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Objective: Learning to successfully navigate the social world, in particular when to trust others and how to work together with them, is crucial to well-
adjusted social development. This is especially the case during adolescence, when individuals are undergoing significant biological and social changes.
Adolescents with conduct problems (CP) tend to have difficulties in social relationships and to display aggressive behaviors as well as reduced coop-
eration with others. This pattern appears to be particularly pronounced in adolescents with CP and high callous-unemotional traits (CP/HCU).
However, very little is currently known about the mechanisms that might drive reduced cooperative behaviors in adolescent CP, and whether these differ
for individuals with high vs low levels of CU traits.

Method: We used a series of economic games to assess how adolescents with CP/HCU (n = 46), CP, and lower levels of CU traits (CP/LCU) (n =
46), and typically developing adolescents (TD) (n = 59) interacted with social (human) and non-social (computer) partners that varied in their degree of
cooperation (trustworthy vs untrustworthy and friendly vs unfriendly), and whether this related to group differences in social preferences (aversion to

inequality) and prior beliefs.

Results: Adolescents with CP (both HCU and LCU) had more difficulty than TD adolescents in differentiating between trustworthy and un-
trustworthy social environments in our task. Adolescents with CP/LCU also had more difficulty coordinating with friendly and unfriendly social
partners to produce rewarding outcomes than TD adolescents. Surprisingly, we saw no relationship between participants’ inequality aversion or prior
beliefs and social learning in our games.

Conclusion: These findings indicate that, under controlled experimental conditions, adolescents with CP have more difficulty learning to differentiate
between social environments that vary in cooperation, particularly adolescents with CP/LCU. These findings were not explained by inequality aversion
or prior beliefs. Our findings also raise important questions regarding methods used to understand the mechanisms underlying social behaviors in
adolescents with CP.
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umans inhabit an environment that heavily relies

on social interaction. The ability and willingness

to trust and collaborate with others have been
identified as crucial factors in effectively navigating this
environment and achieving positive social adjustment.'
Well-adapted social behavior has, in turn, been associated
with various favorable developmental outcomes such as
improved physical health, educational achievements, and
long-term mental well-being.>* Children and adolescents
with conduct problems (CP) present with aggressive be-
haviors, have trouble adjusting to social norms, and have
difficulties in maintaining healthy relationships with family
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members and peers.”” CP represents one of the most
common reasons for referral for child and adolescent mental
health services in the United Kingdom and is associated
with a range of adverse individual and societal outcomes
including poor mental and physical health, higher likeli-
hood of leaving school without qualifications, and involve-
ment in the criminal justice system.®’

It has recently been argued that impairment in a
learning system that has evolved to promote and protect
collaborative behaviors is an important factor for the
development of aggressive behaviors such as those exhibited
in CP.'° In line with this, research indicates that aggression

www.jaacapopen.org 1


Delta:1_given name
Delta:1_surname
https://orcid.org/0000-0002-2397-8189
Delta:1_given name
Delta:1_surname
Delta:1_given name
https://orcid.org/0000-0001-9213-8522
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://orcid.org/0000-0001-5336-5079
Delta:1_given name
http://www.jaacapopen.org

GAULE et al.

and CP in adolescence are characterized by varied patterns
of maladaptive social interactions including increased
engagement in bullying behaviors, reduced engagement in
prosocial behaviors, and difficulties with social problem
solving and conflict management.”''™ The maladaptive
social interactions that characterize the relationships of
children and adolescents with CP have far-reaching conse-
quences for both individual and collective welfare, yet we
know remarkably little about how cognitive processes sup-
porting social interactions may differ between those with or
without CP. Because interventions for CP typically focus on
improving social relationships,'* it is critical to increase our
understanding of cognitive processes that might constrain
how such interventions are developed, framed, and applied.

Furthermore, research indicates that social difficulties in
CP may stem from partially divergent social-cognitive
profiles depending on whether an individual with CP also
displays high or low levels of callous-unemotional traits
(CP/HCU vs CP/LCU). If particular social information
processing biases characterize only a subgroup of children
with CP, then any intervention development would have to
take this into account. Adolescents with CP/HCU (a
particularly vulnerable group at risk for developing psy-
chopathy in adulthood"”™”) have difficulty empathizing
with others and also show reduced responsiveness to social
cues that promote affiliation.'®° There is some evidence
that they demonstrate especially reduced prosocial behavior
(relative to adolescents with CP/LCU), and also endorse
non-cooperative goals such as dominance, demanding
respect from others, and revenge in situations of social
conflict.”"** Adolescents with CP/LCU do not appear to
have the same difficulties empathizing and affiliating with
others. However, these adolescents appear to have more
trouble than those with CP/HCU with flexible social
problem solving, and may have a tendency to stick with
initial judgments.B’24 Thus, although poor social adjust-
ment and reduced collaborative behavior appear to be
characteristic of CP generally, the reasons underlying this
might vary for different subgroups of adolescents with CP.
We also know very little about the mechanisms that might
underlie poor social adjustment in CP.

Westhoff er al*> suggest that decisions to cooperate in
typically developing (TD) adolescents are underpinned by at
least 3 factors, all of which might contribute to individual
differences in engagement in cooperative behaviors: (1) social
preferences, (2) prior expectations, and (3) updating of ex-
pectations based on feedback. Social preferences refer to the
degree to which individuals care about relative outcomes, for
example, getting more or less than other people.”® Advanta-
geous inequality aversion refers to the dislike of getting more
than others, and disadvantageous inequality aversion refers to
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the dislike of getting less than others. Prior expectations refer
to people’s perceptions of what most people do.”” These ex-
pectations help inform our social decisions by allowing us to
predict how we think someone else will respond to our choices
or behaviors: for example, whether someone else will recip-
rocate if we ourselves cooperate. Updating of expectations
refers to being able to change our already held expectations in
light of new information. For example, if a peer continuously
violates our trust, it is likely that we will re-evaluate their
trustworthiness based on this behavior. Westhoff ez al.
observed that differences in both social preferences and
updating of expectations provided a mechanistic explanation
for age-related differences in social decision making.*> More
specifically, adolescents in Westhoff ez al’s study showed
lower levels of cooperation than adults, and this was partly
explained by higher disadvantageous inequality aversion.
Furthermore, adolescents in their sample were able to update
their expectations more readily than adults, and were more
likely to change behavioral strategies based the outcomes of
their decisions.

Research to date has provided initial evidence that ado-
lescents with CP demonstrate atypicalities in at least some of
these factors identified as important for cooperative decision
making. For example, adolescents with CP appear to be
highly sensitive to unfair offers in economic games relative to
TD peers (ie, they demonstrate increased disadvantageous
inequality aversion).”® CP/HCU in particular appears to be
associated with an increased willingness to receive more than
one’s own fair share in such games (ie reduced advantageous
inequality aversion).”>*”° In terms of prior beliefs, it has
been argued that CP is characterized by reduced epistemic
trust, that is, a reduced ability to distinguish (or come to
know) trustworthy from untrustworthy communicators.' !
Combined with evidence of a hypervigilance to threat in
adolescents with CP,%? it is possible that these adolescents
have prior beliefs that others will not cooperate with them
(although, to our knowledge, this is yet to be formally
investigated). Finally, adolescents with CP demonstrate dif-
ficulty with (non-social) reinforcement-based lealrning.ls’33 If
these difficulties extend to the social domain, the ability of
individuals with CP to update expectations in response to new
information may be compromised. This is supported by ev-
idence that adolescents with CP use fewer cooperative stra-
tegies following a partner’s defection in economic games,**
and those with CP/LCU demonstrate a tendency to stick with
initial judgments rather than updating responses to new social
information.*?

Overall, research indicates that adolescents with CP
demonstrate reduced cooperative behavior, and may also
show atypicalities in cognitive processes that are thought to
underlie cooperative behavior. However, to our knowledge,
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no study has directly addressed how social learning in ad-
olescents with CP relates to cooperative behaviors in
different social environments, and whether this varies with
high vs low CU traits. Furthermore, no study has used
measures that would enable direct testing of how group
differences in social preferences (aversion to inequality),
prior beliefs regarding others’ cooperative behavior, and
updating of these beliefs relate to social learning in adoles-
cents with CP/HCU and CP/LCU compared to TD peers.
In the current study, we explore these questions using
several well-established, incentivised economic games (the
Trust Game, Coordination Game, and child-friendly ver-
sions of the Dictator and Ultimatum Games).

Based on research suggesting reduced cooperation and
epistemic trust in adolescent CP, we hypothesized that
participants with CP/HCU and CP/LCU would have more
difficulty in learning to adjust to cooperative and uncoop-
erative social environments than TD participants (both
social environments that vary in trust, and environments
that vary in degree of social coordination required). We also
hypothesized that these differences would be explained by a
combination of group differences in (1) social preferences
(2) prior expectations, and (3) belief updating. We further
hypothesized that the factors driving behavioral differences
between CP and TD adolescents may vary based on
whether the adolescents with CP also have high CU traits.
Specifically, we hypothesised that adolescents with CP,
particularly CP/HCU, would be less averse to advantageous
inequality (based on research indicating that these groups
are less averse to having more than one’s fair share), and that
all adolescents with CP would demonstrate reduced disad-
vantageous inequality aversion (based on research indicating
that CP is associated with high sensitivity to unfair offers in
economic games). In line with the evidence that CP is
associated with reduced epistemic trust and hypervigilance
to threat, we hypothesised that adolescents in CP groups
would have stronger prior expectations that others would be
uncooperative (both in terms of trust, and social coordi-
nation). Finally, based on research indicating disrupted
reinforcement learning in adolescents with CP, as well as
research indicating a tendency to stick to simple strategies in
social games, we hypothesized that adolescents with CP,
perhaps especially those with CP/LCU, might show dis-
rupted expectation updating.

METHOD

Sample and Procedure

This study involved 155 boys between the ages of 11 and 16
years from mainstream schools and specialized alternative
provision schools for adolescents with behavioral difficulties
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in London and the Home Counties. To identify pupils who
were eligible to take part, teachers were given screening
questionnaires to do the following: (1) classify current CP, (2)
conduct a dimensional assessment of CU traits, (3) screen for
commonly co-occurring symptoms with CP, and (4) provide
information regarding specialist education provision. Exclu-
sion criteria included a parent or teacher report of a formal
autism spectrum disorder diagnosis or of the presence of se-
vere learning difficulties. Four CP participants were removed
from our sample on the basis of these criteria. Our final
sample for descriptive and main experimental analyses
therefore included 151 boys (46 CP/HCU, 46 CP/LCU, 59
TD). For details on group assignment, as well as consent/
assent procedures, please see Supplement 1, available online.
Sample characteristics are reported in Table 1. The current
study was approved by the University College London
Research Ethics Committee (Project ID number: 0622/001).
Groups were similar with respect to 1Q, pubertal status,
substance use (Table 1; full reporting in Supplement 2,
measures described in Supplement 1, available online). Dif-
ferences were observed between groups in average age as well
as variables that commonly occur with CP (substance use,
hyperactivity, peer problems, emotional problems'*?%%;
analyses reported in Supplement 2, available online). We
were unfortunately unable to compare whether groups were
similar with respect to ethnicity due to low return rates of
parent questionnaires (where ethnicity was assessed; more
information in Supplement 2, available online).

Economic Games

The current study used the same protocol as Westhoff
et al.”> The study involved participants playing a series of
well-established, incentivized, economic games. The Trust
Game and the Coordination Game were used to evaluate
how participants adjusted to different social environments
(Figure 1A-C). Prior to these social economic games, par-
ticipants also completed a non-social learning task.
Although our main research questions are centered on social
decision making, this task was included to examine behav-
ioral adjustment in a simple learning context. In the non-
social task, participants interacted with computers as their
partners, and only the participants were eligible to receive
payoffs. Full detail on all tasks, as well as on study pro-
cedure, can be found in Supplement 3, available online.

Social Preferences

Social preferences (ie, advantageous and disadvantageous
inequality aversion) were measured in modified versions of 2
separate tasks: a Dictator Game, and an Ultimatum Game.
Both games were adapted to be short and child friendly.*>®
More detail is provided in Supplement 3, available online.
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TABLE 1 Group Matching and Selected Participant Characteristics Data

CP/HCU (n = 46) CP/LCU (n = 46) TD (n = 59)

Mean (SD) Min-max Ncomplete Mean Min-max  Ncomplete Mean Min-max  Ncomplete P Post hoc®

Wechsler Abbreviated Scale  86.13 (8.97) 72.00-111.00 45 88.46 (11.90) 67.00-120.00 46 90.34 (10.97) 70.00-114.00 58 .023¢ 2<3
of Intelligence (Full Score)?

Age, y¢ 14.41 (1.23) 11.70-16.49 46 13.67 (1.43) 11.55-16.30 46 14.08 (1.19) 11.77-16.85 59 145 —
Pubertal Stage®®" 0:4:20:19:2  4.33-12.00 45 1:13:18:14:0  3.00-11.00 46 1:6:26:23:2  3.00-12.00 58 181 —
CASI Conduct Disorder®9 9.79 (4.98) 3.00-25.00 46 6.74 (3.27)  3.00-18.00 45 0.31 (0.68)  0.00-2.00 59 <.01° 1<2<3
ICuds 4715 (6.69) 38.61-63.00 46 30.28 (6.14)  14.00-38.40 46 19.47 (6.95)  2.00-37.00 59 <.001°¢ 1<2<3
Alcohol Use and Disorders® e 40:5:1 0.00-20.00 46 45:0:1 0.00-16.00 45 57:2:0 0.00-9.00 59 .098 —
Drug Use and Disorders®®" 37:9 0.00-21.00 46 41:5 0.00-20.00 45 56:3 0.00-25.00 58 066 —
SDQ Hyperactivity® 7.78 (2.38) 2.00-10.00 46 6.40 (2.73)  1.00-10.00 45 248 (2.26)  0.00-9.00 58 <.001°¢ 1<2<3
SDQ Emotional Problems®9 3.37 (2.82) 0.00-10.00 46 3.51(2.67)  0.00-10.00 45 1.28 (1.88)  0.00-9.00 58 <.001° 1<2,1<3
SDQ Peer Problems®? 3.61 (2.46) 0.00-9.00 46 2.82 (1.81)  0.00-8.00 45 1.35(1.58)  0.00-5.00 58 <.001° 1<2,1<3

Note: Where not stated, analyses were performed using 1-way analysis of variance and post hoc tests, and were Bonferroni corrected for multiple comparisons. Full analysis of participant
characteristics data reported in Table S2, available online. CASI = Child and Adolescent Symptom Inventory (see Supplement 1, available online); CP/HCU = conduct problems and high
levels of callous-unemotional traits; CP/LCU = conduct problems and low levels of callous-unemotional traits; ICU = Inventory of Callous and Unemotional traits (see Supplement 1, available
online); n = number of participants with complete measure; SDQ = Strengths and Difficulties Questionnaire (see Supplement 1, available online); TD = typically developing.

?1=1TD, 2= CP/LCU, 3= CP/HCU.

PMeasure obtained at testing phase, child report.

“Results for comparisons less than or equal to this threshold.

9IMeasure obtained at screening phase, teacher report.

Assessed via X test, p value computed for a Monte Carlo test.®® Post hoc tests were Bonferroni corrected for multiple comparisons.

fCounts for Pubertal Stages (Pre-pubertal: Early-pubertal: Mid-pubertal: Advanced-pubertal: Post-pubertal)

9Assessed via 3 pairwise Mann-Whitney U tests because of violation of analysis of variance assumptions. Directionality inferred through visual inspection of means.

hCounts for Alcohol Use and Disorders risk categories (Low Risk: Increasing Risk: Higher Risk: Possible Dependence). For more information on our measures of substance use, see
Supplement 1 and Supplement 2, available online).

'Counts for Drug Use and Disorders risk categories (Low Risk: Possible Drug Problems). For more information on our measures of substance use, see Supplement 1 and Supplement 2,
available online).
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FIGURE 1 lllustration of Tasks and Participant Choice Behavior
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Note: (A-C) Reproduced from Westhoff et al., 2020%° (published under Creative Commons license CC BY: http://creativecommons.org/licenses/by/4.0/) (A) Task
assessing individuals’ ability to adapt to social environments characterized by cooperation and lack of cooperation. In an example trial, a participant (depicted as a
purple stick figure on the left) is presented with 2 rows of boxes labeled A and B and can choose between them. After making their choice, the participant is shown
the predetermined choice (X or Y) of another player (depicted as a gray stick figure at the top). The background color of the other player indicates the social envi-
ronment to which they belong. The combined choices of the participant and the other player determine the monetary outcome for both individuals, represented
by the number of dots in their respective colors. (B) In the Trust Game, participants interact with players from either a “Trustworthy” environment (who tend to
choose X) or an “Untrustworthy” environment (who tend to choose Y). To maximize their own monetary payoffs, participants are encouraged to trust (choose
A) a player from the Trustworthy environment and to withhold trust (choose B) from a player from the Untrustworthy environment. In this setup, only disadvanta-
geous inequality aversion may play a role in decision making. (C) In the Coordination Game, participants aim to maximize their monetary payoffs by aligning their
choices with those of their fellow players. Similar to the Trust Game, the social environments in this game also vary in terms of cooperation levels, which can be
observed through the players’ tendencies to choose either X or Y. Positive outcomes are achieved by coordinating on either of the outcomes (A, X) or (B, Y). Spe-
cifically, participants maximize their own monetary payoffs by accepting a disadvantage (choosing A) when faced with a player from the “Unfriendly” environment
and accepting an advantage (choosing B) when faced with a player from the “Friendly” environment. In this game, both advantageous and disadvantageous
inequality aversion may influence social decision making. (D) Participant choices over trials per social environment and group (conduct problems [CP] and high
callous-unemotional traits [CP/HCU]), CP and low CU traits (CP/LCU), and typically developing (TD). Solid and dotted lines show fractions of choices for A
when matched with a partner from cooperative and uncooperative social groups, respectively. Horizontal lines show the proportions of X and Y chosen by partners
from cooperative and uncooperative social groups, respectively. In the Trust game, both CP/HCU and CP/LCU groups were poorer than the TD group at differ-
entiating trustworthy (cooperative) and untrustworthy (uncooperative) environments. In the Coordination game, only the CP/LCU group significantly differed from
the TD group in their ability to differentiate friendly (cooperative) and unfriendly (uncooperative) environments. Groups did not differ in their ability to differentiate
cooperative and non-cooperative social partners in a non-social environment (more information on our non-social task in Supplement 1, available online).

Prior Expectations Belief Updating

Participants’ prior expectations of others’ behavior were
assessed before starting the Trust Game and before the
Coordination Game. Participants were asked “Suppose that
there are 10 other players. How many out of these 10 do
you believe will choose Option X?”, which was designed to
elicit their preconceived expectations regarding the trust-
worthiness of others (in the Trust Game), or their expec-
tations regarding others’ inclination to seek an advantage
over someone else (in the Coordination Game). The par-
ticipants’ responses ranged from 0 to 10.

JAACAP Open
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We used computational reinforcement learning models to
model the process of updating expectations between in-
teractions in the Trust and Coordination games. These
models used a learning rate parameter, which determined the
extent to which an expectation violation influenced subse-
quent expectations and, consequently, decision making.>

RESULTS

We first looked at choice behavior over the course of the
Trust and Coordination games to assess whether adolescents
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with CP/HCU, CP/LCU, and TD adolescents in our
sample adjusted choice behavior to different social envi-
ronments. We also examined choice behavior in a simple
non-learning context. Choice behavior in each game was
examined by fitting binomial generalized linear mixed
models (GLMM) to the participants’ binary choices (A or B)
(Figure 1; Table S1 and Table S2, available online).

Analysis of choices in the Trust Game revealed that
both CP/HCU and CP/LCU participants had a signifi-
cantly lower ability than TD participants to distinguish
between trustworthy and untrustworthy social environ-
ments (participant group by partner group interaction; CP/
HCU vs TD, B =-0.565, p < .001; CP/LCU vs TD, B =
—0.478, p = .002), but that CP groups did not significantly
differ from one another (CP/HCU vs CP/LCU, p = .593;
differences between colored and white bars, Figure 2A;
Table S1, available online).

In the Coordination game, adolescents with CP/LCU
were less able (to a statistically significant extent) to
distinguish between friendly and unfriendly social envi-
ronments (CP/LCU vs TD, B = -0.322, p = .031) (Fig
2B). Although adolescents with CP/HCU were also
poorer at this than TD adolescents, they did not differ
statistically from either group (CP/HCU vs TD, B =
-0.247, p = .101; CP/HCU vs CP/LCU, B = 0.075, p =
.635) (Table S1, available online).

Groups did not significantly differ in the ability to
distinguish between environments in a non-social context,
although we saw a trend toward our CP/HCU group being
poorer in this distinction than our TD group (CP/HCU vs
TD, B = -0.283, p = .053; CP/LCU vs TD, B = -0.037,

» = 798; CP/HCU vs CP/LCU, B = —0.246, p = .112)
(Table S2, available online). Full details on model specifi-
cation, are available in Supplement 4, available online.

Social Preferences, Prior Beliefs, and Belief Updating
We next looked at factors that may contribute to group
differences in adapting to different social environments,
starting with social preferences (Fig. 3A).

We observed that CP/LCU and particularly CP/HCU
seem to be less averse to advantageous inequality (mean
disutility for each unit being ahead: TD: 0.47; CP/LCU:
0.40; CP/HCU: 0.29). However, groups did not differ
significantly from one another (linear model fitted to par-
ticipants’ advantageous inequality aversion (TD vs CP/
HCU: p = .268; TD vs CP/LCU: p = .649; CP/HCU vs
CP/LCU, p = 0.379)) (Figure 3A; Table S3, available
online).

All  groups demonstrated strong disadvantageous
inequality aversion (mean disutility for each unit being
behind: TD: 0.88; CP/LCU: 0.85; CP/HCU: 0.87), which
was significantly stronger than advantageous inequality
aversion (paired # test: p < .001). However, groups did not
differ significantly from one another in this respect (linear
model fitted to participants’ advantageous inequality aver-
sion: TD vs CP/HCU: p = 0.687; TD vs CP/LCU: p =
.608; CP/HCU vs CP/LCU, p = .920)) (Figure 3A;
Table S4, available online).

We next explored group differences in prior beliefs
(Fig. 3B). A logistic regression revealed no group differ-
ences in prior beliefs regarding others’ trustworthiness

(all p > .755) (Table S5, available online) or their

FIGURE 2 Participant Choices by Decision Setting Participant Group and Interaction Partner Group

A Trust Game B Coordination Game C Non-social Task
101 109 101
08 4 08 4 08 4
06 - 06 - 064,
04 04 04
024 024 024
007 &= 00~ 00 7 ===
D CPALCU CPHCU 0 CPACU CPHCU D CPACU CPHCU

Note: Proportions choices for A for each of the decision settings (panels), participant groups, and groups of interaction partners (colored bars: partner tended to play X;
white bars: partner tended to play Y). Bars show means + SEs of proportions for A for each individual. Individuals are also indicated with gray dots. CP/HCU = conduct
problems and high levels of callous-unemotional traits; CP/LCU = conduct problems and low levels of callous-unemotional traits; TD = typically developing.
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FIGURE 3 Social Preferences Prior Beliefs and Responses to Different Outcomes Across Groups
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Note: (A) Social preferences are represented by indifference points in in the Dictator Game, which measure advantageous inequality aversion, and the Ultimatum Game,
which measures disadvantageous inequality aversion (details of calculation of these measures can be found in Supplement 3, “Measuring Social Preferences,” available
online). (B) Prior expectations are assessed for the Trust Game, where higher values of “Expected proportion X" indicate greater expectations of trustworthiness in others,
and for the Coordination Game, where higher values of “Expected proportion X" indicate greater expectations of friendliness and consideration for others’ payoffs rather
than prioritizing their own. (C) Responses to social interaction outcomes. Panels show, for each of the interaction contexts, the average probabilities (1 SEM) of partic-
ipants staying with the same option (A or B) after experiencing a “loss” (defined as choosing the option that did not lead to the best outcome, given the choice of the
partner; ie, choosing A when the partner chose Y, or choosing B when the partner chose X), or a “win” (defined as choosing the option that led to the best outcome; ie,
choosing A when the partner chose X, or choosing B when the partner chose Y). CP/HCU = conduct problems and high levels of callous-unemotional traits; CP/LCU =
conduct problems and low levels of callous-unemotional traits; TD = typically developing.

preference to coordinate on the action that benefited the
participant most (ie, to choose option X) (all p > 0.104).
Model specification for analysis of both prior beliefs and
social preferences can be found in Supplement 4, available
online.

Finally, we used computational models (extended
reinforcement learning models; more detail in Supplement
4, available online) to examine how participants updated
their expectations in different social environments. How-
ever, estimated sensitivities in these models were so low that
learning rates could not be interpreted for any of our
participant groups. We therefore resorted to a simpler
analysis based on heuristics of win-stay lose-shift, as dis-
cussed below.

Exploratory Analyses

To explore whether groups differed in the heuristics that
they used in our Trust and Coordination games, as well as
in the non-social task, we examined the extent to which
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they used a “win—stay, lose—shift” strategy. To this end, we
fitted a logistic GLMM to predict participants’ decisions to
stick with the same choice, based on the outcome of the
previous interaction (for each environment) (Figure 3C,
Table S6, available online).

We observed that, for both good and bad outcomes in
the previous interaction, probabilities of sticking with the
same option were close to 50%. This means that, overall,
behavior was quite erratic (note that a perfect win—stay,
lose—shift strategy would have a y-value of 0 for “lose”
and 1 for “win”). That said, all groups were more likely to
stick with the same choice following a win in the non-social
task and the Trust Game (B = 0.454, p < .001; B = 0.312,
p = .004 respectively) (Table S6, available online). This was
not seen in the Coordination game (p > .420). In the Trust
Game, the HCU group had an anti-correlated pattern that
differed significantly from that of the TD group (ie, they
were more likely to stick with the same group following a
loss, and shift to a new group following a win; B = —0.420,
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p = .012). In the Coordination Game, we observed no
significant group differences, although the CP/HCU par-
ticipants were the most sensitive to the outcome of the
previous round. The CP/LCU group did not differ from
other groups in their heuristics (all p > .10).

Covariate Analyses

As groups differed in age, we reran our key models exploring
adaptation to different social environments with age as a
covariate (Tables S7 and S8, available online). This did not
change any of our findings, indicating that variance in age
did not account for groups’ abilities to differentiate between
(un)trustworthy social environments and coordinate with
(un)friendly social environments. We also ran 4 additional
models predicting adaptation to each environment with
Strengths and Difficulties Questionnaire teacher ratings of
hyperactivity, emotional difficulties, and peer problems (ie
variables that differed between groups) included as cova-
riates (Tables S7, S8, available online). None of these var-
iables contributed to variance in groups’ abilities to
differentiate (un)trustworthy social environments. Howev-
er, including these variables as covariates removed the dif-
ference between CP/LCU and TD participants in the ability
to coordinate with (un)friendly social partners, which in-
dicates that this difference may relate to other factors that
are important for the clinical presentation of CP.

DISCUSSION

In the current study, we examined whether adolescents with
conduct problems and high vs low levels of callous-
unemotional traits (CP/HCU vs CP/LCU) differ from
typically developing (TD) adolescents in their ability to
learn to adjust to social environments that vary in their
degree of cooperation. We further assessed whether group
differences in social preferences (inequality aversion), prior
expectations regarding others’ behavior, and updating of
expectations might provide a mechanistic explanation of
observed differences in behavioral adjustments beween
groups. Participants played economic games capturing trust
and social coordination, 2 important cooperative behaviors.
In line with our hypotheses, we observed differences be-
tween the CP and TD groups in their ability to learn to
adjust to different social environments, resulting in reduced
cooperation in these groups. Interestingly the extent of these
differences varied based on the social environment in
question. Although both CP/HCU and CP/LCU partici-
pants were considerably poorer at differentiating trust-
worthy and untrustworthy environments than were TD
participants, only CP/LCU participants differed statistically
from TD participants in their ability to differentiate friendly
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and unfriendly social environments. Surprisingly, however,
we observed no group differences in any of the purported
factors underlying cooperative behaviors that we investi-
gated. These findings provide valuable new insights into
social learning and cooperative behaviors in adolescents with
CP, as well as heterogeneity between adolescents with CP/
HCU and those with CP/LCU. They also raise important
considerations regarding the need for task development to
optimize measures of individual differences in the mecha-
nisms underlying social behaviors in adolescents with CP.

In line with our hypothesis, adolescents with CP (both
HCU and CP/LCU) demonstrated reduced ability to
differentiate trustworthy’ from untrustworthy environments.
This hypothesis was based on prior evidence of reduced
cooperation in participants with CP,>*%34
proposal by Fonagy and Luyten'® that reduced epistemic
trust (or knowledge of whether social communicators are
trustworthy) is one key driver of the development of
aggressive behaviors such as those seen in CP. An inability to
determine who is trustworthy could plausibly lead to a ten-
dency to rely more on aggressive than cooperative strategies
when interacting with others, and negatively affect the
building and maintaining of social relationships in adoles-
cents with CP. However, although we saw similar degrees of
difficulty in differentiating (un)trustworthy social environ-
ments across the CP/HCU and CP/LCU groups in our task,
this behavioral similarity may stem from at least partially
different etiological pathways. CP in the context of LCU
appears to be under stronger environmental risk, ¥4 with
possible links to early life trauma and adversity.** This carly
adversity could, in turn, disrupt associative lealrning,43 which
is likely relevant for socialization over development. CP in
the context of HCU is associated with stronger genetic
risk®®*" and has been associated with reduced receptivity to
social affiliative cues—including cues important for social
communication such as eye gaze and happy face,'>!'?2444>
This could present a barrier to the ability to learn to differ-
entiate trustworthy and untrustworthy communicators. Ad-
olescents with CP/HCU may also have histories of early
adversity, which could exacerbate genetic risk. Future
research could elucidate this further by relating differentia-
tion of (un)trustworthy environments in adolescent CP with
parent ratings of parent—child relationships and children’s
maltreatment history.

Although adolescents with CP/HCU and CP/LCU

were considerably poorer than TD adolescents at differen-

as well as the

tiating (un)trustworthy environments in our study, only
adolescents with CP/LCU statistically differed from TD
adolescents in their ability to coordinate with social part-
ners—another important aspect of cooperating with others.
This is contrary to our hypothesis that coordination in
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general would characterize adolescents with CP. It is
important to note that although adolescents with CP/HCU
did not differ statistically from the TD group in their
behavior on this task, their behavior did not statistically
differ from that of the CP/LCU group either (ie, they were
not fully typical in their choices). This suggests that reduced
cooperation might relate more to trust environments in
adolescents with CP/HCU, and be more general to social
decision-making in those with CP/LCU. This would fit
with studies suggesting that CP/LCU is associated with
poorer social problem solving and flexibility, whereas CP/
HCU is more associated with reduced social affilia-
tion.2*?>?* It is important to note that this difference
disappeared when other important factors that are part of
the clinical presentation of CP and that differed between
groups in our sample (hyperactivity, peer problems,
emotional problems) were included as covariates. This im-
plies that broader psychiatric vulnerability that is typically
seen in individuals with CP may be important in under-
standing variance in ability to coordinate between social
environments in this group
investigation.

Interestingly, we observed no group differences in any
of the factors that might contribute to cooperative behaviors
that we investigated in our study (social preferences, prior
beliefs). We had hypothesized that adolescents with CP/
HCU might be more willing to accept an advantage over
others, and that those with CP (perhaps especially CP/
LCU) would be less willing to accept a disadvantage
compared to others. Our observed lack of group differences
in either of these social preferences does not align with prior
research using similar tasks in adolescents with CP.?#3%4 It
is noteworthy that we observed substantial heterogeneity in
the responses within each group, and future studies are
required to investigate the degree to which sample and task
characteristics may affect social preferences. It is also worth
noting that inequality aversion represents only one moti-
vational factor that could be driving behavior in our task.
Recent research has highlighted that a range of motivations
drive individual-level decision making in economic games.
These include guilt aversion, greed (maximizing one’s own
gain at the expense of others), altruism (avoidance of
inequity and guilt) and moral opportunism (flexibly
adapting strategy based on the situaltion).47’48 Indeed, traits
associated with psychopathy in adults have been linked to
lower levels of reciprocity (which indirectly reflects greed).49

and warrants future

Future research that investigates a wider range of motiva-
tional factors in relation to social learning and cooperative
behaviors in adolescents with CP/CU could be of benefit for
understanding social difficulties in this population.
Regarding prior beliefs, we hypothesized that adolescents
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with CP might have reduced expectation that others would
cooperate with them, in terms of both trust and social co-
ordination. However, all groups were comparable in their
prior beliefs regarding the behavior of unknown others in
this task. Given our observation that adolescents with CP
had more difficulty differentiating trustworthy and un-
trustworthy social environments, it would be interesting to
extend this work by investigating these groups’ prior beliefs
in relation to the behavior of others who should (in theory)
be trusted communicators, such as teachers, parents/care-
givers, and friends. It should be noted that we were unable
to investigate expectation updating because of poor model
fit (discussed in more detail below).

Because we did not see group differences in social pref-
erences and prior beliefs, it is difficult to provide a mecha-
nistic explanation of group differences in cooperative
behaviors in our study, and it thus leaves room for inter-
pretation. It is possible, for example, that CP participants
(perhaps especially those with CP/LCU) were unable to pick
up on social information when other, more salient infor-
mation was present, in this case, one choice being associated
with a potentially higher reward. CP has been associated with
heightened sensitivity to reward at both a behavioral and
neural level.”® Future work is needed to further delineate
whether salience of social cues (relative to other motivating
cues) might modulate the ability of adolescents with CP to
take these cues into account and what the consequences of
this are to triggering instances of antisocial and aggressive
behavior. It is also possible that that our tasks were too
complex for our CP participants, which led to more difficulty
differentiating social environments. We suggest this is un-
likely to be the sole explanation of our findings, as TD
participants, who were matched in IQ at a group level with
our participants with CP, performed better in both the Trust
and the Coordination games than participants with CP.
However, it is worth noting that our exploratory analyses
indicated that behavior across groups was generally erratic for
all of our economic tasks, to the extent that we were unable
to fit computational models. To be consistent with prior
research, we used the same modeling approach as Westhoff
er al,”® who used the current task with a large, typically
developing, adolescent sample. Although beyond the scope of
the current study, systematic exploration of the model space
in future studies could advance a mechanistic understanding
into belief updating in CP populations, and we suggest that
this is best done in conjunction with task development.

It is also important to note that all of our groups had a
mean level of IQ that was below average.”' Lower cognitive
ability is part of the clinical presentation of adolescents with
CP, but this may limit the suitability of current tasks and
computational models for elucidating the mechanisms
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underlying atypical behavior in CP. This also raises inter-
esting questions regarding whether current behavioral tasks
and computational measures should be further optimized to
more sensitively capture the mechanisms underlying social
behaviors in adolescents with CP.

Our findings indicate heterogeneity in disrupted
cooperative behaviors in adolescents with CP/HCU and
CP/LCU. Although adolescents with CP/LCU appeared to
struggle to learn to adjust to social environments more
generally, those with CP/HCU showed marked differences
from TD participants only in relation to trust. These
findings provide a strong impetus for future research to
explore trust and social learning over development in CP,
including relating these to behaviors characteristic of CP,
such as aggression. They also raise important questions
regarding the best methodology for exploring individual
differences in this highly vulnerable group.

This article is part of a special series devoted to addressing aggressive
behavior as a focus of psychiatric attention and how its manifestations and
treatment needs may vary across psychiatric disorders. The series is edited by
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and Editor Manpreet K. Singh, MD, MS.
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