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Abstract

Prior research has shown conflicting findings on decision-making differences between autistic and non-autistic individuals.
To address this issue, we applied the Ultimatum and Dictator Games to examine explicit measures (probability of endorsing
monetary offers) and implicit measures (response times) associated with decision-making behaviors. By analyzing response
times, we aimed to determine whether decisions were intuitive (rapid) or deliberative (slower) reasoning processes. In addition,
we administered an executive functions questionnaire to explore how cognitive skills correlate with implicit and explicit
decision-making behaviors. The study included 24 autistic and 24 non-autistic children and adolescents aged 8—18years. Results
showed that autistic participants were less likely to propose selfish offers in the Dictator Game than their non-autistic peers.
Among autistic participants, this lower tendency to propose selfish offers correlated with better executive function skills.
Regarding response times, autistic participants exhibited slower responses than non-autistic participants when accepting and
proposing selfish offers in both games. These findings reveal differences in selfish offer tendencies and deliberative reasoning
among participants, suggesting that slower decision-making in autistic participants reflects a focus on fairness and sociomoral
reasoning. Future research can explore how this reasoning style influences social interactions in various scenarios.

Lay Abstract

Autistic kids and teens often have unique ways of communicating and socializing with others. Making decisions is important in
how we behave daily and how we socialize. To study if autistic participants tend to make more cooperative or selfish choices,
we used two games where participants had to share money between themselves and another player. Previous results were not
consistent and that is why general assumptions could not be established. Also, previous results focused on the final decisions and
did not consider the process that leads to making decisions. To fill the gap in what we know, this study dug deeper by evaluating
how quickly or slowly participants made decisions and explored executive functions needed for daily decisions. The study found
that autistic participants, with better executive functions, made less selfish offers (where they could keep more money than
their peers) than non-autistic participants. Also, autistic participants took more time to decide than non-autistic participants,
only when they could earn more money than the other player. Interestingly, these results are consistent with studies indicating
that autistic children distribute resources without a primary focus on personal gains. These findings reshape how we view social
exchanges and recognize that slow, deliberate thinking can lead to less selfish decisions in autistic children and adolescents.
Future research could explore how this reasoning style influences social interactions in varied contexts.
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Introduction

Effective decision-making involves choosing the most
suitable option from various alternatives to maximize
the cost—benefit outcome (Sanfey, 2007). In recent years,
this topic has gained increasing interest in mental health
disciplines, particularly among conditions characterized
by social distinctiveness (Hinterbuchinger et al., 2018).
This growing interest arises from the recognition that
decision-making is a fundamental component of social
functioning (Sanfey, 2007), especially within conditions
such as autism. Autistic children and adolescents often
exhibit distinct patterns of social communication and
interaction. Given these unique social characteristics,
understanding decision-making processes during social
interactions in the autistic population is crucial. Despite
the abundant existing literature, research on decision-
making in autism has produced conflicting findings
regarding socially cooperative and selfish decisions (e.g.
Hartley & Fisher, 2018; Hase et al., 2023; Townsend
etal., 2021; Woodcock et al., 2020). Moreover, previous
studies have often focused on the resulting behavior of
the decision (response) and less on the decision-making
process itself. To address this gap, the present study
examined both explicit (observable responses) and
implicit (response times (RTs)) measures to clarify the
underlying decision-making behavior among autistic
children and adolescents. Specifically, we employed the
Ultimatum Game (UG) and the Dictator Game (DG),
two interactive tasks frequently used to study decision-
making processes. In addition, executive functions (EFs)
were examined to explore their association with deci-
sion-making. By measuring decision responses, RTs, and
executive functioning, the present experiment provides a
comprehensive examination of the deliberative aspects
of decision-making and sheds light on how various fair-
ness scenarios influence decisions in autistic children
and adolescents.

The UG and DG are economic bargaining games where
a sum of money must be allocated between two players—
specifically, a proposer and a responder. In the UG, the
proposer makes an offer on how to split the money, and
the responder chooses whether to accept or reject the
offer. If the responder accepts, both players receive the
agreed amount, demonstrating cooperative prosocial
behavior from the responder’s stance; however, rejecting
the offer results in no gain for either party. On the other
hand, in the DG, the proposer decides how to distribute
the money, and the responder must accept the offer. The
DG allows researchers to study either a selfish preference
to keep more money or a prosocial preference to offer
more to others (Leder & Schiitz, 2018; Van Dijk & De
Dreu, 2021). In the present study, participants took the
role of the responder in the UG and the proposer in the

DG. Offers were categorized from the participants’ per-
spective as either: (1) fair (a 50:50 split); (2) selfish/ultra-
fair (where the participant earns more than half); or (3)
selfless/unfair (where the participant earns less than
half)—note that the terms “selfish” and “selfless” are used
to refer to the behavior of accepting ultra-fair and unfair
offers, respectively.! According to game theory (Nowak
et al., 2000), rational decisions to maximize one’s gains
would involve accepting all offers as a responder in the
UG, which reflects cooperative prosocial behavior, and
proposing the least amount of money in the DG, which
reflects selfish behavior. However, prior research with
samples from the general population has shown that indi-
viduals generally tend to reject unfair offers in the UG due
to the negative emotions elicited by unfair treatment,
resulting in irrational (e.g. aversion to inequality) or emo-
tional (i.e. altruistic punishment) non-cooperative deci-
sions (Chen et al., 2021; Sanfey et al., 2003; Zheng et al.,
2017). In addition, in the DG, participants tend to make
the most economically rational decision by proposing
ultra-fair offers (from the proposer’s stance) to a higher
percentage than fair and unfair offers (Engel, 2011).
Various theories can be applied to explain autistic deci-
sion-making within the context of the UG and DG. First,
the Theory Of Mind (ToM) hypothesis suggests that autis-
tic individuals face challenges in understanding the
implicit intentions of others and attributing others’ mental
states (Baron-Cohen, 2000; Baron-Cohen et al., 1985).
This implies that in economic bargaining games, autistic
individuals may struggle to recognize others’ emotional
aversion to inequality. While the ToM hypothesis has fre-
quently been used as a framework for autism research,
recent studies have shown that additional cognitive func-
tions may also influence decision-making in autism.
Apperly and Butterfill (2009) proposed a dual-system
model of ToM, suggesting that individuals employ two
distinct cognitive systems for understanding others’ men-
tal states: an automatic (implicit) system and a reflective
(explicit) system. This dual-system concept has been
applied to autism research through the dual-process theory
(e.g. see Hartley & Fisher, 2018; Jin et al., 2020; Townsend
et al., 2021; Woodcock et al., 2020). The dual-process the-
ory (Brosnan et al., 2016; Evans, 2011) proposes that an
intuitive emotional process can be coupled with rational
cognitive processes when applied to decision-making.
While the intuitive process is fast, automatic, and emo-
tional, the rational cognitive process is slow, deliberative,
and dependent on EFs (Brosnan et al., 2016; Demetriou
et al., 2019; Evans, 2010; Pérez-Lalama et al., 2020; Shiri
et al., 2018). A growing body of research suggests that
autistic populations tend to inhibit the influence of intui-
tive processing, favoring more deliberative processing
determined by tangible outcomes (Brosnan et al., 2016;
Evans, 2011), such as rational decisions in the UG and DG
games to optimize the overall outcome. This inclination
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results in a diminished reliance on social heuristics and a
slower decision-making process (Brosnan et al., 2016;
Evans, 2011; Isler et al., 2021; Jin et al., 2020).

Previous research on decision-making focused on
understanding two types of explicit behaviors (Sodian
et al., 2015; van der Plas et al., 2023). On the one hand,
cooperative prosocial behavior is observed when partici-
pants accept fair offers or sacrifice their own self-interest
to accept unfair offers in the UG and ensure that both play-
ers receive a monetary amount. On the other hand, selfish
behavior is observed when a participant proposes unfair
offers in the DG to maximize their own earnings (Miraghaie
et al., 2022; Paulus & Rosal-Grifoll, 2017; Sally & Hill,
2006; Schmitz et al., 2015). For instance, when examining
responses in the UG, several studies found that autistic
children and adolescents exhibited more cooperative
prosocial behavior than their non-autistic peers by accept-
ing more unfair offers (less than half of the total; Jin et al.,
2020; Sally & Hill, 2006; Schmitz et al., 2015; Wang et al.,
2019). Conversely, in a study by Woodcock et al. (2020),
autistic adolescents accepted fewer unfair offers, reflecting
non-cooperative behaviors. When selfish behavior was
examined in the DG, Paulus and Rosal-Grifoll (2017)
observed that autistic children offered more unfair offers
(unfair to them and ultra-fair to the other participants) as
proposers than non-autistic peers. This selfless behavior
was also confirmed by Hase et al. (2023) and Schmitz
etal. (2015), even though in the latter-mentioned study, the
authors also found a contradictory preference in autistic
children and adolescents to offer selfish/ultra-fair amounts,
unlike the non-autistic group that offered fair amounts.
However, other studies found no across-group differences
in the DG, where both tended to offer fair amounts (Sally
& Hill, 2006). Despite the contradictory decision-making
behaviors noted in autism, when the underlying processes
were examined, Jin et al. (2020) and Woodcock et al.
(2020) identified a connection between better EF skills and
greater cooperative prosocial behavior in autistic partici-
pants—this was explained as a way to secure a monetary
gain and maximize the possible earnings by the end of the
game. Thus, it is challenging to deduce the implicit pro-
cesses (intuitive, emotional process vs rational, cognitive
process) in which autistic children and adolescents demon-
strate cooperative or selfish behaviors.

A dependent variable that reflects implicit processes
and can provide valuable insights into participants’ intui-
tion and deliberation in their responses is RT (Alos-Ferrer
etal., 2016). In a prior study by Ikuse et al. (2018), autis-
tic adults showed slower RTs and distributed more money
than non-autistic adults in a modified version of the UG.
The version of the UG used by Ikuse et al. (2018) had
participants take only the role of the proposer and were
presented with distinct background conditions, in which
responses were algorithmically determined. While Ikuse
et al.’s (2018) findings with adult participants are

informative, we should note that autistic adults generally
show slower RTs than non-autistic adults and can learn to
compensate for non-adaptive decision-making behaviors
(see Livingston et al., 2019; Zapparrata et al., 2023).
Furthermore, small variations in the design of economic
bargaining games can change participant’s behaviors (see
Houser & McCabe, 2014). For these reasons, in our
study, we focused on autistic children and adolescents
because it is a critical developmental stage for social
functioning that might benefit from specific and targeted
support. In addition, to reduce the variability across the
potentially different versions of the UG and DG, we
applied a previously employed design (e.g. see Jin et al.,
2020; Wang et al., 2019) to gather a complete picture of
decision-making processes in autism. To achieve this
objective, our study presented computerized versions of
both the UG and the DG, allowing us to accurately regis-
ter participants’ RTs. Thus, our study builds upon previ-
ous research conducted by Jin et al. (2020) and Wang
et al. (2019) with the novelty of including the DG and
incorporating the measurement of RTs as an implicit
marker of decision-making processes. In addition, as in
previous research with these paradigms (Jin et al., 2020;
Woodcock et al., 2020), we also measured EF to obtain
an additional dimension of cognitive processes that could
be correlated with implicit and explicit decision-making
behaviors (Carlson et al., 2013). A free distribution task
was also applied to assess decision tendencies in a condi-
tion without predefined fairness conditions.

Based on the theories discussed above, it was possible
to make some specific predictions. First, it was hypothe-
sized that decision-making in autistic children and adoles-
cents would be based on rational (deliberative, reflective)
cognitive processes rather than intuitive (emotional) pro-
cesses, resulting in higher rates of accepting unfair distri-
butions as responders in the UG and higher rates of
proposing unfair distributions as proposers in the DG,
compared to non-autistic participants. This outcome would
align with the ToM hypothesis and dual-process theory,
which explain an autistic difference when predicting oth-
ers’ mental states regarding offers and a preference for
rational reasoning (Baron-Cohen, 2000; Baron-Cohen
et al., 1985; Brosnan et al., 2016; Evans, 2010; Jin et al.,
2020; Nowak et al., 2000; Wang et al., 2019). Second, it
was expected that autistic children and adolescents would
exhibit slower RTs in the UG and DG (i.e. slower decision-
making) than non-autistic peers. Interestingly, it was
expected that RTs will vary depending on the conflicting
nature of the presented decision, in particular when com-
paring ultra-fair/unfair versus fair scenarios. This outcome
would provide an observation of the implicit process in
autistic decision-making, support the dual-process theory
by indicating a more prominent deliberative process, and
provide information on an underlying process influencing
social functioning (Brosnan et al., 2016; Evans, 2010;
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Ikuse et al., 2018). Third, while it was anticipated that EFs
would influence decision-making, the specific nature of
this relationship was approached as exploratory due to the
limited empirical evidence and the complex interplay of
EF components. It was expected that better EF would be
associated with more rational decisions (i.e. decisions that
maximize financial gain) and less intuitive decisions in
autistic children and adolescents (Demetriou et al., 2019;
Jin et al., 2020; Jones et al., 2018; Nowak et al., 2000;
Woodcock et al., 2020; see also Polonyiova et al., 2024 for
more information on how ToM and EF may relate).

Methods

Participants

A statistical power analysis was carried out using G*Power
software (Faul et al., 2007) to determine the required sample
size for detecting a medium-sized interaction effect (f=0.25)
in a repeated measures analysis of variance (ANOVA) with
a within-between interaction. The required sample size for
detecting a two-way interaction effect with a partial eta
squared of 0.06 and power (1—f)=0.95 (Cohen, 2013) in a
repeated measures ANOVA with a within-between interac-
tion. Specifically, the power analysis focused on the interac-
tion between Justice (a within-subjects factor with three
levels: ultra-fair, fair, and unfair) and Group (a between-
subjects factor with two levels: autistic vs non-autistic).
This interaction represented the primary focus of the study,
aimed at determining whether autistic and non-autistic chil-
dren differ in their justice decisions during economic bar-
gaining games. The assumed effect size (partial eta
squared=0.06, which corresponds to /=0.252) was consist-
ent with findings from previous studies (Jin et al., 2020;
Woodcock et al., 2020). For example, Woodcock et al.
(2020) examined interactions between group and decision-
making variables and found medium-to-large effects for
group differences in UG offers (d=0.66, corresponding
approximately to f=0.467), as well as smaller interaction
effects for the acceptance rates of unfair offers (¢=0.25,
approximately /=0.177). Similarly, Jin et al. (2020) reported
interaction effects between group and decision-making
responses in acceptance rates of unfair offers, with an effect
size of d=0.71 (equivalent to f=0.502). These previous
studies support assuming the medium effect size in the cur-
rent study. With a=0.05, power (1-f)=0.95, and a non-
sphericity correction of 1, our analysis indicated that 42
participants would be required. We, therefore, recruited a
sample of 51 participants to ensure sufficient power to
detect the hypothesized interaction effects and effectively
address our research goal.

The 51 participants included in the study consisted of
25 autistic and 26 non-autistic children and adolescents,
aged between 8 and 18 years and matched for age, sex, and
intelligence quotient (IQ). Most participants in the autistic

group were males (87.5%; see Lockwood Estrin et al.,
2021), and this percentage was maintained in the non-
autistic group to ensure balance. None of the participants
were at risk of social exclusion; they all had access to ser-
vices and goods (e.g. food, education, housing, health care,
and transportation) to participate in society and in this
study (Azmat, 2020).

Autistic participants were recruited through local associa-
tions and clinical referrals, while non-autistic participants
were recruited through schools and community contacts.
Parents of children and adolescents interested in participat-
ing consented to the local associations or professionals to
share their contact information with our research team.
Subsequently, our team contacted the parents, provided
information sheets, explained the research study, and sched-
uled an evaluation date. Part of the research team are profes-
sionals working daily with autistic individuals, reflecting the
engagement of the researchers with the autistic community
and the high willingness of the autistic community to partici-
pate in this study. There was no other community involve-
ment in this work. The hospital’s Research Ethics Committee
approved the study, and all procedures aligned with the 1964
Declaration of Helsinki. All participants over 12 years of age
and their parents provided signed consent; participants under
12 years gave verbal assent and their parents signed the con-
sent form. Given the sensitive nature of the study questions,
consent for sharing data on individual characteristics was not
sought; however, anonymized task performance data are
available in the repository: https://osf.io/svrdk/?view_only=
ce60f73d9e3edel 7aa7fd52b4faf7526.

Autistic participants were included if they were previ-
ously diagnosed with autism spectrum disorder (ASD) by
a psychiatrist or clinical psychologist. A qualified clinical
psychologist confirmed the diagnosis through interviews
with parents using the Autism Diagnostic Interview-
Revised (ADI-R; Rutter et al., 2003). Moreover, parents of
both groups completed the Child Behavior Checklist
(CBCL/6-18; Achenbach & Edelbroch, 1991). In the
CBCL, T-scores equal to or above 70 indicate clinically
significant behavioral difficulties.

According to parent reports and reviews of medical
records, both autistic and non-autistic participants were
excluded if they met any of the following criteria: (1) lan-
guage impairments (scores <80 on the Kaufman Brief
Intelligence Test (K-BIT)’s verbal domain (Kaufman and
Kaufman, 1990); (2) low academic performance (i.e. repeat-
ing a school year or 1Q scores <80 as measured by the
K-BIT); (3) history of neurological diseases; (4) co-occur-
ring conditions in the case of autistic individuals (e.g.
Attention-Deficit/Hyperactivity Disorder [ADHD]); (5)
psychiatric history or significant behavioral problems
(T-scores =70 on any CBCL domain) in the case of non-
autistic individuals; (6) medication use (i.e. corticosteroids);
or (7) any medical condition affecting cognition. Please see
the flow diagram in Figure 1 for the inclusion process.
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Figure |. Selection process.

Materials

Behavior Rating Inventory of Executive Function. The Behav-
ior Rating Inventory of Executive Function (BRIEF; Gioia
et al., 2010) Parent Form assesses EF difficulties in chil-
dren and adolescents aged 5 to 18years. In this study, we
used the BRIEF (Belmonte Maldonado et al., 2016), which
includes 86 items measuring eight EFs (inhibit, shift, emo-
tional control, initiate, working memory, plan/organize,
organization of materials, and monitor). Each item is
scored on a 3-point Likert-type scale (1 =never, 2=some-
times, and 3 =often). Raw scores can be transformed into
T-scores, with scores =70 indicating clinically elevated
difficulties in the EF scales.

Ultimatum and Dictator Games. The UG and DG are behav-
ioral economics experiments that study interpersonal deci-
sion-making strategies: cooperation and selfish behavior
(Forgas & Tan, 2013; Giith et al., 1982). In these game
paradigms, a monetary amount is divided between the par-
ticipant and another player. Participants are assigned either
the role of the proposer or the role of the responder. The
proposer is the one who makes a one-time offer on how to
split the monetary amount, while the responder is the one

who accepts or rejects the offer. In the UG, if the responder
accepts the offer, both players earn the accorded amount,
but if the responder rejects it, none earn anything (Giith
et al., 1982). As a result, the UG allows us to measure
cooperation (e.g. accepting all offers to ensure that both
players will earn the amount; Nowak et al., 2000). In the
DG, on the other hand, the proposer makes an offer, aware
that it can be as much or as little as they want, given that
the responder must accept any offer they receive. The DG
allows measuring altruistic, cooperative behavior (Leder
& Schiitz, 2018).

Participants in the present study played against a hypo-
thetical player and were assigned the roles of the respond-
ers in the UG and proposers in DG. We chose to assign
participants only one role per game to minimize confusion
in instructions, keep the task duration brief, and eliminate
redundancy in the design. The games were administered as
computerized tasks using DMDX (Forster & Forster,
2003) or virtually using PsychoPy (Peirce et al., 2019).
The tasks were displayed on a white screen with a black,
size 12, Courier New font. The instructions were concisely
written and thoroughly reviewed by experienced research-
ers to ensure clarity and understanding for all participants.
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Table I. Offers presented in the Ultimatum Game and Dictator Game divided by fairness.

Unfair Fair

Ultra-fair

24 parts for them, 6 parts for you
8 parts for them, 2 parts for you
16 parts for them, 4 parts for you

10 parts for them, 10 parts for you
15 parts for them, |5 parts for you
5 parts for them, 5 parts for you

2 parts for them, 8 parts for you
4 parts for them, 16 parts for you
6 parts for them, 24 parts for you

In addition, after reading the instructions, participants
were asked if they understood the game instructions before
starting the games. The games had nine trials each, follow-
ing Wang et al.’s (2019) design. In each trial, an offer was
presented on the computer screen and was expressed in
proportions (e.g. “10 parts for them, 10 parts for you”).
The offers represented three conditions: (1) fair (i.e. an
equal amount was distributed between the participant and
the hypothetical player); (2) unfair (i.e. earnings will be
less than 50% of the amount of money for the participant);
and (3) ultra-fair (i.e. earnings will be more than 50% of
the amount of money for the participant). The specific
offers presented in the games can be found in Table 1. The
order of each offer was randomized in each game.

Before the UG began, participants received the follow-
ing instruction:

A person has to split €100 between them and you. They will
only make a single and final offer. You can accept or reject
their offer. Press the M key to accept and the Z key to reject.
If you reject, neither of you will win anything. If you accept,
the money will be distributed according to the proposal. When
you are ready, press SPACE to start.

Once they pressed the spacebar, a fixation point (X)
was presented on the center of the computer screen
(2000 ms), which was replaced by the offer (6000 ms) and
then by a screen where participants were instructed to
respond (6000 ms). This allowed participants to read the
offer and think about their decision without jumping to
conclusions. The DG was designed parallel to the UG, but
the instructions differed. For the DG, participants received
the following instruction:

Now you have to divide 100€ between yourself and
another person. Unlike the previous game, the other
person will not accept or reject the offer, but they will
directly receive the amount of money you offer. Press the
M key if you would endorse the displayed offer or the Z if
you would NOT endorse that offer. When you are ready,
press SPACE to start.

These instructions and the codes for both tasks can be
found in the Supplemental Material and online reposi-
tory. The UG and DG were presented in a fixed order.
Afterward, an additional free distribution task was
administered, in which participants were asked, “If you
had 100€, how much, if any, would you give to the

hypothetical player? The other player will accept no
matter the offer.” This task consisted of a single trial
with no pre-set conditions or offers that could influence
participants’ responses.

Procedure

Upon verbal agreement to participate in the study, appoint-
ments were scheduled for the experimental sessions, either
in a quiet and private room in the hospital (for in-person
sessions) or at the participants’ homes (for virtual ses-
sions). Upon arrival at the appointment, participants and
their parents were greeted and guided to the experimental
room. Participants and their parents were briefed that the
experimental session would take place in the current room,
that the parents would be with a colleague in a separate
adjacent room, and that they would meet again at the end
of the experiment. In addition, participants were reminded
of the nature of the tasks in which they would be asked to
answer some questions about words and figures and make
decisions in computerized tasks. Importantly, participants
were assured that we could contact their parents at any
point during the session, although no participant requested
this option during testing.

After obtaining signed consent, parents from the exper-
imental group were interviewed by a trained clinical psy-
chologist to complete the ADI-R. Parents then completed
the CBCL and BRIEF questionnaires. Meanwhile, partici-
pants were assessed by a trained research psychologist and
psychology student, who remained in the room with the
participants throughout the entire testing session. The
K-BIT was applied at the beginning of the assessment ses-
sion, followed by the computerized decision-making tasks
(UG and DG) on a laptop. In virtual sessions, parents were
asked to step out of the room to minimize distractions;
then, the K-BIT and computer tasks were administered
online. Participants were instructed to use the “Z” and “M”
keys to respond to on-screen questions and were provided
with clear instructions, with researchers on hand for ques-
tions. Researchers did not disclose that the task’s objective
was to maximize earnings and could not observe partici-
pants’ responses during testing. The UG and DG were
administered in person using the DMDX software or virtu-
ally using PsychoPy’s Pavlovia. Finally, the free distribu-
tion task was applied. The entire assessment lasted
approximately 30 min, with the UG, DG, and free distribu-
tion tasks taking about 10 min.
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Data analysis

In the descriptive analysis for each group, the categorical
variables are indicated by the absolute (n) and the relative
(%) frequency. The p-values were calculated via chi-square
tests, while the quantitative variables were expressed by the
mean (M). The standard deviations (SDs) and the p-values
were estimated by the Student’s #-test. To study probabilities
to endorse the offers (i.c. acceptance rates of the offers in the
UG and endorse rates of the offers in the DG) and RTs, an
ANOVA was performed, focusing on the Justice X Group
interaction, which was central to our hypotheses. Group
(Autistic and Non-autistic) was included as a between-sub-
ject factor, and Dilemma (UG and DG) and Justice Condition
(Fair, Unfair, and Ultra-Fair) were included as within-subject
factors. To remove the variability caused by fast guesses in
the RTs, we excluded those RTs less than 250ms (see for
similar procedures Garcia-Blanco et al., 2016; Ghosn et al.,
2019). This exclusion comprised 0.93% of all responses for
the autistic group and 0.23% for the non-autistic group.
Moreover, the distribution difference between the autistic
and non-autistic groups in the free distribution of money was
analyzed in a univariate ANOVA. Finally, an exploratory
correlation analysis was conducted to test which potential EF
components (e.g. inhibition, working memory, cognitive
flexibility) most strongly influences decision-making
responses. Specifically, this analysis examined associations
between significant decision-making responses identified in
previous analyses and BRIEF scores within the Autistic
group. The statistical analyses were performed using IBM
SPSS Statistics software (version 25).

Results

The descriptive data are presented in Table 2. Both groups
were similar in sex, age, school years, and IQ (all
ps>0.558), and differed only in the subscales of the
BRIEF test (all ps <0.007; see Table 2).

Table 3 shows the probability of endorsing offers and
the mean RTs for each group in both games and all three
justice conditions. Since the recruited participants varied
widely in age, we conducted an initial exploratory analysis
and only found that for ultra-fair offers, older participants
tended to make slower responses (see Supplemental
Material). Since this pattern was the same in both groups,
for simplicity, we present the statistical analyses using the
three factors cited above.

Probability to endorse offers in economic
bargaining games (UG and DG)

The ANOVA showed a significant effect of Justice, F(2,
92)=96.05, p<0.001, n*>=.676, and a significant
Dilemma X Justice X Group interaction, F(2, 92)=9.00,
p<0.001, n ?=.164. No other effects approached signifi-
cance (all ps>0.10; see Figure 2).

To study the three-way interaction, we examined the
effects of Group and Justice for each Dilemma. For the UG,
we found an effect of Justice, F(2, 92)=77.41, p<0.001:
the probability of endorsing offers was higher in the Fair
condition than for the other conditions (+31%, p=0.026,
compared to the Ultra-Fair condition; and +74%, p <0.001,
compared to the Unfair condition). Moreover, the probabil-
ity of endorsing offers was higher in the Ultra-Fair condi-
tion than in the Unfair condition (+42%, p=0.001). Neither
the effect of Group nor the Group X Justice interaction
approached significance (all Fs<1).

For the DG, we did not find an effect of Group (F'<1),
but we found an effect of Justice, F(2, 92)=79.93,
p<0.001, which was qualified by a Group X Justice inter-
action, F(2, 92)=4.99, p=0.009. To examine this interac-
tion, the effect of Group was analyzed for each condition
of Justice. The effect of Group occurred in the Ultra-Fair
condition, F(1, 46)=5.02, p=0.030, np2=.098: Autistic
children and adolescents had a lower probability of endors-
ing Ultra-Fair offers compared to non-autistic children and
adolescents (—28%). No other between-group differences
were found (all ps>0.117).

RT in economic bargaining games (UG and DG)

The ANOVA revealed faster RTs in the UG than in the DG,
F(1, 46)=06.75, p=0.013, np2=.128, and a main effect of
Justice  (RT ;.0 pir = RTp, > RT i), F(2, 92)=16.86,
p<0.001, n ?=.268. Importantly, we also found a signifi-
cant Justice X Group interaction, F(2,92)=5.99, p=0.004,
np2=.115. No other effects were found (all ps > 0.159).

To examine the Justice X Group interaction, we ana-
lyzed the effect of Group for each Justice Condition. This
interaction showed an effect of Group in the Ultra-Fair
condition, F(1, 46)=4.72, p=0.035, np2= .093: Autistic
participants spent more time before giving a response than
non-autistic participants when they had to endorse ultra-
fair offers (+375ms). No other differences were found (all
ps>0.320; see Figure 3).

Free distribution task

When participants were asked how they would freely
distribute the money, we found no significant differ-
ences in the average monetary amount offered between
individuals of the autistic group (M=40.14; SD=15.42)
and the non-autistic group (M=34.43; SD=18.87, F(1,
43)=1.19, p=0.281).

Exploratory associations between responses
and EFs

A Pearson correlation was calculated to examine rela-
tionships between the variables that significantly differed
from the non-autistic group (i.e. lower probability of
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Table 2. Demographic characteristics and clinical data of participants (autistic and non-autistic).

Autistic (n=24) Non-autistic (n=24) p
M SD M SD
Female participants (n (%)) 3 (12.50%) 3 (12.50%) 0.667
Age 13.63 2.65 13.71 3.09 0.921
Education level (n (%))
Primary school 8 (33.33%) 7 (29.17%) 0.587
Secondary school (including high school) 12 (50.00%) 15 (62.50%)
College or university 4 (16.67%) 2 (8.33%)
CBCL total raw scores
Anxious/depressed 9.29 5.18 3.88 4.11 <0.001
Withdrawn/depressed 742 4.18 2.13 2.19 <0.001
Somatic complaints 4.50 3.63 1.83 2.32 0.004
Social problems 10.00 4.62 1.63 2.45 <0.001
Thought problems 5.75 4.32 .13 1.26 <0.001
Attention problems 11.00 4.49 3.17 2.63 <0.001
Rule-breaking behavior 471 3.56 1.88 2.19 0.002
Aggressive behavior 11.08 6.22 4.79 4.85 <0.001
Other 6.38 2.76 4.08 2.36 0.003
Total score 68.63 27.02 24.50 19.35 <0.001
K-BIT total T-scores
Verbal index 103.60 11.33 102.83 9.15 0.871
Manipulative index 104.84 12.43 105.08 10.27 0.945
Total score 101.60 12.18 102.00 9.33 0.934
BRIEF total raw scores
Inhibit 9.63 5.08 2.92 332 <0.001
Shift 11.79 3.55 3.42 3.12 <0.001
Emotional control 11.92 4.75 3.88 3.97 <0.001
Initiate 8.79 2.67 3.17 2.73 <0.001
Working memory 13.25 435 4.13 4.04 <0.001
Plan/organize 17.46 458 5.99 4.54 <0.001
Organization of materials 9.08 3.23 4.71 3.29 <0.001
Monitor 11.83 2.58 4.00 3.01 <0.001
ADI-R scores
Reciprocal social interactions 17.13 535
Language/communication 15.08 4.71
Repetitive behaviors/interests 6.63 2.79
Evidence of onset before 36 months of age 3.25 1.54

Autistic =autistic children and adolescents; non-autistic = non-autistic children and adolescents; CBCL = Child Behavior Checklist; K-BIT = Kaufman
Brief Intelligence Test; BRIEF=Behavior Rating Inventory of Executive Function; ADI-R = Autism Diagnostic Interview-Revised. The p-values
correspond to chi-square test for female participants and educational level and to one-way ANOVA for the rest of the variables.

endorsing ultra-fair offers in the DG and slower RTs in
ultra-fair conditions) and executive functioning (BRIEF
subscale scores) in autistic participants. The lower prob-
ability of endorsing ultra-fair offers in the DG was asso-
ciated with better organization of materials skills
(r=.553, p=0.005). In addition, slower RTs for accepting
or endorsing ultra-fair offers showed a small association
with cognitive-shifting abilities (r=-413, p=0.045),
although this latter correlation should be interpreted cau-
tiously, as it may not withstand correction for multiple
comparisons (see Table 4).

Discussion

The present study examined the underlying explicit
(responses) and implicit (RTs) processes behind decision-
making in autism, particularly involving a deliberative
process and EFs when autistic participants face selfish
conditions. The main findings are as follows. First, con-
cerning the probability of endorsing offers (explicit meas-
urement), autistic children and adolescents were less
likely to endorse selfish offers (i.e. ultra-fair offers) in the
DG than non-autistic children and adolescents. Related to
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Table 3. Descriptive data of the probability to endorse offers and response times in the Ultimatum and Dictator Games:
comparing experimental conditions (fair, unfair, and ultra-fair) across autistic and non-autistic groups.
Experiment Autistic Non-autistic
(n=24) (n=24)
Variables Conditions M SD M SD
Ultimatum Game Probability to Fair 95.83 11.26 90.97 19.02
endorse offers (%) Unfair 8.33 24.57 16.67 34.05
Ultra-fair 62.5 46.43 59.03 45.04
Response times Fair 1327 724 1564 761
(ms) Unfair 1264 652 1203 526
Ultra-fair 1947 739 1368 673
Dictator Game Probability to Fair 95.83 14.95 84.72 30.66
endorse offers (%) Unfair 9.72 25.02 5.56 21.23
Ultra-fair 41.67 44.23 69.44 41.61
Response times Fair 1009 546 1089 622
(ms) Unfair 1090 716 1100 735
Ultra-fair 1611 869 1441 812
Autistic = autistic children and adolescents; non-autistic = non-autistic children and adolescents.
g
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Figure 2. Probability of endorsing offers (%) in the Ultimatum and Dictator Games among autistic and typically developing children

and adolescents.

this finding, a low probability of endorsing selfish offers
in the DG was associated with better scores on the organi-
zation of materials subscale of the BRIEF questionnaire
(i.e. autistic participants with better organizational skills
offered less selfish amounts). Second, regarding the anal-
yses of the RTs (implicit measurement), autistic children
and adolescents showed slower RTs when accepting and
proposing selfish (ultra-fair) offers in both the UG and
DG, compared to non-autistic participants. This delibera-
tive response was associated (albeit weakly) with higher
cognitive-shifting abilities. Finally, when participants
were asked how they would freely distribute the money,
both autistic and non-autistic participants offered fair dis-
tributions. The following paragraphs discuss these find-
ings in relation to current theories and prior research.

Regarding the probability of endorsing offers in the UG
and free distribution task, our data revealed that autistic and
non-autistic participants behaved similarly, showing a nota-
ble preference for accepting fair offers and rejecting unfair
offers in the UG. According to previous research in the gen-
eral population, individuals tend to reject unfair offers due
to the negative emotions elicited by the unfair treatment
(Sanfey et al., 2003), placing a greater value on equality
(Chen et al., 2021; Giiroglu et al., 2010; Kaltwasser et al.,
2016). Thus, the lower rates of cooperative prosocial behav-
ior (i.e. lower rates of accepting unfair offers) may indicate
that decision-making was influenced by an emotional aver-
sion to inequality as an intuitive process rather than by a
drive for tangible outcomes (Brosnan et al., 2016; Nowak
et al., 2000). Despite deviating from traditional notions of



10 Autism 00(0)

(a) Autistic Group (b) Non-autistic Group
3500 — 3500 o
3000 - 30007 w R
2500 - & ? 4 2500 o

2000 +
1500
1000
500
0-

2000
1500

8
L 2

&

o
EARS & XL

1000 —
500 —
0 -

A

Response Times (ms)
Response Times (ms)

Sonm’ 29 et
LEU® N 8
——

—

i

f Mo’ ¢

T 1
Fair Unfair  Ultra-fair

Ultimatum Game

Fair Unfair  Ultrafair

Ultimatum Game

(c) Autistic Group (d) Non-autistic Group

| i)
o | )

Z 3000 - . 4 7 3000 e . .
L]

G 2500 e ‘. g 25007 &y . e

£ 2000 ° E 2000 o0 ° ..

= o =

v 1500 °° 3 £ v 1500 ° .

2 » s - g 51 & "

g 1000+ g -~ S 1000 - : = g

$ soo- @ 3 ¢ 500 - ‘

o ¢ o & o '! &
04

0 -

N | [ ||
Fair Unfair  Ultrafair Fair Unfair Ultra-fair
Dictator Game Dictator Game

Figure 3. (a) Response times (ms) of autistic children and adolescents in the Ultimatum Game; (b) response times (ms)
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Table 4. Correlation results for significant responses in the experimental tasks and executive functions in the autism group.

Variable Mean RTs in ultra- Probability to endorse ultra-fair
fair conditions offers in Dictator Game
I. BRIEF inhibit r -.176 227
p-value 0410 0.285
2. BRIEF shift r -413 131
p-value 0.045 0.540
3. BRIEF emotional control r -.274 141
p-value 0.196 0.510
4. BRIEF initiate r .144 -.058
p-value 0.503 0.787
5. BRIEF working memory r .040 162
p-value 0.852 0.449
6. BRIEF plan/organize r -.062 238
p-value 0.773 0.263
7. BRIEF organization of materials r —-.086 .553
p-value 0.689 0.005
8. BRIEF monitor r -.197 .330
p-value 0.357 0.115

BRIEF =Behavior Rating Inventory of Executive Function; RTs=response times. Bold values indicate p < .05.
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rational economic decision-making (Nowak et al., 2000),
this tendency to reject unfair offers as a responder may
reflect an adaptive social-moral value in both autistic and
non-autistic participants (Hoffman et al., 2008).

In the DG, autistic children and adolescents were less
likely to propose selfish offers (i.e. ultra-fair offers) than
non-autistic peers. In other words, autistic participants
were less likely to propose offers in which they would be
the most benefited player out of the two, which is eco-
nomically irrational and contrary to the predictions of the
ToM hypothesis and game theory (Baron-Cohen, 2000;
Nowak et al., 2000). Despite variations in design, a higher
probability of selfless responses has been observed in
other studies with autistic children (Paulus & Rosal-
Grifoll, 2017; Schmitz et al., 2015) and autistic adoles-
cents (Hase et al., 2023). This behavior has often been
associated with social anxiety or avoidance of social rejec-
tion (Hase et al., 2023); however, this behavior may also
stem from other factors such as stronger sociomoral rules
regarding justice (Dempsey et al., 2020; Peterson &
Wellman, 2022). Notably, the autistic tendency to propose
fewer ultra-fair offers implies that they take into consider-
ation the other person’s interests and are aware of the
potential adverse effect of unjust offers on others, which
aligns with moral principles of fairness perception (see
Peterson & Wellman, 2022 for sociomoral strengths in
autism). Consequently, the decisions observed in the DG
may contribute to social functioning skills that, when
applied in the right contexts, could be socially esteemed.

Critically, when measuring RTs as a marker of the
implicit process underlying autistic decision-making, our
findings revealed a distinctive pattern between groups in
both games. On the one hand, autistic participants behaved
similarly to their non-autistic peers when making decisions
regarding fair and unfair distributions. On the other hand,
autistic participants showed slower RTs than non-autistic
peers when presented with selfish (ultra-fair) offers, irre-
spective of the game. These findings in the ultra-fair condi-
tions align with the dual-process theory (Brosnan et al.,
2016; Evans, 2011), which suggests that a more rational
cognitive process in autistic individuals would result in
slower decision-making compared to non-autistic peers
(see Chamberlain et al., 2023; Zapparrata et al., 2023 for
reviews of RTs in autism). Previous research measuring
RTs in autistic adults with a different version of the UG
reported that autistic participants exhibited slower RTs
across all their background conditions (Ikuse et al., 2018);
however, their design did not differentiate results across
fairness decisions. In our study, the observed slower RTs,
evident only when participants received more than half of
the total amount, suggest that autistic children and adoles-
cents may prioritize selfless prosocial behaviors driven by
heightened sociomoral principles that favor fairness
(Peterson & Wellman, 2022) over intuitive responses com-
pared to their non-autistic peers. This rational cognitive

process appears to be contingent on deliberating the moral
outcomes of the decision.

In addition, for autistic participants, we examined the
relationship between selfless responses and RTs in the DG
with EFs (using the BRIEF subscales; Hendrickson &
McCrimmon, 2019). The results showed that selfless
responses in the DG were positively associated with better
EFs related to organizational abilities (#=.553). In other
words, the ability to maintain order and easily find items
was correlated with selfless behavior. However, in general,
EFs in autistic children and adolescents were not related to
maximizing one’s own financial benefit (see also
Demetriou et al., 2019; Jones et al., 2018). One explana-
tion for this pattern is that proposing fewer selfish offers
and slower RTs during ultra-fair decision-making may
reveal an increased deliberation in a scenario that could be
emotionally conflicting. This deliberation may result in
accepting ultra-fair offers because it was the decisions
made by others (note that participants were responders in
the UG), but when it was their turn to make offers (DG),
they refused to give such unfair offers to others. This pat-
tern of deliberating longer on conflicting scenarios may
relate to previous studies that reported that autistic chil-
dren and adolescents tend to make utilitarian responses in
sociomoral dilemmas, despite feeling more conflicted
about their decision (Labusch et al., 2024). Taken together,
our findings suggest that autistic children and adolescents
may equally consider the emotional and rational implica-
tions of their decisions (Doebel, 2020).

Overall, the present experiment highlights the impor-
tance of including implicit measures (e.g. RTs) in decision-
making tasks to understand the underlying cognitive
processes in decision-making tasks with autistic individu-
als. However, the current study has several limitations.
First, as in many autism studies, the sample size and par-
ticipant characteristics may restrict the generalizability of
the findings to the broader autistic spectrum. We believe
this limitation was moderated by the strict inclusion crite-
ria for our participants, which enhanced the homogeneity
of the results. Second, while the UG and the DG are widely
used to measure decision-making, incorporating alterna-
tive decision-making tasks featuring diverse cooperative
and selfish scenarios can improve our understanding in
this domain. For example, applying these tasks with real-
person interactions may enhance the generalizability of the
results to real-world interactions. Note, however, that stud-
ies with hypothetical and actual players have reported
similar results (Acosta Ortiz, 2018; Dubois-Sage et al.,
2024; Gillis & Hettler, 2007; Molins et al., 2024; Sally &
Hill, 2006). Moreover, using hypothetical players provides
the methodological advantage of experimental control by
eliminating biases such as player reputation, trustworthi-
ness, and personal characteristics, which can influence
decision-making (Marchetti et al., 2019; Shang & Liu,
2022). In addition, participants played only one role in
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each game and the order of the games was not randomized;
thus, some of the decisions could have been partially influ-
enced by interpersonal strategies. However, the tasks were
purposely designed to be brief to prevent changing strate-
gies and to maintain a simple design that could sustain the
attention of children and adolescents. We should also note
that, although the BRIEF questionnaire is a valid instru-
ment used to assess EFs (Garon et al., 2016; Tschida &
Yerys, 2021), its measurements are subjective to the per-
ception of parents or caregivers. It would be desirable, in
future research, to add task-based measurement of EFs
(see Mareva et al., 2024) and electrophysiological assess-
ments (e.g. electroencephalogram (EEG)), which may pro-
vide greater depth in understanding the role of EF profiles
associated with decision-making in autistic individuals
(see Hoofs et al., 2018; Magnuson et al., 2019; Sokhadze
et al., 2022). Furthermore, applying the present tasks in
real-life settings and EEG measurements can increase our
comprehension of how autistic individuals engage in deci-
sion-making within interactive contexts. Finally, since his-
torically there have been fewer diagnoses of autism in
females, leading to an imbalance in research representa-
tion, future studies could include more females to better
understand decision-making and improve support and ser-
vices for all individuals (see Lockwood Estrin et al., 2021).

In conclusion, the present study revealed that autistic
participants were less inclined to propose selfish offers
in the DG than non-autistic peers, a behavior positively
correlated with better organizational skills. Furthermore,
autistic participants took longer to decide when they
were the most benefited participants. While both autis-
tic and non-autistic children and adolescents showed
aversion to inequality when receiving unfair offers,
autistic participants also demonstrated this aversion
when counterparts experienced an unfair distribution.
These findings indicate that autistic children and ado-
lescents may engage in a more deliberative decision-
making process, demonstrating strengths in sociomoral
reasoning. Rather than concluding that autistic individ-
uals inherently rely less on social heuristics, our results
suggest that both intuitive and deliberative processes
may be used contextually, especially in selfless scenar-
ios. These findings have practical implications, support-
ing clinical perspectives that recognize and leverage
autistic decision-making tendencies to navigate social
scenarios with confidence and adaptability.
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Note

1. In this study, the terms “selfish” and “selfless” are used
solely to describe behaviors observed within the context
of economic decision-making tasks and are not intended to
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imply any judgment about a person’s character. While previ-
ous studies have adopted these terms (e.g. Miraghaie et al.,
2022), these behaviors do not necessarily translate to actions
in complex, real-world social interactions. These terms are
used to classify specific actions in controlled settings and do
not reflect participants’ personal traits.
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