AIMS

Understanding how people make moral decisions and the neural processes that underlie these
decisions is a critical scientific and societal question, particularly for better understanding
wrongdoings (Yoder and Decety 2018). While such decisions can be made freely, our daily
lives also involve choices constrained by rules set by society or other individuals, which can
strongly influence our behaviors. Numerous historical examples and experimental research
have indeed shown that restrictions on freedom of choice can lead to behaviors that cause
serious harm to others (Milgram 1963; Milgram 1974; Browning 1992; Caspar 2024a). A key
neuro-cognitive process in decision-making is the sense of agency (SoA), which refers to the
feeling of being the author of one’s actions and their consequences, thus bearing responsibility
for one's choices (Gallagher 2000). SoA is notably one cognitive process that is reduced when
individuals obey orders, as opposed to making free decisions (Emilie A. Caspar et al. 2016;
Caspar 2024b). Although several fMRI studies have started investigating the neural bases of
SoA (see (Zito et al. 2020) for a meta-analysis), two significant gaps remain in the literature.
First, most prior research has focused on neutral decisions, where the outcomes lack social or
moral meaning (Kihn et al. 2013; Zito et al. 2020). Second, previous studies have
predominantly used convenience samples, overlooking other groups for whom the concept of
“free decision” may be less prominent due to their professional roles. For instance, decision-
making in military versus civilian contexts can vary due to different norms, pressures, and
hierarchical structures, which might influence their sense of agency when making free decisions
(Caspar, Lo Bue, et al. 2020). In Study 1, we investigated the neural basis of SoA during both
free and forced moral decision-making, and to compare civilians with military personnel to
determine whether the findings are generalizable or if they vary based on the daily environment
of those groups. In Study 2, we analyzed SoA and neural mechanisms at play during decision-
making when military personnel resist orders to hurt another person.

Quite recently, a number of studies have delved into the impact of obeying orders on various
neuro-cognitive processes related to different phases of decision-making, as opposed to acting
freely. Using several imaging methods, these studies have revealed that obeying orders to send
or not a mildly painful shock to another person compared to acting freely led to decreased
activity in brain regions associated with empathy for the victim’s pain (i.e. insula, inferior
frontal gyrus, inferior parietal lobule) and guilt (i.e. anterior cingulate cortex, temporo-parietal
junction, putamen and caudate) (Caspar, loumpa, et al., 2020; Pech & Caspar, 2023). Other
studies have extended these findings by demonstrating that following orders, as opposed to
acting freely, induces a reduced implicit sense of agency (SoA) and a diminished explicit
feeling of responsibility. This effect may be attributed to a potential reduction in the linkage
between decision-making, action, and outcome processes (Akyuz et al., 2022; Barlas, 2019;
Caspar et al., 2016, 2021; Caspar, Lo Bue, et al., 2020). Additionally, an EEG study has shown
a lower cognitive conflict — indexed by reduced mid-frontal theta activity(Cohen & Cavanagh,
2011; Cohen & Donner, 2013) — preceding the decision to administer a painful shock or not,
in coerced compared to free-choice decisions(Caspar & Pech, 2023). However, the neural
mechanisms underlying free versus coerced moral decisions have so far been studied primarily
using convenience samples, limiting the generalizability of the findings, which was the aim of
Study 1. Further, these studies did not investigate the neural mechanisms associated with
resistance to orders, as participants merely adhered to the orders given by the experimenter,
which was the aim of Study 2.

METHOD



Participants.

STUDY 1: An a priori power calculation (GPower, (Faul et al. 2007)) indicated that we need
to recruit 360 participants (N=15 in each group), to detect an interaction between (2 levels) *
within (4 levels) with a power of 90% and a medium effect size f of .25. Including a safety
margin due to data loss, we slightly increased this number in each group. In total, we recruited
N=19 military officers (i.e., lieutenants) and N=24 civilian controls matched in age and
gender. Before being recruited, we ensure that participants were all right-handed with the
Edinburgh Handedness Inventory (score > 40, (Oldfield 1971)). Inclusion criteria included
being between 18-36 years old, having a corrected or normal vision, not having participated in
a similar experiment before, not having a history of neurological or psychiatric disorder, not
being pregnant, not having metal inside the body and not suffering from claustrophobia.
Exclusion criteria were determined prior to the data acquisition. They included: (1) failure to
discriminate between time intervals, (2) movements artifacts during MRI acquisition, (3) not
paying attention to the task, and (4) full disobedience in the coercive condition. For time
intervals (see exclusion criteria 1), to identify participants for whom the action-tone intervals
did not gradually increase with action-tone intervals, we performed Pearson correlations
between the real delays and the estimated delays. A negative correlation or a non-significant
correlation suggested that participants did not perform the task correctly. N=6 participants, all
in the group of civilians, were excluded from the analyses on interval estimates based on this
criterion. N=2 had issues with the logfiles with incomplete data and were removed for the fMRI
analysis. The study was approved by the medical ethics committee of Erasme Hospital (Ref:
A2023/123).

STUDY 2: Fifty-four Military participants were recruited through the Royal Military Academy
of Belgium (22 who identified as females, range: 19-29 years, mean: 21.6+/-1.8 years), and
completed the fMRI session playing the “agent” role. Their results were compared with 56
civilian participants previously analyzed and reported in Tricoche, Rovai and Caspar 2024
(under revision in Imaging Neurosciences, preprint available in https://osf.io/xcgak/).
Participants were French, Dutch or English speakers, with a normal or corrected vision, without
any MRI contra-indication, and without neurological or psychological known disorder.
However, one participant was discarded from the fMRI analyses after discovering a brain
abnormality during the scanning session. Two other participants were discarded from the fMRI
analyses due to a technical problem during the MRI-data acquisition. Finally, for one
participant, only the Empathy run was analyzed due to a loss of data during the Agency run;
while another one only completed the Empathy run during the MRI session. A priori exclusion
criteria also involved not being able to discriminate the different action-tone time intervals in
the Agency run. We conducted a linear trend analysis with contrasts -1 0 1 to ensure that
participants correctly reported shorter IE for short delays and longer IE for longer action-
outcomes delays. No participants were excluded based on the linear trend analysis for the three
delays used. It led to a final sample size of N=53 military participants for behavioral analyses
and N=50 military participants for imaging analyses. All participants signed an informed
consent, and received a financial compensation between €30 and €40. The study was approved
by the local ethics committee of Erasme Hospital (Belgium, reference: SRB2022127).

Method and Material.

STUDY 1: Upon arrival in the laboratory, participants first met the experimenter and her two
research assistants. Importantly, all participants, including the military personnel, wore civilian



outfits to avoid any influence of the uniform in line with the enclothed cognition theory (Adam
and Galinsky 2012; Pech and Caspar 2023). One of the research assistants was presented as the
one who was going to be the “victim”, and the other research assistant was presented as the one
who was going to be the “person executing orders” in some experimental conditions described
below. We controlled for the gender of “victims”, which was always similar to the gender of
the participants. Then, participants received instructions and provided informed consent. After
signing the consent forms, participants underwent a procedure to determine their individual
pain threshold for the electrical stimulation, as described previously (Emilie A. Caspar et al.
2016). Electrical stimulation was calibrated to be mildly painful. Two electrodes were placed
on the participants’ left hand on the abductor pollicis muscle in order to produce a clear and
visible muscle twitch and the threshold was increased by steps of ImA until a mildly painful
stimulation was achieved. The pain threshold was determined by asking a series of questions to
the participants about their pain perception during the calibration (1. « Is it uncomfortable? » -
2. « Is it painful? » - 3. « Could we increase the threshold? »). This procedure ensured that they
knew what it feels to receive the shocks in terms of pain. They also watched the experimenter
determining the pain threshold of the person in the role of the victim with a similar procedure.

The real participant was then brought into the scanner while the victim and the person executing
orders sat in the room adjacent to the scanner with the experimenter. The victim was connected
to the machine delivering the painful stimulations. The victim truly received electric shocks
during the experiment, as it triggered a muscular contraction visible by the agent located in the
scanner. This procedure ensured that participants trusted the procedure, as they could see in
real-time the muscular contractions of the victim each time a shock was sent. However,
unknowingly to the participant, the pain threshold of the research assistant was reduced up to a
non-painful stimulation, which nonetheless triggered a similar muscular contraction.

There were four experimental conditions that participants had to realize inside the MRI scanner.
In two experimental conditions, they were in the role of the person acting, hereafter referred to
as “agent”, and in two other experimental conditions, they were in the role of a person giving
orders to the agent executing orders, hereafter referred to as “commander”. In each role,
participants could either freely decide to send or not a shock to the victim in exchange for €0.05
(i.e., free-choice condition) or were receiving precise orders by the experimenter to send or not
the shock to the victim, again in exchange for €0.05 (i.e., coerced condition). In coercion blocks,
all participants were instructed to deliver a shock on 50% of trials and in the free-choice blocks,
they were free to decide the number of shocks to administer. Thus, in the AgentCoerced
condition, the experimenter gave a precise order to the participants to either ‘give a shock’ or
‘don’t give a shock’ to the victim, and participants were pressing the buttons themselves (see
Figure 1A). In the AgentFreeChoice condition, participants could freely decide and press keys
to send or not a shock to the victim by themselves. To have a similar causation and auditory
information in all the experimental conditions, participants also received a verbal instruction
and told participants ‘you can decide’. In the CommanderCoerced condition, Participants
received an order from the experimenter and had to transmit it to the person executing the
orders, who then pressed the buttons. The person executing orders, which was one of our
research assistants, always followed exactly the orders received by the commander, to avoid
introducing an element of unpredictability in the paradigm. In the CommanderFreeChoice
condition, participants had to freely decide which order to send to the person executing orders.
Again, to have similar experimental conditions, the experimenter gave the verbal instruction
‘you can decide’ before. Orders of conditions were semi-randomized, so as participants always
started with one role and performed either the free-choice or the coerced condition first,



followed by the second experimental condition, and then performed the two experimental
conditions in the second role.
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Figure 1.

Participants inside the MRI scanner could see a display divided in three windows: on the top
left, the recipient’s (i.e., victim) left hand was displayed in real time (see Figure 1B). On the
top right, the button box used by the agent in commander conditions was displayed. The rest of
the screen showed either a fixation cross, the key mapping to deliver orders and the rating scale.
Each trial started with a fixation cross presented on a black screen for a jittered duration drawn
from the distribution as in (Cracco et al. 2019), namely with 50% short durations (200, 800,
1400, or 2000 ms), 33.3% intermediate durations (2600, 3200, 3800, or 4400 ms), and 16.7%
long durations (5000, 5600, 6200, or 6800 ms). Then, participants received an auditory
instruction (‘Give a shock’ / ‘Don’t give a shock’ in coercion trials; “You can decide’ in free
choice trials). Unbeknownst to participants, these instructions were pre-recorded to allow
precise timing. To increase the authenticity of the procedure, each sentence was recorded 4
times with small variations in the voice and played in random order. In addition, the audio
recordings included a background sound similar to interphone communications. After receiving
the verbal instruction, a picture of two rectangles, a red one labeled ‘SHOCK’ and a green one
labeled ‘NO SHOCK”’, was displayed on the left and right bottom of the screen. The key-
outcome mapping varied randomly on a trial-wise basis, but the outcome was always fully
congruent with the mapping seen by the participant. Participants could then press one of the
two buttons. Pressing the SHOCK key delivered a shock to the victim while pressing the NO
SHOCK key did not deliver any shocks. Both choices were available on each trial, regardless
of any instructions given. A tone followed each button press after 200, 500 or 800 ms. Action-
tone intervals were shuffled with the constraint that within a set of six trials, each interval was



presented twice. On trials where a shock occurred, it was delivered at the same time as the tone
to avoid introducing a temporal bias in interval estimates. Participants were always asked to
estimate the interval between their button press and the tone (following the procedure described
in (Caspar et al. 2015). When they were in the role of the agent, an analogue scale with ‘0’ on
the left side of the scale and ‘1,000’ on the right side was displayed on the screen. When they
were in the role of the commander, the same scale was used but this time the end limit was
‘1,500°, as they also had to take into account the time taken by the person executing orders after
them to press the buttons. A red position marker was displayed on that scale with a number,
corresponding to the marker’s current position in ms. The starting position of the marker varied
randomly on a trial-wise basis. Participants had 2 buttons, one for each hand, to adjust the
position of the marker by steps of 100 ms if they pressed for a long time on buttons, and 1 ms
if they pressed quickly on the button. After a fixed duration of 6 seconds, their answer was
saved, and the trial finished. Thus, all the experimental conditions were identical in terms of
visual, auditory and somatosensory events, and the only differences were the content of
instructions (‘You can decide’ in the free-choice condition vs. ‘Give a shock / don’t give a
shock’ in the coerced condition), and the presence of a person giving orders when participants
were in the commander role. Further, the instruction phase was separated from the action
execution phase, because the response-outcome mapping was presented only after the
instructions were given. Thus, decision making - whether to give a shock or not —was separated
from motor preparation and execution. The task was split into 4 blocks of 60 trials each. After
the first two blocks, anatomical T1 images were recorded.

STUDY 2: Participants came at the MRI scanner alone, and were introduced to an unknown
age- and gender-matched partner, who acted as a second participant but was in reality a
confederate. The participant took the role of “agent” whereas the partner took the role of
“victim.” Military participants came dressed in civilian clothing, as they are forbidden to wear
their military uniforms outside military institutions unless they have special authorization
related to their duties. To make the real participants believe that the other person was also a
participant, the experimenter welcomed them at the same time in the waiting room of the
hospital. In addition, all the information was provided similarly to the two participants, and the
confederate asked questions such as any naive participants would do.

The different neuro-cognitive processes were targeted in two separate MRI runs, both based on
the same experimental paradigm. This decision was informed by a previous study indicating
that if the consequence of an action occurs more than four seconds after the action, modulations
of the sense of agency with the temporal binding method no longer lead to measurable changes
in time perception (Buehner & Humphreys, 2009). To distinguish brain activity related to motor
response from that related to processing the pain of the victim, relatively long jittered action-
outcome delays had to be used, precluding the use of time estimates. In the Agency run
(targeting the pre-decision phase, the decision-making phase and the post-decision phase for
post-effects), agents completed a temporal binding task, whereas in the Empathy run (targeting
the post-decision phase for outcome and post-effects) agents rated a pain scale.

After signing the consent forms simultaneously, participants in the role of the agent were trained
for the two runs (Agency and Empathy) to ensure they understood the tasks and correctly
estimated the delays between the keypress and the tone for the Agency run (see below). No
participants required more than 12 trials to successfully complete the training. Then, the pain
threshold was determined for both participants in front of each other, similar to the procedure
used in Caspar et al. (2016). We placed two electrodes on their left hand, which were connected
to a Digitimer DS7A sending electric stimulations set-up to be at the pain threshold. The



electrodes were placed on the abductor pollicis muscle as it produced a visible muscle twitch,
visible when a shock is delivered. Visualizing a painful stimulation is indeed important to
trigger an empathic reaction in the brain of the observer (Keysers & Gazzola, 2014; Krishnan
et al., 2016). The experimenter increased the threshold by steps of 2mA until determining a
threshold that was mildly painful for both participants. Participants were instructed to indicate
when the sensation of the administered shock changed from unpleasant to painful. To confirm
their certainty, the experimenter reiterated the shock at the same intensity, seeking confirmation
from the participants. Once they affirmed that the discomfort had indeed escalated to pain, the
designated pain threshold was established. This procedure ensured that our participants knew
that the shocks were real and how painful they were. Unknowingly to the participants, during
the acquisition, the threshold of the victim was reduced up to a threshold that was not painful,
but still triggered a visible muscle twitch. After the pain threshold procedure, the confederate
playing the role of the victim sat at a table located outside the MRI scanner, connected to the
electric device, and the military participant playing the role of the agent was placed in the
scanner with a joystick in each hand. In front of them there was a screen split into two sections:
the upper displayed the experimental interface, and the lower showed a live video feed of the
victim's hand, ensuring that the agent could observe the hand throughout the task and
confirming that the video was not pre-recorded.

There were two different MRI runs: one for Agency and one for Empathy, using the same
experimental protocol. For both runs, on each trial, the agent was asked by the experimenter to
send or not a real mildly painful electric shock to the victim (“Send a shock”, “Do not send a
shock”). The instructions were actually pre-recorded to control precisely the timing of the audio
instructions. To make participants believe that the instructions were really given in real-time by
the experimenter, there were 6 pre-recorded instructions for each order, with small variations
in the voice of the experimenter, similarly to Caspar and colleagues (2020). After having
received the instruction, agents had to decide to obey or not the experimenter’s orders by
pressing the corresponding “shock™ or “no shock™ button. To indicate which button was
associated with shock and no shock on each trial, an image appeared, with a red square labelled
“shock” and a green one labelled “no shock™ displayed on the left and right parts of the screen.
The mapping of the two buttons varied randomly to avoid participant’s response anticipation.
Each time agents decided to give a shock, they earned + €0.05 in addition to their basic
remuneration. For each run, the experimenter ordered agents to “send a shock” in 80 trials and
to “not send a shock™ in 40 trials. The sequence of orders given by the experimenter to shock
or not the victim was random and differed between agents. Note that we offered participants
the possibility of not following orders by explicitly mentioning this option in the instructions:
“I will ask you on each trial whether to send a shock to the victim or not. You will then choose
to press one or the other button. Please know that you are not obliged to follow my instructions,
| cannot force you to do anything, ultimately it is your decision”. This decision was made
because, in pilot studies, we realized that participants never disobeyed in an MRI environment,
thinking that they should not bias our study by doing so. Therefore, we introduced this small
sentence to encourage participants to disobey more often, allowing for an analysis of
disobedience. Each MRI run lasted 20 minutes. In total, agents performed 240 trials, 120 in
each MRI run.

Agents completed two tasks in distinct counterbalanced, Agency and Empathy, runs. During
the Agency run, at each trial, agents decided to obey or not to the experimenter order by pressing
one of the two keys. Then, a 400Hz-tone followed the keypress after a 200, 500 or 800ms
pseudo-randomized delay. When a shock was given to the victim, it was delivered
simultaneously with the tone occurrence. Agents were asked to estimate the action-outcome



delay corresponding to the interval between the keypress and the tone (Caspar et al., 2016). A
temporal binding scale from 0 to 1,000ms was displayed on the screen. Agents had 6 seconds
to estimate the interval by adjusting a red position marker on the scale, using the joysticks.

During the Empathy run, after agents decided to obey or not the experimenter order by pressing
one of the two keys, an arrow pointing to the video of the victim’s hand was displayed on the
screen during 1,500ms. This ensured that agents focused on the hand during the outcome
(shock/no shock). The shock was delivered between 2.5 and 6s after the keypress to ensure no
overlap between the motor response of the keypress and the processing of the victim’s pain
(Caspar et al., 2022). Then, a pain rating scale appeared randomly in 20% of the trials (24/120
trials). It was ranged from 0 (“not painful at all) to 1,000 (“very painful”’). Agents had 6 seconds
to rate the intensity of the victim’s pain, associated to the received shock they saw, by adjusting
a red position marker on the scale, using the joysticks. If no shocks were delivered on that trial,
agents were asked to report that the shock was “not painful at all”.

RESULTS

STUDY 1:

Temporal binding (TB). We conducted a repeated-measures ANOVA with Role (agent,
commander), Shock (shock sent, no shock sent) and Condition (free-choice, coerced) as within-
subject factors and Group (civilian, military) as a between-subject factor on z-scored interval
estimates. We observed a significant main effect of Condition (F(1,28)=6.058, p = .02,
pn2=.178), with shorter z-scored interval estimates in the free-choice condition (-.084, 95%ClI:-
131 - (-).036) than in the coerced condition (.021, 95%CI: -.027 - .069), see Figure 3C. The
Bayesian version of the same analysis was inconclusive (BFinc=.591). All other main effects or
interactions were in favor of HO (all ps > .89, all BFsina <.201).

Neural correlates of TB, irrespective of condition or role. We first analyzed the four tasks
together (i.e., [AgentFree+AgentCoerced+CommanderFree+CommanderCoerced]), for all
participants in order to assess the neural correlates of TB, regardless of the group, role, or
experimental condition. After FWE correction, we observed several clusters of significant
activation encompassing the occipital lobe, the SFG, the MFG, the IFG, the precuneus, the
caudate, and the lateral occipital cortex (Figure 2). This activation suggests that the lower the
interval estimates were, suggesting a greater sense of agency, the higher the activity in these
regions was. We observed no clusters for civilians taken separately, for military taken
separately, or by comparing civilians to military.
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Figure 2.

We then compared civilians to military, and we observed no difference at the FWE correction
showing that the neural correlates of TB are consistent across the two groups. Only at
uncorrected thresholds some very small clusters (volume < 76 mma3) emerged but were not
worth reporting. At the visual level, when analyzing the activation maps of civilians and
military separately, we observed that a cluster encompassing the precentral gyrus, IFG and
MFG in the military group, but not visually present in the civilian group.

STUDY 2:

Temporal binding: We conducted a repeated-measure ANOVA with two within-subject factors
Instruction and Choice and the between-subject factor Population on IEs z-scores and error-
scores as the dependent variable. For z-scores, we only found a main effect of Choice
(F(1,271)=12.16, p<0.001, 1,%=0.04, BF;,,=2.29), along with a marginal main effect of
Population (F(1,102)=3.78, p=0.05, 7,%=0.04, BF;,=0.20) and a marginal Choice X
Population interaction (F(1,271)=3.61, p=0.06, 1,?=0.01, BF;,;=0.27). The z-score was
higher, reflecting a lower SoA, for disobedience than obedience choices (mean Obedience=-
0.06, Cly5: £0.03, mean Disobedience=0.16, Cly5: +£0.12), particularly for military agents, as
post-hoc analyses indicated significant differences between the two populations for
disobedience only (p=0.01). For error-scores, significant results were obtained only for the
main effects of Choice (F(1,271)=10.35, p=0.001, 1,2=0.04, BF;,,=1.22) and Instruction
(F(1,271)=5.79, p=0.02, 1,2=0.02, BF;;,;=0.36). In line with z-score, the error-score was
higher, indicating less SoA, for disobedience than obedience (mean Obedience=-51.33, Clys:
+14.47, mean Disobedience=-6.81, Cly5: £30.64). Also, the instruction to shock led to higher
SoA than when asking to not send a shock (mean “Send a shock”=-48.48, Cly5: £17.09, mean
“Do not send a shock”=-10.28, Cly5: +28.83). No difference was found between military and
civilians (all ps>0.2, all BF;,;;s<0.1).

Relations between prosocial disobedience and behavioral measures. In military agents,
significant (or marginal) correlations were found between %Pro_disob and IE scores (Z-score:
r=-0.36, p=0.008, BF,;,=11.85; Error-score: r=-0.25, p=0.07, BF;,=1.33). These negative
correlations indicated that a lower interval estimate, reflecting higher SoA, was linked to a
higher tendency to refuse to send a shock. For the pain score when obeying to send a shock, a
marginal positive correlation emerged with the %Pro_disob (r=0.18, p=0.08, BF,;,=0.6),
showing that a higher pain score when the military agents witnessed a shock was linked to a
higher tendency to refuse to send a shock.

To explore differences in relationships between the two populations, we performed a segmented
regression model analysis. No significant effect of Population was found, suggesting that the
relationship between %Pro_disob and behavioral measures (IE scores, pain score) was
consistent across both populations.

Correlations between ROIs and the decision. For each epoch (pre-decision, decision-making,
post-decision for outcome and post-effects) we extracted the mean beta value of each of the 17
defined ROIs using the associated [“Send a shock™/Obedience > “Send a shock™/Disobedience]
contrast and the [“Send a shock”/Obedience > “Do not send a shock”/Obedience] contrasts.
The contrast [“Send a shock”/Obedience > “Send a shock/Disobedience] was used to
investigate if a change of activity during the pre- and decision-making phases could result in



different choices, leading to more or less prosocial disobedience rates. The contrast [“Send a
shock”/Obedience > “Do not send a shock”/Obedience] was used to investigate if agents
maintaining brain activity during the post-decision phase after sending a shock, could be more
susceptible to disobey. We then conducted multiple correlation analyses between the beta
values and the %Pro_disob of military agents.

For the [“Send a shock”/Obedience > “Send a shock™/Disobedience] contrast, no correlation
emerged between the %Pro_disob and the ROIs’ activity during the pre-decision phase. During
the decision-making phase, four ROIs were positively significantly correlated with
%Pro_disob: bilateral Al (left: r=0.49, pppr=0.05, BF;,=0.48; right: r=0.52, pppr=0.05,
BF,,=24.46), right TPJ (r=0.48, prpr=0.05, BF;,=5.97) and Prec/PCC (r=0.46, prpr=0.05,
BF,,=2.43). A tendency for a positive correlation with the left SMG was also found (r=0.42,
rrpor=0.07, BF;;,=3.86). These correlations indicated that the more agents had activity in Al,
right TPJ, Prec/PCC and left SMG when making their decision to obey to send a shock, the
more frequently they refused the orders to send a shock. This result could also be considered in
another way where agents who disobeyed the less reduced activity in regions associated to the
decision-making phase.

For the [“Send a shock”/Obedience > “Do not send a shock”/Obedience] contrast targeting
obedience trials only, we found positive correlations between the %Pro_disob and ROIs activity
during the post-decision phase. Specifically, for the post-decision outcome period, five ROIs,
preferentially in the right hemisphere, were found to positively correlate with %Pro-disob: right
IOG/AG (r=0.49, prpr=0.01, BF,;(=13.53), right SMA (r=0.45, prpg=0.02, BF;,=11.16), right
TPJ (r=0.41, pppr=0.03, BF;,=4.93), right PreG (r=0.37, prpr=0.04, BF,;,=13.28) and
Prec/PCC (r=0.43, prpr=0.02, BF,,=5.01). Finally, for the post-effects period, we again found
a significant correlation with right IOG/AG (r=0.48, prpr=0.01, BF;,=5.23), right PreG
(r=0.44, prpr=0.02, BF;,=31.24), right TPJ (r=0.42, prpr=0.02, BF;,=19.91) and Prec/PCC
(r=0.48, prpr=0.01, BF;,=67.68). The left TPJ was also significant (r=0.43, prpr=0.02,
BF,,=8.13) and a tendency was found for the right Al (r=0.36, prpr=0.06, BF;,=15.05). These
correlations indicated that the more agents had activity in these regions during this post-decision
phase when they obeyed orders to send a shock, the more frequently they refused the orders to
send a shock. This result could also be considered in another way where agents who disobeyed
the less reduced activity in regions associated to the post-decision phase.

For each significant correlation between the %Pro_disob and ROI’s activity, we conducted a
segmented regression model analysis to investigate if the above-mentioned relationships were
different between military and civilians. The analysis was conducted considering the two
directions of the relationship between the variables (i.e., the influence of %Pro_disob on the
ROI’s activity: ROI’s activity ~ %Pro_disob x Population; and the influence of the ROI’s
activity on the %Pro_disob: %Pro_disob ~ ROI’s activity x Population).

For the decision-making phase investigated using the [“Send a shock”/Obedience > “Send a
shock”/Disobedience] contrast, we found a Population effect on the two directions of the
relationship between the %Pro_disob and the right TPJ as well as Prec/PCC’s activity (ROI’s
activity ~ %Pro_disob x Population: p=0.04 for right TPJ and p=0.01 for Prec/PCC;
%Pro_disob ~ ROI’s activity x Population: p=0.03 for right TPJ and p=0.02 for Prec/PCC). We
also found an influence on the relationship between the %Pro_disob and bilateral Al activity,
but only considering the ROI’s activity ~ %Pro_disob x Population model (left Al: p=0.08;
right Al: p=0.02). All these results indicated that the positive relationships between the



%Pro_disob and the activity in right TPJ, Prec/PCC and bilateral Al, were stronger for military
than civilians.

For the post-decision phase targeting outcomes and post-effects, investigated using the [“Send
a shock”/Obedience > “Do not send a shock/Obedience] contrast, we did not find significant
influence of the Population on the relationship between the ROIs activities and the %Pro_disob.
It suggests that the positive relationship between the %Pro_disob and the brain network
associated with the post-decision phase when obeying orders, was consistent across both
populations.

DISCUSSION

The sense of agency is not a homogeneous psychological phenomenon (Charalampaki et al.
2022). 1t is therefore not surprising to observe large activation networks that may vary
depending on factors such as the intentionality of the action, the valence of the outcome, or the
congruence between action and outcome, among others. It is thus important to investigate SOA
in various experimental contexts, with various measurements methods and various populations
to determine which findings are generalizable and which are not, in order to advance our
understanding of the neural bases of the sense of agency (SoA).

We observed in Study 1 that various brain regions, including the occipital lobe, the superior
frontal gyrus, the middle frontal gyrus, the inferior frontal gyrus, the precuneus, and the lateral
occipital cortex, were associated with variations in time intervals—a proxy for the sense of
agency—irrespective of the experimental condition (e.g., free-choice or coerced). Overall, we
did not observe differences in brain activations between the control group and military
personnel in our models at corrected thresholds. Differences only emerged at uncorrected
thresholds. This suggests that the pattern of brain activations associated with SoA in moral
decisions is generalizable across different populations and experimental conditions. However,
it is also possible that our sample was not sufficiently distinct from the control group to detect
significant differences. Due to organizational constraints (i.e., junior cadets were not permitted
to leave the Royal Military Academy for four hours), we could not include junior cadets or
privates in this study. Future research should consider testing privates or officers with more
years of experience to determine whether differences become more pronounced compared to
controls, or if these processes remain stable across different contexts and populations.

In Study 2, we observed the military participants had a reduction of SOA when they disobeyed
orders prosocially compared to when they obeyed orders. This result may suggest that resisting
the experimenter’s instructions, which is not an action that military are trained to do, reduce the
experience of authorship as going against direct orders. However, fMRI results showed that
military participants relied more on brain regions activated in the post-decision phase to resist
orders, notably the activity in right TPJ, Prec/PCC and bilateral Al. This could indicate that as
SoA may be altered by the military environment (Caspar et al., 2020), other mechanisms are
used to resist orders.
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