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Sensorimotor faculties bias
choice behavior
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Decision-making is a deliberate process that seemingly evolves under our own

volition. Yet, research on embodied cognition has demonstrated that higher-

order cognitive processes may be influenced, in unexpected ways, by properties

of motor and sensory systems. Here we tested whether and how decisions are

influenced by handedness and by asymmetries in the auditory system. Right-

and left- handed participants performed an auditory decision task. In the task,

subjects decided whether they heard more click sounds in the right ear or in the

left ear, and pressed a key with either their right or left index finger, according

to an instructed stimulus-key assignment (congruent or reversed). On some

trials, there was no stimulus and subjects could choose either of the responses

freely. When subjects chose freely, their choices were substantially governed by

their handedness: Left-handed subjects were significantly biased to make the

leftward choice, whereas right-handed subjects showed a substantial rightward

bias. When the choice was governed by the sensory stimulus, subjects showed

a rightward choice bias under the congruent key assignment, but this e�ect

reversed to a leftward choice bias under the reversed key assignment. This

result indicates a bias toward deciding that there were more clicks presented

to the right ear. Together, our findings demonstrate that human choices can be

influenced by properties of motor and sensory systems.

KEYWORDS

perceptual decision-making, free choice, embodied cognition, hand dominance,

auditory system, right ear advantage

1 Introduction

Choice behavior is a hallmark of higher-order cognition. During decision-making,

subjects weigh the evidence that supports each alternative, and choose the alternative that

is associated with a better outcome (Gold and Shadlen, 2007). This process is generally

assumed to function deliberately, independently of particular properties of the systems that

provide the input to or the output from this process.

Traditional models of cognitive function posit that processes involving higher-order

cognition are separable from material and motor processes of the body (Markman

and Dietrich, 2000; Wilson, 2002; Clark, 1999). According to these models, sensory

modalities supply information to a centralized cognitive processing module. This module

computes an outcome, such as a decision, and passes that outcome along to the

motor system to trigger a desired action. The information-processing approach to

model cognitive processes has over the past several decades dominated cognitive science
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(Markman and Dietrich, 2000; Wilson, 2002; Clark, 1999), artificial

intelligence (Barsalou, 2008; Ghazanfar and Turesson, 2008),

behavioral economics (Tversky and Kahneman, 1981), and systems

neuroscience (Schall, 2002; Gottlieb, 2007).

This dominant information processing and sequential model,

however, has recently been criticized. The critique targets the

fact that the model reduces cognitive processing to the flow of

information between dedicated processing modules, thus leaving

little room for physical and motor aspects of the body to participate

in cognitive processing. Recent work on embodied cognition

by scholars across disciplines including philosophy, psychology,

cognitive science, and artificial intelligence directly challenges this

sequential model, suggesting instead that material properties of the

body and aspects of motor behavior may be engaged in an ongoing

fashion to support and shape higher-order cognitive processing

(e.g., Barsalou, 2008; Clark, 1998, 1999; Pfeifer and Bongard,

2006; Thelen et al., 2001). In particular, in numerous behavioral

experiments, embodied cognitive sciences have demonstrated that

many seemingly abstract cognitive processes—such as, interpreting

emotion (Niedenthal, 2007), processing language (Fischer and

Zwaan, 2008) and numbers (Domahs et al., 2010), memory

retrieval (Dijkstra et al., 2007), or decision-making (Gold and

Shadlen, 2000, 2007; Selen et al., 2012; Kubanek et al., 2013)—are

tightly associated with sensorimotor elements of the body. With

respect to decision-making, neuroscientists have recently suggested

that variables related to perceptual decisions, both internal and

external, are detectable in motor circuits (Gold and Shadlen, 2000,

2007; Selen et al., 2012; Kubanek et al., 2013), and influence

behavioral output (Treviño, 2014; Treviño et al., 2020; Treviño and

y León, 2020; Treviño et al., 2021). This opens the possibility that

perceptual decisions may be influenced by particular properties

and asymmetries of motor (Hicks and Kinsbourne, 1976; Corballis,

1997; Bryden et al., 1994; Bishop et al., 1996; Gabbard et al., 1998;

Calvert, 1998; Stins et al., 2001) and sensory (Kimura, 1961a,b;

Broadbent and Gregory, 1964; Knox and Kimura, 1970; Kimura,

2011) systems.

It has been hypothesized that the degree of embodiment

depends on the degree of dissociation of the peripheral from the

cognitive systems (Barsalou, 2008; Clark, 1998, 1999; Pfeifer and

Bongard, 2006; Thelen et al., 2001). In many of the previous

studies, this dissociation did not receive sufficient attention, and

thus embodiment could be expected as a mere consequence of task

design.

Aiming to maximize the dissociation between decision and

peripheral systems, we engaged subjects in a decision task that

is based on defined quanta of sensory evidence while resulting

in simple motor responses (Xie et al., 2024; Kubanek et al.,

2015, 2013). In this task, subjects perceive discrete quanta of

auditory evidence for a left and a right choice, which engages

the sensory, auditory system. Subjects accumulate these quanta

and make a comparison, which engages higher-order cognition.

Finally, subjects communicate their response with a left or a

right index finger, which engages low-level motor representations.

The sensory and motor aspects involved in this task are defined,

simple, and stereotypic, and thus are not expected to influence

the decision process itself. Surprisingly, we found that decision-

making in this task was biased by sensory and motor aspects of

the body.

FIGURE 1

Perceptual decision task. Subjects listened to a binaurally presented

auditory stimulus that comprised a 1.0 s train of Poisson-distributed

click sounds (Methods). Following the stimulus presentation,

subjects pressed either the left Alt key with their left index finger or

the right Alt key with their right index finger, depending on a

particular key assignment.

2 Methods

2.1 Subjects

Fifty-four Washington University undergraduate students (37

females, 17 males), aged 18 to 21 (mean 19.2) participated in this

study. All subjects gave an informed consent. The subjects were

healthy and had normal hearing capacity, which is evidenced by

a standard psychometric curve observed in this task, as in Kubanek

et al. (2013); Xie et al. (2024). Subjects participated for class credit.

2.2 Apparatus and procedure

Subjects sat in a comfortable chair 70 cm in front of a flat-screen

monitor. Subjects wore headphones (MDR-V600, Sony), which

presented a stereo auditory stimulus (see Auditory stimulus). The

volume in the left channel was set to the same level as the volume in

the right channel. The subjects’ hands were comfortably positioned

at a computer keyboard with the left index finger placed over the

left Alt key and with their right index finger placed over the right

Alt key. The control of the experimental design was accomplished

using a custom program written in Matlab (The Mathworks, Inc.,

Natick, MA).

Each trial started with the presentation of a red fixation cross,

2 degrees in size. Subjects were instructed to fixate at the center of

the cross. At the same time, subjects were presented with a stereo

auditory stimulus (click sounds, see Auditory stimulus), 1.0 s in

duration (Figure 1). After the stimulus had been presented, the

fixation cross shrank to 1 degree and changed its color to green.

This event cued the subjects to make a movement (choice). Subjects

performed 2 blocks of 300 trials each, with a brief break in between.

In the first block of 300 trials, subjects were instructed to press the

left Alt key with their left index finger if they heard more clicks in

the left ear and to press the right Alt key with their right index finger

if they heard more clicks in the right ear. In the second block of 300
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trials, this instructed key assignment was reversed. The first block

was completed by all 54 subjects, the second block by all but one

subject.

On 20% of the trials (randomly selected), no auditory stimulus

was presented. When no sound was heard, subjects were instructed

to choose either key (i.e., to either press the left key with the left

index finger or the right key with the right index finger). The

purpose of these trials was to study choice that is self-initiated by

the subject.

If subjects responded prior to the green go cue or if they

failed to indicate a response within 1200 ms after the go cue, the

trial was considered invalid, and was aborted and excluded from

the analyses. The type of error was indicated to the subjects in

red, large-font text (“TOO EARLY,” “TOO LATE”). Overall, the

proportion of valid responses was 95.6 ± 6.1% (mean ± s.d.) in

the first block, and 96.4 ± 13.6% in the second block. A response

was immediately followed by a display of a feedback. Specifically, a

correct response was followed by the display of a green string that

was randomly drawn from the set {+5c,+10c,+15c,+20c,+25c}.

An incorrect response was followed by the display of a red string

randomly drawn from the set {−5c,−10c,−15c,−20c,−25c}. The

feedback was displayed for 0.5 s. The next trial started immediately

following the offset of the feedback. The effect of the feedback was

analyzed in a dedicated study (Kubanek et al., 2015).

2.3 Auditory stimulus

The auditory stimulus presented to each ear consisted of a train

of brief (0.2 ms) click sounds drawn from a homogeneous Poisson

process (Kubanek et al., 2013). Each train lasted 1.0 s. The stereo

stimulus was composed such that the number of clicks presented to

the left ear (Cl) plus the number of clicks presented to the right ear

(Cr) summed to a fixed number Cl + Cr = �, � ∈ {25, 32, 39, 46}.

The value of � was drawn randomly on each trial. We imposed

this constraint to ensure that subjects had to attend to the click

sounds in both ears. Stimulus presentation was also subject to the

constraint that two consecutive clicks had to be separated by at least

5 ms. Furthermore, during pilot testing, subjects often claimed that

they were biased toward the ear that presented either the first or the

last click. To avoid such possible bias, the first and the last clicks

in each stimulus occurred in both ears simultaneously, at time 0.0

s and 1.0 s, respectively. Thus, each ear received at least 2 clicks,

and at most � − 2 clicks. We generated ten random versions of

each of the 130 possible combinations of Cl and Cr , and loaded the

corresponding files into the memory of the custom program prior

to the start of each session. The trials were presented in random

order. The logistic fit to the behavioral data were performed as in a

previous study (Xie et al., 2024).

2.4 Online adaptive procedure

We set the difficulty of the task such that subjects make

difficult, non-trivial decisions, with the goal to engage higher-order

cognition. Specifically, we set the difficulty such that subjects were

correct in approximately 60% of the trials (chance is 50% for this

binary choice task). We achieved this using an adaptive staircase

procedure (Kubanek et al., 2013). This procedure allowed subjects

to perform close to the desired accuracy [first block: 61.9 ± 2.8%

(mean± s.d., n = 54); second block: 60.3± 8.7%].

2.5 Handedness score

When recruiting subjects, we encouraged the participation

of left handed subjects, to obtain as balanced a proportion of

right- and left- handed subjects as possible. After each subject

completed testing, they answered a set of question that probed

the subject’s handedness. We used a set of questions based on the

revised Edinburgh Handedness Inventory (Williams, 1986). This

test returns a number between −100 (strongly left-handed) and

+100 (strongly right-handed). The mean ± s.d. score over our

subjects was +41.2 ± 57.0. We divided the subjects into three

groups based on the handedness score. Subjects with a score higher

than +33 were considered right-handed, subjects with a score less

than −33 left-handed, and the subjects with a score between −33

and+33 were considered ambidextrous.

2.6 Statistical evaluation

Analyses were performed using a custom script developed

in Matlab (The Mathworks, Inc.). All valid trials were included

in the analysis, including during the flip of congruency. The

dependence of choice proportion on handedness was assessed using

linear regression. Contrasts between choice frequencies across

subjects were assessed using two-tailed t-test; this was appropriate

because the choice proportions were close to 50%, and the data

were normally distributed. We validated that the underlying

distributions were indeed normal using the Anderson-Darling test.

Effects were considered significant in cases of p < 0.05. All test were

two-tailed so that statistical analyses could detect an effect of either

polarity.

3 Results

3.1 Choice behavior

Figure 2A shows subjects’ choice behavior when they could

choose either response freely (during the 20% of control trials in

which no stimulus was presented). As seen in the figure, on those

trials, subjects showed a bias to choose the rightward key. In the

congruent key assignment block, the mean proportion of rightward

choices across the subjects was 58.3%, and this was statistically

different from 50% [t53 = 3.85, p = 0.00032, two-tailed t-test; the

data were normally distributed (Anderson-Darling test, p = 0.59)].

This bias was observed also in the reversed key assignment block

[57.4%, t52 = 3.16 (one subject did not perform the reversed block),

p = 0.0026; Anderson-Darling test p = 0.09].

When subjects made decisions based on the perceptual

stimulus, their responses followed the given instruction

(Figures 2B, C). Specifically, in the congruent block (blue),

when subjects heard substantially more (e.g., 10 more) clicks in
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FIGURE 2

Choice behavior. (A) Mean ± s.e.m. proportion of rightward choices in the trials in which no stimulus was present and subjects chose freely. The data

are shown separately for the congruent (blue) and reversed (red) response assignments. (B) Evidence accumulation during an example trial.

Green/brown dots indicate auditory clicks presented to the right/left ears. (C) Mean ± s.e.m. proportion of rightward choices as a function of the

di�erence in the number of clicks in the right and the left ear, separately for the congruent and reversed response assignments. The curves represent

logistic fits to the 10 data points in each block. (D) Mean ± s.e.m. RT as a function of the absolute di�erence in the number of clicks in the right and

the left ear, separately for the congruent and the reversed block. To control for di�erences in mean RT over the subjects (445 ± 123 ms, mean ± s.d.),

the mean RT was subtracted from each RT value in each subject. The line is a fit to the 5 data points in each block. Congruent block, n = 54, reversed

block, n = 53 subjects.

the right ear than in the left ear, subjects predominantly pressed

the right key, and vice versa. When the instructed key assignment

reversed, the choice behavior accordingly reversed (red). We

quantified the choice behavior using logistic regression, as shown

in the logistic fits in Figure 2C. We applied the logistic regression

to the choice data of each individual subject. To determine whether

the stimulus was a significant factor in guiding the subjects’

responses, we measured the weight assigned to the click difference

in this regression. This weight significantly differed from zero

over the subjects (congruent block: mean weight 0.17 per click,

t53 = 12.92, p < 0.0001, two-tailed t-test; reversed block: mean

weight−0.15 per click, t52 = −15.27, p < 0.0001).

The amount of information in the stimulus may influence the

time it takes subjects to produce a response, the reaction time

(RT). We indeed found that the more information in the stimulus

(greater difference in the number of the clicks between the two

ears), the faster the subjects responded (Figure 2D). We quantified

this relationship by fitting a line to this relationship in each subject,

andmeasured the slope of the line. Themean slope over the subjects

in the congruent block was −1.74 ms per click, and this slope

significantly differed from zero (t53 = −2.61, p = 0.012, two-tailed

t-test). In the reversed block, the mean slope was−2.85ms per click

(t52 = −3.99, p = 0.00021). Note that these numbers are averages

of the slopes computed separately in each subject, compared to

the slopes shown in Figure 2D, which represent, for visualization

purposes, fits to data combined across all subjects.

3.2 E�ect of handedness

We first investigated the effects of handedness and the key

assignment during free choice, i.e., in the 20% of trials in which

there was no stimulus and subjects could freely choose to press

either the left or the right key. In these trials, there was no stimulus

and we therefore averaged the choice proportions for each subject

across the two blocks. We then plotted the average proportion

of rightward choices as a function of handedness, separately for

each subject (Figure 3A). The figure reveals that the proportion of

rightward choices increases with the extent to which the subject is

right-handed.When these data are fitted with a line, the slope of the

line indicates a 15.0% change in the percentage of rightward choices

over the range of handedness, and this slope significantly differs

from zero (t52 = 2.35, t-statistic, p = 0.023, two-tailed). We further

quantified the effects of handedness on choice for left-handed,

ambidextrous, and right-handed subjects (Figure 3B). Left-handed
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FIGURE 3

Handedness a�ects free choice. (A) Mean proportion of rightward choices as a function of each subject’s handedness, in the trials in which there was

no stimulus and so in which subjects chose freely. The vertical dashed lines segregate the e�ects in the left-handed, right-handed, and ambidextrous

groups of subjects. (B) The mean ± s.e.m. e�ects computed using the data in (A), separately for the left-handed, right-handed, and ambidextrous

subjects. In (A, B), data were pooled across the two blocks in each subject; n = 54 subjects.

subjects (handedness scores lower than −33) preferred to make

leftward choices (mean proportion of rightward choices, 45.2%).

In contrast, right-handed subjects (handedness scores higher than

+33) preferred to make rightward choices (mean proportion of

rightward choices, 61.1%). Ambidextrous subjects (handedness

scores between −33 and +33) showed a tendency to choose the

right key (mean proportion of rightward choices, 56.8%). Thus,

when subjects make a choice based on their own deliberation,

handedness is a significant factor in guiding the choice.

3.3 E�ect of auditory processing
asymmetry

Finally, we tested whether and how handedness and the key

assignment affect choice during perceptual decisions, i.e., in the

trials in which subjects’ choices were guided by the auditory

stimulus (Figure 2C top). In contrast to free choice, there was

no significant modulation by handedness in either the congruent

(slope: t52 = 0.49, p = 0.63, two-tailed t-test) or reversed (slope:

t51 = −0.27, p = 0.79, two-tailed t-test) key assignment.

The effect of the key assignment on choice is shown in

Figure 4. The figure reveals that in the congruent block of trials,

subjects preferred to make, on average, a rightward choice (blue).

This effect (mean 53.2%) significantly differs from 50% [t53 =

2.94, p = 0.0049, two-tailed t-test; the data were normally

distributed (Anderson-Darling test, p = 0.16)]. This rightward

choice preference could be either due to a movement-related effect

or a sensory-related effect. In particular, in the congruent block,

the effect may indicate an enhanced representation of the motor

plan to press the right index finger, but it may also reflect an

enhanced representation of the number of click sounds presented

to the right ear. Reversing the key assignment provides a means

to distinguish between these two possibilities. Intriguingly, when

the key assignment reversed, the subjects’ choice preference also

reversed (red). Subjects now preferred to choose the leftward

option (mean rightward choices, 46.6%) and this leftward choice

bias was significant (t52 = −3.64, p = 0.00063; Anderson-

Darling normality test, p = 0.36). The finding of a reversal of the

rightward preference upon the reversal of the key assignment rules

out a general rightward response bias. Instead, the effect indicates

an enhanced representation of the click sounds presented to the

right ear.

4 Discussion

This study demonstrates that free choice and perceptual

decision-making are embodied even in a simple decision task.

Specifically, we found that subjects’ choices depend on motor-

and sensory-related attributes of the decision-maker—the subject’s

handedness, and biases in the auditory perceptual system.

Handedness substantially influenced subjects’ choices on trials

in which subjects freely chose whether to press a left key with

a left finger or a right key with a right finger. On trials in

which the choices were based on a stereo auditory stimulus,

subjects’ choices revealed a right ear-related enhancement and no

handedness bias.

The study used simple motor responses and simple, defined

auditory stimuli to dissociate peripheral aspects from higher-

order cognition. If this dissociation was not performed, sensory

or motor effects on cognition could be expected by default.

For instance, if the input was based on face recognition, which

is an inherent component of higher-order cognition, sensory

and cognitive factors would likely be unsurprisingly intertwined.

Similarly, if the output was a complex motor task that requires

dexterity, an interplay with cognition would not be surprising. In
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FIGURE 4

Auditory decision-making is a�ected by a right-ear enhancement.

Mean ± s.e.m., over the individual subjects, proportion of rightward

choices in the task in which subjects’ choices were based on the

auditory stimulus. The data are shown separately for the congruent

(blue) and reversed (red) key assignments. The rightward choice

preference (blue) reverses when the key assignment is reversed

(red). This indicates an enhancement of the representation of

sensory evidence presented to the the right ear. Congruent block,

n = 54, reversed block, n = 53.

the same vein, the decision task was chosen to provided a defined

accumulation process—based on discrete quanta of evidence

(Brunton et al., 2013), and to separate sensory input and motor

output from the evidence accumulation process. Specifically, the

task rested on a summation and a comparison of defined incoming

quanta of sensory evidence. This summation and comparison are

independent of specific motor outputs or any noise associated with

the auditory inputs.

It has been shown that the selection of which hand to use to

reach for an object is influenced by subjects’ handedness (Bryden

et al., 1994; Bishop et al., 1996; Gabbard et al., 1998; Calvert, 1998;

Stins et al., 2001). Specifically, in these tasks and their variants, an

experimenter systematically varies a particular property or location

of an object within a subject’s workspace. Subjects are then asked

to reach for or manipulate the object using the hand of choice. It

is commonly found that the relative frequency with which a hand

is selected is a function of handedness: right-handed subjects on

average prefer to reach for an object using the right hand, whereas

left-handed subjects prefer to reach for an object with the left

hand. In these studies, a reach for, a grasp of, or a manipulation

of an object involves a relatively complex movement that requires

dexterity and often further engages a higher-order computation

that must weigh which hand is more suitable for or efficient

in successfully completing the movement (Bryden et al., 1994;

Bishop et al., 1996; Gabbard et al., 1998; Calvert, 1998; Stins et al.,

2001). It is then perhaps unsurprising that to successfully perform

such movements, subjects prefer to use the hand that they have

been using predominantly for such purpose throughout their life

(Serrien et al., 2006).

The motor responses constituted a defined key press using

a finger. The left index finger was positioned over one key and

the right index finger over another. In this state, subjects decided

which of the keys to press. Left-handed subjects showed a bias

in pressing the left key, whereas right-handed subjects showed

the opposite bias (Figure 3). Given the relative simplicity of the

movement, it is surprising to find that subjects’ choices were

affected by handedness. This suggests that the effect of handedness

may extend beyond a choice of a dexterous movement; it may

impact choices that involve a movement of the hand in general.

This is supported by electrophysiological and interventional studies

(Brasil-Neto et al., 1992; Kim et al., 1993; Stancák and Pfurtscheller,

1996; Schluter et al., 1998; Solodkin et al., 2001; Serrien et al., 2006)

that report neural signatures of hand dominance in premotor and

motor regions, regions that plan and execute both complex and

simple movements.

Notably, the effect of handedness was observed in a task in

which no stimulus was present. When the subjects’ choices were

guided by the perceptual stimulus, there was no significant effect

of handedness on choice (and no handedness-based interaction).

This is in line with findings made in dichotic word discrimination

tasks in which handedness had no or minimal effect on subjects’

judgements (Curry, 1974; Kimura, 1983). Thus, the influence of

handedness on choice may be suppressed when a decision is guided

by sensory information. Our data reveal that the prominent effect of

handedness on choice is observed specifically during self-initiated

choices.

When the subjects’ choices were based on the stereo auditory

stimulus, subjects showed a significant rightward choice bias with

the congruent key assignment (Figure 4, blue). When the key

assignment reversed, the effect reversed to a significant leftward

bias (Figure 4, red). These two effects together indicate that there

is an enhancement in the perception of the sensory information

presented to the right ear. In this regard, there are findings

of asymmetric representations of auditory information in the

literature. In particular, in dichotic listening tasks, each ear is

simultaneously presented with spoken words. In these tasks,

subjects correctly identify more words presented to the right ear

compared to words presented to the left ear (Kimura, 1961a,b;

Broadbent and Gregory, 1964). However, interestingly, this effect

is specific to verbal material; sounds that are not words, such

as vocal and non-vocal environmental sounds, appear to show a

weak reverse effect—a left ear superiority (Knox and Kimura, 1970;

King and Kimura, 1972). The presence of a right ear advantage

specifically in verbal tasks has led to the suggestion that the

effect may reflect the lateralization of language processing to the

left hemisphere, given the dominance of the crossed auditory

pathways over the uncrossed pathways (Geschwind and Galaburda,

1984; Kimura, 2011). We found a right-ear advantage in a non-

verbal task, a task that requires an accumulation of discrete

quanta of auditory evidence over time (Brunton et al., 2013).
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Because the stimuli were non-verbal, the effect we report may

have a different origin than the word-specific right ear advantage

reported previously (Kimura, 2011).

An outstanding question is at which stage of the sensorimotor

transformation handedness affected choice. Literature on the

neural basis of handedness helps to provide an answer. Specifically,

handedness generally appears tomanifests inmotor planning stages

of the brain, including motor, premotor, and parietal cortices

(Hammond, 2002; Gut et al., 2007; Schmitz et al., 2019; Brasil-

Neto et al., 1992; Kim et al., 1993; Stancák and Pfurtscheller,

1996; Schluter et al., 1998; Solodkin et al., 2001; Serrien et al.,

2006). Therefore, the handedness bias is likely superimposed

on the choice process late during the decision formation. This

bias could also emerge as late as during action planning. For

instance, during difficult, ambiguous decisions, motor cortices

representing both choices may be equally active, and handedness

may provide the decisive advantage. This hypothesis could be tested

using electrophysiological recordings. Themotor (handedness) and

sensory (right-ear advantage) effects in this study were independent

since the response bias flipped polarity on reversing the

contingency, and the mirroring was approximately symmetric with

respect to 50%. Therefore, these two effects likely have independent

neurophysiological sources.

The perceptual task used in this study may appear relatively

simple, and it could therefore be argued that it may not involve

higher-order cognition, which may influence the interpretation

of the findings. Nonetheless, in this task, subjects are required

to keep track of two auditory accumulators, compute a sum

within each, and make an engaging comparison between the

two. The difficulty was set to a high level (60% correct,

relative to 50% correct due to chance). Moreover, a recently

published study, which recorded neural signals directly from the

cortex during this task (Xie et al., 2024), provides additional,

neural evidence that the task engages higher-order cognition.

The study found broad engagement of the cortex during this

task, including parietal, premotor, frontal, as well as auditory

and motor cortices. This broad cortical activation, including in

frontal and parietal cortices, suggests that the task indeed engages

cognitive processing. These aspects support the conclusion of the

study that sensorimotor faculties have the capacity to influence

high-order cognition.

The study has certain limitations. First, because right-handed

subjects constitute a majority, there was an imbalance between

right- and left-handed subjects. This limitation could influence

the generalizability of the findings. And second, the study was

not designed to systematically evaluate order effects, e.g., effects

following certain patterns of choices.

In summary, we found that in a perceptual decision task,

subjects’ choices were influenced by their handedness and an

enhancement of perceptual evidence presented to the right

ear. When subjects were free to choose to make a simple

finger movement with either hand, their choices were biased by

handedness. When their decisions were based on a stereo auditory

stimulus, the choices indicated a bias toward the right ear, and

no effect of handedness. Thus, the seemingly deliberate process

of making a simple choice can be partially embodied, skewed by

asymmetries of the human motor and sensory systems.
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