ messages posted in
MOOC forums. Several works in scientific literature seek to solve similar problems for
massive courses; the novelty of this work lies in the union of two powerful techniques to
assist in the pedagogical intervention, i.e., recommendation systems and conversational
agents.

References [4] and [8] were used as a basis for this paper for recommending educa-
tional content with a conversational agent. Given that these works had explored forum
and chat posts inMOOCs, they contributed to the development of this research proposal.

In this study, the recommendation system was not widely explored, limiting the
recommendation to video resources only, on the YouTube platform. The contents rec-
ommended were not evaluated by students, even though it is necessary to check their
appropriateness with respect to the student’s needs. As a future development, there is a
plan to expand the prototype and turn it into a more powerful recommendation system,
which may consider the user’s profile and recommend open educational resources— the
latter evenmore fitting to the students’ needs.We intend to use the teacher’s didactic plan
to improve resource adherence to the students’ needs and avoid bringing inappropriate
content concerning the class program.

Another point to be addressed in future work is the delay that must be applied to the
agent response. The learning process needs time for reflection and time to allow other
students to answer the doubts, providing the generation of a community of interest in the
course. Responding to students’ questions too early may negatively affect their learning
or the student’s community.

Regardless, it is the author’s belief that this work may contribute to the solution of
problems related to the intervention in the learning process, providing clarification of
questions in MOOC virtual environments. This contribution may positively influence
the students’ experience of massive courses and avoid student dropout.
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Abstract. The evaluation of the quality of teaching is a critical aspect of an
educational system, since it is the basis for knowing which elements work well
andwhichonesworkpoorly. Thus, through the results of the evaluation, actions can
be articulated to improve the system. The evaluation methods are quite developed
in face-to-face education, but not so in the case of online education. This article
presents a proposal for an evaluation model for online education based on the
analysis of the activity developed by students in the context of a virtual campus
based on Moodle. This model has been implemented through a web application
that allows managing the evaluation of the subjects. For this, two files extracted
from Moodle; the grader report and the log of the activity of the virtual subject
to be evaluated are taken as input. From them, the quality criteria defined in the
model are automatically calculated. Likewise, the system allows users tomanually
evaluate other types of criteria that can be dynamically configured. In this sense,
another feature of the tool is its ability to configure and adapt to different versions
of Moodle and to new quality criteria.

Keywords: eLearning · Quality assessment tool ·Moodle · LMS

1 Introduction

The evaluation of the quality of teaching is a critical task in an educational system,
since it allows us to know those aspects that are working properly and those that cause
problems. Quality assessment systems in the field of face-to-face teaching [8] have been
widely developed in the last decades. Normally, this evaluation is carried out based
on the analysis of different elements that intervene in the teaching process, such as
the academic results of the students, the type and quality of the materials used in the
classes, the proposed contents, the teaching methodology, or the organization of matter.
In recent years, online education has spread to most educational levels, and the need to
assess the quality of teaching in this new field has arisen. Although the online context
tries to simulate the elements that are used in face-to-face teaching, there are important
differences and restrictions that are complex to simulate [2]. For example, the non-
verbal language that can be used in a face-to-face environment is not easy to simulate
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in an online environment. In addition, there are other generalized phenomena, such as
less student intervention in classes or less predisposition of the teacher to teach dynamic
classeswith active student participation. Likewise, there are also changes in thematerials
used, since they are generally all electronic, and the development of the classes is carried
out entirely in the context of a virtual campus with the tools that these provide. These
conditioning factors directly affect the way in which the quality of online teaching [5]
should be evaluated and that establishes differences with respect to the evaluation carried
out in face-to-face teaching [4].

In recent years, several evaluation initiatives have been developed for different
aspects of online teaching [10], such as specifications for evaluating the quality of mate-
rials used [3] in the online environment, evaluating the quality of classes taught online, or
a more generic and comprehensive type of evaluation of online training [1]. These eval-
uation systems are based on the definition of different quality criteria whose value can
be obtained by measuring certain aspects of the online teaching implemented [9]. The
values obtained for these criteria act as an indication of the quality achieved. In general,
they are based on filling in and answering sets of questions about various dimensions of
the implemented system [7]. The main problem with these specifications is that they are
not widely used, since in general, there are no applications that implement them and, in
many cases, they require their adaptation to the specificity of the educational context in
which they are to be applied.

In this article, a model for evaluating the quality of online teaching that is developed
in a virtual campus based on Moodle [6] is presented. In addition, a web application
that implements the model is described. This model has been developed based on the
experience in the use of the virtual campus and on some automatic assessment models
[11]. For this, two types of evaluations have been defined. An automatic evaluation [11]
based on a set of criteria whose assessment is obtained from the analysis of a set of data
obtained from the virtual campus, as well as a dynamicmanual evaluation that consists of
answering a set of questions about the educational process implemented. This evaluation
can be configured based on a text document that specifies the evaluation questions and a
particular PHP script to evaluate that set of questions that defines the qualification ranges
of each question and how the values obtained are added. In this way, the implemented
tool can be adapted to different subjects and ways of implementing online teaching.

Likewise, the tool provides different graphic ways to show the results obtained, as
well as the possibility of obtaining a PDF document with a report that summarizes
the evaluation carried out. The application manages both assignments and teachers and
evaluators. There is also the profile of the administrator who is in charge of configuring
the tool.

The structure of the paper is as follows. In Sect. 2 amodel for evaluating the quality of
online teaching will be described. Next in Sect. 3 the implementation of the application
will be presented. Finally, in Sect. 4, a set of conclusions and lines of future work will
be planted.
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2 Model for Evaluating the Quality of Online Teaching

The described application implements a model for evaluating the quality of the teaching
of online subjects based on 5 criteria that are automatically calculated from the informa-
tion obtained from the activity developed in the subject displayed in Moodle. For each
criterion, one of the following values is obtained:

• 0: Does not have
• 1: Yes, it has partially
• 2: Yes, it has and it is adequate
• NV: not verifiable

The information used to calculate the criteria values is obtained from two files
retrieved from Moodle:

• Grade report. The file must contain the following information: “Name”, “Surname”,
“ID”, “USER_ID”, “DNI/NIF”, “Email address”, “Procedure course”, “Did you pass
the continuous assessment?”, “Final exam tasks”, and “Total of the course”.

All these fields, except the field “Did you pass the continuous assessment?” appear
in the Moodle grade report. The field, “Did you pass the continuous assessment?”
indicates whether the student passed the subject through continuous assessment in
case of having used this assessment method. It can have two values: “Yes” in the case
that the student has passed the continuous assessment and “No” in the opposite case.

• Log of the activity developed by the students in the LMS.

The criteria used to carry out the evaluation are:

• Criterion 1: Student participation (active or passive) in the different activities

The Log file is taken as input, and the value of the criterion is calculated from the
values of three indicators: activity in the evaluation, activity in the forum, and connection
activity. Each of these indicators is associated with a weight according to its importance.
The calculation of the indicators is carried out with the algorithms shown below:

1. Algorithm for calculating the indicator “Evaluation activity”
The objective of this algorithm is to calculate a value that represents the participation
of the students in the evaluation activities defined in the course: assignments, quizzes,
and lessons. The calculation of the indicator is carried out by calculating a value of
the participation of each student in this type of activities as the percentage of activities
of each type that the student has carried out. Next, the arithmetic mean of the values
obtained for each student will be taken as the total value of the indicator. If the values
obtained with the mean were smaller than 0.2, then it is not representative and the
median of the values obtained for each student will then be taken. The algorithm is
described below:
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Let A be the number of "assignments" defined in the course. 
Let B be the number of "quizzes" defined in the course 
Let C be the number of "lessons" defined in the course 
For each student, it is calculated: 

     Let P be the number of "assignments" done by the student 
     The ratio V1 = P / A is calculated 
     Let U be the number of "quizzes" carried out by the student 
     The ratio V2 = U / B is calculated 
     Let T be the number of "lessons" visited by the student 
     The ratio V3 = T / C is calculated 
     The value of the indicator for the student is calculated as: 
                Value_indicator = (V1 + V2 + V3) / 3 

Let T be the arithmetic mean of the indicator values for each student. 
Let M be the median of the indicator values for each student. 
If T <0.2, then the value T is returned as the indicator value. 
Otherwise, the value of M is returned as the indicator value. 

2. Algorithm for calculating the indicator “Forum activity”
The objective of this algorithm is to calculate a value that represents the participation
of the students in the course forums both by reading forum entries and by sending
new entries. For this, the participation of each student in each type of activity (reading
and sending entries) is calculated as the percentages of each type of activity that the
student has carried out with respect to the total of activities carried out of each type.
These values are multiplied by weights that represent the importance of each activity
(the weights are established by the teacher), and the resulting values are added. Next,
the arithmetic mean of the values obtained for each student will be taken as the total
value of the indicator. If the value obtained with the mean is less than 0.2, then it
is not representative and the median of the values obtained for each student will be
taken. The algorithm is described below:
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Let A be the total number of posts done in the course forums.  
Let B be the value of the weight of the importance of the publications that 
have been sent to the forums.  
Let C be the value of the weight of the importance of the publications that 
have been read in the forums  
For each student, it is calculated:  

Let D be the number of messages read from the forums by the stu-
dent. 
The ratio V1 = D / A is calculated. 
Let E be the number of messages posted to the forums by the stu-
dent.  
The ratio V2 = E / A is calculated. 
The value of the indicator is calculated for the student as:  
Value_indicator = C * V1 + B * V2. 

Let T be the arithmetic mean of the indicator values for each student. 
Let M be the median of the indicator values for each student. 
If T <0.2, then the value T is returned as the indicator value 
Otherwise, the value of M is returned as the indicator value. 

3. Algorithm for calculating the indicator “connection activity”
The objective of this algorithm is to calculate a value that represents the degree of
connectivity of the students to the virtual course. First, a minimum value of weekly
connections and the number of weeks the course lasts is established. The indicator
value is then calculated for each student. For this, the connections made per week to
the course by each student are calculated. If the calculated value is greater than the
established minimum connectivity value, then 1 is returned as the indicator value for
the student. Otherwise, the ratio between the connections done by the student and
the minimum number of connections per week is returned as the indicator value for
the student. Next, the arithmetic mean of the values obtained for each student will
be taken as the total value of the indicator. If the value obtained with the mean is less
than 0.2, then it is not representative and the median of the values obtained for each
student will be taken. The algorithm is described below:

Let A be the number of minimum weekly connections. 
Let B be the number of weeks. 
For each student, it is calculated: 

 Let C be the number of connections made by the student during the 
course. 
The ratio V1 = C / B is calculated. 
If V1> A, then return 1.

Otherwise, return V1 / A.
Let T be the arithmetic mean of the indicator values for each student. 
Let M be the median of the indicator values for each student. 
If T <0.2, then the value T is returned as the indicator value 
Otherwise, the value of M is returned as the indicator value. 
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When the values for the 3 indicators have been calculated, a value is calculated that
adds them. This value is obtained by multiplying each value for each indicator by a
weight that represents the importance of the indicator in the criterion and adding the
values obtained. Next, depending on the value obtained, the total value of the criterion
is established:

• If value obtained is between 1 and 0.60, then score = 2
• If value obtained is between 0.59 and 0.40, then score = 1
• If value obtained is less than 0.40, then score = 0

• Criterion 2: Percentage of students presented to the final exam of the subject
The grade report file is processed, searching for the name of the final exam and

calculating the percentage of students presented:

• If percentage is between 1 and 0.60, then score = 2
• If percentage is between 0.59 and 0.40, then score = 1
• If percentage is less than 0.40, then score = 0

• Criterion 3: Percentage of students who pass the continuous assessment
The grade report file is processed by searching for the Boolean “continuous” to

verify if the student has passed the continuous assessment, calculating the percentage
of students passed the continuous assessment.

• If percentage is between 1 and 0.60, then score = 2
• If percentage is between 0.59 and 0.40, then score = 1
• If percentage is less than 0.40, then score = 0
• Not verifiable if the grade report does not provide this information.

• Criterion 4: Percentage of students who pass the course
The grade report file is processed by searching for the name of the column that

represents the final grade and calculating the percentage of students passed.

• If percentage is between 1 and 0.60, then score = 2
• If percentage is between 0.59 and 0.40, then score = 1
• If percentage is less than 0.40, then score = 0

• Criterion 5: Statistics
In this criterion, the way in which students have passed is analyzed:

• If they have passed the continuous assessment (criterion score 3 = 2) and also the
final exam (criterion 4 = 2), then it is scored with the value 2.

• If the students have not taken continuous assessment (criterion score 3 = NV) and
have passed the final exam (criterion 4 = 2), then they are scored with the value 2.

• If a value greater than 0 has been obtained in the criterion on the continuous eval-
uation and if in the criterion on the final exam, the value 1 has been obtained, then
the performance has not been so good and is scored with a 1.
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• In any other case, it is considered that the use has been bad and is scored with the
value 0.

3 Implementation

The quality model described above has been implemented by means of an application
that calculates the criteria and allows the results to be viewed and downloaded. In the
application, 3 types of actors have been defined:

• Teacher. This user can manage the evaluations of the online subjects assigned. For
each subject evaluated, you can view the evaluation or download an evaluation report.
In addition, you can delete any of the assigned subjects.

• Evaluator. This user can manage the subjects that have been assigned to him to eval-
uate: evaluate a subject, continue the evaluation of a subject, or consult the subjects
that he has evaluated

• Administrator. It manages the users, the subjects that must be evaluated, the subject
evaluations carried out, and the configuration of the evaluation process of the tool.

In order to access the functionality, it is necessary to be registered and have an
account (Fig. 1). Thus, when the personal account is accessed, regardless of the role, a
page with 3 different regions is displayed:

• The content of the application appears in the Central Panel depending on where the
user is.

• The upper panel shows the profile image and also contains a menu in which you can
configure the profile and exit the application.

• In the Left Side Menu, there are several options, and these vary depending on the role
with which it has been accessed.

Fig. 1. User account page.

Next, the functionality referred to the evaluation process will be described.
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3.1 Organization of the Evaluation

The tool allows two types of evaluations to be carried out (Fig. 2): manual and
automatic.

• Manual: It consists of filling in a form with a set of questions that evaluate various
aspects of the online subject. The structure and content of the evaluation is configured
by the administrator. In this case, the evaluator will have to answer each question on
the form based on the contents of the subject that he is evaluating.

• Automatic: It consists of calculating the 5 criteria described in the previous section.
For this, the evaluator will have to load, for each subject, the log and the bulletin of
grades obtained from the subject displayed on Moodle. You must also indicate the
version of Moodle used.

Fig. 2. Ways to evaluate.

3.2 Configuration of the Evaluation

The configuration of the evaluation is carried out by the administrator and consists of
defining the following aspects:

• Manual evaluation. The questions in the manual assessment are not static and are
established from a configuration file that describes all the questions that will be shown
to the assessor. This file is uploaded by the administrator in the application. In this way,
the application uses this file (Fig. 3) to dynamically generate the manual evaluation
form.

• Manual evaluation criteria. The administrator will be able to upload a txt file in which
the criteria for the evaluation of the questions that are part of the manual evaluation
are specified, such as the score range of the questions. The application will interpret
the content of the file and adapt the form that is shown to the evaluator.

• Automatic evaluation. The structure of the files that come from Moodle and are used
in the automatic evaluation vary in each version of the LMS. Thus, to guarantee
compatibility with any version of Moodle, the application allows the user to establish
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Fig. 3. Manual evaluation configuration file.

the way in which the files of each version of Moodle should be evaluated. To do this,
the administrator will upload a file to the system that will contain a PHP script (Fig. 4)
that is capable of evaluating a grade report and a log of a specific version of Moodle.
The application is capable of managing more than one version, so that every time
an automatic evaluation file is uploaded, which version of Moodle it corresponds to
must be indicated. Likewise, the administrator can modify the uploaded files or delete
supported Moodle versions.

Fig. 4. Moodle version 2.7 file evaluation script.

3.3 Ways to View the Results

There are 3 ways to view the results of the evaluations carried out on a subject (Fig. 5):
Static, Dynamics and By consultation.
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Fig. 5. Ways to view the results.

If the static display is selected, the result will be shown in the questionnaire itself
(Fig. 6).

Fig. 6. Evaluation results.

If a dynamic display is chosen, the result will be displayed in the form of graphs.
There are two options (Fig. 7a): see the overall result of the evaluation and see the result
of a specific section.

Fig. 7. a) Dynamic display b) Second graph.

In any of the options, four types of graphs are shown:



A Tool for Evaluating the Quality of Online Teaching 393

• The first graph shows the total score obtained in all the sections and those that we
need to complete 100% in case we have not done so.

• The second graph (Fig. 7b) shows the score as a percentage that has been obtained in
each item. The maximum score that can be obtained in each section is 100%.

• The third graph shows the same content as the second graph but using a pie chart.
• The fourth graph shows the total score obtained in each section.

If you select visualization by query (Fig. 8), a list will appear to be able to select the
section of the form that you want to consult, and later, the questions in that section will
appear, and you will be able to select those for which you want to know the result.

Fig. 8. Visualization by query.

3.4 Evaluation Summary Document

The tool provides both the teacher and the evaluator the possibility of downloading a
PDF document that contains the evaluation carried out (Fig. 9).

Fig. 9. Evaluation summary document.
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4 Conclusions and Future Work

In this work, a proposal for a model for evaluating the quality of online teaching has
been presented in the context of a Moodle-type LMS. Two types of evaluations have
been defined, a manual one that consists of answering a set of questions about the course
activity and an automatic one that is based on analyzing the Moodle log file and the
grade report. The results of the evaluation can be displayed graphically, and it is also
possible to download a document that summarizes the evaluation carried out. The tool
allowsmanaging the evaluated subjects and three types of users: teachers, evaluators, and
administrator. Furthermore, another feature of the tool is its ability to adapt the evaluation
to different versions of Moodle. Finally, one of the advantages of the proposed model
compared to other alternatives is that it offers an application that implements it and,
secondly, it is a neutral model to the educational context to which it is applied. This tool
is a first approximation; however, the following lines of work can be defined:

• Use of Big Data techniques to perform a deeper analysis of the data.
• Extension of the tool to admit information from other LMSs other than Moodle.
• Extension of the quality assessment model to add a dimension based on the opinion
of the students.

• Implementation of a standard system for exporting evaluation results in xml or json
format.

• Addition to the evaluation of a set of recommendations on how to improve quality.
• Differentiation of the kind of activities/modules in the criterion calculation (summa-
tive/formative, mandatory/voluntary), and consideration of different values according
to each of them. It is different to avoid reading a mandatory module, as opposed to a
voluntary one.

• Allowance of the parametrization of the criteria 2 to 4 in order to represent the differ-
ences in different subjects. Some subjects, such as physics, may have finalization or
pass rates below 50%.

• Description of the evaluation questionnaires using IMS/QTI.

Use of other types of graphs in order to represent the values of quality aspects of a
given element.
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Abstract. Our previous analysis on 26 languages which represent over 2.9 billion
speakers and 8 language families demonstrated that cross-lingual automatic short
answer grading allows students to write answers in exams in their native language
and graders to rely on the scores of the system [1].With lower deviations than 14%
(0.72 points out of 5 points) on the corpus of the short answer grading data set of
the University of North Texas [2], our natural language processing models show
better performances compared to the human grader variability (0.75 points, 15%).
In this paper we describe our latest analysis of the integration and application of a
multilingual model in interactive training programs to optimally prepare students
for exams. We present a multilingual interactive conversational artificial intelli-
gence tutoring system for exampreparation. Our approach leverages and combines
learning analytics, crowdsourcing and gamification to automatically allow us to
evaluate and adapt the system as well as to motivate students and increase their
learning experience. In order to have an optimal learning effect and enhance the
user experience, we also tackle the challenge of explainability with the help of
keyword extraction and highlighting techniques. Our system is based on Telegram
since it can be easily integrated into massive open online courses and other online
study systems and has already more than 400 million users worldwide [3].

Keywords: Artificial intelligence in education · Cross-lingual short answer
grading · Conversational AI · Keyword extraction · Natural language processing

1 Introduction

Access to education is one of people’s most important assets and ensuring inclusive and
equitable quality education is goal 4 of the United Nation’s Sustainable Development
Goals [4].Massive openonline courses andother online studyopportunities are providing
easier access to education for more and more people around the world. However, one
big challenge is still the language barrier: Most courses are offered in English, but only
16% of the world population speaks English [5]. To reach the rest of the people with
online study opportunities, courses would need to better support more languages. The
linguistic challenge is especially evident inwritten exams,which are usually not provided
in the student’s native language. To overcome these inequities, we present and analyze
a multilingual interactive conversational artificial intelligence (AI) tutoring system for
exam preparation (multilingual exam trainer).
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Our system is based on a Multilingual Bidirectional Encoder Representations from
Transformers model (M-BERT) [6] and is able to fairly score free-text answers in 26
languages in a fully-automatic way (en, ceb, sv, de, fr, nl, ru, it, es, pl, vi, ja, zh, ar, uk,
pt, fa, ca, sr, id, no, ko, fi, hu, cs, sh) [1]. Thus, foreign students have the possibility to
write answers in their native language during the exam preparation. Since our multilin-
gual natural language processing (NLP) model has been pre-trained with a total of 104
languages, our exam trainer can be easily extended with new languages.

Figure 1 illustrates the concept of our multilingual exam trainer: Iteratively, an exam
question is displayed to the user. The user enters the answer (student answer) using
our chatbot interface. Then the student answer is processed with two AI models—the
multilingual automatic short answer grading (ASAG) model and the keyword matching
model—which deliver quantitative feedback in terms of a score and qualitative feedback
by displaying the model answer and highlighting the keywords matching the student
answer and the model answer.

Fig. 1. Concept of the AI-based Interactive Exam Preparation.

To evaluate our approach, we conducted a studywhere students, former students, and
people who enjoy continuing education used our implementation and then completed a
questionnaire.

In the next section, we present the latest approaches of other researchers for the
components of our multilingual exam trainer. Section 3 describes our specific imple-
mentation. Section 4 delineates our experimental setup. Our experiments and results are
outlined in Sect. 5. We conclude our work in Sect. 6 and suggest further steps.
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2 Related Work

The research area “AI in Education” addresses the application and evaluation ofArtificial
Intelligence (AI) methods in the context of education and training [7]. One of the main
focuses of this research is to analyze and improve teaching and learning processes with
NLP models. In the following sections, we describe the use of NLP components in
related work for multilingual NLP, ASAG, conversational AI, and keyword extraction
to address the challenges of our system.

2.1 Multilingual Natural Language Processing Models

To allow users of our system to answer the exam questions in their native language,
we used a multilingual NLP model and adapted it to the task of ASAG. Multilingual
NLP models are provided by multiple institutions, e.g., M-BERT [6], RoBERTa [8], or
XLM-R [9]. They have the benefit that they can be adapted to a certain task with task-
specific labeled text data in 1 or more languages (transfer learning) and then perform
this learned task in other languages (cross-lingual transfer) [10].

To give the users of our system qualitative feedback on their answers, we used M-
BERT as the basic multilingual model which is “pre-trained from monolingual corpora
in 104 languages” [10] and adapted it to the task of cross-lingual ASAG.

2.2 Automatic Short Answer Grading

ASAG helps us provide feedback on the student answer in the form of a score. The
field of ASAG is becoming more relevant since many educational institutions–public
and private–already conduct their courses and examinations online [1, 13].

A good overview of approaches in ASAG before the deep learning era is given in
[11]. [12] and [13] investigate and compare state-of-the-art deep learning techniques for
ASAG. [12] demonstrate that systems based on BERT performed best for English and
German and that their multilingual RoBERTa model [8] shows a stronger generalization
across languages on English and German.

We extend ASAG to 26 languages and use the smaller M-BERT [10] model to
conduct a larger study concerning the cross-lingual transfer [1].

2.3 Conversational AI

For the interactionwith the users,weused a conversationalAI that takes the input from the
users and sends messages based on a dialog flow. The messages of the conversational AI
contain the exam question, the student answer score, the model answer with highlighted
keywords, information about the progress and motivations.

Conversational assistants in education enable learners to access data and services and
exchange information by simulating human-like conversations in the form of a natural
language dialogue on a given topic [14]. There are various technologies, frameworks,
and services for building a conversational AI, such as Rasa [15], Google Dialogflow [16]
or Telegram [17].
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Our conversational AI is based on Telegram [17] since it can be easily integrated into
massive open online courses and other online study systems and has already more than
400 million users worldwide [3]. However, it can be ported to other chatbot technologies
as well. To provide our conversational AI’s messages in the students’ native languages,
we translated them into our 26 languages using Google’s Neural Machine Translation
System [18]. An overview of the system’s BLEU scores over languages is given in
[18, 19]. We did not post-correct the translations, as we wanted to check whether our
system from scratch already delivers a good user interface in different languages.

2.4 Keyword Extraction and Semantic Similarity

To explain our users the difference between student answer and model answer, we high-
light the keywords and their synonyms which are contained in both the student answer
and the model answer. This combines two tasks: Keyword extraction and semantic
similarity.

Good overviews of automatic keyword and keyphrase extraction are provided in [20]
and [21]. A survey of the evolution in semantic similarity is given in [22]. The latest
trend for both tasks is to embed the words into a semantic vector space thus working
with word embeddings since the semantically similar words are located nearby in vector
space.

In our system SpaCy [23] is used to exclude stop words, convert the remaining words
into vectors and compute the word similarities.

3 AI-based Interactive Exam Preparation

In this section we describe what components our multilingual exam trainer consists of
and how they were implemented.

3.1 Dialog Flow of our Conversational AI

Figure 2 shows the dialog flow of our exam trainer with the following steps:

1. The user activates the conversational AI with the /start command.
2. The conversational AI welcomes the user and presents a list of 26 languages to select

from.
3. The conversational AI asks the user a question in the selected language.
4. The user types the answer (any of the 104 languages used in M-BERT is possible).
5. The conversational AI gives feedback in terms of a score and highlights similarities

between student and model answer.
6. If the total points collected are equal or greater than THRESHOLD, the goal is

reached and the game ends.
7. Otherwise, the user is presented with another student answer that he or she needs to

score, considering the given model answer.
8. Proceed with step 3.
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Fig. 2. Dialog Flow of the AI-based Interactive Exam Preparation.

3.2 Gamification and Motivation

Users have the motivation to use our multilingual exam trainer to improve answering
open exam questions. However, studies have shown that gamification creates another
incentive in learning [24]. To give the users of our system this further incentive, we came
up with the following gamification approach: Users are in space and have the goal to
fly with their spaceship from Earth to Mars. To get closer to Mars with the spaceship,
the users have to answer the displayed exam questions. The points for the answers are
converted into kilometers.With better answers, the users get more points and get toMars
faster. Based on the achievement in the student answer, the user is praised and motivated
by certain phrases, e.g., “Awesome, that gives us fuel for 3 million more kilometers”
and with information of the distance to go. Figure 3 illustrates our gamification in the
conversation between a Dutch user and our conversational AI.

3.3 Quantitative Feedback: Multilingual Automatic Short Answer Grading

The AI model which processes the student answers in their native language and delivers
the user with quantitative feedback in terms of a score, is based on M-BERT. The model
was downloaded and fine-tuned through the Transformers library. We trained 6 epochs
with a batch size of 8 using theAdamWoptimizer with an initial learning rate of 0.00004.
We supplemented each fine-tunedBERTmodelwith a linear regression layer that outputs
a prediction of the score given an answer. The model expects the model answer and the
student answer as input.
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Fig. 3. Conversation with Greeting, Language Selection, Exam Question, Student Answer,
Scoring, Model Answer and Motivation.

The ASAG data set of the University of North Texas [2] provided the exam ques-
tions, model answers and training data for fine-tuningM-BERT. It contains 87 questions
with corresponding model answers and, on average, 28.1 manually graded answers per
question about the topicData Structures from undergraduate studies. 80% of the ASAG
data set was used for fine-tuning M-BERT. 20% of the data set was used for the exam
questions and model answers displayed in our multilingual exam trainer.

After fine-tuning with this original English ASAG training data set, our model would
be able to receive a model answer together with a student answer in 1 of the other 103
languages and return a score in terms of points — without the need of fine-tuning with
ASAG data in the other languages (cross-lingual transfer). However, since we figured
out that adding translations of the ASAG data in more languages even improves fine-
tuning, we added translations in the 5 languages German, Dutch, Finnish, Japanese, and
Chinese [1]. With Mean Absolute Errors between 0.41 and 0.72 points out of 5 points
in our analysis of the 26 covered languages, our model has even less discrepancy than
the 2 graders which graded the ASAG corpus of the University of North Texas with a
discrepancy of 0.75 points [2].

To provide the exam questions and the model answers in our multilingual exam
trainer in 26 languages and to get the translations in the 5 listed languages for fine-
tuning M-BERT, we used Google’s Neural Machine Translation System [18]. Google’s
Neural Machine Translation System is also used by other researchers who experiment
with multilingual NLP models since it comes close to the performance of professional
translators [19].

3.4 Qualitative Feedback: Keyword Extraction and Highlighting

Figure 4 shows the keyword highlighting in a snippet of the conversation between the
user and the chatbot. For simplicity, we have implemented keyword extraction and
highlighting for English only in our prototype. Porting the method to other languages is
possible using word vectors and a distance measure.
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Our algorithm for keyword extraction and highlighting is shown in Fig. 5. Given are
the word tokens of the model answer and the word tokens of the student answer.

Fig. 4. Conversation with Keyword Highlighting.

# Iterate through all tokens in model answer
for model_token in model_answer: 

# Process only tokens not in stop word list and alphanumeric
if not model_token.is_stop and model_token.is_alpha:

# Iterate through tokens in the student's answer
for answer_token in student_answer: 

# If answer token is not a stop word and alphanumeric:
# Highlight tokens if 
# their vectors' cosine similarity exceeds given threshold
if not answer_token.is_stop and model_token.is_alpha and \

model_token.similarity(answer_token) > THRESHOLD: 
highlight(model_token) 
highlight(answer_token) 

Fig. 5. Algorithm for Keyword Extraction and Highlighting.

We iterate over the word tokens in the model answer and over the word tokens in the
student answer and remove stopwords andword tokens that do not contain alphanumeric
characters. Each remaining word token of the model answer and the student answer is
converted into a word vector. Then the word vectors of the model answer are compared
with the word vectors of the student answer. If the similarity between two word vectors
is lower than a threshold, we consider them as synonyms.

3.5 Crowdsourcing and Peer-Reviewing

In order to continuously improve ourmultilingualASAGmodelwith high-quality human
labeled training data in a crowdsourcing approach, the user also has the task of scoring
another student’s answer as part of the game (step 7 in Sect. 3.1). Studies such as [25]
have shown that peer-based proofreading is as effective as a professional proofreader.
Consequently, the same student answer is demonstrated to different users. This peer-
review process makes it possible to detect and filter outliers that would have a negative
impact on the model. However, this process also has another advantage for the user: The
student deals with the question again, but this time from a different perspective.
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4 Experimental Setup

In this section, we describe the structure of our questionnaire and the participants.

4.1 Questionnaire Design

To evaluate our approach, we conducted a study where students, former students, and
people who enjoy continuing education first tried our exam trainer and then completed
a questionnaire. The study was conducted on a subset of the possible languages and
examined 5 different aspects: Learning experience, user experience, motivation, quality
of NLP models, and gamification. Our questionnaire contains the following 4 parts:

1. General questions about the scenario of a multilingual interactive conversational AI
tutoring system for exam preparation.

2. Specific questions concerning our implementation.
3. Specific questions concerning extensions and improvements.
4. Personal questions (profile and demographic information)

To obtain detailed results, we asked for a score range where it makes sense. The score
range follows the rules of a forced choice Likert scale, which ranges from 1 (strongly
disagree) to 5 (strongly agree).

4.2 Participants

51 people from 6 countries filled out our questionnaire, giving us a first impression of the
quality and impact of our system.Most were students from the University of Osnabrück,
IU International University of Applied Sciences, Karlsruhe Institute of Technology,
and Karlsruhe University of Applied Sciences. These people tested our exam trainer in
German (64.7%), English (21.6%), Dutch (3.9%), Italian (3.9%), French (3.9%), and
Spanish (2.0%).

5 Experiments and Results

As described, our study examined 5 different aspects: Learning experience, user
experience, motivation, quality of NLP models, and gamification.

5.1 Learning Experience

Figure 6 shows that participants responded positively to questions about improving
the learning experience, meaningfulness, use, and helping fellow students — both in
general and for our implementation. The majority also believe that our implementation
can accelerate the learning process and that scoring other students’ answers is helpful.
There is a more divided opinion on the questions whether the exam trainer is good to
get familiar with the subject in the native language first, when the actual exam is in
English anyway, and whether it can help elderly people to study online. The difference
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in distribution for the last question about support for elderly people shows that most
participants generally rate it as “neutral,” while our system scores a bit lower. This
feedback plus comments from the participants on this topic lead us to believe that it is
possible to optimize such a system in cooperation with elderly people.

Fig. 6. Learning Experience.

5.2 Motivation

Figure 7 shows a tendency for such an exam trainer in general and for our implementation
to motivate people to prepare more for exams.
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Fig. 7. Motivation.

5.3 User Experience

Figure 8 indicates that the clear majority of participants find that our interface is easy to
use and that operating our exam trainer is fun.

Fig. 8. User Experience.

5.4 Quality of Natural Language Processing Models

Figure 9 shows that the clear majority of participants rate the machine-translated ques-
tions as linguistically correct and understandable. This shows that post-correcting the

Fig. 9. Quality of NLP models.
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translations seems not to be necessary. The scoring with the help of the ASAG was only
rated average. Through the users’ comments, we learned that many users had randomly
entered words as answers and received points for this. This was because these random
answers did not appear in the training data of our ASAG model and therefore could not
be scored correctly. The training data were taken from exams, where usually no student
dares to enter “I don’t know” as an answer. Here we see potential for improvement
through the evaluation of other students and through simple rules that score such entries
with 0 points. Our explainability approach with keyword highlighting was well rated.
However, we did not get as much feedback on it because it was only implemented in
English.

5.5 Gamification

Figure 10 illustrates the clear majority of participants who like the story and the theme
of the game. This demonstrates that even with a simple story — like the trip to Mars
— and without special graphical features, a good gamification can be created.

Fig. 10. Gamification.

6 Conclusion and Future Work

We presented a multilingual interactive conversational AI tutoring system for exam
preparation that combines multilingual NLP components, ASAG, conversational AI,
keyword extraction, learning analytics, crowdsourcing, and gamification. With this mul-
tilingual exam trainer, we received positive feedback in a survey regarding learning
experience, user experience, motivation, quality of NLP models, and gamification. The
results of our survey support our proof-of-concept where users have tested 6 languages
so far. Future work may include the extension to other languages. In addition, we would
like to further address the issue of explainability to provide even better support to the
users of our multilingual exam trainer. To optimize the dialog, it could be investigated
how to create a more emotional dialog in written form — e.g., by visualizing voice
characteristics and emotions in the textual representation [26, 27].
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Abstract. Students in distance education are expected to self-regulate their learn-
ing process. In this paper, we present a semester planning tool that enables learners
to plan, monitor, and reflect on learning tasks over a semester. In this way, Zimmer-
man’s model of self-regulated learning (SRL) could be mapped to an application
that can be used in the established Moodle LMS. Furthermore, we introduce the
Adaptation Rule Interface for implementing rule-based context-sensitive adap-
tations in Moodle. As a baseline for adaptive SRL support, we conducted two
field studies (N = 157 and N = 93). In both studies, monitoring was used most
frequently, while planning was mainly done at the beginning of the semester. Par-
ticipants preferred to adjust provided milestones, instead of creating their own.
Reflection played a minor role. The participants who used the tool extensively
reported a strong affinity for time management and content elaboration in the
LIST-K inventory. Using cluster analysis, participants with high learning activity
and high SRL activity were grouped into one cluster, while the majority of par-
ticipants combined into a second cluster. Through this empirical investigation of
SRL processes, it is possible to design effective adaptive support for self-regulated
learning.

Keywords: Self-regulated learning · Adaptive learning environments · Learning
analytics

1 Introduction

Academic success depends on the ability to organize and structure one’s own learning
process. Thus, the aspect of self-regulated learning (SRL) is oneof the decisive conditions
for success, not only in traditional face-to-face studies, but also in online and distance
learning. In terms of semester courses, this means considering all learning resources
offered, completing exercises, clarifying gaps in understanding, reviewing content, and
preparing for the exam. For a course that can span six months, metacognitive demands
become a challenge, especially for first-year students. In distance learning, students
often seem to get off to a good start in the semester and are dedicated learners until life
circumstances or job responsibilities become time competition alongside their studies.At
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the FernUniversität inHagen, this affects about 80%of students.Necessary prioritization
contributes to a loss of focus on the learning process and to course dropouts after an
initially good performance. Helping students to be continuously on their path or to
quickly get back on track— and, thus, to give them educational opportunities — results
in an approach to support the metacognition of the learning process. In order to support
students in self-regulation, learning analytics instruments are needed to track learning
behavior and progress.

With this paper, we make four contributions to the research about SRL in digital
learning environments (LE). (i)We present the semester planning tool for an LMS,which
supports learners in resource-based and metacognitive learning tasks, and specifically
addresses planning, monitoring, and self-reflection. (ii) We present results of two field
studies of distance learning courses over a period of one semester. (iii) We examine
and correlate data usage of the planning tool with behavioral data of the LMS and
responses on the Learning Strategies of University Students (LIST-K) questionnaire.
(iv) Finally, we present a concept and prototype of a rule-based and context-sensitive
adaptive learning environment that aims at supporting learners in a LMS on a course-
level.

The rest of the article is structured as follows. Section 2 provides an overview of the
SRLmodel and supporting tools that assist student self-regulation, as well as methods on
how to trace self-regulating behavior itself and in relation to other learning activities. We
also show that adaptive systems have so far hardly addressed SRL. In Sect. 3, we present
the design and architecture of a tool that enables learners to plan individual resource-
related and activity-related learning tasks over the course of a semester. This tool helps
learners to keep track of their learning progress through learning analytics dashboards
and to reflect on goal achievements. We also report on the status of our developments of
adaptive support for course-based support for SRL. In Sect. 4, we present a field study
in which we evaluated the semester planning tool as a baseline for adaptive SRL support
in two distance learning courses over the period of one semester. The article concludes
in Sect. 5, with a conclusion and outlook.

2 SRL Models and Approaches for Adaptive Learning

2.1 Self-regulated Learning

SRL describes abilities and skills or the proactive action of a person to achieve knowl-
edge based on learning- and experience-dependent (self-) set goals and expectations
by making use of resources (e.g., from contexts, strategies, interactions, collaborations,
experiences, skills, motivation, and reflection). This includes to independently plan, con-
trol, and adapt this process according to reflexively gained knowledge. In the context of
distance learning, this adaptation of goals or their fulfillment processing, primarily con-
siders motivational factors, time management, learning strategies, and contextual infor-
mation [1–6]. Designing adaptations for SRL focuses on supporting awareness to the
individual achievement process, performance and providing knowledge about learning
strategies in order to foster self-monitoring perspectives for students. Self-monitoring, as
well as the influencing characteristic of learning motivation, determine the self-control
of the learning process [7, 10]. Models of SRL are oriented either to the process [1, 8,
9] or as a shell or layer structure [3]. The well-known process-based model described
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by Zimmerman [1], who referred to the work of Bandura [2] and Pintrich [8], are most
often used as a basis for SRL research. The process-oriented model by Schmitz and
Wiese [9] emerged from learning diary studies. This model differs in its terminology but
only slightly in structure and scope. Landmann and Schmitz [10] provide an additional
perspective; they describe a systematization of different levels of regulation according
to goal, pattern, strategy, and execution.

Early process-orientedmodels of self-regulation, such as that ofWiener in 1948 [11],
followed a basic cybernetic-like pattern. Recent process-based models of self-regulation
of Schmitz & Wiese and Zimmerman [4, 9] consider three main action phases in an
iterative process.While Zimmerman [4] locates self-monitoring and self-checking in the
performance phase, Pintrich [8] attributes more importance to these two process steps
and separates them into a four-phase process model. Planning, monitoring, control, and
reaction/reflection form the regulatory aspects and are differentiated by the four areas
of regulation: cognition, motivation/affect, behavior and context. This matrix results in
a 16-part categorization scheme for the phases and domains of self-regulation. Pintrich
et al. [12] derived from this matrix the Motivated Strategies for Learning Questionnaire
(MSLQ), an instrument for assessing self-regulation in the learning process. For German
usage, there is a tested version of this known as the “Learning Strategies of University
Students” (LIST) [6], which can also be used as a short version LIST-K [13]. Research on
MOOC learners indicates that self-regulation in online learning environments primarily
requires support in goal setting, strategic planning, time management, self-evaluation,
and note-taking [14, 15].

A number of tools can be found in the literature that assists learners in self-regulating
their learningprocesses likeMetaTutor [16], eLDA [17],MyLearningMentor [18],Video-
Mapper [19], Learning Tracker [20] or Note my progress [21]. To the best of our knowl-
edge, there is no mature tool that supports students in SRL over longer period of time
within an online learning environment like Moodle. Therefore, we focused on a holistic
approach that not only focus on micro-events but on a whole-semester course including
all virtual course-related resources. It was our aim to create a theory-based system that
is able to detect, track, model, and foster learners’ SRL activities.

2.2 Adaptive Support

One of the challenges for SRL support is to consider individual learning progress, learn-
ing styles, and the potential for SRL support. Our main interest is to support students in
their self-regulation process in such away that they expand their skills. It is not the goal to
compensate for partial steps of the SRL or to take over steps. Rather, adaptations should
be used to create awareness for metacognitive, cognitive, or resource-related strategies
of SRL and to support the self-responsible regulation of the learning process of a learner.

Since students cannot provide information about this on an ongoing basis, data-driven
processes are needed. Beheshitha et al. [22], Cicchinelli et al. [23], and Lau et al. [24]
examined SRL processes to cluster learner types according to learning strategies [22], to
their activity level [23] and to the combination of learning content and goals [24]. Given
the extensive body of research on adaptive and personalized LE, we extracted different
approaches to design and implement such systems from systematic reviews of literature
[25–29] and systems [30, 31]. In addition, systematic literature reviews can be found on
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specific aspects of adaptive LEs such as the learning style [32, 33] and the learner model
[34, 35]. Grubišić et al. specifically address the requirements for adaptive courseware
[26]. Only a few reviewsmentioned self-regulation as a target of adaptation [25, 34] only
in one of the cited SRL publications represented in an adaptive system and empirically
investigated. Souki et al. [36] developed a framework that allows students to specify
and organize their individual learning path by defining objectives and by capturing
and adopting learning behaviors. Three SRL phases, namely planning (forethought),
performance control, reflection (self-evaluation) are supported by predefined strategies
and by activities adapted to the learning preferences of the learners. Learning preferences
are classified into four styleswhich correspond to four learner types: (i) activistwho relies
on his gained experiences, (ii) reflector who uses his reflective observations, (ii) theorist
whose learning is based on the development of abstract concepts, and (iv) pragmatist
who actively conducts experiments.

With the goal set of providing SRL support, the architecture of a system should also
integrate and map the learning process in order to concretely capture SRL phases using
trace data and to be able to relate them to learning activities, learning performance, and
the monitoring of planning and self-reporting. The first step in this process involves
identifying how learners plan, monitor, and reflect on their learning activities and how
this can be traced in the learning environment. The goal of adaptations that support SRL
includes not only awareness of the SRL phases but also support for learning strategies.
Adaptations should therefore support learners in the learning environment in the appli-
cation of concrete learning strategies and contribute to the expansion of the learning
strategy repertoire. Approaching the adaptation for SRL support in our project the first
sub-goal is therefore to identify groups of learners in order to plan adaptations according
to their needs.

3 Semester Planning Tool

Based on Zimmerman’s SRL model [1] the semester planning tool was iteratively
designed, developed, tested, and evaluated with students in a design-based research
process. The tool was developed for Moodle as so-called course format plugin using
Vue.js on the client side. All its components (Fig. 4) are presented to the user on the
course overview page.

3.1 Design of the Components

Planning of Individual Learning Activities. Planning process: A brief initial survey
forms the basis for personalizing an initial semester plan. Based on a student’s individual
goal of (i) taking the exam in the course, (ii) learning according to personal interests,
or (iii) just wanting to get an overview of the course content, a customized template
for a semester planning is loaded. This planning takes into account the time of the
survey as well as the specified planning rhythms (e.g. weekly, fortnightly, monthly).
The planning templates are based on the experiences of the instructors from previous
semesters. However, students are encouraged to create a semester plan on their own
or to edit the provided plan. A plan is composed of several time-bound milestones. A
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milestone is preceded by a (self-) defined learning goal, for the achievement of which
learning resources and activities from the currentMoodle course can be assigned. Further
learning resources that are not part of the Moodle course can be added, as well.

Fig. 1. List view of the semester planning using milestones. Each milestone is assigned to
activities or resources that learners can check on completion.

Self-Monitoring. The monitoring tool is used to consistently support self-monitoring
needs during learning activities throughout the semester and refers to the individual
planning and the resource-related learning progress. Therefore, the milestones can be
viewed in chronological order, displayed in a list (Fig. 1) and on a timeline (Fig. 2). Both
representations show to what extent the resources and activities, assigned to a milestone,
have been marked as completed by the learner. Incomplete milestones and those whose
due date has been exceeded are highlighted in the planner itself and by badges attached
to the resources on the course overview page. Automatic check-off was deliberately not
implemented, as someMoodle activities do not allow differentiated completion tracking
(e.g. for reading course texts) and student learners should themselves decide to mark the
learning activity as completed in relation to their learning objective.

Fig. 2. Timeline view of milestones created since the beginning of the semester and worked on
to different extents. The border color of the milestone boxes indicates the status and urgency. A
blue border refers to reflected milestones, green borders show completed or ongoing milestones
that are still in time, whereas orange borders signal a delay.
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In addition to learning progress in relation to individual planning, a learner dashboard
provides a resource-based representation of all learning activities offered in the course
for each course section (Fig. 3). Each learning activity is represented by a blue box that
automatically turns green as soon as the learner achieves the activity completion defined
by the course tutors. The activities that have been considered in the individual planning
are underlined by a gray bar. This enables learners to monitor their individual learning
progress in relation to the course offering and their individual planning. By clicking on
a box, a learner can navigate directly to the learning activity and start working.

Fig. 3. Learning progress in relation to the completed activities offered in the course.

Reflection. The reflection of the learning process is supported by two instruments:
firstly, by information and guidance on learning strategies and, secondly, by a guided
self-reflection using reflection questions. In the learning environment, this becomes
traceable by accessing and processing learning resources. On the basis of the trace data,
only imprecise conclusions canbedrawnabout the learning strategies used.Nevertheless,
an offer was created in the learner dashboard precisely for self-monitoring during the
work phases in the Moodle course in order to reflect on or classify one’s own learning
strategies and, if necessary, to be made aware of alternative strategies. Crucial to this
is knowledge of the sub-processes of self-monitoring and self-observation. According
to Pintrich (2002), self-observation aims at the improvement of used techniques as well
as at the progress of goal achievement. Thus, accessing information on the learning
strategies in conjunction with the use of other resources can provide insight on how to
regulate learning processes.

Fig. 4. System architecture of the semester planning tool.
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After the completion of a milestone the learner undertakes a self-assessment through
a guided self-reflection based on four questions. Self-reflection questions the learner
about his or her performance through self-evaluation and causal attribution. Depending
on the outcome of the reflection process, a reaction then occurs with affective, self-
satisfaction expressions, such as a sense of pride positively reinforcing self-efficacy
beliefs and accompanied by a corresponding adaptive response; this primarily affects
self-motivational beliefs [1]. In order to support the reflection process, we related the goal
achievement with the appropriateness of planning, used resources, and learning strate-
gies. As part of the reflection process students are encouraged to review achievements
related to milestones considering the individually applied cognitive learning strategies.
This review aims to formulate a cue to improve SRL for the following milestone. Thus, a
transfer of knowledge from self-regulation experiences from one cycle to the following
process cycle is guaranteed. Technically, this is supported adaptively by displaying the
information from the reflection directly in a memo field next to the information about
the learning strategy. Thus, a learner can look up a suitable learning strategy for her or
his hint.

3.2 Adaptive SRL Support

Regarding adaptive personalized learning environments, we distinguish six gradual
scopes of adaptive support. The technically simplest form is limited to a single learn-
ing activity (e.g., computer-based adaptive tests) represented by one component of the
online learning environment. Adaptive systems that include multiple learning activities
represent the second level. In the third stage, learners experience adaptive support for
all activities within a course of the online LE. Levels four through six span multiple
courses, single degree programs, or even multiple consecutive or parallel degree pro-
grams. However, since the semester planning tool refers to an entire course and includes
all activities offered in the course, the adaptations in this regard are classified at level
three. In the following, we present Adaptation Rule Interface (ARI), a technical solution
for adaptive support at the course level.

ARI is a mostly client-side implemented interface between the trace data and learner
model on the one side and the perceivable adaptations in the browser view on the other
side. It contains adaptations that a learner experiences visually and interactively. ARI
is used to check the conditions that must be met for an adaptation rule to execute,
using actual data from the learner model (Fig. 5), and to determine and initiate specific
actors (Actors, Fig. 5), taking into account contextual information from the user session
(Sensors, Fig. 5). Which input parameters are linked to which outputs is defined in
adaptation rules (Rule Set, Fig. 5).

The definition of adaptation rules requires deep didactic knowledge for the definition
of relevant metrics and the precise formulation of directives. The adaptation rules were
initially formulated in natural language using fill-in parameters, independent of any
specific subject or domain:

In a certain<situation> in a<period of time> characterized by the<key indicator>
which is <like> a <value>, support the learner on the <adaptation level>, so that in
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Fig. 5. ARI architecture.

the <area> the <action> is performed providing <information>. The elements are
defined as follows:

• <situation>Description of the situation inwhich adaptive support becomes necessary
• <key indicator> A measurement contained in the learner model
• <period of time> Period to which the observation of the indicator refers
• <like> Operators like greater, less, equal, or unequal
• <value> A numeric or nominal value
• <adaptation level> Monitoring, Awareness, Recommendation, Intervention
• <area> Area of the learning environment where the adaptation should take place:
user interface (e.g., emphasize certain materials), learning resources (e.g. substitute a
quiz), or instructions (e.g., issue learning advice)

• <action> Type of action supported by ARI (e.g., popover notes, modal dialogs,
badges, system notifications, chatmessages, warning alerts, confirmdialogs, prompts)

• <information> Content or style information to be used by the action

The sensors determine, for example, the page currently being viewed in Moodle,
the position on this page, or the respective user activity or inactivity. Actors can access
Moodle-specific actions such as system notifications, messages, or even modal dialogs
and provide them with specific information. Actors can also manipulate the layout of
the page by specifying CSS, for example, to highlight elements or change their position
and order.

Sensors and actors, as well as the rule set, and the learner model are designed mod-
ularly and can therefore be flexibly extended. The reaction and response behavior of the
learners to the system’s interventions are continuously captured and incorporated into
the decision to trigger subsequent adaptations with the help of a reinforcement learning
model. In this way, the adaptations desired by the user and provided by a so-called agent
can be favored by rewards and the adaptations perceived as disturbing in the respective
situation can be avoided (loss) in the future. The reinforcement learning agent is part
of the Rule Manager (Fig. 5). As an example, to support monitoring, initial adaptive
prompts have been implemented using ARI to alert learners about milestones that are
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due soon by a popover message, if it is unlikely to complete all assigned activities on
time based on learning behavior demonstrated to date. In case the learner ignores this
less intrusive notification more visually striking markers could be used (e.g., by using a
signal color). If even these hints remain unnoticed and additional deviations are detected,
more intrusive notifications such as modal windows or emails come into consideration
of the Rule Manager.

With the knowledge of the technical possibilities to implement adaptations within a
course, it is possible to define concrete use cases as adaptation rules. In this way, learners
can be encouraged to use the semester planning tool in appropriate situations. In addition,
the SRL phases can be addressed, such as planning for individual timemanagement with
regard to the division of learning material and adherence to deadlines. In monitoring,
critical events or values can be highlighted and actions can be stimulated. With regard to
reflection, recommendations for situation-dependent learning strategies can be based on
behavioral data such as reading speed. In order to identify situations in which adaptation
makes sense and to explore the field of possible starting points for adaptations, empirical
baseline is needed.

4 Study

The aimof the studywas to approach potentials for adaptingSRL.Therefore,we captured
the metacognitive behavior during SRL phases as a baseline using trace data that relate
to learning activities and learning performances, as well as the observation of planning
and self-reports. Hereby, we defined three research questions: RQ1 – How do learners
use the tools to plan, monitor, and reflect on their learning activities? With this question,
we want to identify relevant SRL support instruments. RQ2 – What is the relationship
between tool usage and the learning strategies of students in higher education? This
question helps us to find indicators that could moderate SRL activities enabled by the
tool. RQ3 – What groups of learners can be identified in terms of course activities and
tool usage? This question aims at differentiating groups with different needs regarding
SRL support.

4.1 Methods

Participants and Design. The study was conducted in the compulsory course Operat-
ing Systems and Computer Networks of the distance learning B.Sc. Computer Science
(hereafter referred to as CS course) and the Module 1D of the B.A. Educational Sci-
ence (hereafter referred to as Edu course), which consists of three courses, in the winter
semester 2020/2021. For each teaching course, a supplementary course was set up in a
Moodle learning environment. The use of the learning environment was voluntary but
was conditional on a two-step consent to use the platform and to participate in the study.
The second informed consent could be withdrawn or granted again at any time, while
the first consent was required for GDPR compliance. As an incentive for the student‘s
participation, additional exercises such as self-tests, self-assessments, and assignments
were offered, as were additional tools for semester planning and for reading the digital
course texts. These differences in the learning offer are comparable to different didactic



418 N. Seidel et al.

offers of tutors in face-to-face teaching. In any case, there are no disadvantages for the
learners for the examination, since the course texts provided to all learners form the basis
of the examination.

In total, 180 of the 534 CS course participants agreed to take part in the study and
to use the Moodle instance set up for this purpose. By the end of the semester, the same
number of active participants had been recorded. A total of 93 (52 %) of the 180Moodle
users participated in the survey at the beginning of the semester. These participants were
between 21 and 60 years old (median 37 years). The sex of the participants was: 68male,
24 female, and 1 diverse. In total, 80 participants have completed or started a university
study program before; 29 are studying for the first time.

A total of 314 of the 563 students enrolled in the Edu course agreed to take part in
the study and used the Moodle instance set up for this purpose. A total of 157 (50 %) of
the users of the Moodle course took part in the survey at the beginning of the semester.
These participants were between 21 and 61 years old (median 42 years): 138 female, 18
male, and 1 diverse participated. In total, 151 participants have completed or started a
university study program earlier, just 6 are studying for the first time.

Material. BothMoodle courses offer learners comprehensive course texts (>150 pages)
in a digital reading tool as well as various forms of self-testing tasks that can be assessed
automatically by the systemor by the learners themselveswith the help of assessment cri-
teria [37]. In the CS course, additional submission tasks are offered, and they are graded
by reviewers. In the Edu course, comparable tasks are discussed in various discussion
forums. In addition to the embedded course texts, further interactive supplementary
material, such as videos and podcasts, links to further resources, riddles and interactive
learning resources are available. The calendar provides the course-specific online lec-
tures, seminars, and consultation hours. The semester planning tool appears at the top
of the course overview page.

Data Collection. At the beginning of the semester, the students were mandatory sur-
veyed about their socio-demographic background, and prior knowledge, as well as their
university entrance qualification and past study programs. Part of the survey was also
the short scale inventory “Learning Strategies of University Students” (LIST-K), which
differentiates cognitive and metacognitive strategies as well as strategies of managing
internal and external resources [13]. The LIST-K is composed of 39 items, grouped into
13 subscales with 3 items each. The students gave responses on a Likert-type scale, from
1 (very rarely) to 5 (very often). User interactions and user inputs within the Moodle
environment have been captured in the database, especially in the standard log store.
CustomizedMoodle plugins such as the semester planning tool and a plugin that supports
the reading of long texts allowed more detailed and data-intensive logging capabilities.

Procedure. Both courses, and thus the field studies, began at approximately the same
time on October 1, 2020. Between the 20th and 30th day, the survey had to be completed.
Students were free to choose when to start with the course and when to engage with
which tasks. The course ended after 182 days, and only data from the first 161 days
could be considered for the following analysis. Results of the oral exam in the CS course
are not expected until the course of the next six months; the written exam in the Edu
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course has not been graded at present. Due to this still incomplete data, we present only
preliminary results.

4.2 Preliminary Results and Discussion

Survey Analysis. We grouped the responses of the LIST-K as proposed in the original
paper [13]. The reliability of these constructs was validated with Cronbach’s alpha, after
inverting scores in reversed questions. In the Edu course, 5 items had to be excluded
because of poor reliability with values below 0.6 for Cronbach’s alpha. The remaining
scores (Cronbach’s alpha valuesM= 0.78, SD= 0.09 indicating almost good reliability)
were averaged for each construct. In the CS-Course, one item had to be excluded. The
remaining scores (Cronbach’s alpha valuesM= 0.77, SD= 0.09 indicating almost good
reliability) were averaged for each construct.

Usage of the Semester Planning Tool (RQ1). In preparation, the accumulated trace
data events were assigned to the SRL phases planning (e.g., milestone_updated,
milestone_resource_added), monitoring (e.g., dashboard_completion_item_hover), and
reflection (e.g., reflection_completed, dashboard_strategy_strategy_click). In the Edu
course 143 students made use of the tool. Figure 6 (right) shows the number of students
using the tool over the course of the semester with regard to the SRL phases. Monitoring
activities predominate and confirm the relevance of the learning analytics dashboards
[38]. Planning activities were performed by nearly one-third of the students at the begin-
ning of the semester, but this number decreased in the middle of the semester. The
calendar weeks 51 and 52 in 2020, as well as the first week in 2021, showed a decrease
in all activities due to holidays and vacation time. However, the participants preferred
updating the provided milestone plan (350 times) compared to the creation of a new
milestone (27 times). The opportunity to reflect on completed milestones with the help
of a short structured questionnaire was used a total of only 71 times. Overall, the major-
ity of activities in the reflection phase derive from retrieving information about learning
strategies.

A total of 77 participants in the CS course made use of the semester planning tool.
As shown in Fig. 6, left. across all weeks, most students prefer the monitoring features
compared to planning activities thatwere only used by 14–19 students in the first 5weeks.
Only 5 persons created and 29 participants updated an existing milestone. The reflection
questions were answered by 13 participants, while as many as 15 took advantage of the
information on learning strategies.

Correlations1 between Learning Strategies and Semester Planning Tool Usage
(RQ2). The responses to the LIST-K with at least acceptable values for Cronbach’s
alpha have been examined for correlations with the activity measures related to the SRL
phases and milestone usage as described in Table 1. Milestone updates and cumula-
tive SRL activities correlate positively with statements about personal time manage-
ment in the LIST-K (updates 0.19*, planning 0.19*, monitoring 0.18*, reflection 0.19*).
Thus, the tool’s offerings appeal to students who plan and also limit their learning time.

1 Significance levels: *p < 0.05, **p < 0.01.
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Fig. 6. Number of CS course students (left) and Ed course students (right) involved in the three
SRL phases in the course of the semester.

Updating milestones also correlates positively (0.19*) with control strategies for closing
knowledge gaps and the desire to test oneself.

In the CS course milestone creation correlated positively with the willingness to
make an effort (0.21*) and the preparation of the learning workplace (0.22*). Monitor-
ing correlates with the ability to concentrate (0.22*). Multiple correlations were found
between elaboration ability and monitoring (0.24*), reflection (0.29**) as well as the
creation (0.23*) and editing (0.22*) of milestones.

Clustering by Course Activities and Tool Usage (RQ3). Considering the first three
attribute categories in Table 1 for cluster analysis using the K-Means algorithm we
determined two clusters by calculating the silhouettemeasure (highest average silhouette
width 0.76) for the Edu course. In total, 143 participants were assigned to the first and
14 to the second cluster. Both clusters are clearly distinguished across the 13 attributes.
Participants in the first cluster are characterized by comparatively low usage of the
semester planning tool (factor 2 to 6 lower) and less course-related activity (factor 1.6 to
8 lower). Across both clusters, only very fewmilestones have been created. Both clusters

Table 1. Learner model consisting of collected attributes and measures of learning behavior and
survey responses.

Category Attributes Description

SRL phases phase_planning, phase_monitoring,
phase_reflection

Number of events assigned to each of
the SRL phases aggregated from Moodle
log store

Milestones ms_created, ms_updated,
ms_reflected, ms_resource_added

Number of events related to the use of
milestone in the semester planning tool
captured in the Moodle log store

Course
activities

forum_create, forum_viewed,
quiz_submitted, page_reading2

Number of selected course activities
captured in the Moodle log store

Socio-demo-
graphic data

age, sex,
university_entrance_qualification,
part_time_study, profession

Survey responses about
socio-demographic facts

2 The page reading measure has been calculated by the number of individual hours in which at
least one page scrolling event occurred in the log store.
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showed considerable monitoring activities, although participants in cluster 2 used it 3.6
times more often. The CS course also shows two clusters (silhouette score 0.82). Ten
participants were assigned to the first cluster and 83 to the second. Here, too, it can be
seen that a small group of students who plan, monitor, and reflect on their learning more
often read course texts (5.3 timesmore) and complete assessment tasks (4.2 timesmore).

5 Conclusion and Outlook

In this paper, we presented a Semester Planning Tool that enables learners in a Moodle
course to plan resource-related and activity-related learning tasks over a semester in an
individual way, to track their learning progress, and reflection on goal achievements. By
this means Zimmerman’s SRL model [1] could be mapped on an application to be used
in widely used LMS.

Conducting field studieswith courses in educational science (N= 157) and computer
science (N= 93) could answer RQ1 regarding the usage of the tool regarding planning,
monitoring, and reflecting activities. In both courses, monitoring was used most fre-
quently, while planning was mainly done at the beginning of the semester. Reflection
seems to be less frequent but requires more attention in the future, as it is the most impor-
tant step of a successful SRL iteration. Participants preferred to adapt providedmilestone
plans. CS students were reluctant to use the tool. RQ2 aimed at the relation between tool
usage and the self-reports about the LIST-K inventory. Positive correlations were found
here, but these do not give a consistent picture across both courses. Moreover, several
items of the LIST-K had to be excluded. However, items regarding timemanagement and
the ability to elaborate could be used as predictors for distinct SRL activities. In terms
of RQ3, we found similar clusters of students in both courses. The first cluster contains
the majority of students who made little use of the SRL support provided by the tool,
but they were less active in the course as well. The second smaller cluster assembled
participants who used the tool more intensively during their comparatively high rate of
course activities. It remains an open question whether the tool has had a positive effect
on learning activity or whether mainly the high-performing student can be attracted by
tools to further improve their SRL capabilities.

However, these results show that the support of self-regulation in distance learning
needs to address different types of learners in order to personalize assisting instruments.
So far, it has only been possible to differentiate students according to the amount of
activity in their courses. This distinction does not appear to be sufficient [36]. Across
both courses, the learner dashboards gained a lot of attention and should therefore be
used as an anchor for adaptively supporting SRL.

With the presented adaptation architecture and the learner model, we laid a foun-
dation for an adaptive context-sensitive rule engine that provides guidance through
awareness cues, hints, and instructions for better self-regulation.

The combination of self-reports and learning analytics data about SRL learning pro-
cesses opens up new ways to investigate SRL processes in online and distance learning.
A better understanding of SRL subsequently enables the design and implementation of
personalized support for learning activities.
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Abstract. Since the start of the pandemic in March 2020 at the latest, e-learning
has become a key factor. Many students and teachers had to shift from a tradi-
tional campus to online platforms and learn new skills in a very short time. Even
before the pandemic, lack of technical skills, poor hardware, and unstable internet
connections were not the only limitations of e-learning portals, such as Massive
Open Online Course (MOOC) platforms. Many students complain about a lack
of self-discipline and self-motivation when learning online. They often feel too
stressed, which leads to more frustration. Lack of social interaction between stu-
dents or the teacher, as well as lack of body language, complicate educational
activities. Participants cannot ask teachers for assistance as easily as they can with
traditional in-class learning. Alternatives to traditional campus facilities, such as
libraries or career counseling, are also limited on e-learning platforms. To reduce
or even solve the limitations ofMOOC platforms, this paper presents a concept for
personalized, automated dialogue-based systems. These systems will have vari-
ous integrated scaffolding tools to encourage the users in their learning activities.
Besides a library function and a quiz mode, the chatbot answers frequently asked
questions, recommends tutorials, and helps the users with their learning paths.
An integrated to-do list with reminders is designed to help students become more
organized and complete coursework on time. Ultimately, such efforts to create
more personalized e-learning tools and interactions could reduce drop-out rates
and increase educational achievements and satisfaction among users of MOOC
platforms.

Keywords: Chatbot ·MOOC · Scaffolding tools

1 Introduction

E-learning has become an important educational method worldwide since the start of the
pandemic inMarch 2020, at the latest. E-learning has several advantages over traditional
classroom learning. This includes, most importantly, flexibility, as there are hardly any
geographical or time restrictions for students. In terms of cost, e-learning is also usually
much cheaper than traditional learning. In addition, knowledge and information can be
conveyed more efficiently and broadly online, which makes e-learning very attractive
for students. This is also reflected in the high number of new registrations on e-learning
platforms, such as Massive Open Online Course (MOOC) platforms. Over 60 million
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users have registered and more than 2 million new courses have been added on MOOC
platforms since the beginning of 2020 [30].

However, the transition from a traditional campus to online platforms can be difficult
and stressful, as the user has to learn newskills in a short period [38]. Insufficient technical
skills, poor hardware, and unstable internet connections are not the only limitations
of e-learning platforms. Many students complain about a lack of self-discipline and
self-motivation when learning online [11]. They often feel too stressed, which leads to
more frustration. Lack of social interaction between students or the teacher, and lack
of body language and emotions, complicate educational activities. Participants cannot
ask instructors for assistance and guidance as comfortably as they can with traditional
in-class learning. Alternatives to traditional campus facilities, such as libraries or career
counseling, are also limited on e-learning platforms.

To reduce or even solve the limitations, a concept for automated, dialogue-based
systems (chatbots) was developed that provides the learners with numerous essential
scaffolding tools. A dialogue-based system is a conversational system that can inter-
act with users in their natural language. Existing research in the field of chatbots for
educational purposes includes, among others, the chatbot MOOCBuddy [17], which
provides learners with personalized course recommendations, and Quiz-Bot [27], which
helps students learn faculty knowledge using flashcards. This paper addresses an equally
challenging research question: What automated scaffolding tools could a personal-
ized, dialogue-based system provide to support and encourage users in their learning
activities?

The systems presented in this paper are intended to have various integrated scaf-
folding tools. Thus, they should support, motivate and encourage users in their learning
activities. In addition to a quiz mode, a library function should be integrated, which will
suggest interesting literature to students and encourage them to engage in group dis-
cussions. Answers to frequently asked questions (FAQs), as well as recommendations
of tutorials and support for the user’s learning path, are further functionalities of the
chatbot. An integrated to-do list with a reminder function is designed to help students
become more organized and complete coursework on time, which should lead to less
frustration and higher satisfaction.

In this context, the basics of e-learning and research in the field of dialogue-based
systems are presented. The elaborated concept of personalized, dialog-based systems for
MOOC platforms and their integrated scaffolding tools are introduced and described.
Furthermore, possible implementation requirements, design and behavioral approaches,
as well as future work and possible evaluation methods are explained.

2 Foundation

This section presents the basics of e-learning, its advantages and its limitations. Research
in the field of dialogue-based systems and e-learning, along with MOOCs, is presented
and discussed herein.
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2.1 E-Learning

E-learning evolved from the concept of distance learning and is defined as self-directed,
collaborative learning activities based on web-based technologies [5, 18, 34]. Among
others, it used to support students who were unable to obtain higher education due to
their geographical location. Online education was initially limited to technical subjects
such as mathematics or engineering. Nowadays, the offer is much more extensive, and
courses are also offered in many other fields, such as history or economics [35].

E-learning refers to learning activities that are largely conducted over the internet
and thus differ from traditional in-class learning [2]. Communication between students
and teachers, and among students, takes place via text-based forums, chats and video
calls. Traditional classroom-style learning is always synchronous, resulting in real-time
information exchange and communication [4]. Online learning can be both synchronous
and asynchronous. In asynchronous learning, users do not have to be present at the same
time, so communication takes place with a time delay.

E-learning can take place through many channels such as email, online research, or
online discussions. For the purposes of this paper, e-learningwill be limited to education-
oriented online courses such as MOOCs.

MOOCs. MOOCsoffer higher education and continuing education in the formof online
education in a variety of fields, including medicine, machine learning, law, psychology,
and many others [21]. Participation is often free and flexible, as learning usually takes
place onlinewith no time or location limits. In 2019, approximately 400 higher education
institutions offered a total of 2.5kMOOCs. By the end of 2019, about 13.5k courses from
more than 900 universities were available to about 110 million students worldwide [29].
In 2020, due to the pandemic, registrations increased enormously, resulting in a total of
180 million users worldwide and 2,800 course launches [30].

Benefits of E-Learning. Thebenefits of e-learninghave alreadybeendiscussed inmany
studies [3, 16, 20, 37]. The most important advantage over traditional learning is flex-
ibility. Every user can access e-learning from any place and at any time and without
great cost and effort. The students do not have to travel to a location, and e-learning is
usually much cheaper than on-campus education, as there are no costs for premises. The
user can also complete the course at their own pace, which can increase satisfaction and
reduce stress. In addition, with the help of e-learning, a much larger and more efficient
exchange of data and information is possible. Students can share information and discuss
ideas online in the forums. This supports, especially, learners with language difficulties
or anxieties to communicate more easily with other students.

Limitations of E-Learning. Based onACritical Literature Review on e-Learning Lim-
itations by Wong [38], the limitations of e-learning can be summarized in the following
categories: technological limitations, personal limitations, limitations compared to tra-
ditional learning, design limitations and other limitations. Technological limitations are
mainly related to missing or weak hardware — i.e., computer, smartphone, as well as
a poor internet connection, which is essential for e-learning. In addition, students and
instructors often feel overwhelmed with the skills and responsibilities related to the
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technology needed (personal limitation). The lack of self-discipline and lack of (self)-
motivation is cited as the biggest problems students have with e-learning [4, 11]. The
language barrier is a further personal limitation. Students with poor writing skills may be
at a disadvantage, as most communication is written, which can lead to misunderstand-
ings and problems. Another significant limitation of e-learning compared to traditional
learning is the loss of physical interaction. Learners and teachers feel isolated. Body lan-
guage and emotions, from which important cues can be derived, are completely absent.
Seeking advice becomesmore difficult as lecturers are almost only available by email [1].
Moreover, there is a lack of university facilities such as the library or career counseling.
Poor course design leads to stress and frustration among participants. Course materials
must be designed to be clearly understood by all participants, similar to traditional learn-
ing, as well as to allow easy access to further help and information (design limitations).
One more limitation mentioned was constant accessibility. Emails and forum entries can
be created at any time. This leads to a never-ending teaching and learning process, which
puts a strain on both students and teachers.

2.2 Dialogue-Based Systems

Eliza is considered the first chatbot and a major innovation by Weizenbaum in the
1960s [36]. It was developed to mimic the reactions of a psychotherapist in a therapy
session. Nevertheless, the field of dialogue-based systems (chatbots) has only become
interesting in recent years with the further development of natural language processing
and artificial intelligence. This results in faster and more efficient training of models and
more accurate predictions [31]. In addition, the further development of social platforms,
especially mobile messaging platforms, contributed to the adoption of chatbots. Mobile
messaging platforms now have more than 3 billion users worldwide [32]. Users interact
with the chatbot in natural language to obtain specific information or entertainment. Use
cases for chatbots are diverse, the most popular being customer service, emotional and
social support, and information and requests [8], as well as education.

One area of application for chatbots in education is language learning. Although
dialogue-based systems as practicing partners have not yet reached their full potential,
chatbots are considered a powerful and efficient tool [14]. Orlando et al. [24] describe and
discuss an integrated system with natural language management to support and monitor
students during their e-learning activities to find potential issues. T-Bot and Q-Bot [22]
are two chatbots on online education platforms likeMoodle that help students during their
e-learning activities and support instructors in teaching activities whereby one bot takes
on the role of a tutor (T-Bot) and the other the role of evaluating the students (Q-Bot). A
similar chatbot is NLAST (Natural Language Assistant for Students), a dialogue-based
system [13] that allows students to ask questions about tests and courses, obtain further
material and view scored exams. Other papers describe customer support chatbots for
universities [15, 25] and MOOC platforms [40] that answer FAQs for students and inter-
ested users. MOOCBuddy [17], a chatbot designed to encourage personalized learning,
offers MOOC users recommendations based on their social media profile via Facebook
Messenger. In addition, a dialogue-based system called Quiz-Bot [27] was designed
and evaluated to help students learn faculty knowledge in science, safety and English
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vocabulary using flash-cards. Within the scope of the colMOOC [19] platform funded
by the European Commission, there are many other interesting projects, among others,
in the area of conversational agents for MOOCs [9, 10, 12].

3 Applications in the Area of Personalized Dialogue-Based System
for E-Learning

To solve the previously mentioned limitations of e-learning, this section presents a con-
cept for automated dialogue-based systems for MOOC platforms. It is not just an alter-
native source of customer service, but it also offers the user a great variety of automated
scaffolding tools and support functionalities, some of which are based on artificial intel-
ligence. The chatbot is constantly available for answering and fulfilling the request in
dialogue-based conversations. The goal is to improve the e-learning experience, increase
motivation, reduce the drop-out rate and encourage continuous-learning for students as
well as the instructors.

Using the categories of limitations given by Wong [38], it is shown that espe-
cially students’ limitations in e-learning, limitations compared to traditional on-campus
learning and some other limitations can be reduced or even solved with the help of a
dialogue-based system. In the following, the applications of the chatbot are present.

3.1 Recommendations and Learning Paths

Part of the personal limitations of students in e-learning, as well as the limitations
compared to classroom-style education, is the lack of recommendations and guidance
on professional development and advanced courses. The assistance that the chatbot can
provide cannot be compared with in-person career counseling at the university’s career
center.Nevertheless, the automated dialogue-based systemmaygive the user suggestions
for further courses and possible learning paths.

These suggestions are often based on the courses and services already taken. How-
ever, course recommendations and learning paths can also be created based on users
with similar interests. The prerequisite for both is that the user has already taken some
courses and their interests are known to the chatbot. If this is not the case, the chatbot
needs to collect data from the user to create recommendations. User data to create rec-
ommendations could be obtained, for example, via some multiple-choice questions in
the dialog format. Additionally, continuous improvement of the chatbot is facilitated by
user feedback on the recommendations and learning paths provided.

3.2 Library

In addition to the career center, another difference of the online campus compared to a
traditional campus is the absence of a library. As a substitute, the chatbot would provide
the user with a search engine to find current and interesting scientific papers, books or
technical articles for a particular topic. Furthermore, students are invited and encouraged
to share and recommend interesting articles and paperswith other students. In specialized
groups, students can further exchange and discuss specific papers or scientific fields. This
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is intended to promote social interaction and the transfer of information and knowledge
between students. Social isolation and the loss of active exchange, such as after traditional
on-campus lectures, are also counteracted.

3.3 To-Do List and Reminder

Another difficulty for the user is the efficient management of study time. To ameliorate
this problem to a degree, the chatbot should provide the user with a to-do list containing
a reminder function. General and course-specific to-do lists can be created. If a task on
the list is due, the chatbot reminds the user on the website and, if desired, also by email.
The user can request all or course-specific to-do lists from the automated dialogue-based
system at any time. In addition, the user should be able to activate automatic reminders
for coursework, homework or other important deadlines. This feature is designed to help
students become more organized and complete coursework on time, resulting in less
frustration and higher satisfaction with their educational activities.

3.4 Quiz

Another aspect of personal limitations is the lack of self-discipline in learning and course-
work and the difficulty in motivating oneself. Some students need more encouragement
and support than e-learning platforms can provide. A tool that encourages students and
supports learning is a quiz [6, 27]. The quiz would be integrated into the automated,
dialogue-based system with a learning and competition mode. In learning mode, stu-
dents would practice with the chatbot, as well as request tips and further explanations.
The difficulty of the quiz can either be set manually or automatically by the chatbot. In
case of an automatic difficulty setting, the chatbot accesses previous quiz attempts as
well as the user’s course progress. Since many MOOC platforms have a course progress
page, it would be possible to display the user’s progress of the quiz in learning mode.
Consequently, some users might feel encouraged to reach a 100% progress level on
the quiz. Nevertheless, it is important that the users consider the quiz as a support tool
that they enjoy using and do not feel forced to participate. This is why the focus of the
integrated quiz is on practicing and motivating the user. Possible incentives should only
be introduced at a moderate level.

3.5 Frequently Asked Questions (FAQs)

Many existing MOOC platforms already provide a page or section with answers to
FAQs. In many cases, however, users do not find these pages and instead simply contact
customer support with basic questions [40]. This results in unnecessary waiting time
for the user and costly manual effort on the part of the instructors or platform operator.
Therefore, the customer support domain should be an important part of the dialogue-
based system. It includes answers to questions about the platform, pricing for courses
and certificates, age restrictions, and course structure, as well as data privacy.

In addition, the chatbot will provide answers to personalized FAQs. These include
questions about the user’s current MOOC courses, such as information about course
progress or downloading a certificate, or requests to change notification settings and
update personal data.
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3.6 Speech Support

Users also utilize mobile devices to attend MOOCs [7, 26]. Depending on the screen
size of the device, typing is not always easy and spelling mistakes might occur. Speech
support integrated into the dialogue system in the form of a dictation and output function
could help ameliorate or even solve this problem. Furthermore, another limitation of e-
learning is that students who have poor writing skills or are not proficient in the course or
platform language are at a disadvantage. Thus, an integrated speech support tool could
especially help these students to get better support and learning experience and be more
successful.

3.7 Tutorials

For e-learning and taking part in MOOCs, specific new skills and responsibilities related
to technology are needed. This is the case for both students, whose skillsets vary between
demographic groups, and instructors. Instructors who have had little to no previous
exposure to e-learning and mainly taught in traditional on-campus environments require
guidance to find their way in the digital environment. The dialogue-based system should
provide tutorials and instructions in text and video format for both user groups.

4 Implementation Requirements

A chatbot for MOOC platforms to answer technical FAQs to reduce expensive human
customer support has already been implemented and initially evaluated [40]. The pre-
sented features will build on this and extend the concept. In the following, some details
on the implementation of the automated, dialog-based system are discussed. Besides
design decisions and characteristics that the chatbot should have, some technical imple-
mentation aspects are presented. Among other things, it is explained why users can
communicate with the chatbot using a text-only input, as well as some action buttons.

4.1 Appearance and Behavior

In addition to the variety of tools that the dialogue-based system should offer, its char-
acter and appearance are also an influential aspect to convince the user of the chatbot
and to encourage its use [33]. The chatbot should adopt a calm and friendly tone in all
its messages. Since jokes might be understood differently by different cultures, they are
kept to a minimum. Nevertheless, the chatbot should not come across as too boring or
lecturing. It should be a friend or a tutor for the user. The user should enjoy communi-
cation with the chatbot, and the interaction should be satisfying. In all its messages, the
dialog-based system should encourage the user to ask further questions if something is
unclear and should not give the user the impression that the questions are annoying.

Furthermore, it is possible to give the chatbot a gender-neutral name and face to
support an inclusive learning environment and motivate the user to engage with the
chatbot and ask for help, as gender stereotypes also seem to apply to computers and
therefore dialogue-based systems [23]. These aspects support the user’s satisfaction and
motivation to use the chatbot.
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4.2 Technical Implementation

To avoid a user not being able to use the chatbot properly because, for example, they don’t
know how to start a conversation, some actions in the form of buttons should be directly
available to the user. During an ongoing conversation, the action buttons are updated to
match the dialog. For example, in the case of a decision question, the options “Yes”,
“No” and “I don’t know” are displayed. These action buttons can support different user
groups. They save users onmobile devices the inconvenience of typing on a small screen.
These buttons also help users who are not too familiar with the platform or language
to avoid misunderstandings and get help more easily. This reduces another personal
limitation — namely, the pure text-based communication. To better handle requests to
the chatbot and, in particular, to use the automated scaffolding tools, the chatbot should
work in a specific course context.

The automated, dialogue-based system should be built to self-learn. This learning
process should be two-fold through additions and exclusions. With the help of user
feedback and ongoing research, the domain of the chatbot would constantly be updated
to include additional tools and topics. For each topic, the test datasets and answer datasets
would be expanded. At the same time, data that are incorrect or misleading would be
removed from the datasets. Thus, by means of self-learning, the chatbot’s knowledge
and abilities are growing and the domain is kept clean from bad data.

5 Future Work

An important and difficult issue to solve in the future is the amount and type of help a
user requires and whether a user wants to ask for help, or the system should determine
that a user is struggling and consequently prompt the chatbot to intervene. It would be
possible that the user adds their technical and domain understanding in the form of a
competence level (e.g., novice, advanced beginner, proficient, skilled, expert) to their
platform profile, so that the answers the chatbot provides are adapted to these specific
levels. If the user needs more or less help than provided based on their chosen level, they
can lower or raise the competence level of help.

After the implementation of the initial concept, the automated dialogue-based sys-
tem should be tested with the help of user feedback and monitoring. The most crucial
factor is to receive feedback from users. With the help of surveys on the platform, it
would be possible for the students and instructors to anonymously evaluate the dialogue-
based system. Among others, the following points could be considered: overall quality,
performance, range and quality of tools offered, quality of answer, understanding of the
question, design, and appearance of the chatbot. The user should also have the possibility
to express wishes and suggestions in text form.

Furthermore, users are encouraged to evaluate their experience with the chatbot
immediately following a conversation. The user is asked to rate on a scale whether their
problem has been solved, whether they are satisfied with the solution or whether the tool
fulfilled performance and quality expectations.
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6 Conclusion

The paper presented a concept for automated, personalized, dialogue-based systems for
e-learning portals such as MOOC platforms. These platforms have limitations for both
learners and teachers that lead to dissatisfaction, stress and frustration. For this reason,
automated scaffolding tools integrated into the chatbot have been introduced to reduce
or even solve these limitations. The chatbot should always be available for the users
and provide them with instructions, tutorials, answers to FAQs and recommendations.
This should support the user to be more motivated and self-disciplined. Among other
things, the integrated literature search for interesting research, papers and articles is
intended to replace the lack of university facilities such as the library. In addition, it is
possible to receive articles recommended by other students as well as to discuss relevant
research with other students. This encourages social interaction between users and an
active exchange of information and knowledge. To overcome students’ isolation and
demotivation, the chatbot also offers a quiz mode to support students’ learning. It can be
concluded that automated dialogue-based systems have the potential to support students
in many different areas of their educational activities by creating a more personalized
learning experience on MOOC platforms.
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