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We aimed to understand which factors have a functional role in the size coding of responses, either the size of
the switches or the force required to trigger each switch. This question is of relevance because it allows a better
understanding of processes underlying action coding. In each trial, participants saw a small or large object. Depending
on its colour, the participants had to press one of two switches. In the “size” condition, the response device consisted
of two switches of different visual size, but both required the same amount of force. In the “force-feedback™ condition,
the response device consisted in two switches of identical visual size, but one switch required more force than the other.
We found a compatibility effect in the “size,” not in the “force-feedback™ condition, supporting that the size-coding of

responses would be due to the size of the switches.
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How people represent their body in action remains a
critical issue in Cognitive Sciences. A fruitful line of
inquiry consists in using Stimulus—Response Compat-
ibility (SRC) effects like the Simon effect (Simon &
Rudell, 1967). Multiple studies supported that responses
can be coded thanks to their spatial features along the
left—right, proximal-distal or up-down axis (for a review,
see Proctor & Vu, 2006). We recently reported the possi-
bility that participants code their responses along the size
dimension (Guerineau et al., 2021; Harrak et al., 2022;
Heurley et al., 2020). Specifically, in Heurley et al. (2020)
experiment, participants saw small or large objects in
grayscale which rapidly turned blue or orange. According
to the colour, participants were instructed to press either
a small or a large switch. Results exhibit shorter response
times when the object and the response sizes match rather
than mismatch. In the current article, our goal was to bet-
ter understand which responses’ features allow this size

coding and beyond, the neurocognitive processes possibly
recruited.

Heurley et al. (2020) ran three additional experiments
supporting that the size-coding of responses would
mainly rely on the switches’ size instead of the size
of the effector involved. Precisely, they did not find a
size-based SRC effect when participants had to use their
forefinger and palm hand to press two switches of the
exact same size (for converging results with the Simon
task, see Buhlmann et al., 2007). However, this size cod-
ing of responses may also rely on another, confounded,
factor: the force feedback. Indeed, in this study, switches
differed not only in their size but also according to the
force required to trigger a response. More precisely, less
force was required to activate the small switch compared
with the large one. Accordingly, it is possible that the size
coding depended on the force associated to each switch
rather than on their size. Indirect evidence supporting
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this possibility comes from studies showing force-based
SRC effects. For instance, in Mattes et al. (2002,
Experiment 5), participants had to perform either a
forceful or weak keypress based on the shape of dim
or bright stimuli (i.e., circle vs. diamond). Forceful
keypresses were faster for the brighter stimuli and weak
keypresses for the dimmer ones. Similarly, Vierck and
Kiesel (2010) reported faster forceful keypress when
large rather than small numbers were processed, and
the reverse for weak responses. Thus, for Heurley
et al. (2020), we can imagine a similar effect because
of the objects visual size: the large objects may favour
forceful responses compared with a weak response, and
conversely for small objects. Moreover, the potential
involvement of force feedback is reinforced by the possi-
bility that the size coding of response can be imputable
to the magnitude of responses’ feedback (Guerineau
et al., 2021). Additionally, the relevance of force feed-
back into action coding is in accordance with studies
reporting the involvement of this kind of feedback in
action planning and action control (e.g., Michalland
et al.,, 2019; Saint-Aubert et al., 2019; Thébault
et al., 2018, 2020).

Accordingly, we aim to investigate whether the size
coding of responses relies on the switches size, the force
required to press each switch (i.e., force feedback), or
both effects. Based on Heurley et al. (2020) procedure,
we ran an experiment with two conditions. In each trial,
participants saw a small or large object in grayscale,
which then turned blue or orange. Depending on the
colour, participants had to press a switch among two. In
the “size” condition, the response device was a small and
a large switch requiring the same amount of force to be
activated. In the “force” condition, the response device
was two switches of identical visual size, but one switch
required more force than the other to be triggered. Based
on the reviewed literature, we predicted an Object Size
X Response interaction in both conditions. Namely, we
expected faster RTs when the objects size was compatible
either with the switch size (i.e., the size condition), or
with the force required to trigger the switch (i.e., the force
condition).

METHOD

Participants

To determine an appropriate sample size to detect the
Object Size X Response interaction, we conducted an a
priori power analysis using G¥Power 3 (Faul et al., 2007),
using the F test family and “ANOVA repeated measures,
within factors” as statistical test. The result indicated
that a minimum of 24 participants was required to detect
an effect size as large as #> = 0.21 in a within-subject
design with 95% statistical power (@ = 0.05). We selected
this effect size because Heurley et al. (2020) reported an

effect size of n; = (0.37 for the Object Size X Response
interaction in their between-experiments analysis. To pre-
vent a potential overestimation of the effect in their anal-
ysis, we used the lower limit of the 80% CI for 175
[0.21, 0.48] of their effect as a safeguard (see Perugini
etal., 2014).

Accordingly, 24 students performed the “size” con-
dition: 12 females and 12 males (1,4, =24.3, 5,0, =3.1)
including 7 left-handed. Similarly, 24 students per-
formed the “force” condition: 17 females and 7 males
(myge =23.2, 5,0, =4.6) including 5 left-handed. All
reported a normal or corrected-to-normal visual acuity,
and no colour perception issues (e.g., colour-blindness).
This study followed the ethical principles of the Ameri-
can Psychological Association (2017). Participants were
volunteers, provided their written informed consent to
participate without remuneration, and were debriefed at
the end of the experiment.

Material

As in Heurley et al. (2020), we used the same 12 pictures
of fruits and vegetables: six pictures of large fruits or veg-
etables usually grasped with a power-grip and six of small
fruits or vegetables usually grasped with a precision-grip
(see Figure Al). All pictures were presented against a
white background in a visual size matching the actual size
of the depicted fruits and vegetables (large objects ~10°
of visual angle and small objects ~3°). We designed three
versions of each picture (grayscale, blue and orange).

We also used two response devices. For the “size”
condition, the device was an AZERTY keyboard whose
alphanumeric keys were removed except the “D” and
“L” keys. We constructed two switches: the small switch
was a usual keyboard key that was cut to measure
0.5 cm X 0.5 cm, while we fixed a plastic component mea-
suring ScmXx4cm on a usual keyboard key to obtain
the large switch (see Figure la). For the “force” condi-
tion, the device was a similar AZERTY keyboard whose
alphanumeric keys were also removed except the “D” and
“L” keys. To properly control the switches’ size, we took
two usual keyboard keys measuring 1.5cm X 1.5cm. To
increase the force required to press the forceful switch, we
added a small spring under the corresponding key ensur-
ing that the force required is always larger than the amount
of force require to press the other response for which there
is no spring (see Figure 1b).

Procedure

Each participant was individually tested in a quiet room
where they were seated in front of a monitor (23”;
refresh rate: 60 Hz; resolution: 1980 x 1080 pixels; placed
at 60cm). The experiment began with a two-step pre-
liminary phase. In the first, the 12 pictures were pre-
sented successively with their name written below, and
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Figure 1. The response devices used for (a) the “size” condition, and
(b) for the “force” condition. White transparent squares have been added
to better understand where switches were located, their size and how
participants were instructed to press them.

participants had simply to read aloud the name of each
item. The second step was similar except the names were
no longer presented (see Bub et al., 2008, for a similar
preparation).

For each familiarisation and test trials, a fixation cross
was first displayed at the centre of the screen (500 ms). A
picture of a fruit or vegetable then appeared in grayscale
during 200, 400 or 800 ms (Stimulus Onset Asynchrony
[SOA], as in Heurley et al., 2020) before turning blue or
orange. The task was to categorise the colour as quickly
and accurately as possible. The response was followed
by a blank screen during 2500 ms. In both conditions,
participants had to press one of the switches with their
thumb and the other with their index finger (Figure 1). We
choose these two fingers based on Heurley et al. (2020,
Experiment 2 and 3) who did not find any influence
of these effectors in the size coding of responses. To
properly counterbalance the switches’ feature (i.e., the
visual size in the “size” condition and the force in the
“force” condition), their location (near vs. far), and their
associated colour (blue vs. orange), participants were
randomly assigned into one of the four mapping groups
in each experiment.

In both conditions, instructions never depicted the
switches according to their size or to the force required
to press them. Switches were solely described according
to their associated colour (i.e., blue or orange switch).
In addition, the response device was put in front of the
participants along their body midline (Figure 1) to avoid
a possible response coding along the left—right axis,
which is known to induce a Simon effect (Simon &
Rudell, 1967). Participants responded with their
dominant hand. The “size” condition was run on an
HP-Probook-650G1 2.40GHz computer while the
“force” condition was run on a Toshiba Satellite Pro
L670 2.27GHz and both experiments were controlled
thanks to OpenSesame 3.3.9 (Mathot et al., 2012). In both
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conditions, there were 24 familiarisation trials followed
by 192 test trials (8 fruits/vegetables X2 repetitions X
2 colours X 3 SOA x 2 blocks).

Finally, participants completed the 4-items version of
the Edinburgh Handedness Inventory (Veale, 2013) and a
short questionnaire to gather complementary information.

RESULTS

In both conditions, we only analysed RTs given the
small number of errors to analyse accuracy (i.e., 4.1 and
1.0% for the “size” and “force” condition, respectively).
Following Heurley et al. (2020), we removed familiari-
sation trials and incorrect test trials, as well as trials in
which RTs were below 200 ms or above 1200 ms (0.2 and
0.4% for the “size” and “force” condition, respectively).
We ran repeated-measures ANOVA in both conditions
with participants as a random variable, response type (the
“size” condition: large vs. small and the “force” condi-
tion: hard vs. soft) and object size (large vs. small) as
fixed within-participants independent variables. In addi-
tion, we performed a between-conditions analysis as well
as an analysis including the SOA.

The “size” condition

The ANOVA did not reveal a main effect of the response
type, F(1,23)=1.41,p =25, ﬁi = 0.06, and of the object
size, F(1, 23)=2.44, p=.13, ﬁ; =0.10. The ANOVA
revealed a significant Response Type * Object Size
interaction, F(1, 23)=27.36, p <.001, ﬁi = 0.54 (see
Figure 2a). Based on the corrected significance threshold
(corrected test-wise a =0.025 after a Bonferroni correc-
tion considering a family of two comparisons), planned
comparisons showed that large-switch RTs were shorter
for large objects (m =394 ms; s = 36) than for small ones
(m=422ms; s=41), F(1, 23)=24.27, p<.001, ﬁz =
0.51, and small-switch RTs were shorter for small objects
(m=394ms; s=32) than for large ones (m=411ms;
s=43), F(1,23)=10.76, p =.003, ﬁ; =0.32.

The “force” condition

The ANOVA revealed a main effect of the response type
with shorter RTs for the soft responses (m =427 ms;
s=153) than for the hard ones (m=481ms; s=159),
F(1, 23)=90.31, p<.001, ﬁ; = 0.80. This effect is triv-
ially attributable to greater difficulty to activate the hard
switch. The ANOVA neither revealed a main effect of the
object size, F(1,23)=2.66,p=.12, ﬁ; = 0.10, nor of the
Response Type X Object Size interaction, F(1,23)=0.69,
p=.41, nf, = 0.03 (see Figure 2b).

© 2023 International Union of Psychological Science.
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Figure 2. Response times according to the object size (large vs. small) as well as to the response type (the “size” condition: large vs. small; the “force”
condition: hard vs. soft) for the “size” condition (a) and for the “force” condition (b). Error bars represent correlation- and difference-adjusted 95%
confidence intervals for the means calculated with WSPLOT for SPSS (O’Brien & Cousineau, 2014; for a standard terminology for SE and CI, see
Cousineau, 2017). Statistically significant differences are indicated by asterisks.

Between-conditions analysis

We ran an additional mixed ANOVA with partici-
pants as a random variable, response type (the ‘“size”
condition: large vs. small and the “force” condition:
hard vs. soft) and object size (large vs. small) as
fixed within-participants independent variables and
the condition (size vs. force condition) as a fixed
between-participants independent variable. The major
result was the significant Condition X Response Type
X Object Size interaction, F(1, 46)=11.68, p=.001,
#2 =0.20 supporting the relevance of our previous

P
separate analyses.

The SOA analysis for the “size” condition

Indeed, some studies advocated the possibility that the
congruity effects occur in a peculiar temporal window
usually comprised between 200 and 800 ms (Garcia &
Ibanez, 2016; Heurley et al., 2020; Makris et al., 2011).
Because in the “size” condition, we find a compatibility
effect and because we manipulated the SOA, we want to
test whether the compatibility effect can be modulated by
the SOA. Accordingly, we ran a last mixed ANOVA with
participants as a random variable, response type (large
vs. small), object size (large vs. small) and SOA (200 ms
vs. 400 vs. 800 ms) as fixed within-participants indepen-
dent variables. The ANOVA revealed a significant SOA X
Response Type x Object Size interaction, F(2,23) = 6.06,

p=.005,7> = 0.21. More precisely, planned comparisons
revealed that the Response Type X Object Size interac-
tion was significant at a 200 ms-SOA, F(1, 23)=30.14,
p<.001, ﬁ; =0.57, as well as at a 400 ms-SOA, F(1,

23)=21.77, p<.001, ﬁ; = 0.49, but it was no longer
significant at 800 ms-SOA, F(1, 23)=2.38, p=.14,
n§ =0.09.

Further details about this last analysis as well as an
additional analysis including the blocs are available in
Data S1. All pictures, OpenSesame scripts, raw data and
analyses are available online (https://osf.io/cg6bm9/).

DISCUSSION

In their study, Heurley et al. (2020) found that large
and small stimuli can facilitate keypress responses per-
formed on large and small switches respectively, support-
ing a possible response coding along the size dimension
(see also Guerineau et al., 2021). However, because the
switches’ size was confounded with the force required to
respond, it was difficult to conclude whether the size cod-
ing of responses was due to the switches size and/or the
force involved to trigger it. Such issue is of primary rel-
evance to elucidate which processes promote body and
action representation. Accordingly, in our current study,
we designed an experimental protocol as close as possi-
ble to the one of Heurley et al. (2020), but able to prop-
erly disentangle the influence of both factors. We gathered

© 2023 International Union of Psychological Science.
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various results leading to several contributions that are
discussed below.

First of all, we found a compatibility effect in the “size”
condition but not in the “force” one. This result suggests
that the size coding of responses originally reported by
Heurley et al. (2020) can be attributable to the switches’
size rather than to the force required by each switch.
Two additional results also supported this conclusion.
First, the magnitude of the compatibility effect found in
the “size” condition (i.e., +22ms) is close to the one
reported by Heurley et al. (2020; +15 ms). Second, as in
Heurley et al. (2020), this effect is modulated by the SOA:
the compatibility effect decreases as the SOA increases.
Overall, these results suggested a consistency between
our current results and those of Heurley et al. (2020).
In addition, Heurley et al. (2020) found a compatibility
effect for the large and small switch, but with longer
overall RTs for the large switch than for the small one.
They hypothesized that this main effect occurred because
the large switch was harder to trigger (i.e., requiring more
force). We found a similar pattern in the “force” condition
but not in the “size” condition: the hard switch produced
longer RTs than the soft one. Finally, it is noteworthy that
despite the main effect of switches, Heurley et al. (2020)
were able to find a compatibility effect. It is therefore
unlikely that a possible compatibility effect in the “force”
condition of the present experiment was hidden by the
main effect of responses (e.g., a ceiling effect).

One critical question is why the size coding of
responses predominantly depends on the size of the
switches rather than on the force required to trigger each
switch (i.e., force feedback). This question is particularly
intriguing considering that various works already reported
force-based SRC effects (e.g., Mattes et al., 2002). One
possible explanation may rely on the kind of task used in
these experiments. Indeed, researchers explicitly asked
participants to adjust the force of their response accord-
ing to a feature of the stimulus. For instance, when the
shape was a circle, the participants have to press force-
fully while when it was a diamond, they have to press
slightly. Thus, participants should intentionally control
the amount of force deployed. This hypothesis is in line
with studies showing that the coding of responses mainly
depends on intentional processes increasing the relevance
of some response’s components (e.g., Guiard, 1983;
Hommel, 1993). Instead, in our own experiment, partic-
ipants just had to adapt the force deployed according to
the hardness of each switch, which may account for the
fact that we did not find any force-based SRC effect.

Lastly, our study contributes to a better understanding
of the congruity effect of grasping behaviours (Ellis &
Tucker, 2000) and more specifically, supports the size
coding account of the effect (Proctor & Miles, 2014).
Indeed, in our work, the chosen stimuli are objects usu-
ally grasped by a power or precision grip in daily life (e.g.,
an apple vs. a cherry). In line with Heurley et al. (2020),
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we reported that this kind of objects was able to facilitate
mere keypress responses that can be coded as large and
small. As already advocated, this suggests that the main-
stream motor simulation account of the congruity effect
of grasping behaviours (e.g., Barsalou, 2008; Ellis, 2007)
should be taken cautiously (e.g., Heurley et al., 2020).
Our current results allow us to go further and to sup-
port the possibility that the congruity effect of grasping
behaviours could rely on the switches size rather than
on the force associated to each grip. Future studies on
the congruity effect of grasping behaviours, especially
those designed to test the motor simulation account of this
effect, should properly control the switches’ size and/or
should add a control condition to overcome a size-coding
interpretation.
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Familiarisation items Test items

Figure Al. (a,b) Pictures of objects used with (1) the phase in which they were used (familiarisation or test) and (2) the size associated.
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