
Does the Activation of Motor
Information Affect Semantic Processing?

Elisa Scerrati , Cristina Iani, and Sandro Rubichi

1 Introduction

Knowledge of object use is one of the most important available types of knowledge
for a living being. For instance, humans can make use of a hammer to nail wooden
planks and build a house, chimpanzees can use a twig to “fish” for insects, and birds
of prey called bearded vultures, or lammergeiers, can make use of stones to break
bones and feed themselves with marrow.

A basic issue in human cognition is how information concerning actions with
objects is represented. Are motor representations critical components of object
concepts? This question taps into the ongoing debate on the format (i.e., neural
substrate, patterns of activation) of conceptual representations (for an overview see
Scerrati 2017; Scerrati et al. 2017). Such debate critically involves two out of the three
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main research questions outlined in the present volume, that is, how concepts become
acquired and how they are being used in cognitive tasks. The current research is a
psychological investigation, which attempts to address these questions and, specif-
ically, how concept learning and representation interact with the development of
motor abilities.

An increasing widespread view assumes that knowledge is grounded in sensory-
motor experiences (Barsalou 1999, 2008, 2016; Gallese and Lakoff 2005; Glen-
berg and Kaschak 2002, 2003; Glenberg and Robertson 2000; Pulvermüller 1999,
2001; Zwaan 2004). The semantic analysis reported in Vernillo (Chap. 8) demon-
strated that the literal meaning of action verbs poses constrains on their usage in
metaphorical sentences. Neuropsychological research provides further support for
the grounding assumption by showing the existence of selective impairments at the
expenses of specific categories of information. For example, following a stroke,
a viral infection or a neurodegenerative disease, such as the Alzheimer disease
(AD) or Semantic Dementia (SD), people may selectively lose knowledge of living
animate (i.e., animals) or inanimate (i.e., fruit/vegetables) entities, conspecifics (i.e.,
other people) or non-living things (i.e., manipulable artefacts). According to the
sensory/functional theory (Warrington and McCarthy 1983, 1987; Warrington and
Shallice 1984; see also Damasio 1989; Farah and McClelland 1991; Humphreys and
Forde 2001; McRae and Cree’s 2002), category-specific deficits can be explained
by assuming that knowledge of a specific category is located near the sensory and
motor areas of the brain dedicated to perception of its instances’ perceptual quali-
ties and kind of movements. Therefore, when a sensory-motor area is damaged, the
processing of instances of the specific category that rely on that area is impaired.
Importantly, neuropsychological research also suggests that sensory-motor represen-
tations are involved not only in comprehending and producing voluntary movements
but also in thinking about them (Buxbaum et al. 2000).

In addition, neuroimaging studies have largely shown different neural activations
for different categories. For instance, Chao et al. (1999, 2002) found differential
activation for animals and tools. Furthermore, Chao and Martin (2000) described
regions in the dorsal visual pathway, such as the posterior parietal cortex, that were
differentially recruited when participants viewed manipulable objects like tools and
utensils. Also, semantic knowledge of actions has been shown to involve different
loci of representation in the brain than semantic knowledge of entities, specifically the
frontal lobe motor-related areas (see, for example, Hickok 2014; Kemmerer 2015).
Interestingly, a growing body of neuroimaging research also shows that knowledge of
object use is automatically activated upon naming (Chao andMartin 2000;Chouinard
and Goodale 2010), categorizing (Gerlach et al. 2002), and even passively viewing
manipulable objects (Creem-Regehr et al. 2007; Grèzes et al. 2003; Vingerhoets
2008; Wadsworth and Kana 2011).

Similarly, several behavioral studies showed that semantic content influences
reach-to-grasp movement responses. For instance, Gentilucci and Gangitano (1998)
found that automatic word reading influenced grasping movements: Their subjects
automatically associated the meaning of the word (“corto: short”, “lungo: long”)
with the distance to cover in order to perform a grasping action and activated a motor
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program for a nearer/farther object position. Glenberg and Kaschak (2002) showed
that judging sensibility of sentences was easier when the movement implied by the
sentence was in the same direction as the movement required by the response. In
a similar vein, Zwaan et al. (2002) showed that object verification and naming was
easier when the object’s shape on display matched the shape implied by a previously
presented sentence. Furthermore, Glover et al. (2004) demonstrated that reading
words describing objects activated motor tendencies, which influenced the grasping
of target blocks. Lindemann et al. (2006) further showed that action semantics acti-
vation hinges on the specific action intention of an actor. Importantly, Myung et al.
(2006) showed similar effects of semantics with a lexical decision task that required
keypress responses: Performance on the target word was better when semantically
dissimilar prime-target pairs shared manipulation information (e.g., typewriter and
piano).

Althoughmuch is known about how semantic content mediates action in response
to the environment, the influence of motor activation on semantic processing did not
receive as much attention. The present study aimed at filling this gap by focusing
on potential effects of action on language. If, as assumed by the sensory/functional
theory (Warrington and McCarthy 1983, 1987; Warrington and Shallice 1984; see
alsoDamasio 1989; Farah andMcClelland1991;Humphreys andForde2001;McRae
and Cree’s 2002), conceptual content is stored closed to the sensory and motor
systems, and, as claimed by the grounded view, semantics shares a common neural
substrate with the sensory and the motor systems (Barsalou 1999, 2008, 2016), then
effects should be observed bilaterally, that is, not only from language to action but
also vice versa (see Meteyard and Vigliocco 2008).

The current study is aimed at testing whether: (a) motor information concerning
objects can be pre-activated through the presentation of images of graspable objects
as primes (e.g., “frying pan”); and (b) pre-activated motor information concerning
graspable objects can affect performance on a lexical decision task involving target
words describing objects’ properties relevant for action (e.g., handle).

To this end, participants were instructed to observe a prime object that could be
presented in two different orientations, that is, with the action-relevant component
(e.g., the frying pan’s handle) oriented either toward the left or toward the right.
They were then asked to perform a lexical decision task (LDT)—a task commonly
used in studies on lexical-semantic processing (Meyer and Schvaneveldt 1971; see
also Iani et al. 2009; Scerrati et al. 2017)—on a subsequent target word. Specifically,
they were required to judge whether the following target was a known word in the
Italian lexicon or not by pressing a key either on the same side as the depicted action-
relevant property of the prime object (i.e., spatially compatible key) or on the opposite
side (i.e., spatially incompatible key). Target wordsmatching in frequency and length
were of three different types: words describing properties relevant for action with the
object (action-relevant words, e.g., handle); words describing properties irrelevant
for action with the object (action-irrelevant words, e.g., ceramic); words describing
things unrelated to the object (unrelated words, e.g., eyelash).

If the image of the graspable object (i.e., the prime image) directly cues a specific
motor representation, which becomes part of the concept held in working memory
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(e.g., Bub and Masson 2010), then we should observe a facilitation on the subse-
quent lexical decision task provided that the target word is action-relevant (e.g.,
handle) and the orientation of the action-relevant component of the prime object is
spatially compatiblewith the response key. Indeed, several behavioral studies showed
a facilitation when the responding hand of the participant and the orientation of the
object’s graspable component, that is, its affordance (e.g., the handle; for the original
idea of affordance see Gibson 1979) were compatible (i.e., on the same side) rather
than incompatible (i.e., on opposite sides). This finding supports the assumption that
seeing a picture of a graspable object activates the motor actions associated with its
use (Iani et al. 2019; Pellicano et al. 2010; Saccone et al. 2016; Scerrati et al. 2019,
2020; Tipper et al. 2006; Tucker and Ellis 1998; Vainio et al. 2007). Therefore, we
expect that the presentation of the graspable prime object will pre-activate manipula-
tion information about objects. This in turn should facilitate a lexical decision task on
target words describing those objects’ properties relevant for action (e.g., handle).
In contrast, no such facilitation is expected for target words that describe proper-
ties irrelevant for action with (action-irrelevant words, e.g., ceramic) or unrelated to
(unrelatedwords, e.g., eyelash) the prime object. In otherwords, we expect thatmotor
information evoked by object observation will have different effects as a function of
the following type of word. Specifically, we predict that motor informationwill deter-
mine a motor-to-semantic priming effect for action-relevant words as the processing
of these words can benefit from the activation of motor knowledge. Conversely, it
should determine neither benefits nor disadvantages for action-irrelevant and unre-
lated words as these words refer to motor-irrelevant features of the prime objects.
Hence, we expect to observe an interaction between spatial compatibility and the
type of word.

2 Method

2.1 Materials

The prime stimuli were digital photographs of four domestic objects (can, door,
frying pan, radiator) selected from public-domain images available on the Internet.
Prime objects could be presented in two orientations, that is, with the action-relevant
component (e.g., the frying pan’s handle) oriented either toward the left or toward the
right. These objects subtended a maximum of 13.7° of visual angle horizontally and
12.3° of visual angle vertically when viewed from a distance of 60 cm. Prime objects
were centered on screen according to the length and width of the entire object.

The target stimuli were twelve words belonging to three different categories: Four
words referred to a characteristic of the prime object that was relevant for action (e.g.,
handle); four words referred to a characteristic of the prime object that was irrelevant
for action (e.g., ceramic); four words referred to things unrelated to the prime object
(e.g., eyelash). For the complete list of stimuli, see Appendix. Target words ranged
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Table 1 Psycholinguistic matched variables of the target words used in the main experiment

Action-relevant words Action-irrelevant words Unrelated words

Mean SD Range Mean SD Range Mean SD Range

Frequency 7.7 3.7 3–12 21.2 11.5 11–34 26 40.7 2–87

Length 7.7 1.2 6–9 8 2.1 5–10 7.2 0.9 6–8

from 2.7 to 5.4 cm (from 5 to 10 characters) which resulted in a visual angle range
between 2.5° and 5.1° when viewed from a distance of 60 cm.

Words from the three categories (action-relevant, action-irrelevant, and unrelated)
were matched in terms of frequency and length. For lexical frequency, the Italian
database Colfis was used (Bertinetto et al. 1995). Values for frequency and length of
target words are reported in Table 1.

To control for association strength between the prime object and the target word,
40 Italian participants (23 males; mean age: 28 years old; SD: 9 years) who did not
participate in the main Experiment were asked to rate the twelve target words in
terms of their degree of association with the prime objects on a 1–7 points Likert
scale (1= “not associated at all”; 7= “very associated”). The mean ratings were 5.2
for action-relevant words related to the prime object, 5.4 for action-irrelevant words
related to the prime object, and 1.5 for words unrelated to the prime object.

Twelve legal non-word fillers (e.g., celimora) were created using a non-word
generator for the Italian language available online.1 The non-words were preceded
by the same prime objects.

To control for potential phonological associations between the non-word fillers
and the target words, 28 new Italian participants (11 males; mean age: 27 years old;
SD: 7 years) were engaged in a free association production task. The task required
participants towrite down thefirst two Italianwords that each of the twelve non-words
brought to mind. Only one participant reported the Italian word ciglia (included in
the unrelated category) in response to the non-word geglie. However, given it was
an isolated case, we did not consider it necessary to exclude this non-word from our
selection of non-word fillers.

3 Participants

Thirty-four participants (13 males; mean age: 22 years old; SD: 3 years) from the
University of Modena and Reggio Emilia where the experiment was conducted. All
participants were native speakers of Italian, had normal or corrected to normal vision,
and were naïve as to the purpose of the experiment. Handedness wasmeasured by the
EdinburghHandedness Inventory (Oldfield 1971),which revealed that 25participants
were right-handed (laterality mean = 0.76; SD = 0.13), seven participants were

1https://www.trainingcognitivo.it/GC/nonparole/.

https://www.trainingcognitivo.it/GC/nonparole/
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ambidextrous (laterality mean = 0.25; SD = 0.21) and two participants were left-
handed (laterality mean = −0.69; SD = 0.10). The experiment was conducted in
accordance with the ethical standards laid down in the Declaration of Helsinki and
fulfilled the ethical standard procedure recommended by the Italian Association of
Psychology (AIP). All procedures were approved by the Department of Education
and Human Sciences of the University of Modena and Reggio Emilia where the
experiment was conducted. All participants gave their written informed consent to
participate to the study.

4 Apparatus

Stimulus presentation, response times (RTs) and accuracy were controlled and
recorded by E-Prime 2 (Psychology Software Tools, Inc., Sharpsburg, PA). Partici-
pants completed the experiment on a HP ProDesk 490 G1 MT running Windows 7
with a 19 in monitor and a display with a resolution of 1280 × 1024 pixels.

5 Design and Procedure

Two factors were manipulated: Target word with 3 levels (action-relevant; action-
irrelevant; unrelated), and Spatial compatibility—between the orientation of the
action-relevant component of the prime object and the response—with two levels
(spatially compatible: both handle and response on the right or on the left; spatially
incompatible: handle on the right and response on the left and viceversa). Both factors
were manipulated within-subject.

Participants sat at a viewing distance of about 60 cm from the monitor in a dimly-
lit room. Each trial started with the presentation of a fixation cross (0.3 cm× 0.3 cm)
for 500 ms. Immediately after the fixation, the prime object appeared on screen for
1000 ms. Then, either the target word or the non-word filler was displayed on screen
until a response was given or until 1500 ms had elapsed (see Fig. 1 for details). RT
latencies were measured from the onset of the target stimulus. Both target and filler
stimuli were bold lowercase Courier new 18 andwere presented in black in the center
of a white background.

Participants were asked to make a lexical decision, that is, determine whether the
displayed letter string was an Italian word or not, by pressing one of two lateralized
buttons as quickly and as accurately as possible. Response keys were the “-” and the
“z” keys on an Italian QWERTY keyboard. Half of the participants responded by
pressing the “-” key with their right index finger when the letter string was an Italian
word, and the “z” key with their left index finger when it was a non-word. The other
half was assigned to the opposite mapping.

The order of presentation of each prime-target pair was randomized across partic-
ipants. The experiment consisted of 24 practice trials (different from those used in



Does the Activation of Motor Information … 159

Fig. 1 Illustration of an action-relevant target word in the spatially compatible condition. In the
example above instructions required to respond with the left index finger to words and with the
right index finger to non-words. Note that elements are not drawn to scale

the experiment) and two experimental blocks of 48 trials each, for a total of 120 trials
per participant. Blocks were separated by a self-paced interval and the experiment
lasted approximately 10 min.

6 Results

Responses to non-word fillers were discarded. Omissions (1%) and outlying RT (5%)
that were two standard deviations (SD) from the participant’s mean were excluded
from the analysis.

Two repeated measures ANOVAs with Target Word (action-relevant, action-
irrelevant, unrelated) and Spatial compatibility (compatible, incompatible) aswithin-
subject factors were conducted, one for RT latencies and one for percentage errors
(3.5%). When sphericity was violated, the Huynh–Feldt correction was applied,
although the original degrees of freedom are reported.

The results of the ANOVA on the RT latencies did not reveal any significant main
effect or interaction, allF < 1. In contrast, the results of theANOVAon the percentage
errors showed a significant main effect of Target Word (F(2, 66) = 3.67, MSe =
61.15, p= 0.043, np2 = 0.10), that is, lexical decision responses were more accurate
for action-relevant target words (1.65%) than for both action-irrelevant (4.22%) and
unrelated target words (4.59%), t(33)= 2.92, p= 0.006, and t(33)= 2.61, p= 0.01,
respectively. No other main effect resulted significant, F < 1. Results are shown in
Fig. 2.

Importantly, there was a marginally significant interaction between Target Word
and Spatial compatibility (F(2, 66) = 3.42, MSe = 35.68, p = 0.057, np2 = 0.09).
Paired comparisons revealed that lexical decision responses for action-relevant target
words tended to be more accurate in the spatially compatible condition (0.73%) than
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Fig. 2 Mean lexical decision percentage errors as a function of target word (action-relevant; action-
irrelevant; unrelated): bars indicate standard errors

Fig. 3 Mean lexical decision percentage errors as a function of target word (action-relevant; action-
irrelevant; unrelated) and spatial compatibility (compatible; incompatible): bars indicate standard
errors

in the spatially incompatible condition (2.57%), t(33) = 1.71, p = 0.09 two tailed.
In contrast, lexical decision responses for action-irrelevant target words tended to be
more accurate in the spatially incompatible condition (2.94%) than in the spatially
compatible condition (5.51%), t(33) = −1.74, p = 0.09 two tailed. Finally, lexical
decision responses for unrelated targetwords did not differ in the spatially compatible
(4.41%) and incompatible (4.77%) conditions. Figure 3 shows the results graphically.

7 Discussion

Although much evidence is available on the influence of semantics on action prepa-
ration and execution (Gentilucci and Cangitano 1998; Glenberg and Kaschak 2002;
Glover et al. 2004; Lindemann et al. 2006; Myung et al. 2006; Zwaan et al. 2002),
the effects of motor control on language processing are poorly investigated.
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The current study examined whether semantic processing may be influenced by
the activation of the motor system. If conceptual content is stored closed to the
sensory and motor systems (Warrington and McCarthy 1983, 1987; Warrington and
Shallice 1984; see also Damasio 1989; Farah and McClelland 1991; Humphreys and
Forde 2001; McRae and Cree’s 2002), and if it shares a common neural substrate
with the sensory and the motor systems (Barsalou 1999, 2008, 2016), then effects of
language on action and of action on language should be observed likewise (Meteyard
and Vigliocco 2008).

We explored whether presenting images of graspable objects (e.g., “frying pan”)
as prime stimuli could pre-activate manipulation information about objects, which
in turn could facilitate a lexical decision task on target words referring to objects’
properties relevant for action (e.g., handle). That is, we expected that object observa-
tion would activate motor knowledge leading to a motor-to-semantic priming effect
only for target words referring to action-relevant components of objects as only
the processing of action-relevant words should benefit from the activation of motor
knowledge.

In line with our hypothesis, we found that performing a lexical decision on action-
relevant target words produced more accurate responses than performing the same
task on action-irrelevant words and on words unrelated to the prime objects. This
finding suggests that language processing is somewhat facilitated provided thatwords
are not only related to the primeobject seenbefore but also relevant for actionwith that
object. It is plausible to assume that the prime object’s graspability was able to shift
participants’ attention to the action-relevant features of the object thus facilitating
the subsequent lexical decision on words describing those features.

Furthermore, we found an interaction between the type of word (relevant-
for-action; irrelevant-for-action; unrelated) and spatial compatibility (compatible,
incompatible). In line with our hypothesis, we observed a tendency toward lower
percentage errors (i.e., facilitation) when the target word was action-relevant (e.g.,
handle) and there was spatial compatibility between the orientation of the action-
relevant component of the prime object and the response. Conversely, we observed
a tendency toward higher percentage errors (i.e., interference) when the target word
was action-irrelevant (e.g., ceramic) and there was spatial compatibility between the
orientation of the action-relevant component of the prime object and the response.
Therefore, motor information activated by observing objects’ orientation may influ-
ence language processing to the extent that words being processed are relevant for
action with such objects. This preliminary finding supports the assumption that
observing a graspable object activates the motor actions associated with its use (Iani
et al. 2019; Pellicano et al. 2010; Saccone et al. 2016; Scerrati et al. 2019, 2020;
Tipper et al. 2006; Tucker and Ellis 1998; Vainio et al. 2007).

Taken together these findings suggest that the activation of motor information
may affect semantic processing.

However, the present study has a limitation in that our results only emerged for
percentage errors (not response latencies). This may be the consequence of the low
level of verbal processing involved by the lexical decision task. Indeed, the LDT
may recruit the semantic system to a small extent (see Scerrati et al. 2017) thus
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failing to show a robust influence of motor information on language processing that
is able to affect response latencies (for task-dependent influences of motor informa-
tion on conceptual processing see De Bellis et al. 2016; see García and Ibáñez 2016
for review). That is, if the LDT is performed by relying on a simple word associa-
tion strategy, i.e., without determining the type of association between the property
word and the concept word (for example, whether the property word refers to a part
of the concept word as in the concept-property pair frying pan-handle), then the
underlying conceptual representations may not be retrieved at all, this resulting in
motor information being unable to exert a robust influence on semantic processing
(e.g., Solomon and Barsalou 2004). In addition, as highlighted by a recent review by
García and Ibáñez (2016), the allowed time-lag (2.5 s) between motor and linguistic
information may have played a role in our study leading to a weaker influence of
motor knowledge on language processing. Such weakened influence may reflect in
the motor-to-semantic priming effect failing to show for response latencies. Even
holding these caveats in mind, our study indicates a possible influence of motor
control on cognitive functions and strengthens the hypothesis of the proximity of
language and sensory-motor systems in the human brain (see also Goldstone and
Barsalou 1998).

Future studies may extend the investigation of mutual effects of semantic content
andmotor control by introducing other tasks thatmore explicitly require the construc-
tion of modality-specific representations (e.g., motor representations). In fact, it is
plausible that a conceptual, recognition-oriented task may reveal effects of motor
control on semantic processing more easily than a more implicit task such as the
lexical decision task. A different task will help identify to which extent the nature
of the task determines the motor-to-semantic priming effect and to discard other
possible factors.

Acknowledgments The authors wish to thank Sara Gambetta for her help with materials selection
and data collection.

Appendix

Prime
objects

Target words Non-words

Action-relevant Action-irrelevant Unrelated

calorifero
radiator

manopola knob ghisa
cast iron

panchina
bench

agraccia bucconede celimora

lattina
can

linguetta
tab

alluminio
aluminium

astuccio
case

conichia fangialle geglie

padella
frying
pan

manico
handle

ceramica
ceramic

corredo
dowry

ghipi naseco mezecolo

(continued)
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(continued)

Prime
objects

Target words Non-words

Action-relevant Action-irrelevant Unrelated

porta
door

maniglia
door-handle

compensato
plywood

ciglia
eyelash

ommibicio rinchite sobbeme
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