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A history-based artifact to mediate calculus contents
Pietro Milici!, Michela Maschietto? and Anita Lugli?

"University of Messina, Italy pietro.milici@unime.it;

*University of Modena e Reggio Emilia, Italy michela.maschietto@unimore.it,
anita.lugli@unimore.it

Keywords: artifacts, tangent, derivative/antiderivative, Theory of Semiotic Mediation.
A HISTORY-BASED ARTIFACT

This paper proposes incorporating history and historical artifacts into hands-on
activities on infinitesimal calculus, aligning with Italian research on workshop
activities involving “mathematical machines” (Bartolini Bussi & Maschietto, 2006).
We have utilized a new device rooted in historical concepts related to the mechanical
implementation of solutions for inverse tangent problems (Bos, 1988). Beyond their
historical importance in the development of calculus, these ideas maintain a strong
connection with material implementations, implying the creation of scientific
instruments for demonstration, education, and practical application (Tournés, 2009).

Our artifact (Fig. 1), realized with FabLab tools (https://www.machines4math.com/),
can be assembled in various configurations (Crippa & Milici, 2023): to introduce the
concept of the tangent and inverse tangent problems
(https://www.youtube.com/watch?v=LMLt90R8zHA), to trace exponential and
parabola (https://www.youtube.com/watch?v=kqtU9GpcN78), and to construct
derivatives and antiderivatives (https:/ www.youtube.com/watch?v=TyxCAR317HE).

Figure 1. Components of the artifact.
THEORETICAL BACKGROUND

This study examines our new artifact from a semiotic perspective, emphasizing the
crucial role of signs and representations in mathematics. The main theoretical
component is the Theory of Semiotic Mediation (Bartolini Bussi & Mariotti, 2008); it
applies a Vygotskian perspective to mathematics education, suggesting that teachers
use specific artifacts to mediate mathematical meanings. A relevant theoretical tool is
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the analysis of the semiotic potential of an artifact, which is crucial for designing
student tasks and guiding teacher actions.

FIRST RESULTS AND FURTHER PERSPECTIVES

Our in-progress research project aims to evaluate our artifact for teaching calculus,
focusing on its use, constraints, and manipulation to create effective tasks. We analyzed
how a secondary school teacher explores this artifact from a semiotic perspective
(Maschietto & Milici, 2024) and we identified different configurations and crucial
elements for task design by analyzing its semiotic potential. In its most straightforward
configuration, our artifact offers a material representation of the tangent line; in other
configurations, the tangent is mechanically guided to generate curves.

We will start to test tasks to bring out the meanings embedded in the artifact. On the
one hand, we plan to explore the artifact to consolidate mathematical meanings with
university students. On the other hand, we are designing a teaching experiment to
mediate calculus meanings; it will be carried out with high secondary school students.
Additionally, the historical and epistemological aspects are essential for maintaining
student interest: the artifact allows the integration of historical experiences and original
manuscripts to enhance learning.

ACKNOWLEDGMENTS

Work supported by the Italian MUR-PRIN 2022 program, project: "Touching the
transcendentals by tractional constructions: historical and foundational research,

educational and museal applications by new emerging technologies," code:
2022E8PZ3F, CUP: B53C24008180001 (PM), E53C24003440006 (MM, AL).

REFERENCES

Bartolini Bussi, M.G., & Mariotti, M.A. (2008). Semiotic mediation in the mathematics
classroom: artifacts and signs after a Vygotskian perspective. In L. English (Ed.),
Handbook of International Research in Mathematics Education (2nd edition, pp.
746-783). Routledge. https://doi.org/10.4324/9780203930236

Bartolini Bussi, M.G. & Maschietto, M. (2006). Macchine matematiche: dalla storia
alla scuola. Collana UMI Convergenze. Springer.

Bos, H. J. (1988). Tractional Motion and the Legitimation of Transcendental Curves.
Centaurus, 31, 1,9—-62. https://doi.org/10.1111/5.1600-0498.1988.tb00714.x

Crippa, D., & Milici, P. (2023) Transcendental curves by the inverse tangent problem:
Historical and didactical insights for calculus, In: E. Barbin, R. Capone, et al. (Eds.)
History and Epistemology in Mathematics Education - Proc. of the 9th ESU (pp.
181-193). Available at https://bibnum.publimath.fr/ACF/ACF23015.pdf

Maschietto, M., & Milici, P. (2024) Exploring a new geometric-mechanical artefact
for Calculus, Science & Education. https://doi.org/10.1007/s11191-024-00547-7

Tournes, D. (2009). La construction tractionnelle des équations différentielles.
Blanchard.

169


https://doi.org/10.4324/9780203930236
https://doi.org/10.1111/j.1600-0498.1988.tb00714.x
https://bibnum.publimath.fr/ACF/ACF23015.pdf
https://doi.org/10.1007/s11191-024-00547-7

	Accumulation as a tool towards blending reasoning about quantity and rate of change in physics contexts
	An Analysis of Covariational Reasoning for the Conceptual Introduction of Derivative in US and Chinese Calculus Textbooks
	An unexpected construct toward the fundamental theorem
	Basic Mental Models of the Integral - A Didactical Approach for Physical Chemistry Lecturers
	Calculus quantities and conservation laws in physics
	Chemistry contexts for introducing derivative and integral
	Chemistry contexts for introducing derivative and integral
	introduction and background
	Aim
	A chemistry context for the derivative as rate of change
	A chemistry context for the integral as accumulation
	Concluding remarks
	Acknowledgement
	REFERENCES


	Connecting Mathematics and Medicine in a Calculus Course in Biomedical Engineering Degrees through SRPs
	Introduction
	METHODOLOGY
	EXPERIMENTATION AND RESULTS
	CONCLUSIONS
	AcKNOWLEDGMENTS
	REFERENCES

	Differentials across disciplines - Conceptions used in economics, physics, and chemistry
	Integrating Computational Thinking into Undergraduate Calculus in Mechanics - Insights from Educators and Communities of Practice
	Interpreting simulations of a physical phenomenon - insights from an eye-tracking study
	LLMs as world builders for authentic problems in calculus for STEM students
	MAPLE LEARN - INVESTIGATION OF STUDENTS' EXPERIENCE IN LEARNING THE CALCULUS COURSE IN ONTARIO
	MATH-CHIAVELLI - DESIGNING A CALCULUS CARD GAME
	Multivariable limits in different university degrees. A first approach through textbook analysis
	On doing and undoing in general and applied precalculus-calculus tracks
	On doing and undoing in general and applied precalculus-calculus tracks
	Introduction
	Theoretical framework
	methodology
	REsults
	Quantitative Analysis
	Qualitative Analysis

	discussion
	conclusion
	REFERENCES


	On engineering students' difficulties with the delta function
	On Narratives of the Definite Integral in Biocalculus
	On students' perception of explorative, translation, and example-generation tasks for understanding Calculus in one variable
	Partial derivatives in thermodynamics
	Partitioning Physical Attributes for Riemann Sum Approximations
	Potential and limitations of resources for supporting students using mathematics in physics - a case study about differential equations
	Potential and limitations of resources for supporting students using mathematics in physics: a case study about differential equations
	Introduction
	TheoreticaL framework
	Background
	Difficulties caused by the differences between mathematics & mechanics
	Presentation of the Maths4Sciences (M4S) resources

	Research question & methods
	Results
	Intrinsic mathematical types of tasks appearing in physics
	Techniques blending mathematics & physics
	Different didactic contract rules in mathematics & physics

	Conclusion & discussion
	References


	Reexamining calculus practice in introductory physics
	Reflections on a Master Class in Teaching Modelling to Life Science Majors
	Role of some referents of Mathematics education in teachers' reflections on the causes of students' errors in university mathematics
	Should the Cauchy-Riemann equations be named after d'lembert
	Leere Seite

	STEM majors perceived value of an introductory calculus course-based research experience
	Students Concept Mapping the Derivative & Novel Tools for Analysis
	Students' reasoning about dynamic rate of change visualizations
	Teaching Multivariable Calculus to Biology Students
	Teaching Multivariable Calculus to Biology Students
	course content
	Setting Up the Stage with Discrete-Time Models
	Stability of Equilibrium Points and The Importance of Linearization
	Qualitative Change and Oscillations
	Course Impact on Student Motivation and Performance in Subsequent Courses

	Concluding remarks
	Acknowledgement
	REFERENCES


	The evolution of the concept of infinitesimal and differential in physics through the analysis of university textbooks
	Using an economics model to introduce systems of differential equations
	Using differentials in thermodynamics
	A history-based artifact to mediate calculus contents
	Developing aspects of the wave function in quantum mechanics through analogical activity - A textbook analysis
	Enhancing Understanding of Integrals in Physics and Mathematics Education - A revision of the Test of Calculus and Vectors in Mathematics and Physics
	The derivative. Meanings in filling containers
	The role of calculus in advanced physics courses for teachers – instructors' views
	Automatic TOC.pdf
	Accumulation as a tool towards blending reasoning about quantity and rate of change in physics contexts, Zimmerman Charlotte [et al.]
	An Analysis of Covariational Reasoning for the Conceptual Introduction of Derivative in US and Chinese Calculus Textbooks, Chen Yixiong
	An unexpected construct toward the fundamental theorem, Falach Gilat [et al.]
	Basic Mental Models of the Integral: A Didactical Approach for Lecturers of Thermodynamics, Heinz Christian [et al.]
	Calculus quantities and conservation laws in physics, White Brahmia Suzanne
	Chemistry contexts for introducing derivative and integral, Dreyfus Tommy [et al.]
	Connecting Mathematics and Medicine in a Calculus Course in Biomedical Engineering Degrees through SRPs, Serrano Lídia [et al.]
	Differentials across disciplines: Conceptions used in economics, physics, and chemistry, Hitier Mathilde [et al.]
	Integrating Computational Thinking into Undergraduate Calculus in Mechanics: Insights from Educators and Communities of Practice, Lie Johan [et al.]
	Interpreting simulations of a physical phenomenon: insights from an eye-tracking study, Bagossi Sara [et al.]
	LLMs as world builders for authentic problems in calculus for STEM students, Rizzo Ottavio
	Maple learn: investigation of students' experience in learning the calculus course in Toronto, Majeed Asia [et al.]
	Math-chiavelli: Designing a calculus card game, Bini Giulia [et al.]
	Multivariable limits in different university degrees. A first approach through textbook analysis, Arnal-Palacián Mónica [et al.]
	On Narratives of the Definite Integral in Biocalculus, Lanius Melinda
	On doing and undoing in general and applied precalculus-calculus tracks, Gilroy Haile [et al.]
	On engineering students' challenges with the delta function, Faulkner Brian [et al.]
	On students' perception of explorative, translation, and example-generation tasks for understanding Calculus in one variable, Barana Alice [et al.]
	Partial derivatives in thermodynamics, Manogue Corinne [et al.]
	Partitioning Physical Attributes for Riemann Sum Approximations, Izsak Andrew [et al.]
	Potential and limitations of resources for supporting students using mathematics in physics: a case study about differential equations, Hellio Pauline
	Reexamining calculus practice in introductory physics, Loverude Michael [et al.]
	Reflections on a Master Class in Teaching Modelling to Life Science Majors, Czocher Jennifer [et al.]
	Role of some referents of Mathematics education in teachers' reflections on the causes of students' errors in university mathematics, Ramírez Bernal Henry Alexander
	STEM majors perceived value of an introductory calculus course-based research experience, Dibbs Rebecca [et al.]
	Should the Cauchy-Riemann equations be named after d'Alembert?, Karam Ricardo
	Students Concept Mapping the Derivative & Novel Tools for Analysis, Hensley Devin
	Students' reasoning in visualized dynamic rate of change situations, Kanwal Shaista [et al.]
	Teaching Multivariable Calculus to Biology Students, Bennoun Steve
	The evolution of the concept of infinitesimal and differential in physics through the analysis of university textbooks, Galli Domenico [et al.]
	Using an economics model to introduce systems of differential equations, Trigueros Maria [et al.]
	Using differentials in thermodynamics, Dray Tevian [et al.]
	A history-based artifact to mediate calculus contents, Milici Pietro [et al.]
	Developing aspects of the wave function in quantum mechanics through analogical activity: A textbook analysis, Wawro Megan [et al.]
	Enhancing Understanding of Integrals in Physics and Mathematics Education: A revision of the Test of Calculus and Vectors in Mathematics and Physics, Lippiello Stefania [et al.]
	The derivative. Meanings in filling containers, Díaz Miguel
	The role of calculus in advanced physics courses for teachers – instructors' views, Klein Dan [et al.]
	Author Index

	Leere Seite
	Unbenannt

