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Abstract. According to the embodied approachof language, concepts are grounded in sensorimotormental states, andwhenweprocess language,
the brain simulates some of the perceptions and actions that are involved when interacting with real objects. Moreover, several studies have
highlighted that cognitive performances are dependent on the overlap between the motor action simulated and the motor action required by the
task. On the other hand, in the field ofmemory, the role of action is under debate. The aim of this work was to show that performing an action at the
stage of retrieval influencesmemory performance in a recognition task (experiment 1) and a cued recall task (experiment 2), even if the participants
were never instructed to consider the implied action. The results highlighted an action-based memory effect at the retrieval stage. These findings
contribute to the debate about the implication of motor system in action verb processing and its role for memory.
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According to the embodied approach of cognition,
knowledge relies on the sensorimotor and contextual di-
mensions of an experience. Moreover, the cognitive sys-
tem is able to reenact sensorimotor states even in the
absence of a stimulus through simulation (Barsalou, 2010).

Regarding embodied approaches of language, a growing
number of researches have highlighted that concepts are
grounded in sensorimotor mental states. In other words,
when we read a word, the process of language compre-
hension recruits the same perception and action systems
that are involved when interacting with real objects rep-
resented by the word. Moreover, a significant number of
studies have shown a large overlap between the brain
areas involved in language and action (for more details,
read the following books: Borghi & Binkofski, 2014;
Brouillet, 2019; De Vega et al., 2012; Fincher-Kiefer, 2019;
Fischer & Coello, 2015, 2016; Pecher & Zwaan, 2005;
Shapiro, 2014, 2019). Finally, several researches have
shown a bidirectional link between action verb processing
and the action performed: Processing an action verb

affects action production (Andres et al., 2015; Bidet-Ildei
et al., 2017; Boulenger et al., 2009; Glenberg & Kaschak,
2002; Springer & Prinz, 2010), and conversely performing
an action affects action verb processing (Beauprez &Bidet-
Ildei, 2017; Liepelt et al., 2012). Importantly, Aravena et al.
(2010) highlighted the existence of this link at the neu-
ronal level: Action-language comprehension and motor
processes thus share neural resources and cooperate.

Although there is a growing body of research supporting
the involvement of sensorimotor systems of the brain in the
representation of conceptual knowledge, this is still a con-
troversial issue (Dove, 2011; Meteyard et al., 2012; Michel,
2020; Miller et al., 2018; Wurm & Caramazza, 2019). The
debate focuses mostly on the subordination between the
sensorimotor system and the conceptual knowledge. If
sensorimotor representations can contribute to the con-
ceptual knowledge, it is argued that symbolic representa-
tions are necessary to apprehend the broad spectrum of this
knowledge (Zwaan, 2016). To this end, Dove (2011, p. 1)
suggested that our concepts are represented in at least two
ways: (i) through sensorimotor simulations of our interac-
tions with objects and events and (ii) through linguistic
representations that are “dis-embodied.” That is to say, it
involves sensorimotor simulations of experiences that are
not associated with its semantic content (p. 6).
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Regardless of this controversy, the role of the sensori-
motor system in language is now broadly acknowledged, at
least for some conceptual domains, which is not the case
regarding memory processes. If the importance of per-
forming an action to recover memories about actions is
well documented (for review, see Engelkamp, 1998;
Zimmer et al., 2001), the role of action for memory is still
debated. For example, Mecklinger et al. (2004) showed
that left ventral premotor cortex is activated during
maintenance of manipulable objects in working memory.
Shebani and Pulvermüller (2013) and Montero-Melis et al.
(2019) showed that carrying out a rhythmic task with the
hands led to selective impairment of working memory for
hand-related words (e.g., clap), while carrying out the
same task with the feet led to selective memory impair-
ment for foot-related words (e.g., kick).
However, Pecher et al. (Pecher, 2013; Pecher et al., 2013;

Quak et al., 2014), using interference methodology in be-
havioral studies, failed to highlight the role of motor pro-
gram in working memory. Nevertheless, Gimenez and
Brouillet (2020) showed that the procedure used by
Pecher et al. (2013) could be challenged by changing the
mode of response and the interference task, which led to an
effect of the action performed on working memory.
In the same vein, Pecher et al. failed to replicate pre-

vious results showing that participants, in a short-term
memory task on action verbs, made more errors when a
motor interference task was congruent with the type of
action verb than when the motor interference task was
noncongruent (for review, see Zeelenberg & Pecher,
2016). However, Richardson et al. (2001), in a short-
term visual memory task, showed that object affordance
is stored at the stage of encoding and can be reactivated
during a word recognition task even if the motor com-
ponents were not involved. In an extension of this work,
Brouillet et al. (2015) showed that if themotor components
of the objects were perceptually present at the time of
recognition, memory judgments were associated with the
activation of the motor components of the objects learned.
In long-term memory, the results are also debated.

Canits et al. (2018) investigated the influence of com-
patibility between the typical grasp size of an object and
response grasp type on semantic categorization, on de-
layed free recall, and on a recognition memory task. In the
categorization task, the compatibility effect was present,
but it was not observed in the long-term memory tasks.
These findings contrast with those of van Dam et al.
(2013). In their study, participants performed an action
between the learning and retrieval phases that was com-
patible with some learned objects (twist for paper mill, or
press for doorbell) and incompatible with other learned
objects (twist for piano or press for screw driver). They
found that participants’ retrieval performance was better

in the compatible conditions than incompatible conditions.
The results obtained by Dutriaux et al. (2019) also contrast
with those of Canits et al. (2018). In their study, partici-
pants’ hand posture was manipulated to interfere with
motor simulation during language processing. In a
learning phase, participants were exposed to object–verb
sentences (e.g., action sentences: “to take a cup” vs. at-
tentional sentences: “to see a cup”) while holding their
hands behind their back or in front of them. Results
showed that the “hand in the back” posture interfered with
recall of object nouns when nouns appeared in the context
of action sentences, and not when they appeared in the
context of attentional sentences. Brouillet et al. (2018) also
showed an effect of motor resonance in long-term
memory: They observed, in a categorization task, that
when right-oriented tools were primed by an injured hand,
response times with the right hand were slower than when
the prime was a healthy hand. This response delay was
accentuated in a handgrip condition. According to them,
these results support the idea that participants activated
the corresponding motor program and the pain associated
with the consequences of the simulated grasping action.
In addition to those studies, other findings showed that

the neural structures governing the selection and execution
of actions are activated when participants have to process
verbs that represent these actions (Mecklinger et al., 2004;
Pulvermüller & Fadiga, 2010; Pulvermüller et al., 2005; van
Elk et al., 2010; Willems et al., 2010, 2011). Recently, Vitale
et al. (2020) used transcranial direct current stimulation to
test whether exogenous excitatory manipulation of the left
primary motor cortex (M1) would improve memory per-
formance with action sentences rather than with attention
sentences (as in Dutriaux et al., 2019). Results showed
strong evidence of a causal link between the activation of
the motor system and memory for action sentences.
In sum, all these studies suggest a role of sensorimotor

processes in memory activity. This idea is at the core
of multiple traces memory models (e.g., MINERVA
2 – Hintzman, 1984, 1988; VISA – Whittlesea, 1989; Act-
In – Versace et al., 2014; ATHENA – Briglia et al., 2018). In
these models, the memory system stores the experiences
of our interactions with the environment (i.e., episodic
traces) in a multisensory and distributed way over the
entire brain. In that sense, the content of new memory
traces is closely related to former sensorimotor activities.
Moreover, in these models, accessing a knowledge is the
result of a coupling between the recovery situation and the
set of activated episodic traces, and this activation de-
pends on their similarities with the recovery situation,
which is called the synergistic ecphory process (Tulving,
1976, 1982). In that sense, knowledge emerges when, in
the current situation, there are cues that share various
components of the memory traces, such as motor
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components (Brouillet & Versace, 2019). The aim of the
present work was to test this assumption through the use of
action verbs. Indeed, due to the role of sensorimotor
processes in the processing and acquisition of action verbs,
the sensorimotor system should be active also at the time
of retrieval in a memory task.

To test this assumption, we carried out two experiments in
which the participants had to perform an action to give their
answer: The first was a recognition task, and the second a cue
recall task. We supposed that the motor components of the
action performed to give the responses should work as cues,
even if participants were not instructed to consider the
implied action. Therefore, our hypothesis is that when the
action performed is consistent with the action associated
with the verb, memory performance will be enhanced in
various retrieval context: recognition and cued recall.

Experiment 1

The aim of this experiment was to show that performing an
action congruent with action verbs increases participants’
performance in a recognition task, even when participants are
not instructed to consider theaction.Wealsopredict that action
verbs should be less recognizedwith an inconsistent action and
that memory performance will be higher with a consistent
action than with a neutral gesture (i.e., pressing a key).

As the action verbs used involve action toward or away
from the body, we expect that action verbs involving a
movement away from the bodywill bemore easily andmore
quickly recognized when the participant has to perform an
action away rather than toward the body. We expect the
opposite pattern of performance for action verbs involving a
movement toward the body. In other words, we expected an
interaction between themovement associatedwith the verbs
and the action performed to provide the response.

Method

Participants
Ninety students (Mage = 21.3, SD = 1.65) from the De-
partment of Psychology at the University of Montpellier,
France, and Nice, Italy, took part in this experiment for
extra course credit. All participants were French-native
speakers and right-handed. Their vision was normal or
corrected to normal. All participants gave their informed
consent to take part in this experiment and signed the
Laboratory’s Charter of Ethics. We checked post hoc
power analysis with G*Power software (Faul et al., 2007):
For an effect size of 0.25, a probability of .05 and a total
sample size of 90, G*Power indicates a power of 0.99.

Material
We selected 60 action verbs from Duscherer and
Mounoud’s (2006) French norm. In a pre-experiment,
the type of action associated with each verb and the cer-
tainty of the judgment made (1 = uncertain to 6 = absolutely
certain) was tested with 50 other subjects. The verb se-
lection criteria used were a consensus between participants
greater than 80%on the action associatedwith the verb and
a mean response certainty score greater than 4. These
constraints allowed us to obtain 16 verbs associated with an
action involving a movement away from the body (e.g.,
throw, push, and pour) and 16 verbs associated with an
action involving a motion toward the body (e.g., pull, ex-
tract, and raise). The characteristics of the 32 verbs selected
are shown in the Appendix. The verbs were presented in
Times New Roman size 20 in black on a white screen.

Procedure
Participants were randomly assigned to one of three
groups (see the section test phase) and tested individu-
ally. The experiment was performed on a Pentium IV
computer with a 17-in monitor, using E-Prime software
(Schneider et al., 2012). Participants were seated at a
table in front of the computer screen, and the screen was
set at a distance of about 60 cm from the participants’
eyes. For one group of participants, a keyboard was
placed on the table, 50 cm away from the seat, so that
they could rest their forearms on the table. For the two
other groups of participants, a lever was placed on the
right-hand side (we used a similar material as in Brouillet
et al., 2010). This lever had to be either pushed or pulled
to provide a response.

Learning Phase
In the learning phase, participants were instructed to re-
member the verbs that they were about to see for later
recognition. Sixteen action verbs were then presented on
the computer screen: Eight verbs were associated with
movement away from the body, and eight others with a
movement toward the body. On each trial, a fixation cross
was presented in the center of the white screen for 500ms.
Then, a verb appeared in the center of the screen for
300 ms, and a white screen was presented for 500 ms
before the beginning of the next trial. The order of the
verbs was randomized.

Test Phase
In the test phase, 32 verbs were presented: the 16 verbs
from the learning phase – namely, the “old” verbs – and 16
others that were not presented during the learning
phase – namely, the “new” verbs. The new verbs included
eight verbs associated with a movement away from the
body, and eight verbs associated with a movement toward
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the body. For each trial, a fixation cross was presented in
the center of the gray screen for 500 ms. Just after the
cross disappeared, the verbs appeared in the center of the
screen until participants gave their response. After their
response, a blank screen was presented for 500 ms before
the beginning of a new trial. To avoid a potential effect of
the verb, the old verbs for a participant became the new
ones for another, and reciprocally, the new verbs for a
participant became the old ones for another. The order of
presentation of the verbs was randomized between
participants.
Participants were asked to indicate if the verbs pre-

sented were previously in the learning list.1 To respond, the
first group of 30 participants had to use the index finger of
their right hand to press the correct key on the keyboard
(called “press” group). After each answer, participants
were asked to put their forefinger back on the white key,
which was located between the “yes” (indicating that the
participants recognized the word as previously presented
during the learning phase) and the “no” keys (i.e., the
“yes” key corresponded to “V,” the “no” key to “N,” and
the white key to “B”). The positions of the “yes” and “no”
keys were counterbalanced between participants.
In the second and third groups, participants had to push

or to pull the lever with their right hand. The second group
of 30 participants had to push the lever to answer “yes”
and pull it to answer “no” (called ““push” group). After
each answer, participants were asked to place the lever
back in the middle position, which was indicated by a
sound click. The third group of 30 participants had to push
the lever to answer “no” and pull it to answer “yes” (called
“pull” group). Participants were told to respond as quickly
and accurately as possible. The test phase took place about
3 min after the end of the learning phase, which was the
time needed to read the instructions.
In summary, there were three sources of variation:
1. nature of the verbs (i.e., old vs. new) manipulated

within participants,
2. verb category (i.e., away from the body vs. toward the

body) manipulated within participants, and
3. response mode (i.e., press, push, and pull) manipu-

lated between participants.

Analysis was conducted on the “yes” response.

Results

Statistics were carried out using JASP software
(Wagenmakers, Love, et al., 2018; Wagenmakers,
Marsman et al., 2018). We performed frequentist
repeated-measures ANOVA followed by a Bayesian
repeated-measures ANOVA with the category of verbs
(i.e., away vs. toward) and nature of verbs (i.e., old vs.
new) as a within-participant factor and the mode of re-
sponse (i.e., pull, push, and press) as a between-
participant factor. The Bayes factor (BF10) is the ratio
of p (DjH1), the probability of observing the data under
the alternative hypothesis, and p (DjH0), the probability
of observing the data under the null hypothesis. So, the
Bayes factor is a measure of the probability that the data
match the alternative hypothesis rather than the null
hypothesis (Rouder et al., 2009). In accordance with the
recommendations from Schönbrodt and Wagenmakers
(2018), a BF10 ≥ 10 will be interpreted as strong evidence
for the alternative hypothesis, 3 ≤ BF10 < 10 as moderate
evidence for the alternative hypothesis, and a BF10 < 3 as
anecdotal evidence for the alternative hypothesis, with a
BF10 close to 1 considered as no evidence.

Responses Analysis
The mean number of “yes” responses (Table 1) was cal-
culated across participants for each experimental condi-
tion (i.e., nature and category of the verbs) and for each
group (i.e., pull, push, and press). Note that answering
“yes” to “old” verbs is an adequate answer (HIT: signal
present and subject says “yes”) while answering “yes” to
“new” verbs is an incorrect answer (FA, False Alarm:
signal absent and subject says “yes”). The notation HIT

Table 1.Mean number of “Yes” responses (max. 8) for old (i.e., HIT) and
new (i.e., FA) items according to verb category (toward vs. away from
the body) and mode of response (pull, push, or press)

Old (HIT) New (FA)

Toward Away Toward Away

Pull 7.06 (0.86) 4.23 (1.13) 4.23 (1.07) 0.96 (0.80)

Push 4.20 (1.18) 6.96 (0.99) 1.00 (0.87) 3.96 (1.12)

Press 5.66 (0.99) 5.86 (1.43) 1.63 (0.99) 1.86 (0.86)

Note. SEs are presented in brackets.

1 The instruction was, “You will see a verb appearing in the center of the screen. You will have to say if this verb was present or not in the learning
phase. The verb will remain displayed until you have given your answer” (common to all groups). “To do this, you have to tap the “yes” key or the
“no” key with your forefinger of your right hand. Once you have given your answer you have to put it on the white key” (group “press”). “To do this,
you have to touch the “yes” switch or the “no” switchwith the lever. Youmustmove the lever with your right hand. Once you have given the answer
you must move the lever back to the center. You will hear a click at this point” (“pull” and “push” groups).
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and FA is the one used in signal detection theory (see
below). We ran ANOVAs with the nature of the items (i.e.,
old vs. new) and verb category (i.e., away vs. toward verbs)
as within-participant factors, and the mode of response
(i.e., pull, push, and press) as a between-participant factor.

The three-way interaction (Nature of the verbs × Verb
category × Response mode) was not significant, F(2,87) =
0.73, p = .48, η2p ¼ :0004, BF10 = 0.07. The interaction
between the mode of response and the nature of the items
was significant, F(2, 87) = 7.96, p < .01, η2p ¼ :15=.15, BF10 =
2.17+56, as the interaction between the mode of response
and the verb category, F(2, 87) = 256.19, p < .01, η2p ¼ :85,
BF10 = 8.39+19.

The analysis revealed a significant main effect of response
mode, F(2, 87) = 3.86, p < .05, η2p ¼ :08, BF10 = 0.06.
Participants produced more “yes” responses (i.e., average
HIT + FA) when performing an action with the lever com-
pared to pressing a key on the keyboard, F(1, 87) = 7.28, p <
.01, η2p ¼ :1, BF10 = 5.07. However, there was no difference
between the “push” group and the “pull” group, F < 1.

The analysis showed no effect of verb category, F(1,
87) = 0.01, p = .91. Verbs “toward”were as well recognized
as verbs “away.”

The analysis revealed a classic effect of the nature of the
items, F(1, 87) = 925.94, p < .01, η2p ¼ :91, BF10 = 1.29+57.
The old verbs were more rated as old than the new verbs
for each response mode and each category of verbs
(Table 2). So, we will first present the results for the old
words and then for the new words (the Holm–Bonferroni
correction is applied on partial analysis).

Old Verbs
The interaction “Nature of the verbs × Mode of response”
was significant, F(2,87) = 96.59, p < .001, η2p ¼ :68, BF10 =
1.52+26. However, neither the factor “nature of the verbs,”
F(1,87) = 0.07, p = .78, nor the factor “mode of response”
was significant, F(2,87) = 0.40, p = .66, η2p ¼ :009. The
comparisons (Table 3) showed that (a) for verbs “toward,”
pulling responses improved correct recognitions compared
to pushing and pressing responses, and pushing responses
reduced correct recognitions compared to pressing; (b) for

verbs “away,” pushing responses improved correct rec-
ognitions compared to pulling and pressing responses, and
pulling reduced correct recognitions compared to pressing.

New Verbs
The interaction “Nature of the verbs × Mode of response”
was significant, F(2,87) = 161.06, p < .001, η2p ¼ :78, BF10 =
3 × 10+19. The factor “nature of the verbs” was not signif-
icant, F(1,87) = 0.02, p = .87. But the factor “mode of re-
sponse” was significant, F(2,87) = 13.09, p < .001, η2p ¼ :23.
The comparison showed that less false recognitions were
made in the “press” group, compared to the “pull” group,
t(58) = 4.72, pholm < .001, and to the “push” group, t(58) =
4.07, pholm < .001. There was no difference between the
“pull” and “push” groups, t(58) = 0.64, pholm = .51.

The post hoc analysis of the interaction (Table 4)
showed that (a) for verbs “toward,” pulling responses
increased false recognitions compared to pushing and
pressing responses, and pushing reduced false recogni-
tions compared to pressing; (b) for verbs “away,” pushing
responses increased false recognitions compared to pull-
ing and pressing responses, and pulling reduced false
recognitions compared to pressing.

Discrimination Accuracy
According to the accuracy-oriented approach (for review,
see Koriat et al., 2000), memory performance does not
depend only on the probability of recovering a mere event
but also on reconstructing an event or an experience
corresponding to the environmental constraints (i.e.,
constraint of the task, nature, and richness of the cue,
fluency misattribution). In other words, memory accuracy

Table 2. Comparisons of old vs. new according to the nature of the
verbs (toward and away) and to themode of response (pulling, pushing,
and pressing)

Verbs toward Verbs away

Pulling t(29) = 11.79,
pholm < .001, η2p ¼ :70

t(29) = 12.5,
pholm < .001 η2p ¼ :72

Pushing t(29) = 10.91,
pholm < .001, η2p ¼ :67

t(29) = 10.57,
pholm < .001, η2p ¼ :65

Pressing t(29) = 19.56,
pholm < .001, η2p ¼ :86

t(29) = 12.16,
pholm < .001, η2p ¼ :71

Table 3. Statistics according to the nature of the verbs (toward and
away) and to the mode of response (pulling, pushing, and pressing)

Verbs toward Verbs away

Press–pull t(58) = 4.85,
pholm < .001, η2p ¼ :28

t(58) = 5.66,
pholm < .001, η2p ¼ :35

Press–push t(58) = 5.08,
pholm < .001, η2p ¼ :30

t(58) = 3.81,
pholm < .001, η2p ¼ :20

Pull–push t(58) = 9.93,
pholm < .001, η2p ¼ :62

t(58) = 9.47,
pholm < .001, η2p ¼ :60

Table 4. Statistics according to the nature of the verbs (toward and
away) and to the mode of response (“pull,” “push,” and “press” groups)

Verbs toward Verbs away

Press–pull t(58) = 10.38,
pholm < .001, η2p ¼ :65

t(58) = 3.59,
pholm = .003, η2p ¼ :18

Press–push t(58) = 2.52,
pholm = .04, η2p ¼ :09

t(58) = 8.38,
pholm < .001, η2p ¼ :54

Pull–push t(58) = 12.90,
pholm < .001, η2p ¼ :74

t(58) = 11.97,
pholm < .001, η2p ¼ :71
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preferentially refers to the ratio between the probability for
the memory systems to produce an adequate response
(HIT) and the probability to produce an inadequate re-
sponse (FA). The Signal Detection Theory (Green & Swets,
1966) provides a model to measure participants’ dis-
crimination accuracy in terms of the distance between the
means of the target and lure response distribution, and this
distance is called dʹ (dʹ = z(FA) – z(H)). In other words, the
calculation of dʹ allowed us to know the ability of the
subject to distinguished old words (i.e., targets) from new
words (i.e., lures). Specifically, the higher the dʹ value, the
more the subject was able to discriminate old from new
words, while the lower the dʹ value, the lesser the subject
was able to distinguish them.
The proportions of responses were calculated for each

condition for each participant. Hits (responses “yes” to old
words) and false alarms (responses “yes” to new words)
were used to calculate dʹ values. We replaced scores of 0
by 0.5/total and scores of 1 by (total � 0.5)/total, where
total was the total number of items in the condition (Quak
et al., 2014). Table 5 shows mean average dʹ values.
The interaction between response mode and category of

verbs was significant, F(2,87) = 3.86, p = .02, η2p ¼ :08,
BF10 = 2.25+4. No effect of verb category was observed,
F(1,87) = 0.09, p = .76, η2p ¼ :001,BF10 = 0.16. The analysis
also revealed a significant main effect of response mode,
F(2,87) = 20.85, p < .001, η2p ¼ :31; BF10 = 4.24+4. Partic-
ipants better discriminated old and new verbs when they
pressed the keyboard than when they moved the lever:
“pull” vs. “press” group, t(58) = 5.45, pholm < .001,
η2p ¼ :33; “push” vs. “press” group, t(58) = 5.51, pholm <
.001, η2p ¼ :34. The difference between “push” and “pull”
groups was not significant, t(58) = .06, pholm = .95.
The post hoc analysis of the interaction (Table 6) showed

that regardless of the verb category, participants’ discrimi-
nation performance between old and new verbswere better in
the “press” than “pull” and “push” groups, but the difference
between “push” and “pull” groups was not significant.

Response Times

The response times for the “press” group were not in-
cluded in the analysis as the required action was not

comparable to the response in the “push” and “pull”
groups. In situations requiring pushing or pulling, the
range of motion is greater than in situations requiring
pressing, and therefore induce longer response times. In
the “press” group, the mean response time for old items
was 494.56 ms for toward verbs and 492.01 ms for away
verbs. For new items, the mean response time was
569.80 ms for toward verbs and 588.31 ms for away verbs.
The difference between these two categories of verbs was
not significant (F < 1).
We conducted analyses of response times only for old

items (Table 7). Indeed, for the new items, 12 participants
in the “pull” group did not make false recognitions (FA) for
verbs away and 9 participants of the “push” group did not
make false recognitions for verbs toward.
For old verbs, analysis showed no effect of response

mode, F(1, 58) = 1.33, p = .25, η2p ¼ :02, BF10 = 0.32, and no
effect of verb category, F(1,58) = 0.23, p = .62, η2p ¼ :004,
BF10 = 0.20. However, the analysis revealed a significant
interaction between mode of response and verb category,
F(1, 58) = 26.21, p < .01, η2p ¼ :31, BF10 = 5,637.13. The
comparisons showed that pulling for verbs toward induced
faster response times than pushing, t(58) = 4.45,
pholm <.001, η2p ¼ :25, and the pulling for verbs away in-
duced slower response times than pushing, t(58) = 2.83,
pholm = .01, η2p ¼ :12.

Conclusion

Our results showed a robust effect of overlapping between
the movement associated with a verb and the action
performed to render a memory judgment on that verb,

Table 5. Mean average dʹ according to the response mode (pulling,
pushing, and pressing) and the category of verbs (toward and away)

Toward Away

Pull 0.42 (0.60) 0.78 (0.71)

Push 0.72 (0.64) 0.46 (0.48)

Press 1.24 (0.55) 1.22 (0.68)

SEs are presented in brackets.

Table 6. Statistics according to the nature of the verbs (toward and
away) and to the mode of response (pulling, pushing, and pressing)

Verbs toward Verbs away

Press–pull t(58) = 5.09,
pholm < .001, η2p ¼ :30

t(58) = 2.78,
pholm = .048, η2p ¼ :11

Press–push t(58) = 3.23,
pholm = .016, η2p ¼ :15

t(58) = 4.73,
pholm < .001, η2p ¼ :27

Pull–push t(58) = 1.86,
pholm = .32, η2p ¼ :05

t(58) = 1.95,
pholm = .315, η2p ¼ :06

Table 7.Mean RT (in ms) for old (i.e., HIT) for “old” responses according
to verb category (toward vs. away from the body) and mode of
response (pull vs. push)

Old (HIT)

Toward Away

Pull 516.91 (102.42) 621.71 (123.82)

Push 658.43 (145.76) 531.69 (115.70)

SEs are presented in brackets.

Experimental Psychology (2021), 68(1), 18–31© 2021 The Author(s). Distributed as a Hogrefe OpenMind article
under the license CC BY-NC 4.0 (https://creativecommons.org/licenses/by-nc/4.0)

T. Brouillet et al., Action and Memory 23

https://creativecommons.org/licenses/by-nc/4.0


even if the participants were not instructed to pay attention
to the action performed to answer. Participants considered
verbs as old items more often when congruent consistent
action was required to produce the judgment: push for
verbs away and pull for verbs toward, and the opposite
pattern appeared with inconsistent actions: push for verbs
toward and pull for verbs away. The analyses of the rec-
ognition times confirmed this overlapping effect: partici-
pants recognized more rapidly the verbs “toward” when
they had to pull to respond “yes” than to push. The same
was true for the verbs “away” when they had to push to
respond “yes” than to pull. Finally, the ease, indicated by dʹ
values, in discriminating new verbs from old verbs when
the action to produce the judgment was congruent with the
action suggested by the verbs reinforces the idea that the
action performed to answer and the action linked with the
verb resonate.

Experiment 2

The aim of this second experiment was to replicate the
findings of the first experiment in a cued recall task. We
expected that the recall rate would depend on the action
performed: After a pushing action, participants’ perfor-
mance at recalling action verbs from the “away” category
should be better; after a pulling action, participants should
recall more verbs from the “toward” category; and after a
pressing action, participants should recall “away” verbs
and “toward” verbs in similar proportions.

Method

Participants
Sixty students (Mage = 20.6, SD = 1.92) from the Depart-
ment of Psychology at the University of Montpellier who
did not participate in Experiment 1 took part in this ex-
periment for extra course credit. All participants were
French-native speakers and right-handed. Their vision was
normal or corrected to normal. All participants gave their
informed consent to take part in this experiment and
signed the Laboratory’s Charter of Ethics. We checked
post hoc power analysis with G*Power software (Faul et al.,

2007): For an effect size of 0.25, a probability of .05, and a
sample size of 60, G*Power indicates a power of 0.93.

Material
We used 20 verbs from Experiment 1: 10 verbs associated
with an action involving a movement away from the body
(i.e., “away”), and 10 verbs associated with an action in-
volving a motion toward the body (i.e., “toward”). The
verbs were presented in Times New Roman size 20 in
black on a white screen.

Procedure
The procedure was the same as Experiment 1 except that
20 action verbs were presented instead of 32, and the test
phase consisted of a recall task.

Test Phase
Participants were asked to recall the verbs from the
learning phase, irrespective of their order. A questionmark
appeared on the computer screen, and participants had to
press a key (“press” group, 20 participants), pull a lever
(“pull” group, 20 participants), or push it (push group, 20
participants) to make the question mark disappear. As
soon as the question mark disappeared, participants had to
recall one verb.2 It was stated that performing the action
allowed them to produce verbs at their own rhythm.

The test phase took place about 5 min after the learning
phase, which was the time needed to read the instructions
and to learn how to use the response device to make the
question mark disappear (six trials without recall were
performed by the participants).

Results

The mean number of words recalled was calculated for
each participant for each experimental condition (i.e.,
verbs) and for each group (i.e., pull, push, and press). We
distinguished (Table 8) the verbs correctly recalled (i.e.,
present in the learning phase) from those falsely recalled
(i.e., not present in the learning phase). For verbs falsely
recalled, we distinguished between verbs that evoke an
action away from the body (i.e., “away”), from those that
evoke an action toward the body (i.e., “toward”), and from
verbs that do not evoke one of these two actions (i.e.,

2 The instruction was, “You will have to recall the verbs you have learned regardless of the order in which they were learned.” To allow your answer
to be recorded, “you will have to produce the verbs you remember once you have removed the question mark displayed on the screen” (common
to all groups). “To remove the questionmark, youmust press the space bar with the forefinger of your right hand” (“press” group). “To remove the
question mark, youmust move the lever with your right hand to the switch (group “pull” and “push”). Before you start, you will have to remove the
question mark six times to familiarize with the device” (common to all groups).
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“others”). To do this, the classification was carried out by
three independent judges.
We ran two distinct repeated-measures ANOVAs fol-

lowed a Bayesian repeated-measures ANOVA on the
number of words correctly recalled and the number of
words falsely recalled, with the category of verbs (i.e.,
away vs. toward verbs) as a within-participant factor and
the mode of response (i.e., pull, push, and press) as a
between-participant factor.

Verbs Correctly Recalled
The analysis revealed no main effect of action, F(2, 57) =
1.44, p = .24, η2p ¼ :04, BF10 = 0.15, nor effect of verb
category, F(1,57) = 0.20, p = .65, η2p ¼ :0034, BF10 = 0.20.
However, there was a significant interaction between the
mode of response and the verbs, F(2, 57) = 86.57, p < .01,
η2p ¼ :75, BF10 = 6.89+19. The comparisons (Table 9)
showed that (a) for verbs “toward,” the pulling mode of
response increased the number of items correctly re-
called compared to pushing and pressing, and the
pushing mode of response reduced the number of items
correctly recalled compared to pressing; (b) for verbs
“away,” pushing increased correct recalls compared to
pulling and pressing, and pulling reduced correct recalls
compared to pressing.

Verbs Falsely Recalled
The interaction between action and verbs was signifi-
cant, F(2, 57) = 16.20, p < .01, η2p ¼ :36, BF10 = 1.48+4. The
analysis revealed no effect of verbs, F(1, 57) = 0.02, p =
.88, η2p ¼ :001, BF10 = 0.19. But there was a main effect

of action, F(2, 57) = 7.18, p < .01, η2p ¼ :08, BF10 = 3.79.
Comparisons showed that pressing induced less false
recalls than pulling, t(38) = 3.58, pholm = .002, η2p ¼ :25,
and pushing, t(38) = 2.38, pholm = .012, η2p ¼ :12. But there
was no difference between pulling and pushing, t(38) =
0.71, pholm = .477, η2p ¼ :01. The post hoc analysis of the
interaction (Table 9) showed that for verbs “toward,”
the pulling mode of response induced more false recalls
than pressing and pushing, but no difference was found
between pressing and pushing; for verbs “away,”
pushing producedmore recalls than pulling and pushing,
but no difference was found between pressing and
pulling.

Conclusion

The results show a robust overlapping effect between
the nature of the action performed and the category of
the verb recalled. In other words, participants recalled
more verbs “away from the body” after a pushing action
and more verbs “toward the body” after a pulling action.
Moreover, it should be noted that performing a pressing
action did not induce the recall of a specific verb cat-
egory and that performing an action incongruent with
the movement associated with a verb resulted in lower
levels of recall compared to performing a pressing
action.
Even if the number of false recalls was low (i.e., max-

imum of three items per participant), the results high-
lighted that the action performed induced the production
of nonlearned verbs for which the associated motor action
was congruent with this action (i.e., pushing action in-
duced production of “away” verbs, and pulling action
induced the production of “toward” verbs). Interestingly,
the action “press the keyboard” did not induce the pro-
duction of a particular type of verb.

General Discussion

For a long time, the sensorimotor system was not con-
sidered as a contributing system in conceptual processing
of words or sentences evoking an action. Over the last 20
years, behavioral and neuroimaging data suggested that
the sensorimotor system is active during the processing of
action words or sentences. However, the question is far
from being definitely closed.
Among the researchers subscribing to the embodied

cognition framework, there is a debate about the depen-
dence of the conceptual system on the sensorimotor
system (Dove, 2011; Meteyard et al., 2012; Michel, 2020;

Table 8. Mean number of items correctly recalled (max. 8) for old (i.e.,
HIT) and incorrectly recalled according to verb category (toward vs.
away from the body) and mode of response (pull, push, or press)

Correct Incorrect

Toward Away Toward Away

Pull 6.85 (0.57) 3.95 (0.32) 1.05 (0.04) 0.20 (0.01)

Push 3.70 (0.30) 6.75 (0.56) 0.15 (0.01) 0.90 (0.07)

Press 4.90 (0.40) 5.00 (0.41) 0.10 (0.08) 0.15 (0.01)

SEs are presented in brackets.

Table 9. Statistics according to the nature of the verbs (toward and
away) and to the mode of response (pulling, pushing, and pressing)

Verbs toward Verbs away

Press–pull t(58) = 5.57,
pholm < .001, η2p ¼ :34

t(58) = 3.00,
pholm = .01, η2p ¼ :13

Press–push t(58) = 3.43,
pholm = .005, η2p ¼ :16

t(58) = 5.00,
pholm < .001, η2p ¼ :30

Pull–push t(58) = 9.09,
pholm < .001, η2p ¼ :58

t(58) = 8.01,
pholm < .001, η2p ¼ :52
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Wurm & Caramazza, 2019). Researchers like Mahon and
Caramazza (2008) consider that the activation of senso-
rimotor areas observed with neuroimagery is the conse-
quence of conceptual activation (see also Mahon, 2015,
response to Glenberg, 2015) while others (e.g., Barsalou,
2016) consider that the sensorimotor system is not enough
to account for conceptual abstraction, though it can fa-
cilitate abstraction in some cases. Another view (e.g.,
Glenberg, 2015) considering the activation of sensori-
motor areas gives rise to conceptual abstraction. Finally,
the pluralist view proposed by Zwaan (2014, 2016) sug-
gests that if the sensorimotor system contributes to the
conceptual system, it cannot account for the entirety of the
conceptual knowledge, as symbolic representations re-
main necessary.

As can be seen, the role of the sensorimotor system in
representing conceptual knowledge is still under hot
debate.

In the field of memory, the multiple traces memory
models (e.g., MINERVA 2 – Hintzman, 1984, 1988;
VISA – Whittlesea, 1989; Act-In – Versace et al., 2014;
ATHENA –Briglia, et al., 2018) consider that the content of
memory traces is closely related to former sensorimotor
activities and that knowledge emerges when, in the current
situation, some cues share various sensorimotor compo-
nents of the memory traces. The aim of the present work
was to test this assumption for action verbs by assessing
how the congruence with the verb of an action performed
at the stage of retrieval could influence memory perfor-
mance, even when participants were not instructed to
consider the action implied by the verb.

The results of the first experiment showed an overlap
effect between the movement associated with the verbs to
be recognized and the action performed to provide the
memory judgment. Participants recognized verbs more
often and more quickly with a consistent action than with
an inconsistent action. Moreover, discriminating new
verbs from old verbs was more difficult when the action to
produce the answer was congruent with the action sug-
gested by the verb presented.

The results of the second experiment also showed an
overlap effect between the action performed, which was
used as a cue for the recall, and the ability to recall the
verbs learned. Thus, performing an action congruent with
the motor action associated with a verb resulted in higher
levels of recall compared to performing an action incon-
gruent with the motor action associated with the verbs.

Moreover, in the two experiments, in comparison with a
neutral action (i.e., pressing a key), the retrieval of learned
verbs was higher when the action was consistent with the
motor action associated with them and weaker when the
action was not consistent. These results support the idea
that the memory performances of the participants are the

product of the overlap between the simulated motor action
induced when reading a verb and the motor action per-
formed to provide a judgment. The results observed on the
nonlearned verbs (false alarms in Experiment 1) and on the
verbs wrongly produced (false recalls in Experiment 2) also
support this idea. Therefore, those results highlight an
action-based memory effect at the retrieval stage.

The first interest of this work is to enrich the literature on
the links already observed between action and memory.
According to the “enactment paradigm,” an item studied
with an associated action is better memorized than an item
studied only verbally (for review, see Zimmer et al., 2001).
This finding was observed both in recall and recognition
tasks, as well as when the action was performed at the time
of encoding (e.g., Denis et al., 1991; Engelkamp et al., 1993;
Knopf, 1991; Kubik et al., 2014; Lagacé & Guérard, 2015;
Mohr et al., 1989; Zimmer, 1991). However, there were
some discussions on the power of enactment in situations
where the action was only performed at the time of retrieval
(e.g., Brooks & Gardiner, 1994; Engelkamp et al., 1994;
Kormi-Nouri et al., 1994; Mulligan & Hornstein, 2003;
Norris & West, 1993). Our findings show an effect of the
congruency of an action performed only at the stage of
retrieval, after a verbal encoding task, in both recognition
and recall tasks. Moreover, in contrast with previous
studies, where participants were explicitly asked to perform
the action associated with the item to be retrieved, in our
experiments, the action is part of the experimental device,
which means that participants did not focus on the action
per se, but on the judgment to be made.

The second contribution of this work is that it supports
the way in whichmemory recovery is conceived bymultiple
traces memory models. Indeed, it seems that, in our work,
the feeling of memory emerges from the coupling between
the present sensorimotor experience and the trace of past
sensorimotor experiences associated to the verbs. As sug-
gested by the ATHENA model (Briglia et al., 2018), what
need to be memorized are the covariances (the notion of
covariance is borrowed from O’Regan & Noë, 2001) be-
tween the present sensorimotor information processing and
past sensorimotor information processing. These covari-
ances are sufficient to account for cognitive information
(Hutto & Myin, 2012) because if two processes are covar-
iant, they are probably linked.Moreover, the intensity of the
covariance (i.e., fluency) is a cue to infer the link between
present and past information processing that will trigger the
emergence of a feeling of pastness, which is then expressed
in amemory judgment. In other words, this judgment would
be modulated by the congruency generated by the over-
lapping between the motor programs associated with the
action performed and themotor simulations associatedwith
the verbs. Indeed, several works showed that motor com-
patibilities generate fluency (Beilock &Holt, 2007; Brouillet
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et al., 2011; Cannon et al., 2010; Jasmin & Casasanto, 2012;
Yang et al., 2009) and motor fluency enhance memory
(Brouillet et al., 2017).
Finally, the third interest of this work is associated with

the value of dʹ (i.e., ability to discriminate old verbs and new
verbs) in Experiment 1 and false recalls in experiment 2 (i.e.,
the production of new action verbs in accordance with the
movement of the lever). Indeed, these can provide useful
information on themechanismatwork at the recovery stage
and, consequently, can contribute to the debate on the
implication of the motor system in action verb processing.
Overall, the results show that participants have more dif-
ficulty in discriminating old from new verbs when they
move the lever than when they press a key on the keyboard.
Moreover, this difficulty is higher when the action carried
out with the lever is not congruent with the action asso-
ciated with the verb. So, the action performed with the lever
interferes with the access to memory traces. This suggests
that it is the action performed with the lever that guides
memory judgment by driving the activation of the senso-
rimotor dimensions associated with a verb. The false recalls
in the second experiment support this interpretation. Thus,
and in accordance with multitraces memory models, the
coupling between the sensorimotor experiences would not
be from past sensorimotor experiences to present senso-
rimotor experience but from present sensorimotor experi-
ence to past sensorimotor experiences. In other words, the
present situation shapes what will be remembered, espe-
cially through the actions taken. In that way, memory is
enacted (Brouillet, 2020).
We think that this finding could also be related with what

is called “action reappraisal” by Federico and Brandimonte
(2019, 2020) in the field of understanding tool use. In
contrast with dominant conceptions (see Buxbaum, 2010),
they consider that when agents have to use a tool they do
not automatically activate the sensorimotor representations
associated with the previous use of the tool, but first they
reason about the “possibility to act” within a particular
context and particular intention (see also Osiurak & Badets,
2016, 2017). Only in a second step, and according to what is
needed, will the sensorimotor representations be activated.
The paradigm called “technical reasoning hypothesis” has
now received a significant number of experimental vali-
dations (Federico et al., 2021), even if it is still questionable
(Osiurak et al., 2020).
All these findings suggest that the involvement of sen-

sorimotor processes in knowledge is context-dependent.
This has been well shown by Tousignant and Pexman
(2012): Altering the task instructions given to participants
changes the semantic information used to categorize words.
Tousignant and Pexman (2012) compared the reaction
times and accuracy in semantic decision for words thatwere
high in body–object interaction (BOI) and for words low in

BOI according to the given instruction (i.e., “is it an entity or
not” vs. “is it an action or not”). BOI assesses perceptions of
the ease with which a human body can physically interact
with a word’s referent (Siakaluk, Pexman, Aguilera et al.,
2008; Siakaluk, Pexman, Sears et al., 2008). When par-
ticipants were told to judge entity, the semantic decision
and reaction times were better for high BOI words than for
low BOI words (the BOI effect). In contrast, when partic-
ipants were told to judge action features, no BOI effect was
observed. But the two intermediate conditions “entity vs.
action” and “action vs. entity” showed moderate BOI ef-
fects. These results suggested that body-based semantic
information might only be accessed when they are relevant
to the task.
If it seems that the access to sensorimotor representa-

tion is context-dependent, this issue is also controversial.
While Yee and Thompson-Schill (2016) consider that all
semantic processing is driven by the context, Dove (2016)
argues that this is not always the case.
Clearly, more researches are needed to clarify the role of

sensorimotor processes in the processes underlying con-
ceptual knowledge.
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Matzke, D., Rouder, J. N., & Morey, R. D. (2018). Bayesian in-
ference for psychology. Part I: Theoretical advantages and
practical ramifications. Psychonomic Bulletin and Review, 25(1),
35–57. https://doi.org/10.3758/s13423-017-1343-3

Whittlesea, B. W. (1989). Selective attention, variable processing,
and distributed representation: Preserving particular experi-
ences of general structures. In R. G. M. Morris. (Ed.). Parallel
distributed processing: Implications for psychology and neuro-
biology (pp. 76–101). Clarendon Press/Oxford University Press.
https://books.google.fr/books/about/Parallel_Distributed_
Processing.html?id=4rx9AAAAMAAJ&redir_esc=y

Willems, R. M., Hagoort, P., & Casasanto, D. (2010). Body-specific
representations of action verbs neural evidence from right- and
left-handers. Psychological Science, 21(1), 67–74. https://doi.
org/10.1177/0956797609354072

Willems, R. M., Labruna, L., D’Esposito, M., Ivry, R., & Casasanto, D.
(2011). A functional role for the motor system in language un-
derstanding evidence from theta-burst transcranial magnetic
stimulation. Psychological Science, 22(7), 849–854. https://doi.
org/10.1177/0956797611412387

Wurm, M. F., & Caramazza, A. (2019). Distinct roles of temporal and
frontoparietal cortex in representing actions across vision and

language. Nature Communications, 10(1), 1–10. https://doi.org/
10.1038/s41467-018-08084-y

Yang, S. J., Gallo, D. A., & Beilock, S. L. (2009). Embodied memory
judgments: A case of motor fluency. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 35(5), 1359.
https://doi.org/10.1037/a0016547

Yee, E., & Thompson-Schill, S. L. (2016). Putting concepts into
context. Psychonomic Bulletin & Review, 23(4), 1015–1027.
https://doi.org/10.3758/s13423-015-0948-7

Zeelenberg, R., & Pecher, D. (2016). The role of motor action in
memory for objects and words. In B. H. Ross (Ed.), Psychology of
learning and motivation (Vol. 64, pp. 161–193). Academic Press.

Zimmer, H. D., Cohen, R. L., Guynn, M. J., Engelkamp, J., Kormi-
Nouri, R., & Foley, M. A (2001).Memory for Action: A Distinct Form
of Episodic Memory? Oxford University Press. https://global.
oup.com/academic/product/memory-for-action

Zimmer, H. D. (1991). Memory after motoric encoding in a
generation-recognition model. Psychological Research, 53(3),
226–231. https://doi.org/10.1007/BF00941391

Zwaan, R. A. (2014). Embodiment and language comprehension:
Reframing the discussion. Trends in Cognitive Sciences, 18(5),
229–234. https://doi.org/10.1016/j.tics.2014.02.008

Zwaan, R. A. (2016). Situation models, mental simulations, and
abstract concepts in discourse comprehension. Psychonomic
Bulletin & Review, 23(4), 1028–1034. https://doi.org/10.3758/
s13423-015-0864-x

History
Received September 1, 2020
Revision received February 27, 2021
Accepted March 19, 2021
Published online June 10, 2021

Publication Ethics
All participants gave their informed consent to take part in this
experiment and signed the Laboratory’s Charter of Ethics.

Open Data
Results of Experiments 1 and 2 are openly available at the following
link: https://osf.io/anzg6/?view_only=8b30468ed3e041f3a854586
9c5669234

ORCID
Thibaut Brouillet
 https://orcid.org/0000-0001-6734-3188

Thibaut Brouillet
CERSM Laboratory (EA 2931)
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Appendix

Characteristics of the 32 Verbs Selected: MA,
C (max. 7), LF, NL

Table A1. Verbs implying action away from the body

% MA C LF NL

Appuyer (press) 100 6 16.49 7

Donner (give) 100 5.4 216.55 6

Ecarter (dismiss) 99 4.85 16.89 7

Eloigner (move away) 99 5.7 28.45 8

Epandre (spread) 100 6 0.41 7

Expulser (expel) 100 5.2 23 8

Frapper (hit) 100 4.8 32.09 6

Jeter (cast) 100 6 61.89 5

Lancer (throw) 100 6 26.08 6

Offrir (offer) 98 4.71 50.34 6

Planter (plant) 98 5.3 12.16 7

Pousser (push) 100 6 45.58 7

Poser (place) 100 4.6 73.85 5

Semer (sow) 99 4.6 5.07 5

Verser (pour) 98 5.97 9.86 6

Vider (empty) 99 4.88 16.82 5

M 99.37 5.37 39.72 6.31

Note. C = certainty of the judgment (max. 7); LF = lexical frequency (per
million); MA = movement associated; NL = number of letters.

Table A2. Verbs implying action toward the body

% MA C LF NL

Arracher (snatch) 100 5.8 34.32 8

Aspirer (vacuum) 92 5.01 3.92 7

Attirer (attract) 98 4.33 17.43 7

Enfiler (thread) 89 4.35 10.95 8

Extraire (extract) 90 5.12 5.68 8

Hisser (hoist) 100 5.96 6.2 6

Mettre (put) 88 4.23 230 6

Oter (remove) 89 5.02 10 4

Puiser (draw) 87 4.88 3.51 6

Ramasser (pick up) 90 5.02 17.2 8

Ramener (bring) 97 5.23 24.9 7

Remonter (reassemble) 90 5.16 38.51 8

Rateler (rake) 88 5.01 0.21 7

Relever (raise) 85 4.66 24.39 7

Soulever (lift) 91 4.84 17.16 8

Tirer (pull) 100 5.8 99.76 5

Mean 92.12 5.02 34 6.87

Note. C = certainty of the judgment (max. 7); LF = lexical frequency (per
million); MA = movement associated; NL = number of letters.
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