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Abstract
Previous studies have shown that judgments about how one would perform an action are affected by the current body posture. 
Hence, judging one's capability to grasp an object between index and thumb is influenced by their aperture at the time of the 
judgment. This finding can be explained by a modification of the internal representation of one’s hand through the effect of 
sensorimotor input. Alternatively, the influence of grip aperture might be mediated by a response congruency effect, so that 
a “less” vs. “more” open grip would bias the judgment toward a “less” vs. “more” capable response. To specify the role of 
sensorimotor input in prospective action judgments, we asked participants to estimate their capability to grasp circles between 
index and thumb while performing a secondary task that requires them to squeeze a ball with these two fingers (precision 
grip) or with a different hand configuration (palm grip). Experiment 1 showed that participants underestimated their grasp-
ing capability when the squeezing task involved the same grip as the judged action (precision grip) and their estimates were 
bound to the relative size of objects as revealed by size-contrast illusions (Ebbinghaus). Experiment 2 showed that the grip 
reduction caused by the squeezing task also interfered with the discrimination of large numbers in magnitude judgments, 
but this incongruency effect was only observed for the palm grip. The dissociated effects of the two grips in graspability 
and numerical judgments indicate that sensorimotor input may affect the perceived ability to grasp objects, independently 
of response congruency, by modifying the representation of the hand in action.
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Estimating one’s capability to perform an action is a funda-
mental aspect of human adaptive behavior as it allows action 
calibration to be computed, anticipatively, at no cost for the 
effector system. For instance, anticipating that a mug of tea 
is out of reach or too big to be grasped safely with one hand 
typically triggers the search of alternative response options, 
such as making a step forward or lifting the cup with both 
hands, which will, in turn, be evaluated for their capacity to 

achieve the expected outcome before any effort is produced 
(Johnson 2000).

Previous studies have shown that prospective judgments 
about one’s capability to perform an action are influenced 
by the biomechanical constraints associated with this action. 
For instance, reachability judgments (i.e., judging whether 
one would be capable to reach an object) were sensitive to 
the motor constraints imposed by the posture in which the 
reaching would be done (e.g., reaching while standing vs. 
sitting) or by the environment (e.g., texture and height of 
the surface, weights fixed on the wrist, etc.; Carello et al. 
1989; Rochat and Wraga 1997). We have recently shown 
that graspability judgments (i.e., judging whether one would 
be capable to grasp an object) but not perceptual size judg-
ments (i.e., judging whether the object is larger than another 
object) are influenced by the grip aperture at the time of the 
judgment. In particular, participants under- vs. overestimated 
their capability to grasp circles between their index finger 
and thumb when performing a concurrent motor task that 
implied squeezing vs. spreading these fingers (Geers et al. 
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2018). Such interference is particularly intriguing because, 
by definition, one’s potential to grasp an object is a gener-
alized skill (i.e., true for all objects), depending on fixed 
motor parameters (i.e., one’s maximal grip aperture) and, 
hence, does not change whether the hand is open or closed at 
the time one makes the judgment. Indeed, if one’s maximal 
achievable grip aperture is 13 cm, all objects that are 13 cm 
or less in diameter are graspable in the absence of any con-
straint, and it should not matter whether one’s index finger 
and thumb are pressed together or spread apart before initiat-
ing the movement. It is, thus, remarkable that graspability 
judgments are influenced by sensorimotor information that 
is irrelevant to estimate one’s general capability to grasp.

Before a precise description of the role of sensorimo-
tor information can be proposed, the question of how hand 
representations are mapped to perceptual object representa-
tions in graspability judgments remains to be elucidated. 
Anticipating the success of an action requires the features of 
the targeted object to be compared with the body capabili-
ties (Gibson 1979). Hence, graspability judgments require 
comparing object size relative to the internal representation 
of one’s hand. Previous studies have shown that the internal 
representation of one’s hand is influenced by its posture: 
pressing the fingers together decreases the perceived hand 
size compared to when fingers are spread apart (Longo 
2015; Tamè et al. 2017). At the brain level, these changes 
are reflected in the somatotopy of finger representations, 
which show greater overlap when then hand is closed than 
when it is open (Hamada and Suzuki 2003; 2005; Stavrinou 
et al. 2007). These findings support a sensorimotor account 
of the underestimation bias observed in graspability judg-
ments when squeezing a ball between finger and thumb: the 
squeezing action would lead participants to underestimate 
their grasping capability because the current sensorimotor 
input inclines them to represent their hand as being smaller 
(Geers et al. 2018). However, the relationship between the 
effect of sensorimotor input and the representation of the 
hand remains to be investigated. In particular, it is unclear 
whether the underestimation of one’s ability to grasp objects 
between finger and thumb is due to sensorimotor input 
affecting the representation of the precision grip formed by 
these two fingers or to a general modification of the internal 
hand representation due to the squeezing action. Moreover, 
numerical cognition studies suggest that closing vs. opening 
movements can instantiate the prothetic dimension of “less” 
vs. “more” (Steven 1975), leading to incongruency effects 
in magnitude judgments when the movement type and the 
binary response are assigned to a different polarity along the 
less–more dimension. For instance, observing the closure or 
opening of a precision grip, respectively, slowed down the 
discrimination of large or small numbers (Badets & Pesenti 
2010) and biased random number generation towards small 
or large values (Badets et al. 2012; Badets and Pesenti 2011; 

Grade et al. 2017). A similar bias was observed when the 
precision grip was replaced by a full hand or mouth open-
ing/closing action but to a lesser extent, suggesting that the 
more an action refers to object prehension, the stronger the 
bias (Grade et al. 2017). This lends plausibility to a polar-
ity congruency account of the underestimation bias caused 
by the action of squeezing during graspability judgments. 
This account extends the polarity correspondence princi-
ple, which states that a structural similarity in the coding 
of an irrelevant stimulus and a binary response is sufficient 
to explain congruency effects, without implying sensorimo-
tor or conceptual processes (Proctor and Cho 2006). In the 
case of action capability judgment, the squeezing movement 
would evoke the representation of “less open” (in opposition 
to “more open”) and bias the participant’s judgment to the 
congruent response “less capable” (in opposition to “more 
capable”). The comprehension of the role of sensorimo-
tor processes in graspability judgments is, thus, obstructed 
by the possibility that it might be mediated by congruency 
effects resulting from the structural similarity between the 
coding of grip aperture and response alternatives.

This issue is further complicated by the uncertainty 
about the metrics used to represent object size in grasp-
ability judgments. Regarding the execution of real grasps, a 
long-standing theoretical position emphasizes the need for 
optimal hand-object interactions to compute veridical size 
estimates, without being influenced by the context (Goodale 
and Milner 1992). Accordingly, several studies have shown 
that action, unlike perception, is resistant to visual illusions 
stemming from the contrast between a target and surround-
ing objects. For instance, it has been shown that the grip 
aperture adopted to grasp a disc is calibrated on the actual 
size of the disc, without being influenced by surrounding 
elements creating the Ebbinghaus illusion (i.e., small or 
large surrounding circles leading participants to perceive 
the central disc as larger or smaller; Aglioti et al. 1995; Haf-
fenden and Goodale 1998; 2000). However, other studies 
did find an effect of size-contrast illusions on grasping, sug-
gesting that action might also integrate relative size esti-
mates (Franz et al. 2000; Kopiske et al. 2016; Franz and 
Gegenfurtner 2008). These divergent results prevent firm 
conclusions about the object metrics underlying action to 
be drawn. Moreover, previous research has mainly focused 
on the executive aspects of action. The question of whether 
the off-line processing of action, such as grasping capability 
estimation, is based on absolute object sizes or subjective 
values reflecting the way it is perceived in a given visual 
context has received less attention.

This study aims to investigate how sensorimotor, cognitive 
and perceptual processes contribute to predicting one’s capa-
bility to grasp an object. In particular, it investigates whether 
concurrent motor tasks affect graspability judgments through 
the effect of sensorimotor input on the internal representation 
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of the hand in action (i.e., sensorimotor account) or through 
the response bias caused by the overlap of the movement rep-
resentation and the binary judgment on a less–more dimen-
sion (i.e., polarity congruency account). In Experiment 1, we 
asked participants to estimate their capability to grasp circles 
of different sizes between their index finger and thumb, while 
performing a concurrent motor task that required to squeeze a 
ball between index finger and thumb of each hand (i.e., preci-
sion grip) or between the two hand palms (i.e., palm grip). As 
both grips refer to prehension, the polarity congruency account 
predicts that the squeezing action, whether it is performed with 
a precision or a palm grip, should bias graspability judgments 
towards the “uncapable" response, leading to an underesti-
mation of grasping capability relative to a control condition 
where the hands are at rest. An effect of the precision grip—
but not the palm grip—is only compatible with a sensorimotor 
account as it would indicate that the motor task effectively 
affects participants' judgment by modifying the representation 
of the grip implied in the judged action. To investigate the 
metrics used to represent object size in graspability judgments, 
we also manipulated the relative size of the target circle, while 
preserving its actual size by using the Ebbinghaus illusion as 
described in a previous study (Geers et al. 2018). Experiment 
2 was designed to further assess the plausibility of the polar-
ity congruency account as an alternative to the sensorimotor 
account proposed to account for the results of Experiment 1. In 
particular, we wanted to exclude that the precision grip could 
have a greater potential to evoke the less–more dimension due 
to its greater typicality for grasping small objects in every-
day life (Grade et al 2017). To do so, we asked participants 
to compare two-digit Arabic numbers to 45, while squeezing 
a ball with a precision grip, a palm grip, or while keeping 
hands at rest. Response latencies (RLs) to compare numbers 
to a reference offer a sensitive measure commonly used to 
evaluate the processing of small and large magnitudes (e.g., 
De Smedt and Gilmore 2011; Girelli et al. 2000). If squeez-
ing with a precision grip is more strongly associated with the 
less–more dimension, it should have a stronger effect on the 
number comparison task than the palm grip. In particular, it 
should slow down the comparison of numbers larger than the 
standard due to a conflict between the small magnitude associ-
ated with the reduced grip and the large magnitude assigned to 
the number in the course of the numerical judgment (Badets 
and Pesenti 2010).

Experiment 1

Methods

Participants

Twenty-two French-speaking undergraduate students 
(18 females; mean age ± standard deviation [SD]: 
22.9 ± 7.3 years) of the Université catholique de Louvain, 
Belgium, participated in this experiment in exchange for 
course credits. All participants were right-handed and had 
a normal or corrected-to-normal vision. They were una-
ware of the hypotheses being tested and gave their written 
informed consent before the experiment. The study was 
performed in accordance with the ethical standards estab-
lished by the Declaration of Helsinki and was approved 
by the local Ethical Committee. Sample size was defined 
according to the results of previous experiments (Geers 
et  al. 2018) showing that at least 16 participants are 
required to observe a true effect of the concurrent motor 
task (d = 0.69), in the context of the size-contrast illusion, 
with an 80% power using a one-tailed pairwise contrast 
(α = 0.05).

Apparatus and stimuli

We used the same apparatus and stimuli as in Experiments 
2 and 3 of Geers and colleagues (2018). The stimuli were 
displayed on a vertical screen (225 × 210 cm) by a pro-
jector (MP7740, 3 M United States) placed behind the 
screen with a resolution of 1280 × 1024 pixels, 1 pixel 
corresponding to 0.19 cm and 1 cm corresponding to 0.76° 
of visual angle (Fig. 1A). A chinrest was used to keep a 
75-cm distance between the screen and the participants’ 
head throughout the experiment. A voice key was fixed on 
the chinrest to record RLs. The experiment was controlled 
with E-prime 2 software (Schneider et al. 2002).

The stimuli consisted of Ebbinghaus displays consti-
tuted of central and peripheral circles with varying size. 
The size of the central circle (i.e., target) differed by − 5, 
− 3, − 2, − 1, 0, + 1, + 2, + 3 or + 5 cm with respect to 
the maximum grip aperture (MGA) measured prior to the 
experiment using wooden rods ranging from 9 to 20 cm. 
The MGA was given by the longest bar the participant 
could grasp between the index finger and thumb so that 
the lateral surfaces of the bar were covered by the finger-
tips (mean MGA ± SD: 11.9 ± 1.3 cm). The size of the 
surrounding circles was (1) twice as small as the central 
circle, (2) twice as large as the central circle or (3) iden-
tical to the central circle. In the two first displays, the 
central circle is typically perceived as larger and smaller, 
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respectively, than its actual size. They are referred here-
after as the small and large illusory displays. The latter 
display was used as a control not inducing any illusion. 
To avoid simulated obstacle avoidance to be responsible 
for a potential effect of the illusion, the distance between 
the target and the surrounding circles always corresponded 
to the size of the target (Fig. 1B; Haffenden and Goodale 
2000; but see also Franz et al. 2003).

Task and procedure

We used the same graspability judgment task as Geers and 
colleagues (2018) consisting in judging whether one would 
be capable to grasp the central circle of an Ebbinghaus dis-
play between index finger and thumb, without actually grasp-
ing it. Each trial consisted of a fixation cross displayed at the 
center of the screen for 500 ms followed by an Ebbinghaus 
display. Participants were required to indicate as quickly 
and accurately as possible whether they judged the target 
as graspable or not by responding “yes” or “no” aloud. At 
response onset, the stimulus disappeared. The experimenter 
then encoded the response and the next trial began 1500 ms 
later. Participants had to perform the graspability judgment 

while (1) keeping their hands flat on the table (i.e., rest), (2) 
while squeezing simultaneously two 7-cm foam balls, one 
between the index finger and thumb of the left hand and one 
between the index finger and thumb of the right hand (i.e., 
precision grip), and (3) while squeezing a 7-cm foam ball 
between their two hands fully open, with the palms facing 
each other, and the fingers pointing forward (i.e., palm grip). 
For the precision and palm grips, the instructions empha-
sized the need to keep a constant pressure on the ball in 
order to fit the gap formed by two iron bars placed next to 
the hands (Fig. 1C). The distance between the two iron bars 
was adapted so that the aperture of the precision and palm 
grip was equivalent. The order of the motor conditions was 
counterbalanced across participants. Hands were kept under 
a cardboard surface during the entire experiment making 
them invisible to the participants. A webcam was used to 
allow the experimenter to monitor that the concurrent motor 
tasks were properly performed. The participants performed 
six practice trials before taking two blocks of trials for each 
of the three motor conditions. A block consisted of 81 trials 
presented in a random order resulting from the nine possible 
sizes of the central circle combined with each of the three 
Ebbinghaus displays, repeated three times.

Fig. 1  Experimental set-up. (A) In Experiment 1, the stimuli were 
projected from behind onto a wide screen. Participants were seated 
in front of the screen and had to keep their hands under cardboard 
surfaces in such a way that they could not see them. (B) The Ebb-
inghaus displays used in Experiment 1 with small surrounding cir-
cles making the central circle appear larger (i.e., large display) on 
the left, large surrounding circles making the central circle appear 
smaller (i.e., small display) at the center, and with surroundings of 
the same size than the central circle not inducing any illusion (i.e., 
neutral display) on the right. (C) Motor conditions of Experiments 

1 and 2. Participants performed the graspability judgment (Experi-
ment 1) or number comparison (Experiment 2) tasks while squeezing 
a foam ball between the index finger and thumb of each hand (left), 
squeezing a foam ball between their two palms in neutral position 
(i.e., open palm, no extension or flexing; center), or keeping hands at 
rest (right). In the two squeezing conditions, participants had to keep 
constant pressure on the ball such that the grip formed by the fingers/
hands over the ball, fitted into the gap formed by two vertical iron 
bars placed next to the hands
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Data analysis

Trials where the voice key triggered due to coughs or exter-
nal noises were discarded from any further analysis (2.35% 
of the dataset). Trials where the voice key failed to trigger 
(11.6% of the dataset) were discarded from the RLs analy-
sis. The data of one participant were excluded because this 
participant responded “yes” whichever the size of the target 
circle, suggesting a difficulty to make a reliable judgment 
even for extreme values (i.e., 5 cm smaller or larger than the 
MGA). We first investigated whether the motor conditions 
were of equal difficulty by conducting an ANOVA on the 
median RLs with the motor condition (rest, precision grip vs. 
palm grip) as within-subject factor. Participants’ estimates 
of grasping capability were then analyzed with a generalized 
linear mixed model (GLMM), using the glmer function of 
the R lme4 package (Bates et al. 2015). The advantage of 
GLMM is that they allow conducting a logistic regression 
model in within-subject designs (by adding the participant 
as random intercept in the model). We applied a model on 
yes/no responses with the motor condition (rest, precision 
grip vs. palm grip), the illusion (small, neutral vs. large), 
the target size (− 5, − 3, − 2, − 1, + 0, + 1, + 2, + 3 vs. + 5 cm, 
relative to MGA), and their interaction as fixed effects. The 
model also included a by-subject random intercept. The 
model parameters were estimated by Laplace approxima-
tion and statistically tested with Wald’s χ2. Post hoc pair-
wise contrasts were performed with Bonferroni correction 
(emmeans package version 1.3.5.1; Lenth et al. 2019). The 
points of subjective equality (PSE), that is the target size 
for which the probability to respond “yes” was 50%, were 
obtained for each condition and illusory display from the 
intercept  (B0) and the slope  (B1) revealed by the GLMM 
using the formula  B0*condition/B1.

Results

The ANOVA on RLs revealed no significant effect of the 
motor condition, F(2,40) = 1.32, p = 0.278, ƞ2 = 0.27. Mean 
RLs (± standard error [SE]) for grasping judgments were 
827 ± 52 ms when hands were at rest, 797 ± 48 ms when 
squeezing one ball with a precision grip and 809 ± 44 ms 
when squeezing with a palm grip.

The GLMM analysis on graspability judgment responses 
showed a significant effect of size, χ2(1,21) = 1891.00, 
p < 0.001, with the rate of affirmative responses decreas-
ing when size increased. There was also a main effect of 
the motor condition, χ2(2,21) = 51.16, p < 0.001. Post hoc 
pairwise contrasts indicated that the probability of affirma-
tive response was significantly smaller for the precision 
grip (0.36 ± 0.09) than for the rest condition (0.46 ± 0.10), 
β = -0.53, SE = 0.10, z.ratio =  − 5.31, p < 0.001, and 

for the palm grip (0.48 ± 0.10), β =  − 0.64, SE = 0.10, 
z.ratio =  − 6.29, p < 0.001. There was no significant differ-
ence between the rest condition and palm grip, β =  − 0.10, 
SE = 0.09, z.ratio =  − 1.04, p = 0.892. The mean PSE (± SE) 
for the precision grip, palm grip and rest conditions were 
equal to − 0.45 (± 0.37), − 0.02 (± 0.35), and − 0.04 (± 0.35) 
cm, respectively. The GLMM analysis also showed a signifi-
cant main effect of the illusion, χ2(2,21) = 436.68, p < 0.001. 
Post hoc pairwise contrasts indicated that, compared to the 
neutral display (0.36 ± 0.11), the probability of affirmative 
response was significantly smaller for the large illusory 
display (0.22 ± 0.09), β = 0.68, SE = 0.10, z.ratio = 6.67, 
p < 0.001, and significantly larger for the small illusory 
display (0.71 ± 0.10), β = 0.68, SE = 0.10, z.ratio = 6.67, 
p < 0.001. The mean PSE (± SE) for the large, neutral and 
small illusory displays were equal to − 0.80 (± 0.32), -0.34 
(± 0.33) and 0.64 (± 0.35) cm, respectively. The interaction 
between motor condition and illusion was not significant, 
χ2(4,21) = 6.08, p = 0.192 (Fig. 2).

Experiment 2

Methods

Participants

A new sample of thirty undergraduate students (29 
females, mean age ± SD: 21.5 ± 1.9 years) of the Université 
catholique de Louvain, Belgium, participated in this experi-
ment in exchange for course credits. Three of them were 
left-handed. All had a normal or corrected-to-normal vision. 
They were unaware of the hypotheses being tested and gave 
their written informed consent before the experiment. The 
experiment was performed in accordance with the ethical 
standards established by the Declaration of Helsinki and was 
approved by the local Ethical Committee. A sample size 
analysis showed that 27 participants are required to observe 
a RLs difference of 20 ± 40 ms (d = 0.5) between the motor 
interference condition and the control rest condition with an 
80% power using a one-tailed pairwise contrast (α = 0.05).

Apparatus and stimuli

The participant sat in front of a 27-inch LCD screen on 
which the stimuli were displayed with a resolution of 
1920 × 1080 pixels. A chinrest was used to keep the dis-
tance between the screen and the participants’ head at 75 cm 
throughout the experiment. A microphone was fixed on the 
chinrest to record RLs. The experiment was run with Psy-
choPy2 (Peirce et al. 2019).
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We used the same set of stimuli as in the study of Sal-
vaggio and colleagues (2019). The stimuli consisted of all 
Arabic numbers ranging from 20 to 70, except 45 used as 
a reference for the comparison task, and displayed on the 
screen with a size of 2° of visual angle. Numbers smaller and 
larger than 45 were divided into three categories of distance: 
numbers from 20 to 29 and from 61 to 70 were considered 
far from the reference, numbers from 30 to 39 and from 51 to 
61 considered at a medium distance, and numbers from 40 to 
45 and from 46 to 50 considered close to the reference. Each 
number was presented twice per motor condition, except for 
the close numbers, which were half as many and, therefore, 
repeated four times.

Task and procedure

Each trial started with a fixation square displayed at the 
center of the screen for 500 ms followed by an Arabic 
number displayed for 2 s. Participants were required to say 
aloud as quickly and accurately as possible whether the 

number was “smaller” or “larger” than 45. The response 
was encoded online by the experimenter before the next 
trial began. The inter-trial interval was 500 ms. Participants 
were required to perform one block of trials for each of the 
motor conditions described in Experiment 1. The order of 
the motorcondition was counterbalanced across participants. 
One block consisted of 120 trials resulting from the com-
bination of three distance categories (close, medium, far) 
and two magnitude categories (smaller, larger than the refer-
ence), with 20 trials per combination.

Data analysis

The data of two participants were removed before the analy-
sis due to a technical problem with the microphone. The 
RLs data of the remaining participants were analyzed after 
excluding trials with noises, coughs or microphone failures 
(0.25% of the dataset), where participants answered erro-
neously (1.2% of the dataset), and where the RL deviated 
by more than 2 standard deviations from the mean of the 

Fig. 2  Effect of the motor condition (A, B) and Ebbinghaus illusion 
(C, D) on grasping capability estimates in Experiment 1. The two 
graphs in the upper part of the figure represent the cumulative data. 
The dots represent the average rate of affirmative response (y-axis) 
as a function of the difference between the actual size of the central 
circle and the size of the maximum grip aperture (MGA) of the par-

ticipant (x-axis). Solid lines represent the predicted values obtained 
by means of logistic regression. The two graphs in the lower part of 
the figure represent the mean rate of affirmative responses. Error bars 
represent standard errors corrected for within-subject designs (Cous-
ineau 2005). **p values < 0.001 corrected for multiple comparisons; 
*p values < 0.05 corrected for multiple comparisons
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participant data (6.38% of the dataset). To investigate the 
effect of the motor condition, numerical magnitude and 
numerical distance on number processing, we computed a 
linear mixed model (LMM), using the lmer function of the R 
lme4 package (Bates et al. 2015) with the participant as ran-
dom intercept, and numerical category (smaller vs. larger), 
numerical distance (close, medium vs. far), motor condition 
(rest, precision grip vs. palm grip), and their interaction as 
fixed factors. The numerical distance effect characterized 
by faster responses to numbers far from rather than close to 
the reference was used as a signature of the access to num-
ber magnitude (Dehaene et al. 1990; Moyer and Landauer, 
1967). Post hoc paired sample contrasts were corrected for 
multiple comparisons with Bonferroni correction.

Results

The LMM revealed a main effect of numerical distance, 
χ2(2,28) = 256.58, p < 0.001. Post hoc paired contrast showed 
that RLs increased as numerical distance decreased. In par-
ticular, participants were significantly slower to respond to 
numbers at a close distance (765 ± 23 ms) than numbers at 
medium (730 ± 22 ms), β = 24, SE = 2.29, z.ratio = 10.47, 
p < 0.001, and far distances (718 ± 21 ms), β = 36, SE = 2.28, 
z.ratio = 15.77, p < 0.001, and slower to respond to num-
bers at a medium than at a far distance, β = 12, SE = 2.25, 
z.ratio = 5.34, p < 0.001. There was also a significant effect 
of numerical magnitude, χ2(1,28) = 19.22, p < 0.001, embed-
ded in a significant numerical magnitude by numerical 
distance interaction, χ2(2,28) = 9.35, p < 0.001. Post hoc 
pairwise contrasts computed across numerical categories 
indicated that the distance effect was smaller for numbers 
larger than the reference than for numbers smaller than the 
reference. In particular, responses to large numbers at a 
far distance (716 ± 3 ms) from the reference were not sig-
nificantly faster than large numbers at a medium distance 
(721 ± 3 ms), β = 36, SE = 2.28, z.ratio = 15.77, p < 0.001, 
while all other contrasts were significant (all p < 0.001; 
Fig. 3). More importantly, the analysis also showed a sig-
nificant effect of the motor condition, χ2(2,28) = 19.35, 
p < 0.001, that significantly interacted with numerical 
magnitude, χ2(2,28) = 11.64, p < 0.001. Post hoc pair-
wise contrasts showed that squeezing a ball slowed down 
the comparison of numbers larger than the reference, but 
this was only true for the palm grip (750 ± 21 ms) com-
pared to the rest condition (727 ± 24 ms), β = 15, SE = 3.19, 
z.ratio = 4.77, p < 0.001, and to the precision grip condition, 
β = 14, SE = 3.21, z.ratio = 4.48, p < 0.001. No difference 
was found between the precision grip and the rest conditions, 
t(27) = 0.25, p = 0.803. The responses to numbers smaller 
than the reference were not affected by the motor conditions, 
all p values > 0.629 (Fig. 4).

General discussion

The primary goal of this study was to test the hypothesis 
that sensorimotor input may affect the perceived ability 
to grasp an object by modifying the representation of the 
hand in action. Experiment 1 showed that participants 
underestimated their capability to grasp an object between 

Fig. 3  Numerical distance effect for numbers smaller and larger than 
the reference in Experiment 2. Mean RLs (expressed in ms) are dis-
played for each numerical category and distance. Error bars repre-
sent standard errors corrected for within-subject designs (Cousineau 
2005). **p values < 0.001 corrected for multiple comparisons; *p val-
ues < 0.05 corrected for multiple comparisons

Fig. 4  Effect of the motor conditions on numbers smaller and larger 
than the reference in Experiment 2. Mean RLs (expressed in ms) 
for numbers smaller and larger than the standard are shown for each 
motor condition. Error bars represent standard errors corrected for 
within-subject designs (Cousineau 2005). **p values < 0.001 cor-
rected for multiple comparisons; * p values < 0.05 corrected for mul-
tiple comparisons



 Experimental Brain Research

1 3

their index finger and thumb when they simultaneously 
performed a squeezing movement with a precision grip, 
but not when they performed it with a palm grip. This 
finding suggests that subjective estimates of grasping 
capability are bound to sensorimotor input from the effec-
tors involved in the judged action. Experiment 2 assessed 
the plausibility of the polarity congruency account as 
an alternative to the sensorimotor account of the effect 
observed in Experiment 1. We tested whether the effect of 
squeezing on graspability judgments could be explained 
by a response bias emerging from the similar coding of 
the movement and the binary judgment on a less–more 
dimension (i.e., less/more open vs. less/more capable). To 
do so, we looked at the influence of precision and palm 
grips on the processing of numerical magnitude assessed 
through a standard number comparison task. We found that 
only the palm grip slowed down magnitude comparison, 
in particular when numbers were larger than the reference. 
Hence, squeezing a ball with a precision grip was detri-
mental to graspability judgments but not to the semantic 
processing of large numbers, whereas the opposite pattern 
was observed when squeezing a ball with a palm grip. 
These dissociated effects indicate that the influence of 
the precision grip on graspability judgments cannot be 
explained by response biases such as those mediating the 
effect of the palm grip on number comparison. We can, 
thus, safely conclude that graspability judgments are spe-
cifically influenced by sensorimotor information about the 
current state of the concerned effectors. Furthermore, we 
have replicated the observation that graspability judgments 
are strongly biased by the size-contrast illusion created 
by surrounding circles smaller or larger than the target 
circle (Geers et al. 2018). This finding indicates that not 
only sensorimotor estimates relative to grip size but also 
visual estimates relative to object size are tied to the envi-
ronmental constraints.

The effect of the precision grip on graspability judgments 
is in line with a previous study showing that squeezing a 
ball between finger and thumb affects judgments about one’s 
capability to reach an object placed at a certain distance 
(Grade et al. 2015). In this study, motor interference was 
inferred from increased RLs. These observations are typi-
cally interpreted as reflecting an interference of the con-
current motor task with the mental simulation of the con-
cerned action required to make this judgment, in line with 
the literature showing high similarities between prospective 
action judgments and action execution (e.g., Carello et al. 
1989; Frak et al. 2001; Johnson 2000). However, effects on 
response speed are subject to alternative interpretations, 
such as an increase of cognitive demands that would slow 
down performance. Our study evidenced a change in esti-
mated grasping capability. More specifically, participants 
underestimated their grasping capability when squeezing a 

ball between their index finger and thumb. This finding goes 
beyond the observation of increased RLs. First, the underes-
timation bias cannot be assigned to increased cognitive load 
because the precision grip did not increase response speed 
when squeezing a ball. Second, the underestimation bias was 
not due to participants adopting a more conservative strategy 
because we have previously shown that it could be turned 
into an overestimation bias by asking participants to spread 
their fingers apart rather than to squeeze a ball (Geers et al. 
2018). Third, the underestimation bias was specific to the 
grip implied by the graspability judgment (i.e., a precision 
grip) as no bias was observed when the motor condition 
required participants to squeeze the ball using a different 
hand gesture (i.e., a palm grip). It is worth noting that the 
two grip conditions somehow differed regarding the amount 
of haptic sensation: palm grip was associated with a larger 
contact surface than the precision grip. While it has been 
shown that the nature of touch sensation can lead to cogni-
tive biases (e.g., Ackerman et al. 2010), there is, to our best 
knowledge, no evidence that these cognitive biases increase 
with contact surface. Even so, we found that the underes-
timation bias was specific to the motor task implying the 
least surface contact (i.e., squeezing the object between the 
fingertip of the index and thumb), which would contradict 
the hypothesis that the amount of touch sensation would 
determine motor interference. On all other aspects (e.g., 
nature of the touch sensation, grip size and, thus, deforma-
tion imposed to the ball, and lateralization of the effectors) 
the two grips were equivalent. Hence, the most plausible 
account is that the perceived ability to grasp objects between 
finger and thumb is selectively influenced by sensorimotor 
information about the actual state of these effectors.

An intriguing aspect of our study is that graspability judg-
ments are influenced by sensorimotor information that is 
irrelevant to estimate one’s action capability. The current 
opening of one’s hand should not be taken into account to 
emit a judgment about a generalized skill that is true for all 
objects and depends on fixed motor parameters (i.e., one’s 
MGA). In principle, a representation that specifies the size 
and shape of the hand provides sufficient information to 
make such judgment, but this kind of representation is also 
known to play a role in mediating the position sense of the 
human hand (Longo and Haggard 2010). In the context of 
precision grasping for instance, it is essential that postural 
information (i.e., the joint angles) is combined with size 
information (i.e., the length of each finger) to estimate the 
distance between fingers and adjust the grip aperture accord-
ingly. This intimate relationship between internal hand 
representation and postural change might explain why the 
squeezing task affected graspability judgments even though 
current grip aperture was not relevant for the task. An alter-
native explanation is that the squeezing task led participants 
to perceive the judged action as more effortful than in the 
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condition where they kept their hands flat. Several studies 
suggest that prospective action judgments involve a men-
tal simulation process whereby the effectors are first rep-
resented in their actual position and these representations 
are then transformed to fit the orientation/size of the target 
object (Frak et al. 2001; Johnson 2000). Data showed that 
RLs reflected the spatial extent of the assumed transforma-
tion and the participants’ choices systematically favored the 
transformation that was the least awkward biomechanically 
(Johnson 2000). In other studies, Proffitt and colleagues 
showed that the physiological potential of the participants, 
or the anticipation of a greater physical effort, could mod-
ify their perception of spatial distances, slopes or object 
sizes (e.g., Bhalla and Proffitt 1999; Proffitt et al. 2003; 
Witt and Proffitt 2005). On this ground, one could assume 
that the underestimation of grasping capabilities resulted 
from an increase of effort appraisal. Grasping movements 
(and, thus, their simulation) require opening the hand wide 
before scaling it down to object size (Jeannerod et al. 1998). 
This might be perceived as more effortful when fingers are 
pressed together than when the hand is open. The anticipated 
effort could, thus, lead participants to perceive the objects 
as larger than they are. However, we have previously shown 
that squeezing a ball has no effect on perceived object size 
(Geers et al., 2018). Moreover, the reported effects on dis-
tance/size/slope perception have been shown to be largely 
dependent on experimental demands (Durgin et al. 2009, 
2012). More globally, the idea that high-level cognitive 
processes, such as mental appraisal of effort, can modulate 
perceptual processes has been strongly challenged (Firestone 
and Scholl 2015). Hence, the most plausible explanation for 
the underestimation bias we observed is that sensorimotor 
information about the relevant effectors modified the inter-
nal representation of the hand—not the object—and thereby 
influenced graspability judgments.

Our results also show that grasping estimates are bound 
to the relative size rather than to the veridical size of objects. 
The so-called Ebbinghaus illusion is known to affect percep-
tual judgments leading participants to consider the central 
circle as smaller vs. larger when surrounded by large vs. 
small circles. The effect of the illusion on action execution 
remains debated, but we have shown that it might extend 
to prospective action judgments: participants underestimate 
their grasping capability when the circle is surrounded by 
small circles and overestimate their grasping capability 
when it is surrounded by large circles. Graspability judg-
ments are, thus, influenced, on the one hand, by the senso-
rimotor information about the current grip aperture and, on 
the other hand, by the visual information about the context. 
The weight given to these different sources of information 
is unclear. In Experiment 1, their effects were additive, but 
in our previous study (Geers et al. 2018), they were found 
to interact with each other so that underestimation was 

particularly marked when the target circle was perceived as 
larger than it actually was. In any case, the joint influence of 
grip aperture and visual context implies that perceptual and 
sensorimotor processes work together to support prospective 
action judgments.

Finally, our study leads to the original finding that the grip 
reduction caused by the action of squeezing between two 
fully open hands, with the palms facing each other, interferes 
with the discrimination of large numbers in numerical mag-
nitude comparison. Several studies have reported semantic-
to-motor interactions such as numbers influencing the kin-
ematics of action (e.g., Andres et al. 2004; Lindemann et al. 
2007; Andres et al. 2008; Moretto and di Pellegrino 2008). 
Conversely, it has been shown that hand actions influence 
number-related judgments, for instance, by increasing sen-
sitivity to number magnitude (Anobile et al. 2016, 2020; 
Ranzini et al. 2011). The present results show that the execu-
tion of a closing movement may directly interfere with the 
processing of large numbers. To our best knowledge, this 
finding has been restricted to action observation so far, and 
to small numbers (usually < 10; Badets et al. 2012; Badets 
and Pesenti 2010; 2011; Grade et al. 2017). Our results, thus, 
provide additional evidence for the existence of motor-to-
semantic interactions linking action and number magnitude. 
The effect of the palm grip on the processing of large num-
bers shows that the polarity congruency account is plausible. 
However, this account cannot explain the underestimation 
of grasping capabilities observed when squeezing with a 
precision grip. The double dissociation of the effect of the 
precision vs. palm grip on graspability vs. numerical judg-
ments suggests that the sensorimotor information relative 
to hand posture influences estimated grasping capability 
independently of the biases caused by structural similarity 
between the coding of the movement type and the response 
alternatives. It is worth noting that the precision grip had 
been observed to affect numerical judgments in several other 
studies (Andres et al. 2004; Badets and Pesenti 2010, 2011; 
Badets et al. 2012; Grade et al. 2017; Lindemann et al. 2007; 
Wood and Fisher 2008). In contrast with previous studies, 
we did not study the crosstalk between motor and numeri-
cal magnitude processes from stimulus–response compat-
ibility effects, but we measured its direct consequences on 
the ability to compare numbers. We can exclude that the 
specific effect of the palm grip is explained by the amount of 
motor interference since it was matched across conditions by 
asking participants to perform both grips with both hands. 
However, future research is necessary to elucidate by which 
processes the processing of numbers in a comparison task 
is specifically affected by a hand motor task that involves a 
palm grip.

In conclusion, our results provide firm evidence that pre-
dicting one’s motor capability is automatically tied to the 
state of the perceptual and sensorimotor systems at the time 
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the mental representation of capability is formed. Perceptual 
information about the visual environment and sensorimotor 
information about the current posture of the effectors both 
influence prospective action judgments even though irrele-
vant or detrimental for judging one’s ability to grasp objects. 
Moreover, our results add on previous findings showing that 
the execution of an unrelated grasping action can influence 
number processing, providing direct evidence for the exist-
ence of motor-to-number interactions.
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