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ABSTRACT

Automatic tendencies toward physical activity and sedentary stimuli are involved in the regulation of physical activity
behavior. However, the brain regions underlying these automatic tendencies remain largely unknown. Here, we used
an approach-avoidance task and magnetic resonance imaging (MRI) in 42 healthy young adults to investigate whether
cortical and subcortical brain regions underpinning reward processing and executive function are associated with
these tendencies. At the behavioral level, results showed more errors when avoiding sedentary stimuli (i.e., avatars in
a sitting position) than physical activity stimuli (i.e., avatars in a running position). At the brain level, avoiding sedentary
stimuli was associated with more activation of the motor control network (dorsolateral-prefrontal cortex, primary and
secondary motor cortices, somatosensory cortex). In addition, increased activation of the bilateral parahippocampal
gyrus and local hypertrophy of the right hippocampus were associated with a stronger tendency to approach seden-
tary stimuli. Together, these results suggest that avoiding sedentary stimuli requires higher levels of behavioral control
than avoiding physical activity stimuli.
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1. INTRODUCTION 2018; Cheval & Boisgontier, 2021; Cheval, Radel, et al.,
2018; Cheval et al.,, 2024; Conroy & Berry, 2017;

Maltagliati et al., 2025). In particular, within the theoretical

Behavioral automatic responses are characterized as
unintentional, uncontrollable, efficient, and unaware

(Bargh, 2014). Recent theoretical work suggests that framework that explains human behavior as driven by

these responses are essential in explaining the gap
between intentions to be physically active and actual
engagement in physical activity (Brand & Ekkekakis,

two interacting types of processes, automatic and con-
trolled (Strack & Deutsch, 2004), the theory of effort min-
imization in physical activity (TEMPA) argues that people
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have an automatic attraction to effort minimization
(Cheval & Boisgontier, 2021). This attraction may lead
individuals to be automatically drawn to sedentary oppor-
tunities that arise in their environment (Cheval &
Boisgontier, 2024). TEMPA posits that (1) sedentary
behaviors are rewarding and (2) avoiding sedentary
behavior requires more executive control than approach-
ing sedentary behavior or avoiding physical activity
(Cheval & Boisgontier, 2021; Cheval, Radel, et al., 2018).

According to TEMPA’s first postulate, sedentary
behavior should be intrinsically rewarding and provide
motivational drive to favor that behavior. This drive may
be characterized by activation of specific brain regions.
However, current neural evidence for the rewarding or
motivational value of sedentary behavior is unclear. Some
studies support this first postulate (Jackson et al., 2014;
Prévost et al., 2010). For example, obese women showed
a reduced activation of reward brain areas than lean
women when viewing images of physical activity, sug-
gesting that higher effort is associated with lower reward
(Jackson et al., 2014). In addition, the prospect of ener-
getic expenses was associated with activation in the
anterior cingulate cortex and anterior insula, which was
interpreted as signaling higher perceived costs (Prévost
et al., 2010). However, other studies challenge this first
postulate. For example, Crémers et al. (2012) showed
that brain areas associated with reward (e.g., insula, pal-
lidum, caudate) and motor control (e.g., dorsolateral pre-
frontal cortex [DLPFC]) were activated during the mental
imagery of brisk walking (compared with lying and stand-
ing conditions). Using a go/no-go task toward stimuli
depicting physical activity and inactivity, no evidence of
activation was shown in brain areas associated with
reward processing (Kullmann et al.,, 2014). Finally, in
studies using electroencephalography (EEG), reward-
related brain activity showed no evidence supporting that
sedentary behavior was rewarding (Cheval, Boisgontier,
et al., 2019; Parma et al., 2023). In summary, the neural
evidence regarding the rewarding or motivating value of
sedentary behavior is inconsistent.

Building on TEMPA’s second postulate, it can be sug-
gested that active avoidance (i.e., moving away from
sedentary behavior) requires executive control, involv-
ing activation of associated brain areas. In contrast,
passive avoidance (i.e., refraining from moving toward
sedentary behavior) may specifically depend on inhibi-
tory control. Studies consistently support this second
postulate, indirectly validated by large-scale epidemio-
logical studies showing the importance of cognitive
function in facilitating and sustaining engagement in
physical activity (Cheval, Boisgontier, et al., 2022;
Cheval, Orsholits, et al., 2020; Cheval, Rebar, et al.,
2019; Cheval et al., 2023; Csajbok et al., 2022; Daly

et al., 2015; Sabia et al., 2017). EEG studies provide a
more direct support for this postulate (Cheval et al.,
2021; Cheval, Daou, et al., 2020; Cheval, Tipura, et al.,
2018). For example, avoiding sedentary stimuli, com-
pared with avoiding physical activity stimuli, was asso-
ciated with larger evoked-related potentials in the frontal
cortical areas (Cheval, Tipura, et al., 2018). Similarly, a
study using a go/no-go task showed that passively
avoiding stimuli representing sedentary behavior, com-
pared with physical activity, was associated with larger
evoked-related potentials in the frontocentral cortex
(Cheval et al., 2021; Cheval, Daou, et al., 2020). How-
ever, the limited spatial resolution of EEG prevents these
studies from precisely identifying the neural networks
underlying these automatic responses.

To the best of our knowledge, only one functional
magnetic resonance imaging (fMRI) study has been
conducted to investigate brain areas potentially under-
lying executive control in the processing of physical
activity and sedentary stimuli (Kullmann et al., 2014).
The results of this study suggest that passively avoiding
stimuli related to physical activity is associated with an
increased demand on the inhibitory control system (e.g.,
prefrontal cortex) in patients with anorexia nervosa
(Kullmann et al., 2014). However, this association may
be explained by the fact that patients with anorexia ner-
vosa often report excessive levels of physical activity
(Davis et al., 1997), limiting the generalizability of the
results to the general population, where a reverse pat-
tern may be expected (Cheval et al., 2021; Cheval,
Daou, et al., 2020). Therefore, using fMRI to investigate
the brain regions underlying executive control in the
processing of physical activity and sedentary stimuli in
healthy adults is warranted.

1.1. The present study

The aim of the present study was to investigate whether
brain regions involved in reward processing and execu-
tive control are activated when an individual is exposed
to stimuli depicting different levels of physical activity, as
measured by fMRI. Specifically, based on the postulates
of TEMPA and previous work, this study focused on brain
regions associated with reward processing, such as orbi-
tofrontal cortex, amygdala, and ventral striatum (Corbit &
Balleine, 2011; Gottfried et al., 2003; Knutson et al., 2001;
Prévost et al., 2012; Roesch & Olson, 2004; Schultz et al.,
2000), and with executive control, such as DLPFC, infe-
rior frontal cortex, presupplementary motor area, and
basal ganglia (striatum and subthalamic nucleus) (Aron
et al., 2007, 2014; Zandbelt & Vink, 2010). To this end,
healthy young participants performed an “implicit”
approach-avoidance task using stimuli depicting sitting,
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standing, and running avatars during fMRI. In addition,
we analyzed how variations in the shape of subcortical
structures are associated with a tendency to avoid phys-
ical activity or to approach sedentary behavior.

1.2. Hypotheses

At the behavioral level, we hypothesized shorter reaction
times and/or fewer errors when approaching sedentary
behavior, as illustrated by sitting avatars, than when
approaching physical activity, as illustrated by running
avatars (HB1). In contrast, we hypothesized longer reac-
tion times and/or more errors when avoiding sedentary
stimuli than when avoiding physical activity stimuli (HB2).

At the brain level, we hypothesized increased activity
in brain areas associated with reward when approaching
compared with avoiding sedentary stimuli (HN1) (con-
trast: approach sitting > avoid sitting). In addition, we
hypothesized increased activity in brain areas involved
in executive control when avoiding compared with
approaching sedentary stimuli (HN2) (contrast: avoid sit-
ting > approach sitting) and when avoiding sedentary
stimuli compared with avoiding physical activity stimuli
(HN3) (contrast: avoid sitting > avoid running). Moreover,
we hypothesized that brain activity differences observed
in HN3 would not be observed with stimuli depicting light
physical activity (i.e., standing avatars) (contrast: avoid
sitting> avoid standing) (HN4). Previous studies have
observed associations between specific areas of subcor-
tical brain structures and a variety of functions, including
intelligence (Burgaleta et al., 2014), circadian rhythm
function (Xu et al., 2023), and sensorimotor control
(Boisgontier, Cheval, et al.,, 2016; Boisgontier, van
Ruitenbeek, et al., 2016). Based on these observations,
we hypothesized that local spatial variability (i.e., local
dip or bulge) in subcortical brain structures involved
reward processing (i.e., nucleus accumbens, pallidum)
and habits (i.e., caudate, putamen) would be associated
with the tendency to avoid physical activity and approach
sedentary behavior. Other subcortical areas were part of
an exploratory analysis.

2. MATERIALS AND METHODS

2.1. Participants

To estimate the sample size required for adequate
power (90%) with an alpha level set at 5%, we con-
ducted an a priori power analysis using G*Power 3.1
(Faul et al., 2009). We performed a power analysis for a
repeated-measures ANOVA with a small-to-medium
effect size (Cohen’s d = 0.40). We set groups to 1, mea-
sures to 6 (action, stimuli), correlations between

repeated measures to 0.5, and non-sphericity to 1. The
power calculation estimated a required N of 36, but we
aimed to recruit 45 to account for potential data loss
due to collection issues.

Exclusion criteria included a history of psychiatric, neu-
rological, or severe mental disorders; use of psychotropic
medications, alcohol, or illicit drugs at the time of the
study; and any MRI contraindications. In addition, partici-
pants were screened to include only those who were right
handed (Oldfield, 1971), could understand French, were
>18 years of age, and were free of any medical conditions
that would prohibit physical activity without supervision.
Smokers were abstinent from tobacco for at least 1.5 h
prior to scanning to reduce the effects of nicotine on the
blood oxygen-dependent level (BOLD) signal (Jacobsen
et al., 2002). Participants read and completed a written
informed consent form. The study was approved by the
ethics committee of the Canton of Geneva, Switzerland
(CCER-2019-00065). All participants gave informed con-
sent before participating in the study and were compen-
sated with 100 Swiss francs for their participation.

Participants were recruited in two ways. First, we used
a database maintained by one of the coauthors (KI) that
included individuals who had previously expressed inter-
est in participating in future studies and had agreed to be
recontacted. Second, we posted flyers at the University
of Geneva, inviting individuals to participate in an fMRI
research study. In total, 47 healthy volunteers were
recruited. Data from five participants were excluded due
to the inability to enter the MRI scanner (e.g., presence of
piercings, tattoos, or copper intrauterine device). The
final sample consisted of 42 participants (31 women,
23.0 + 3.5 years; body mass index = 21.4 + 3.0 kg.m™).

2.2. Experimental paradigm

At least 2 days prior to the experimental session, partici-
pants completed an online questionnaire measuring lat-
erality (Edinburgh Handedness Inventory) (Oldfield, 1971),
usual level of physical activity and sedentary behavior
(International Physical Activity Questionnaire) (Craig
et al.,, 2003), motivation for physical activity (i.e., atti-
tudes, intentions, and motivation), exercise dependence
(Griffiths et al., 2005), approach—avoidance temperament
(Elliot & Thrash, 2010), and demographics (age, sex,
height, and weight). Prior to entering the MRI scanner,
participants completed a checklist to ensure that they
met the requirements to perform a task in the MRI scan-
ner and a questionnaire to assess potential confounding
variables (e.g., caffeine, alcohol, and cigarette consump-
tion). An MRI assistant then equipped the participants
with the physiological measurements (i.e., respiratory
rate, galvanic response, cardiac rhythm) and positioned
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them in the scanner. Participants were instructed on how
to behave during the experiment (e. g., move as little as
possible, especially the head). Both foam padding and a
strap across the participant’s forehead were used to min-
imize head movement.

To assess approach-avoidance tendencies and the
associated neural activations, participants completed
the Visual-Approach/Avoidance-by-the-Self-Task (VAAST)
(Rougier et al., 2018) during fMRI. The task was presented
using E-Prime (beta 5.0 version) software (Psychology
Software Tools Inc.). The MRI sequences included the
first two functional runs of the VAAST (8 min each),
a T1-weighted scan (5 min), the last two functional runs
(8 min each), a T2-weighted scan (5 min), a resting state
(8 min) and a reward localizer task (13 min). Finally, partic-
ipants were paid and debriefed. The entire session lasted
approximately 100 min.

2.2.1. Stimuli

Using Unity software, we created images of avatars in
sitting, standing, and running positions to represent
increasing intensities of physical activity: sedentary activity,
light physical activity, and mild-to-moderate physical
activity, respectively. The images were designed to main-
tain identical color, brightness levels, and comparable
visual complexity. Specifically, a set of 195 images con-
taining 14 sitting, standing, and running avatars (50%
woman) was tested in a pilot study in which 105 partici-
pants were asked to rate a random set of 65 images. The
participants were asked to rate the extent to which they
associated each stimulus with “movement and physically
active behavior” (vs. “rest and physically inactive behav-
ior”) using two Visual Analogue Scales (VAS1: “Please
indicate the extent to which you think this image is associ-
ated with a behavior that requires: 0 = No physical exer-
tion at all, 100 = A lot of physical exertion”; VAS2: “Please
indicate how closely this image is associated with:
0 = Resting, sedentary behavior, 100 = Moving, very
active behavior”). In addition, the participants rated the
credibility (“How realistic do you think this person’s
behavior is? Realistic means that the images may resem-
ble a real-life behavior”; on a VAS from 0 = behavior not
at all realistic; 100 = Behavior very realistic) and the like-
ability of each image (“How likeable/sympathetic do you
find the person in this image? For example, would you
like to talk to him/her”; on a VAS from 0 = Very unpleas-
ant/antipathetic, 100 = Very pleasant/sympathetic).

The purpose of the pilot study was twofold. First, to
ensure that the selected images reflected the concepts
of interest (i.e., movement and physical activity vs. rest
and physical inactivity). Second, to test whether the
selected images were equivalent in terms of credibility

and pleasantness across categories (i.e., movement vs.
rest). Based on the results of the pilot study, we selected
a total of 84 images that included 12 avatars (50% woman)
in 7 activities (3 sitting, 1 standing, and 3 running). Each
avatar was represented in the seven positions to ensure
a strict equivalence between the conditions.

In this pilot study, the running stimuli were associated
with a significantly higher level of physical effort (72.4 £
2.52) than the sitting (17.45 + 2.98, p < 0.001) and stand-
ing stimuli (38.15 + 2.01, p < 0.001). Similarly, the sitting
stimuli were associated with a significant lower level of
physical effort compared with the standing stimuli
(p < 0.001). On average, the images were rated as cred-
ible (81.48 + 3.10) and had a moderate level of pleasant-
ness (55.72 + 7.92). Results showed no evidence of a
difference in credibility between running (81.63 + 2.83)
and sitting stimuli (80.24 + 2.86) (p = 0.089), but stand-
ing stimuli (84.70 + 2.12) were rated as more credible
than running (p = 0.004) and sitting stimuli (p < 0.001).
No significant differences in pleasantness were observed
between the stimuli (55.15 + 8.16, 56.20 + 8.97, and
56.14 + 7.53 for sitting, standing, and running stimuli,
respectively; p = 0.850). These results demonstrated the
validity of the stimuli in terms of their association with the
level of physical effort and confirmed that these stimuli
were mostly equivalent in terms of pleasantness and
credibility. A sample of the stimuli used in each category
is provided in Supplementary Material 1. Additionally, the
full set of stimuli is publicly available on Zenodo (Cheval,
Ceravolo, Igloi, Zimmermann, et al., 2025).

2.2.2. The Visual-Approach/Avoidance-by-the-Self-
Task (VAAST)

An adapted version of the VAAST was used to measure
automatic approach—-avoidance tendencies toward phys-
ical activity and sedentary behaviors (Rougier et al.,
2018). Compared with other approach-avoidance tasks
such as the manikin task (Cheval et al.,, 2014, 2015;
Kriegimeyer & Deutsch, 2010), the VAAST has been
shown to produce larger and more replicable effects.
During the task, participants were asked to respond to
the format (i.e., portrait vs. landscape format) of the
images depicting avatars in active (i.e., running), inactive
(i.e., sitting), and neither active nor inactive (i.e., standing)
positions by pressing the “move forward” or “move back-
ward” button three times on an MR-compatible response
box (Current Designs Inc., Philadelphia, PA, USA), which
was placed beneath the participant’s fingers. Participants
were instructed to approach the image when it appeared
in a portrait format, and to avoid it when it appeared in a
landscape format (the rule was counterbalanced across
participants). The visual environment was dynamically
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adjusted based on participants’ responses: zooming in to
simulate an approach movement and zooming out to
simulate an avoidance movement. Specifically, to
enhance the impression of forward or backward move-
ment, the size of the visual scene increased or decreased
by 30% immediately after each button press, creating the
impression of moving toward or away from the stimulus.
The video of this task is available on Zenodo (Cheval,
Ceravolo, Igloi, Zimmermann, et al., 2025).

The VAAST was administered in four runs. Each run
consisted of 54 trials, for a total of 216 trials. Each run
included an equal number of trials (i.e., nine) for each of
the six conditions representing the interaction between
the two main factors: Type of action and Type of stimuli
(i.e., approach sitting, approach standing, approach run-
ning, avoid sitting, avoid standing, avoid running). The
total number of trials per condition was 36, which is twice
as many as the number of trials that have shown fair to
good test-retest reliability of neural responses in an
approach-avoidance conflict task (McDermott et al.,
2021). To minimize fatigue and order effects during the
scanning session, we implemented the following coun-
terbalancing procedures: randomizing trial order within
each run, pseudorandomizing stimuli across the runs,
and providing short breaks between runs to maintain par-

ticipant engagement. To avoid expectancy effects, we
varied the duration of the fixation cross (interstimulus
interval; 4-8 s) in each trial (Fig. 1).

2.3. Behavioral analysis

Statistical analyses of the behavioral data (i.e., reaction
times and errors) were conducted using R, version 4.4.2
(R Core Team, 2019). Specifically, mixed-effects models
(Baayen et al., 2008; Boisgontier & Cheval, 2016) were
used via the Ime4 and ImerTest packages (Bates et al.,
2014; Kuznetsova et al., 2015) to account for the cross-
random structure of the current data (i.e., a random sam-
ple of participants crossed with a random sample of
stimuli) and thereby correctly estimate the parameters.

To examine reaction times, the linear mixed-effects
models included as fixed factors the type of stimuli (i.e.,
sitting, standing, running) and the type of action (i.e.,
approach, avoidance), and an interaction between these
two fixed factors. Participants and stimuli (i.e., images)
were specified as random factors, and the model included
random effects of the type of action, the type of stimuli.
These random parameters allowed the effects of the
fixed factors on the reaction times to vary across partici-
pants. The equation of the model was as follows:

A
Approach Incorrect
If incorrect
response
If no
. & response
Avoidance )1

Fixation cross Stimulus Appearance Feedback
(4000 to 8000 ms) l (until first key press) (3000 ms)
] >
B 2firstruns 2 |last runs
54 trials each 54 trials each
9 trials per 9 trials per
condition : condition
Approach & Avoid: First Approach & Avoid: Second . Reward
s structural scan - structural scan Resting state .
- Sitting T1 - Sitting T2 localizer
- Standing - Standing
- Running - Running -
1 T T — 1 >
0 min 16 min 21 min 37 min 42 min 65 min
Time
Fig. 1. Experimental paradigm. (A) The approach-avoidance task. Participants were instructed to quickly approach or

avoid images depending on their format (i.e., portrait vs. landscape format). The six conditions (i.e., approach sitting,
approach standing, approach running, avoid sitting, avoid standing, avoid running) were pseudorandomized across
the runs. (B) Procedure. Participants were asked to complete four runs of the approach-avoidance task. Each run was
composed of 54 trials, including 9 trials within each of the 6 conditions.
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Reaction Timey = B + B4 Action; +B, Stimuli;
+B3 (Action;x Stimuli;) +B, Agey
+B5 Sexy)+Bg Body Mass Index
+Ugy +Uyc Action + Uy, Stimuli+ v Xej

In this equation, Reaction Time,.}.k represents the out-
come (reaction time) for Subject k, Action i, and Stimulus
j, PO is the fixed intercept, B7, B2, and B3 are the fixed
effects for Action, Stimuli, and their interaction. B4, B5,
and B6 are the fixed effects for age, sex, and body mass
index (z-scored). u,, is the random intercepts for Subject
k, u,, and u,, represent the random slopes for Action and
Stimuli, respectively, for Subject k. v, is the random inter-
cept for images. ¢, is the residual error term.

For exploratory analyses, we conducted additional
models including three-way interactions of usual physi-
cal activity level, sedentary craving state, and physical
activity craving state with stimulus type and action type
(Supplementary Material 2). The latter models allowed
us to examine the extent to which dispositional or situa-
tional factors may alter participants’ reaction times to
approach (vs. avoid) sitting, standing, and running stim-
uli, as expected by TEMPA (Maltagliati et al., 2024). The
same models were applied to errors, except that linear
mixed-effects models were replaced by logistic mixed-
effects models to predict the probability of making an
error.

To reduce convergence problems, each model was
optimized using the default BOBYQA optimizer (Powell,
2009), the Nelder-Mead optimizer (Nelder & Mead, 1965),
the nlimb optimizer from the optimx package (Nash &
Varadhan, 2011), and the L-BFGS-B optimizer (see
Cheval, Bacelar, et al., 2020; Cheval et al., 2021; Cheval,
Maltagliati, et al., 2022; Frossard & Renaud, 2019, for
similar procedure). P values for the global effect of the
factors and their interaction were reported using likeli-
hood ratio tests comparing models with and without the
fixed factors included in the models. Statistical assump-
tions associated with mixed-effects models (i.e., normal-
ity of the residuals, linearity, multicollinearity, and undue
influence) were met.

2.4. MRI data acquisition

High-resolution imaging data were acquired on a 3-Tesla
whole-body MRI system (Magnetom Tim Trio, Siemens,
Erlangen, Germany) equipped with a 12-channel head
coil. We used multislice echo planar imaging sequences.
For each participant and for each run of the experimental
task, 79 functional 2D T2*-weighted echo planar image
volumes (EPIs; voxel size = 2.5 x 2.5 x 2.5 mm, 48 slices,
TR = 600 ms, TE = 32 ms, matrix = 84 x 84, FoV =
210 x 210 mm, in-plane resolution = 64 x 64, FA = 52

degrees) were acquired. Thus, an average of 900 vol-
umes of 48 slices were acquired for each participant. The
192 high-resolution 3D T1-weighted structural images
(1 mm? isotropic voxels, TR = 1900 ms, TE = 2.27 ms,
FA = 9 degrees, FoV = 256 x 256 mm) were acquired
using a magnetization-prepared rapid acquisition gradi-
ent echo sequence.

2.5. fMRI data preprocessing

Functional images were analyzed using Statistical Para-
metric Mapping software (SPM12, Wellcome Trust Cen-
tre for Neuroimaging, London, UK). Preprocessing steps
included realignment to the first volume of the time
series, normalization to the Montreal Neurological Insti-
tute (MNI) space (Collins et al.,, 1994), and spatial
smoothing with an isotropic Gaussian filter of 8 mm full
width at half maximum. To remove low-frequency com-
ponents, we used a high-pass filter with a cutoff fre-
quency of 1/128 Hz.

2.6. fMRI data analysis

Data were analyzed using general linear modeling
(GLM) as implemented in SPM12 (https://www.fil.ion
.ucl.ac.uk/spm/). For the first-level analyses of the
experimental task, correctly scored trials of our condi-
tions of interest (design matrix conditions: 1. approach
running; 2. avoid running; 3. approach sitting; 4. avoid
sitting; 5. approach standing; 6. avoid standing) and
trial-level reaction times were modeled by fitting a box-
car function at the onset of the feedback screen con-
volved with the canonical hemodynamic response
function for 3 s (duration of the feedback screen). An
additional column was added to the design matrix,
containing error trials (wrong response trials) and trials
for which response times were outside the bounds of
percentiles 2 and 98 to remove trials where participants
either pressed the button too quickly to see the image
or did not respond at all. These types of trials were con-
catenated into a single column per run and only con-
tained on average two trials per run. The design matrix
included the 6 columns of interest with the correspond-
ing 6 columns of reaction times and the “error” trials
and the 6 realignment parameters to account for move-
ment in the data, for a total of 19 columns per run per
participant. The six motion correction parameters were
included as regressors of no interest to minimize false-
positive activations due to task-correlated motion, and
framewise displacement did not differ significantly
between conditions (p > 0.05). The four runs were mod-
eled in a single first-level design matrix with runs sepa-
rated as four different sessions of one participant.
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Contrasts were computed with the main effect of each
of the six conditions of interest (value of “1”) inversely
correlating with reaction times for each condition (value
of “-17).

Whole brain group-level statistics were then per-
formed using a 252-lines flexible factorial analysis, in
which the first-level simple effects were implemented
(42 participants * 6 conditions = 252 files/lines). The
model, therefore, included the factors Participants, Type
of action (i.e., approach, avoidance), and Type of stimuli
(i.e., sitting, standing, running). Their interaction was
also tested. Independence was set to “true” for the Par-
ticipants factor and to “false” for the remaining within
factors. Variance estimation was set to “unequal” for all
factors because homoscedasticity criteria cannot usu-
ally be met for fMRI data (default setting in SPM12).
Group-level results of our final contrasts of interest were
then corrected for multiple comparisons using a voxel-
wise threshold of p < 0.05 with false discovery rate
(FDR) correction, with g = 0.05, defined as the propor-
tion of false positives (Type | errors) among all rejected
tests (Bennett et al., 2009), as this approach has shown
better ratios of true to false positives than the family-
wise error rate (FWER) when the signal-to-noise ratio is
low (Lindquist & Mejia, 2015), which may be the case
here given the 600-ms TR. Given our voxel size of
2.5 x 2.5 x 25 mm (15.625 mm?3 per voxel) and the
approximate volume of our smallest structure of inter-
est, the hippocampus (3,250) mm? (Pruessner et al.,
2000), we applied a cluster extent threshold of 10 vox-
els, representing approximately 5% of the hippocampal
volume, to balance the risk of false positives while main-
taining sensitivity. For all analyses, regions were labeled
using the latest version of the Automated Anatomical
Labelling Atlas (“AAL3”) (Rolls et al., 2020) and rendered
on semi-inflated brains from the CONN toolbox (http://
www.nitrc.org/projects/conn).

2.7. \Vertex analysis

An exploratory analysis was conducted to examine a
potential association between the shape of subcortical
structures (i.e., nucleus accumbens, amygdala, caudate,
hippocampus, pallidum, putamen, and thalamus) and
approach—-avoidance tendencies toward sedentary
behavior or physical activity. For reaction times and
errors, the tendency to approach rather than avoid sed-
entary behavior is represented by the difference between
avoiding and approaching sitting stimuli (i.e., avoid
sitting—approach sitting). The tendency to avoid physical
activity rather than sedentary behavior is represented by
the difference between avoiding sitting stimuli and avoid-
ing running stimuli (i.e., avoid sitting—avoid running).

The individual structure’s shape is represented by a
mesh consisting of vertices. The vertices represent
points on the mesh. These vertices are compared with
an average mesh. The quantitative differences between
the vertices and the mesh represent inward (i.e., local dip
or atrophy) and outward (i.e., local bulge or hypertrophy)
deformations of the individual structure. To obtain these
measures, T1-weighted images were reoriented to stan-
dard orientation. Next, structures were segmented from
the T1-weighted images using FMRIB’s Integrated Reg-
istration Segmentation Toolkit (FSL FIRST; Patenaude
et al.,, 2011) in FSL version 6.0.7.13 (Jenkinson et al.,
2012; Smith et al., 2004; Woolrich et al., 2009). As a sub-
step, T1 images were registered to normalized space.
Accuracy of the registrations were visually inspected for
all participants using the “slicesdir” command to create
coronal, sagittal, and horizontal slices. Subsequently,
vertex analysis (FSL) was used to indicate the exact
location of the relationship between subregional gray
matter structure and behavioral tendencies. The vertices
represent the signed, perpendicular distance from the
average surface. Negative and positive values reflect
inward (i.e., local atrophy) and outward (i.e., local expan-
sion) deformation of the structures, respectively. FSL
FIRST vertex analysis (Patenaude et al., 2011) restricts
topology of the structures and preserves inter-participant
vertex correspondence, enabling a vertex-wise compar-
ison of differences between conditions in the association
with behavioral tendencies. The regression models using
behavior tendencies predicting structural deviations
from the mesh representing average shape were created
and tested for significance using permutation-based
non-parametric tests (FSL randomize, 10,000 draws,
p < 0.05, TFCE applied, FWE corrected) (Smith & Nichols,
2009).

2.8. Functional and effective connectivity analyses

Undirected connectivity analyses were conducted to
explore potential relationships between regions of inter-
est. Specifically, we used task-related generalized psy-
chophysiological interactions (gPPIs) as implemented in
the CONN toolbox (version 22.a) in Matlab 9.0 (Math-
Works, Inc., Natick, MA, USA) (Whitfield-Gabrieli &
Nieto-Castanon, 2012). The gPPIs illustrate the level of
task-modulated connectivity between seed regions/
voxels, by computing a separate multiple regression
model for each target seed/voxel. Regression coeffi-
cient maps were compared across conditions to exam-
ine the interaction between psychological and
physiological factors. This comparison was conducted
using bivariate correlations for functional connectivity
maps and bivariate regression analyses for effective
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connectivity maps, based on the predefined contrasts
of interest. Maps of regression coefficients were com-
pared for each condition and according to the above-
mentioned contrasts of interest.

3. RESULTS

3.1. Descriptive results

Table 1 shows the characteristics of the participants and
reports the reaction times to approach and avoid stimuli
depicting sitting, standing, and running avatars, as well
as the approach bias scores (i.e., reaction times to avoid-
reaction times to approach) for each type of stimulus. On
average, reaction times within each condition were
<700 ms and showed strong correlations across condi-
tions (Pearson’s R’s between 0.83 and 0.95, p’s < 0.001).
These correlations indicate that for a given participant,
reaction times in one condition were strongly associated
with reaction times in the other conditions. Error rates
were on average about 5% (£6%) for avoiding running
stimuli, 6% (9% for approaching standing stimuli, and
about 7% for the other conditions (standard deviations
ranged from 6% to 9%).

Table 1. Descriptive statistics.
N =42 Mean SD
Age (years) 23.0 3.5
Gender (number; %)
Women 31 74%
Men 11 26%
Body mass index 21.4 3.0
Craving for sedentary behaviors 4.3 1.6
Craving for physical activity behaviors 3.7 1.7
Usual level of physical activity (min per 285.9 2931
week)
Reaction times (ms)
Approach running 666.5 111.4
Approach standing 668.7 117.5
Approach sitting 677.4 116.5
Avoid running 659.6 102.8
Avoid standing 659.4 107.6
Avoid sitting 669.7 1143
Approach biases (ms)
Approach bias toward running -6.9 47.2
Approach bias toward standing -9.3 65.6
Approach bias toward sitting -7.7 65.7
Errors
Approach running 7% 8%
Approach standing 6% 9%
Approach sitting 7% 7%
Avoid running 5% 6%
Avoid standing 7% 8%
Avoid sitting 7% 8%

Notes. SD = standard deviation; ms = milliseconds; min = minutes.

3.2. Reaction times and error rates in the
approach-avoidance task

3.2.1. Reaction times

The results of the linear mixed-effects models showed no
main effect of stimulus type (p-value for global effect =
0.164) or action type (p-value for global effect = 0.160).
The two-way interaction between stimulus type and
action type was not significant (p-value for global
effect = 0.965). Simple effects tests further confirmed
that reaction times to approach (vs. avoid) running stimuli
were not statistically different from reaction times to
approach (vs. avoid) sitting stimuli (o = 0.851) (Table 2).
Similarly, reaction times to approach (vs. avoid) standing
stimuli were not statistically different from reaction times
to approach (vs. avoid) sitting stimuli (p = 0.802) or run-
ning stimuli (o = 0.661).

3.2.2. Errors

The results of the logistic mixed-effects models showed
no main effect of stimulus type (p-value for global effect =
0.784) or action type (p-value for global effect = 0.995).
However, although the main effect of the interaction
between stimulus type and action type was only marginal
(p-value for global effect = 0.091), the results showed that
the probability of error when avoiding (vs. approaching)
running stimuli was statistically different from the probabil-
ity of error when avoiding (vs. approaching) sitting stimuli
(OR = 1.64, 95%Cl = 1.06 — 2.54, p = 0.025). Participants
made more errors when avoiding sitting stimuli than when
avoiding running stimuli. No difference was observed in
the approach condition (Fig. 2). The same pattern of effect
was found between standing and running stimuli
(OR =1.57,95%Cl = 1.01 - 2.43, p = 0.044) (Table 3).

3.3. Physical activity engagement and craving for
physical activity

3.3.1. Reaction times

Results showed no evidence suggesting that usual phys-
ical activity engagement or craving for physical activity
significantly moderated the effect of action, stimulus
type, or the interaction between these two factors (Sup-
plementary Material 3). However, results showed that
reaction time differences between responses to sitting
and running stimuli were moderated by the state of crav-
ing for sedentary behaviors (b = -22.0, 95%CI = -35.0 -
-9.0, p < 0.001). Participants responded faster to sitting
than to running stimuli when their craving for sedentary
behavior was high and were slower when their craving for
sedentary behavior was low.



B. Cheval, L. Ceravolo, O. Zimmermann et al.

Imaging Neuroscience, Volume 3, 2025

Table 2. Results of the linear mixed-effects models
predicting the reaction times as a function of action type
(approach vs. avoidance) and stimulus type (sitting vs.
standing vs. running).

Table 3. Results of the logistic mixed-effects models
predicting the risk of error in the approach-avoidance task
as a function of action type (approach vs. avoidance) and
stimuli type (sitting vs. standing vs. running).

N = 40* b (Cl) p N =40 OR (CI) p
Fixed Effects Fixed Effects

Intercept 666.1 (627.9; 704) <0.001 Intercept 0.06 (0.04; 0.08) <0.001
Stimuli (ref. physical activity) Stimuli (ref. Running)

Standing 2.7 (-11.7;17.2) 0.711 Standing 0.80(0.59; 1.08) 0.149

Sitting 7.9 (-6.0; 21.9) 0.267 Sitting 0.85(0.63;1.16)  0.308
Action (ref. approach) Action (ref. approach)

Avoidance -7.0 (-23.6; 9.6) 0.410 Avoidance 0.73(0.53;1.03) 0.071

Stimuli (ref. physical activity) x Action (ref. approach)

Avoidance x Standing -4.1(-11.7; 14.2) 0.661
Avoidance x Sitting -1.8 (-22.4; 16.6) 0.851
Covariates
Age -12.3 (-46.4; 21.7) 0.483
Sex -5.1 (-78.3;68.1)  0.892
BMI 1.3 (-33.0; 35.6) 0.940
Random Effects
Participants
Intercept 10710.07
Sitting 54.48
Standing 8.24
Action avoid 1109.29
Corr. (Intercept, sitting) 0.07
Corr. (Intercept, standing) 0.97
Corr. (Intercept, action -0.30
avoidance)
Corr. (sitting; standing) -0.16
Corr. (sitting; action 0.93
avoidance)
Corr. (standing; action -0.51
avoidance)
Stimuli
Intercept 94.87
Residual 28551.56
R? Conditional = 0.005

Marginal = 0.275

Notes. 95CI = confidence intervals at 95%; BMI = body mass
index. *Two participants were not included in the analyses because
they were an issue regarding the recording of their behavioral data.

3.3.2. Errors

Results showed no evidence suggesting that usual phys-
ical activity, craving for physical activity, or craving for
sedentary behavior moderated the effect of action, stim-
ulus type, or the interaction between these two factors
(Supplementary Material 4).

3.4. Neural activity associated with the avoidance
of sedentary stimuli

3.4.1. Approach sitting > avoid sitting (HN1)

More activation was observed in the left posterior mid-
dle temporal gyrus, bilateral parahippocampal gyrus,

Stimuli (ref. physical activity) x Action (ref. approach)

Avoidance x standing 1.57 (1.01; 2.43) 0.044
Avoidance x sitting 1.64 (1.06; 2.54) 0.025
Covariates
Age 1.04 (0.77; 1.40) 0.798
Sex 0.94 (0.49;1.81) 0.852
BMI 0.90 (0.67;1.23) 0.516
Random Effects
Participants
Intercept 0.68
Sitting 0.01
Standing 0.02
Action avoid 0.01
Corr. (Intercept, sitting) 0.65
Corr. (Intercept, standing) 1.00
Corr. (Intercept, action -0.37
avoidance)
Corr. (sitting; standing) 0.57
Corr. (sitting; action -0.95
avoidance)
Corr. (standing; action -0.28
avoidance)
Stimuli
Intercept null
R? Conditional = 0.006

Marginal = 0.192

Notes. OR = odds ratio; 95CI = confidence intervals at 95%;

BMI = body mass index. Note that the models estimated a null
variance for the random intercept of the stimuli. The models with or
without this parameter lead to consistent results. *Two participants
were not included in the analyses because they were an issue
regarding the recording of their behavioral data.

primary and secondary visual cortex when participants
approached compared with avoid sitting stimuli (Fig. 3).

3.4.2. Avoid sitting > approach sitting (HN2)

More activation was observed in a widespread network
of bilateral brain areas, including the primary motor cor-
tex, the supplementary motor area, the primary somato-
sensory cortex, the bilateral dorsolateral prefrontal
cortex, the bilateral insula, the inferior frontal gyrus pars
triangularis and the putamen, when participants avoided
sitting stimuli as compared with when participants
approached sitting stimuli (Fig. 4).
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3.4.3. Avoid sitting > avoid running (HN3)

More activation was observed in the left primary motor
cortex, insula, anterior superior temporal sulcus, poste-
rior middle temporal gyrus, superior temporal gyrus, pos-
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Fig. 2. Results of the logistic mixed-effects models.
Estimated odds ratios of a failure to avoid or approach
sitting, standing, and running stimuli. Dots represent
mean response times for each participant as a function
of stimulus type. Error bars represent the standard errors
around the mean. * Indicates statistically significant
differences (p < .05).

terior cingulate cortex, and dorsolateral prefrontal cortex.
Subcortical activations were also observed especially in
the bilateral putamen and in the left thalamus, when par-
ticipants avoided sitting stimuli than when they avoided
running stimuli (Fig. 5).

3.4.4. Avoid sitting > avoid standing (HN4)

More activation was observed in the left primary visual
cortex, associative visual cortex, temporo-occipital cortex,
and superior parietal lobule as well as in the right hemi-
sphere in the similar regions, when participants avoided
sitting stimuli as compared with when participants avoided
standing stimuli (Supplementary Material 5).

See Supplementary Material 6 for the detailed coordi-
nates of the clusters presented in this section. Results
exploring functional and effective connectivity yielded no
significant results.

3.5. Associations between subcortical structure
shapes and approach-avoidance tendencies

The association between subcortical structures and the
tendency to approach sedentary behavior was assessed
by examining the association of errors and reaction times

Approach Sitting > Avoid Sitting

T value

6

0

Fig. 3. Brain activations when approaching versus avoiding sedentary stimuli, corrected for multiple comparisons (whole-
brain voxel-wise FDR, g = 0.05, k > 10 voxels). The color bar represents the statistical T value. V1: primary visual cortex;
V2/3: secondary visual cortex; postMTG: posterior part of the middle temporal gyrus; TOC: temporo-occipital cortex;

PHG: parahippocampal gyrus. L: left hemisphere; R: right hemisphere.
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Avoid Sitting > Approach Sitting
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Fig. 4. Brain activations when avoiding versus approaching sedentary stimuli, corrected for multiple comparisons (whole-
brain voxel-wise FDR, g = 0.05, k > 10 voxels). The color bar represents the statistical T value. postSTG: posterior part

of the superior temporal gyrus; midSTS: mid part of the superior temporal sulcus; M1: primary motor cortex; S1: primary
somatosensory cortex; INS: insula; DLPFC: dorsolateral prefrontal cortex; IFGtri: inferior frontal gyrus pars triangularis;
SMA: supplementary motor area; CC: cingulate cortex. L: left hemisphere; R: right hemisphere.

with the extent of deformation of those structures. A
greater tendency to approach (vs. avoid) sitting stimuli
was associated with larger outward deformations of the
right ventral hippocampus (Fig. 6). Errors did not show
evidence further supporting this significant association.
No other subcortical structure was significantly associ-
ated with this tendency. No significant association was
observed between approach-avoidance tendencies
toward running stimuli and the shape of the subcortical
structures.

4. DISCUSSION

4.1. Main findings

The results of this study, based on an approach-
avoidance task during fMRI, showed that avoiding sed-
entary stimuli (i.e., avatars in a sitting position) is
associated with higher levels of behavioral control than
avoiding physical activity stimuli (i.e., avatars in a running
position). In addition, the outward deformation of the
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right ventral/anterior hippocampus was associated with a
behavioral tendency toward sedentary behavior. These
neural results are consistent with behavioral data show-
ing that participants made more errors when avoiding
sedentary stimuli than when avoiding physical activity
stimuli. Thus, these findings are consistent with TEMPA’s
postulate that avoiding sedentary behavior requires more
executive control-related processes than approaching
sedentary behavior or avoiding physical activity, while
they did not provide support for the postulate regarding
the rewarding value of sedentary behavior.

4.2. Comparison with other studies

4.2.1. Behavioral results

Participants made more errors when avoiding sedentary
stimuli than when avoiding physical activity stimuli (HB2).
This finding is consistent with the literature that has
shown, using a go/no-go task (Duckworth & Kern, 2011),
that participants made more commission errors (i.e., a
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Avoid Sitting > Avoid Running

ant STS

ant STG

Fig. 5. Brain activations when avoiding sedentary stimuli versus approaching physical activity stimuli, corrected for
multiple comparisons (whole-brain voxel-wise FDR, q = 0.05, k > 10 voxels). The color bar represents the statistical

T value. postSTG: posterior part of the superior temporal gyrus; postMTG: posterior part of the middle temporal gyrus;
midSTS: mid part of the superior temporal sulcus; antSTS: anterior part of the superior temporal sulcus; midSTG: mid
part of the superior temporal gyrus; M1: primary motor cortex; antINS: insula, anterior part; DLPFC: dorsolateral prefrontal
cortex; PCC: posterior cingulate cortex; Thal: thalamus; Put: putamen. L: left hemisphere; R: right hemisphere.

failure to refrain from responding to a “no-go” stimulus)
when responding to sedentary stimuli compared with
physical activity stimuli (Cheval, Daou, et al., 2020). Thus,
these behavioral data provide support for the suggestion
that more executive control is required for the avoidance
than for approach of sedentary opportunities.

However, our results showed no significant effects of
stimulus type, action type, or their interaction on reaction
times. This finding contrasts with the literature that has
repetitively shown that participants are faster when
approaching than when avoiding physical activity stimuli,
whereas they are faster when avoiding than when
approaching physical inactivity stimuli (Cheval et al.,
2014, 2015; Cheval, Tipura, et al., 2018; Farajzadeh et al.,
2023, 2024; Goubran et al., 2025; Hannan et al., 2019;
Moffitt et al., 2019). This discrepancy can be explained by
the specificity of the task used in the current study. Spe-
cifically, previous studies relied on an explicit approach-
avoidance task in which participants were instructed to
respond to the content of the image—to approach or
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avoid depending on the stimulus type (physical activity or
sedentary behavior). In contrast, here we used an
“implicit” approach—-avoidance task in which participants
were instructed to respond to the format of the imag-
es—to approach or avoid depending on whether the
image appeared in portrait or landscape format. A review
of the literature found that the implicit stimulus evaluation
typically produces smaller effects than explicit stimulus
evaluation (Phaf et al., 2014).

Exploratory analyses further revealed that the state of
craving for sedentary behavior significantly moderated
participants’ reaction times. Specifically, greater craving
for sedentary behavior reduced reaction times to seden-
tary stimuli relative to physical activity stimuli, regardless
of the type of action required (i.e., approach or avoid-
ance). These shorter reaction times may be explained by
the fact that participants in a state of craving for seden-
tary behavior may be more attentive to stimuli associated
with such behavior. This finding is consistent with pre-
vious studies showing that attention is biased toward
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Tendency to Approach Sedentary Behavior

Fig. 6. Significant (p < 0.05, FWE corrected)

positive association between deformation of the right
hippocampus and the behavioral tendency to approach
sedentary behavior (mean reaction time for approaching
sitting < mean reaction time for avoiding sitting). The extent
to which approaching sedentary behavior is easier relative
to avoiding it is associated with an outward deformation

of the inferior/anterior right hippocampus. S: Superior,

I: Inferior, P: Posterior, A: Anterior

stimuli that are particularly relevant to participant’s cur-
rent concerns (Cheval, Miller, et al., 2020; Pool et al.,
2016). Accordingly, these findings may suggest that sed-
entary stimuli may be particularly relevant to the con-
cerns of individuals who self-report a desire to engage in
sedentary behavior.

4.2.2. Neural results

fMRI results showed more activation of a motor control
network including primary motor cortex, supplementary
motor area, primary somatosensory cortex, and dorsolat-
eral prefrontal cortex when participants avoided seden-
tary stimuli as compared with when participants
approached sedentary stimuli. This result suggests that
avoiding sedentary behavior may require to deliberately
plan and implement the motor action, taking more effort,
compared with approach sedentary behavior. However, it
is important to note that while this effect was observed
specifically for contrasts of sedentary stimuli, the con-
junction analysis showed no significant differences
across conditions. This calls for caution regarding the
specificity of the effect observed for sedentary stimuli.
Nevertheless, this suggestion is supported by the larger
activation observed in the posterior cingulate cortex and
DLPFC when participants avoided sedentary behavior
compared with when the avoided physical activity stim-
uli, which could be related to higher resources required
for conflict monitoring as well as action planning and
implementation. These observations are consistent with
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previous EEG studies that have shown, using an
approach-avoidance task (Krieglmeyer & Deutsch, 2010)
and a go/no-go task (Duckworth & Kern, 2011), that “not
going to” or “avoiding” a sedentary stimulus requires
greater behavioral control than “not going to” or “avoid-
ing” a physical activity stimulus, as indicated by larger
evoked-related potentials in the medial frontal cortex and
frontocentral cortex (Cheval et al., 2021; Cheval, Tipura,
et al., 2018).

The observed positive association between the out-
ward deformation of the right hippocampus and the ten-
dency to approach (vs. avoid) sedentary behavior was
unexpected, as this structure was a priori not associated
with motivation or reward-based information processing.
To potentially explain these findings, it can be argued that
the judgment of stimuli being presented in a portrait or
landscape format may have been a confounding factor.
The currently perceived function of the hippocampus is to
encode spatial and temporal contexts of episodes, con-
structing a cognitive map (Epstein et al., 2017). In particu-
lar, the right hippocampus has been shown to be involved
in spatial task performance (Klur et al., 2009). In support of
our findings, Hernandez et al. (2017) performed an analy-
sis similar to the one presented here, linking cognitive
function to hippocampal deformation. They observed that
a similar subregion of the right hippocampus was specifi-
cally associated with spatial memory performance. To test
whether judging the stimulus orientation and/or associ-
ated movement acted as a confounder, we performed an
additional analysis in which we assessed the association
between the reaction time difference between approach
versus avoidance of standing stimuli and the structural
deformation of the right hippocampus. Such association
between hippocampal structure and reaction time to
standing stimuli may indicate that the observed effect is
driven by the orientation of the stimulus and/or associated
movement. This analysis did not show any significant
association, providing no evidence that the judgment of
the spatial orientation was driving the effect. An alternative
explanation may be that the observed associations reflect
an emotion-based decision to engage in approach or
avoidance behavior. The location of the association with
sedentary behavior tendency is mostly ventral/anterior,
and this subregion of the hippocampus is associated with
the processing of stress, emotion, and affect. Therefore,
speculatively, a larger hippocampal capacity to process
intrinsically rewarding events may lead to faster responses
such as those observed here.

5. LIMITATIONS AND STRENGTHS

This study has several limitations to consider. First, the
experimental setup required participants to lie down,
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which may have influenced their evaluation of the stimuli
and reduced ecological validity. Second, the study’s cor-
relational design, without experimental manipulation, lim-
its the ability to establish causal relationships. Third, the
use of self-reported measures to assess usual physical
activity introduces potential biases and may partially
explain the absence of a moderating effect. While we
focused on motivational variables as potential modera-
tors of individual differences in task performance, physi-
ological measures, such as VO, max, may also play a
role. However, these measures are less direct indicators
of motivation for physical activity compared with self-
reported physical activity levels and craving for physical
activity or sedentary behavior. Future research may ben-
efit from incorporating both physiological and motiva-
tional indices to better understand how individual
differences influence behavioral and neural responses to
physical effort. Fourth, while the avatars were validated
and relevant to the concept of effort, they cannot fully
capture the complexity of effort-related behaviors in real-
world contexts. Similarly, while the avatars were designed
to maintain consistency in visual complexity and stimulus
salience across conditions, in particular by using the
same background and ensuring that each avatar
appeared in all conditions (i.e., sitting, standing, running),
some minor variation is inevitable. These variations
should be considered when interpreting differences in
reaction times and error rates. Fifth, another potential
limitation is related to the 600-ms TR we used, which
allowed for better temporal sampling, but may have
affected the signal-to-noise ratio and increased the sen-
sitivity to physiological noise (Cordes et al., 2014; Schmitz
et al., 2005). To partially address the signal-to-noise-ratio
issue, we used an FDR correction, which performs better
than FWER in this regard. Future studies should use pre-
processing steps such as physiological regressors or
Independent Component Analysis to mitigate physiolog-
ical noise. Despite these limitations, the study has nota-
ble strengths. The use of MRI provided high spatial
resolution for identifying patterns of brain activations.
The design incorporated numerous repetitions within
each condition and used a high temporal resolution, opti-
mizing the reliability and quality of the data. The validated
stimuli directly addressed the concept of effort, enhanc-
ing the study’s relevance, and the well-validated
approach—-avoidance task added methodological rigor.

6. CONCLUSION

This study provides new insights into the neural mecha-
nisms underlying the difficulty to avoid sedentary stimuli.
Behavioral results showed that participants made more
errors when avoiding sedentary stimuli than when avoiding
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physical activity stimuli. Neural results showed greater
activation in brain regions associated with motor control,
conflict monitoring, and action planning when avoiding
sedentary stimuli, suggesting that executive control may
play a role in overcoming the tendency to engage in sed-
entary behavior. These findings align with TEMPA, which
posits a natural tendency to minimize effort. More broadly,
this study advances our understanding of the factors that
shape sedentary and active behaviors and the gap
between intentions to be physically active and actual
engagement in physical activity. While these findings have
potential implications for interventions aimed at promoting
physical activity, further research is needed to determine
whether targeted training or environmental modifications
can help reduce the cognitive demands of overriding sed-
entary tendencies and support more active lifestyles.
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