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Abstract
Human cooperative behavior has long been thought to decline under adversity. 
However, studies have primarily examined perceived patterns of cooperation, with 
little eye to actual cooperative behavior embedded within social interaction. Game-
theoretical paradigms can help close this gap by unpacking subtle differences in how 
cooperation unfolds during initial encounters. This study is the first to use a child-
appropriate, virtual, public goods game to study actual cooperative behavior in 329 
participants aged 9–16 years with histories of maltreatment (n = 99) and no maltreat-
ment (n = 230) while controlling for psychiatric symptoms. Unlike work on perceived 
patterns of cooperation, we found that maltreated participants actually contribute 
more resources to a public good during peer interaction than their nonmaltreated 
counterparts. This effect was robust when controlling for psychiatric symptoms and 
peer problems as well as demographic variables. We conclude that maltreatment may 
engender a hyper-cooperative strategy to minimize the odds of hostility and pre-
serve positive interaction during initial encounters. This, however, comes at the cost 
of potential exploitation by others.
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1  | INTRODUC TION

The human species is unique in terms of its skill and motivation to 
cooperate (Tomasello, 2014). At the same time, environmental fac-
tors are thought to figure prominently in shaping the specific level 
of cooperativeness of an individual (Belsky, Steinberg, & Draper, 
1991). As a core mechanism of environmental influence, repeated 
interactions with attachment figures are amalgamated over time 
into internal working models that become “increasingly a property 
of the child” (Bowlby, 1988, p. 127), guiding their behavior across so-
cial contexts (Cassidy, Jones, & Shaver, 2013). Accordingly, adverse 
rearing conditions, such as maltreatment experiences, are thought to 
inculcate a less cooperative mindset toward others more generally, 
which may also serve as an adaptation to a stressful environment 
with high competition for resources (Belsky et al., 1991). In line with 
this, maltreatment gives rise to reports of decreased cooperative-
ness—often assessed via questionnaires on being helpful or sharing 
with peers—as well as reports of increased aggression and/or social 
withdrawal, which account for a wide range of peer problems, typi-
cally observed among maltreated children (Anthonysamy & Zimmer-
Gembeck, 2007; Bolger & Patterson, 2001).

Simultaneously, an independent line of inquiry suggests that 
maltreated children may go out of their way to minimize the odds 
of hostile encounters with others. Scholars have thus empiri-
cally observed a set of behaviors involving compulsive compliance 
(Crittenden & Ainsworth, 1989; Crittenden & DiLalla, 1988) or in-
discriminate friendliness/social disinhibition (Kay & Green, 2013; 
Rutter et al., 2010) introducing theoretical concepts, such as costly 
altruism (Zahn-Waxler & van Hulle, 2011) or excessive submissive-
ness (Sloman & Taylor, 2016) following early adversity, including mal-
treatment. However, this research has yet to be reconciled with the 
aforementioned work showing diminished levels of cooperation in 
the wake of maltreatment.

In part, resolution of this inconsistency may have been hampered 
by limitations inherent in the methods of this field which primarily 
assess perceived cooperative behavior of children and adolescents, 
including self-, peer-, parent-, and teacher-rated behavior. While pro-
viding insight into broader patterns of social behavior, such methods 
are limited in their ability to account for the process whereby so-
cial exchanges initially unfold with unfamiliar interaction partners. 
In contrast, game-theoretical paradigms allow us to parse broad 
patterns of social exchanges into their constituent interactive units. 
They provide a rich set of powerful tools for quantifying interactive 
social behaviors mathematically (Gradin et al., 2016; Gummerum, 
Hanoch, & Keller, 2008) and may therefore add a new and crucial 
dimension to prior work on social behavior in maltreated individuals.

1.1 | Cooperative behavior within social dilemmas

Cooperative behavior has often been studied within game-
theoretical paradigms (van Lange, Joireman, Parks, & van Dijk, 
2013). One particularly suitable class of game-theoretical para-
digms to study developmental changes in cooperation in children 

and adolescents are social dilemmas (Crone, Will, Overgaauw, & 
Güroğlu, 2014). Here, the individual gains most by pursuing a self-
ish strategy which conflicts with what would be best from a collec-
tive perspective (i.e., cooperation; Dawes, 1980). Due to its strategic 
makeup, the most stringent social dilemma to study cooperation in 
groups is the public goods game (PGG; Hardin, 1968), which is the 
multiperson case of a Prisoner’s Dilemma (PD; Luce & Raiffa, 1957; 
Rand & Nowak, 2013). Public goods refer to resources consumable 
by everyone in the group irrespective of an individual’s prior contri-
bution (Olson, 1965), such as a clean environment or public services 
(Gummerum et al., 2008).

Despite ample research in adults (for overviews see Chaudhuri, 
2011; Ledyard, 1995; Zelmer, 2003) much less is known about child 
and adolescent behavior in these situations. Recent work has begun to 
show that children from community samples initially contribute about 
the same amount of resources as adults and also display the tendency 
to cooperate conditionally (i.e., cooperate only when others cooper-
ate; Harbaugh & Krause, 2000; Keil et al., 2017; Vogelsang, Jensen, 
Kirschner, Tennie, & Tomasello, 2014). Furthermore, older children as 
well as adolescents have been shown to more flexibly adjust their strat-
egy as a function of their peer’s behavior compared to younger children 
(Keil et al., 2017; van Hoorn, van Dijk, Meuwese, Rieffe, & Crone, 2016).

Within the limited set of studies utilizing these paradigms in 
child and adolescent community samples, social dilemmas have 
recently also been introduced into developmental psychopathol-
ogy. Some work in this area has implemented the trust game. 
In the trust game, a trustor can allocate resources to a trustee. 
Subsequently, these resources are augmented by a given factor 
and finally the trustee must decide how many resources to return 
to the trustor (Alarcón & Forbes, 2017).1 Most importantly for the 
present purposes, a recent study using multiple trials of a single-
shot trust game found that postinstitutionalized, adopted youth 
displayed lower rates and maintained less sharing behavior after 
they interacted with nonreciprocating peers, compared to never-
institutionalized, nonadopted controls (Pitula, Wenner, Gunnar, & 

RESEARCH HIGHLIGHTS

•	 Though ample work shows that humans are uniquely 
cooperative, few studies examine how early adversity 
impinges on individual-level cooperative behavior, 
quantifiable via game-theoretical paradigms.

•	 Ours is the first study to use a public goods game to as-
sess effects of maltreatment on actual cooperative be-
havior toward peers among 9- to 16-year-olds.

•	 We show that maltreated children actually contribute more 
resources than their nonmaltreated counterparts unlike 
previous work suggesting diminished cooperativeness.

•	 While this strategy may serve to minimize hostility dur-
ing initial encounters, it also comes at the cost of poten-
tial exploitation by others.
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Thomas, 2017). However, despite Pitula et al.’s (2017) intriguing 
results, it remains unclear whether their findings are generalizable 
to other more common forms of maltreatment or other types of 
social situations. Thus, institutionalization and/ or adoption may 
engender a distinct pattern of social behavior (e.g., involving lim-
ited social reciprocity) that is not typically linked with maltreat-
ment without placement in foster care or adoption (see Zeanah & 
Gleason, 2015). Furthermore, while a single-shot trust game accu-
rately estimates a disposition to trust in a dyadic context (Alarcón 
& Forbes, 2017), it cannot account for key aspects of more ad-
vanced group-level cooperation over multiple trials (e.g., higher 
motivation to cooperate; Axelrod, 1984; Blake, Rand, Tingley, & 
Warneken, 2015). In the present research, we therefore imple-
mented an iterative group-level PGG to capture effects of mal-
treatment on cooperative behavior across multiple interactions 
with the same coplayers.

Moreover, to assess the specificity of effects of maltreatment, 
it may be crucial to account for concurrent clinical symptoms. 
Notably, clinical symptoms are typical sequelae of maltreatment 
(Jaffee, 2017) and also coincide with less perceived cooperative be-
havior (Padilla-Walker, Carlo, & Nielson, 2015). As far as clinical re-
search on game-theoretical paradigms is concerned, scholars have 
primarily examined adult samples (Clark, Thorne, Hardy, & Cropsey, 
2013; King-Casas & Chiu, 2012). Prior studies on adults with disrup-
tive behavior symptoms consistently document attenuated levels 
of cooperative behavior compared to healthy controls using PDs 
(Mokros et al., 2008; Montañés, de Lucas, & Rodríguez, 2003). For 
adults with internalizing problems (e.g., depression), studies have 
yielded mixed findings regarding their cooperative behavior in 
PGGs and PDs (for an overview see Alarcón & Forbes, 2017). While 
some work reports higher rates of cooperation in depressed indi-
viduals (Sorgi & van’t Wout, 2016), other studies report lower rates 
of cooperation (Clark et al., 2013; Pulcu et al., 2015; Surbey, 2011) 
or no behavioral differences compared to healthy controls (Gradin 
et al., 2016).

Of the little work utilizing game-theoretical social dilemmas in 
child and adolescent samples, only few have investigated how psy-
chiatric symptoms impact behavior in these situations (for reviews 
see Alarcón & Forbes, 2017; Sharp, 2012). While research using the 
trust game demonstrates less trustworthiness among boys with ex-
ternalizing problems (Sharp, Ha, & Fonagy, 2011), children with more 
conduct symptoms display lower levels of, and are less likely to re-
pair cooperation in a PD (Blake et al., 2015). Moreover, two studies 
report cooperative behavior among clinically referred adolescents 
compared to healthy controls in a PD. In the first study, anxiously de-
pressed adolescents who played a PD with a computerized coplayer 
exhibited higher rates of cooperation following coplayer’s cooper-
ation, but no differences after their coplayer’s defection (McClure 
et al., 2007). Conversely, in the second study using the same exper-
imental setup, a sample of anxious adolescents evidenced higher 
rates of cooperative behavior following their coplayer’s defection 
(McClure-Tone et al., 2011). Thus, while effects are clearly heteroge-
neous, clinical symptoms are a potential confounder when analyzing 

the impact of maltreatment on cooperative behavior. For this reason, 
we elected to control for clinical symptoms in the present study.

1.2 | The current study

In this study we analyze cooperative behavior of maltreated and 
nonmaltreated children and adolescents within a computerized PGG 
called the Pizzagame (Keil et al., 2017). In the Pizzagame, participants 
are led to believe they are playing an online computer game with 
three sets of two same-aged, same-sex coplayers who are in fact 
computer generated and following preprogrammed scripts. The 
Pizzagame comprises three conditions. In the first condition, par-
ticipants face cooperative coplayers, in the second condition self-
ish coplayers, and in the third condition coplayers with divergent 
strategies (i.e., cooperative and selfish). This approach first estab-
lishes baseline cooperative behavior and induces a large behavioral 
change by placing the exploitative strategy second (conditional co-
operation). Additionally, the divergent condition taps into a potential 
recovery of cooperative behavior and the extent to which subjects 
side with a cooperative or an exploitative peer. We extrapolated 
absolute contributions in each condition and behavioral change be-
tween conditions.

This study pursues two main aims. First, we seek to analyze if 
and how maltreatment experiences impact cooperative behavior 
of children and adolescents in a PGG. According to the aforemen-
tioned literature, we tested whether maltreatment exposure gives 
rise either to (a) lower or, alternatively, (b) higher absolute contri-
butions within each condition of our PGG. Moreover, we explored 
effects of maltreatment exposure on the flexibility to adapt contri-
bution levels to behavioral shifts of coplayers between conditions. 
Second, we sought to establish the independent effect of maltreat-
ment on cooperative behavior over and above the effect of concur-
rent psychopathology and peer problems. Both of these domains 
are well-known sequelae of maltreatment (Cicchetti & Toth, 2016) 
and therefore establishing an independent effect of maltreatment 
on cooperation would underscore its fundamental importance for 
cooperation. Therefore, we tested the effects of maltreatment on 
cooperative behavior controlling for psychiatric symptoms and peer 
problems, both at the absolute level of cooperation and change be-
tween conditions.

2  | METHOD

2.1 | Sample

We recruited 408 participants aged 9–16 years from the community 
(n = 278), child psychiatric services (n = 104) and the child protec-
tion services (CPS; n = 26) as part of an ongoing study analyzing the 
pathways from childhood maltreatment to psychiatric symptoms and 
disorders (for a detailed description see White et al., 2015). Ethical 
approval was obtained from the university’s institutional review 
board (IRB). Informed consent and assent were obtained from car-
egivers and youth prior to participation. Following our established 
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procedure to safeguard against limited task comprehension (Keil 
et al., 2017), we excluded 79 children and adolescents (46.1% mal-
treated) because they erred on more than one of nine comprehen-
sion questions following instructions on the strategic makeup of 
the game. Excluded participants did not differ from the final sample 
population with regard to gender (p = 0.103, d = 0.16), but regarding 
the proportion of maltreatment (p = 0.009, d = 0.26) age (p ≤ 0.001, 
d = −0.66), monthly household income (p = 0.012, d = 0.26), and car-
egiver’s school education (p ≤ 0.001, d = 0.51). Given that our a priori 
inclusion threshold based on Keil et al. (2017) resulted in exclusion of 
a sizable number of participants, we conducted sensitivity analyses 
while relaxing the threshold (up to three errors in the comprehension 
questions), which only resulted in exclusion of n = 20 participants 
(40% maltreated). This sensitivity analysis involved a larger sample 
of N = 388 children and adolescents who were comparable to the 
excluded children with regard to the proportion of maltreatment 
(p = 0.406, d = 0.01), gender (p = 0.169, d = 0.14), as well as caregiver’s 
monthly household income (p = 0.106, d = 0.16), and merely differed 
from excluded children in terms of age (p ≤ 0.001, d = −1.22) and car-
egiver’s school education (p = 0.001, d = 0.81). This model yielded 
comparable model fit and effects of maltreatment. Therefore, we 
decided to apply our a priori inclusion threshold (up to 1 error in the 
comprehension questions) for our main analysis, which yielded a final 
sample of N = 329 participants. Tables A1 and A2 show demographic 
data as well as descriptive data on cooperative behavior in the PGG, 
psychopathology, peer problems, and maltreatment.

2.2 | Procedure

Children and caregivers were invited to the laboratory for parallel as-
sessments that lasted approximately 3 hr and consisted of interviews, 
self-reports, and experimental set-ups. To ensure privacy, data-
collection was carried out in separate rooms by trained research-
ers. Maltreatment interviews were coded after the appointment. 
Additionally, given prior permission, questionnaires were forwarded 
to the second caregiver and a teacher. After the appointment, the 
caregiver received a monetary reimbursement for participation while 
children and adolescents could choose a gift (see below).

2.3 | Instruments

2.3.1 | Maltreatment

The Maternal Maltreatment Classification Interview (MMCI; 
Cicchetti, Toth, & Manly, 2003) was administered to caregivers and 
recorded for later coding. Lifetime presence of incidents involving 
one or more of six maltreatment subtypes was assessed using screen-
ing questions. Positive screens were followed up by assessing sub-
types (sexual abuse, physical abuse, emotional maltreatment, failure 
to provide, lack of supervision, moral/legal/educational maltreat-
ment), severity (1 = low to 5 = high), and developmental stages, that 
is, infancy (up to 1.4 years), toddlerhood (1.5–2 years), preschool age 
(3–5 years), early school age (6–7 years), late school age (8–12 years), 

and adolescence (13–18 years) per incident. Interviews were coded 
by trained researchers using the Maltreatment Classification System 
(MCS; Barnett, Manly, & Cicchetti, 1993),which has proven valid and 
reliable (e.g., Manly, Oshri, Lynch, Herzog, & Wortel, 2013). To en-
sure high data-quality, onsite training was provided by one of the au-
thors of the MCS. If coding issues occurred, raters consulted a senior 
researcher board that met on a fortnightly basis and contacted the 
MCS trainer, if necessary. Three continuous variables (number of 
subtypes, chronicity, and maximum severity) were extracted from 
these measures. This approach was preferred given that continu-
ous maltreatment measures do greater justice to the complexity 
of adverse experiences and are therefore superior to dichotomous 
measures of maltreatment (Manly, Kim, Rogosch, & Cicchetti, 2001). 
To yield an age-independent index of maltreatment chronicity, we 
divided the number of developmental periods (e.g., toddlerhood, 
early childhood) in which participants had experienced maltreat-
ment by the number of developmental periods they had already 
gone through (Sierau et al., 2017; White et al., 2017).

2.3.2 | Cooperative behavior in the PGG

To assess cooperative behavior children played the Pizzagame (Keil 
et al., 2017), a novel, developmentally appropriate, computerized 
life-like task implementing the strategic setup of a PGG. Prior to 
starting the game, participants received thorough information re-
garding the rules and setup of the game (i.e., number of trials and 
players), followed by three example scenarios (i.e., cooperative, ex-
ploitative, noncooperative) illustrating potential outcomes of the 
game. Each of the three scenarios was followed by three compre-
hension questions to ensure that participants understood the stra-
tegic makeup of the PGG. Afterward, a test version of the game was 
run to familiarize participants with the game interface. To incentivize 
participants, they were told that the value of the gift they would re-
ceive at the end of the appointment would depend upon how many 
slices of pizza they retrieved in the course of the game. In reality, 
participants could all choose from the same set of presents to avoid 
disappointment due to differences in individual game behavior. 
Rather than a formal debriefing, children were exposed to an up-
lifting closing experience (i.e., the moderately cooperative condition 
followed by receiving a gift from the biggest box; see Thompson, 
1990, pp. 11–12) in order not to jeopardize the trusting relationship 
to the experimenters for longitudinal assessments (for a complete 
description of the experimental setup see Keil et al., 2017).

At the start of the Pizzagame, participants were led to believe 
they were connected with other children over the Internet. In fact, 
participants played the Pizzagame with computer-generated co-
players with fixed strategies. Set at a virtual school, participants 
interacted with three pairs of same-age, same-sex peers. At the 
beginning of each round, players received an initial endowment of 
nine virtual slices of pizza. Without seeing other player’s decisions, 
participants decided how many (0, 3, 6, or 9) slices they would like to 
take to school and pool to a “communal plate” (i.e., contribute to the 
public good) or leave at home (i.e., keep for themselves; Figure 1a). 
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At school, the virtual teacher augmented what was on the com-
munal plate by adding 50% of the sum of all pooled slices of pizza 
(Figure 1b). All slices on the communal plate were then redistributed 
equally among players irrespective of each player’s initial contribu-
tion (Figure 1c). At the end of each round, slices obtained at school 
and those left at home were summed for each player, represent-
ing each individual’s outcome for the respective round (Figure 1d). 
The Pizzagame progressed through three conditions comprising four 
rounds each. In the first condition, participants faced highly coop-
erative coplayers who both contributed all of their initial endow-
ment to the public good in the first round. In the following three 
rounds, one coplayer carried on contributing nine slices, while the 
other coplayer slightly reduced contributions to six slices of pizza. 
In the second condition, coplayers pursued a selfish strategy by 
contributing three and zero slices of their initial endowment to the 
public good and reducing contributions to the minimum amount 
(both zero slices) in the subsequent three rounds. In the third con-
dition, coplayers displayed a divergent strategy with one coplayer 

contributing all of his initial resources while the other coplayer con-
tributed three slices in the first round and none in the following three  
rounds.

2.3.3 | Psychiatric symptoms and peer problems

To assess psychiatric symptoms the Strengths and Difficulties 
Questionnaire (SDQ; Goodman, 1997) was administered to pri-
mary caregivers (two, if possible), children, and teachers. The 
SDQ comprises 25 items (three-point scale) yielding five symptom 
scales (conduct problems, hyperactivity, emotional symptoms, 
peer problems, and prosocial behavior). For this study, the sub-
scales emotional symptoms, conduct problems, hyperactivity, and 
peer problems were used from up to four informants. The reports 
on psychiatric symptoms and peer problems by the different in-
formants yielded acceptable internal consistency (emotional prob-
lems, α = 0.76; conduct problems, α = 0.77; hyperactivity, α = 0.80, 
peer problems, α = 0.78).

F I G U R E   1  Illustration of four key stages of a hypothetical round of the Pizzagame: (a) Decision situation with photographs of coplayers 
and choice of contributions. (b) Presentation of participants’ contribution (here six) along with anonymous individual contributions of 
coplayers and augmentation by teacher (50% of the sum of individual contributions). (c) Illustration of the redistribution of the public good 
to each individual player. (d) Illustration of the surplus of resources after one round of the Pizzagame. Photographs in the task and figure are 
drawn from the NIMH Child Emotional Faces Picture Set (NIMH-ChEFS; Egger et al., 2011)
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2.4 | Data analyses

To test our hypotheses we applied structural equation modeling 
(SEM) using Mplus 7.11 (Muthén & Muthén, 2013). To model mal-
treatment as a continuous latent variable we used a formative ap-
proach (Diamantopoulos & Winklhofer, 2001). Unlike a reflective 
approach, a formative approach assumes that indicators cause the 
latent variable instead of vice versa (MacCallum & Browne, 1993). 
More specifically, maltreatment is more appropriately conceptual-
ized as composite index (formative) because the different indicators 
(dimensions) are not interchangeable and, crucially, high scores on 
one dimension of the maltreatment experiences do not necessarily 
imply high scores on other dimensions.

To model cooperative behavior, we specified a latent reflective 
variable for each of the three conditions of the Pizzagame (i.e., co-
operative, selfish, divergent) not including the first round of each 
condition. In so doing, we sought to ensure that participants had 
been cued regarding the behavioral disposition of their coplayers 
and could factor this information into their decision. This measure 
also aimed to reduce potential carryover effects between conditions 
that might have biased latent means (Keil et al., 2017).

To model psychiatric symptoms and peer problems, we applied a 
multisource approach (Kraemer et al., 2003) combining information 
from caregivers, children, and teachers to specify latent reflective 
variables representing the level of emotional symptoms, hyperactiv-
ity, conduct problems, and peer problems. No cross loadings were 
specified. For the latent variables reflecting cooperative behavior, 
psychopathology, and peer problems we specified autocorrelated 
residuals (Sörbom, 1975) between the corresponding observed in-
dicators, both for conditions (i.e., the respective number of round 
within the different conditions) and the psychiatric symptoms and 
peer problem subscales (i.e., items of the respective respondents). 
The effect coding method (Little, 2013) was used for the identifi-
cation of latent mean scores regarding the cooperative behavior in 
each condition and the psychiatric symptom subscales. Age, gender, 
caregiver’s school education, and household net income were used 
as manifest control variables.

The analyses were carried out in three steps. First, we con-
ducted bivariate analyses to examine the links among coopera-
tive behavior, maltreatment, psychopathology, and peer problems 
without controlling for one another. Second, we specified a latent 
state model (LSM) regressing each condition of the Pizzagame on 
the maltreatment composite as well as control variables. To test 
the influence of maltreatment on behavioral flexibility (change in 
contributions between conditions) we expanded the LSM to an au-
toregressive model (ARM) by additionally specifying autoregres-
sive paths from the cooperative to the selfish and from the selfish 
to the divergent condition. Third, to check whether a possible im-
pact of maltreatment on cooperative behavior was robust after 
controlling for psychopathology and peer problems, we included 
the three psychiatric symptoms subscales and the peer problem 
subscale into the LSM of Step 2. Specifically, we regressed each 
condition of the Pizzagame on the maltreatment composite, the 

three psychiatric symptoms subscales, the peer problem subscale, 
and the control variables, as well as the psychiatric symptoms sub-
scales and the peer problem subscale on the maltreatment com-
posite and the control variables. To check if a possible influence of 
maltreatment experiences on behavioral flexibility remained sig-
nificant after controlling for psychiatric symptoms and peer prob-
lems, we again expanded the LSM to an ARM. Here, we specified 
autoregressive paths from the cooperative to the selfish and from 
the selfish to the divergent condition.

To evaluate the model fits of the LSMs and ARMs we used (a) 
the chi-square statistic, (b) the comparative fit index (CFI), (c) the 
root-mean-squared error of approximation (RMSEA), and (d) the 
standardized root-mean-squared residual (SRMR). Following Hu 
and Bentler (1999), a RMSEA ≤ 0.05 (0.08), a CFI ≥ 0.95 (0.90), and a 
SRMR ≤ 0.05 (0.08) indicate a good (adequate) model fit.

3  | RESULTS

The bivariate analyses of Step 1 indicated that maltreated children 
contributed more resources in every round of every condition than 
nonmaltreated children (Figure 2). Moreover, only the number of 
maltreatment subtypes, maltreatment severity, and the peer prob-
lems subscale were associated with higher levels of cooperation to-
ward cooperative coplayers. Besides this, the full set of psychiatric 
symptom variables, peer problems and maltreatment dimensions—
except maltreatment chronicity and hyperactivity in the divergent 
condition—were related to higher levels of cooperation toward self-
ish and divergent coplayers. In addition, all three maltreatment di-
mensions were positively associated with all psychiatric symptom 
subscales and the peer problem subscale (Table A3).

The first LSM of Step 2 showed an adequate model fit. It revealed 
that children and adolescents with more maltreatment exposure 
were more cooperative toward cooperative, selfish, and divergent 
coplayers.2 The ARM of Step 2 testing behavioral change between 
conditions also showed an adequate model fit. It indicated that mal-
treatment exposure showed no significant effect on changes in con-
tributions from the cooperative to the selfish or from the selfish to 
the divergent condition (Table A4).

The LSM of Step 3 also revealed an adequate model fit. The bi-
variate associations between cooperative behavior and psychiatric 
symptoms depicted in Step 1 were abolished after controlling for 
the effect of maltreatment on psychiatric symptoms with the excep-
tion of the positive effect of emotional symptoms on cooperation in 
the divergent condition. In contrast, the bivariate associations be-
tween cooperative behavior in the cooperative and the divergent 
condition and peer problems depicted in Step 1 remained robust 
to controlling for the effect of maltreatment on peer problems. 
Moreover, as predicted, results indicated that youth with more ex-
posure to maltreatment experiences were more cooperative toward 
cooperative, selfish, and divergent coplayers after controlling for 
psychiatric symptoms and peer problems. Furthermore, youth with 
more exposure to maltreatment displayed higher levels of emotional 
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symptoms, conduct problems, and hyperactivity (Figure 3 and 
Table A4). The ARM of Step 3 testing behavioral change between 
conditions showed an adequate model fit. It indicated that maltreat-
ment exposure showed no effect on changes in contributions from 
the cooperative to the selfish and from the selfish to the divergent 
condition (Table A4).

The following additional results emerged: Females contrib-
uted more toward cooperative coplayers prior to controlling for 
psychiatric symptoms than males (LSM Step 2). Before and after 
controlling for psychiatric symptoms and peer problems (LSM 

Step 2, LSM Step 3), older children contributed less toward self-
ish coplayers and children with less educated parents contributed 
more toward selfish coplayers. Older children evidenced a more 
pronounced decrease in contributions from cooperative to selfish, 
and a more pronounced increase of contributions from selfish to 
divergent coplayers (ARM Step 3). With increasing education of 
caregivers, children showed a more pronounced decrease in con-
tributions from the cooperative to the selfish condition (ARM Step 
3). Additionally, girls showed higher levels of internalizing prob-
lems while boys displayed more externalizing and peer problems. 

F IGURE  2 Mean contributions with 
standard errors for the cooperative, 
selfish, and divergent condition for 
maltreated (n = 99) and nonmaltreated 
(n = 230) children
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Finally, higher levels of externalizing and peer problems coincided 
with lower monthly household income while higher levels of exter-
nalizing problems were also associated with caregiver education 
(Table A4).

4  | DISCUSSION

Ours was the first study aiming to investigate the impact of mal-
treatment experiences on actual and objectively assessed coop-
erative behavior of children and adolescents in a newly developed, 
computerized PGG. Moreover, given the well-established associa-
tion between maltreatment and psychopathology, we also sought 
to analyze these effects while controlling for psychiatric symptoms 
and peer problems. We found that maltreated children exhibited 
increased levels of cooperative behavior, regardless of whether 
they played with cooperative, selfish, or mixed cooperative–selfish 
age-mates.

Notably, a similar pattern of increased cooperativeness emerged 
for emotional symptoms, conduct problems, hyperactivity, and peer 
problems in the bivariate analyses, raising the question whether the 
effects are primarily an emergent property of psychopathology and/
or peer problems rather than maltreatment. However, additional 
analyses adjusting for levels of psychopathology, peer problems, and 
relevant confounders (age, gender, SES), demonstrated that the ef-
fect of maltreatment was robust across all conditions. This intriguing 
pattern of results leads us to conclude that—far from invariably act-
ing antisocially and uncooperatively—exposure to maltreatment may 
lead children and adolescents to act in an oversacrificing or hyper-
cooperative manner toward cooperative as well as exploitative peers 
during the first few interactions.

On the face of it, our findings of maltreatment-related hyper-
cooperativeness appear to challenge the view that maltreatment 
promotes antisocial behavior. However, in our data, maltreatment 
still coincided with increased antisocial behaviors, as indexed by a 
multi-informant measure of conduct problems, thus replicating the 
relationship typically reported in studies using questionnaire mea-
sures of social behavior (e.g., Anthonysamy & Zimmer-Gembeck, 
2007; Kim & Cicchetti, 2010). At the same time, our bivariate anal-
yses revealed that conduct problems were also associated with 
increased cooperativeness in our PGG when at least one of the 
coplayers acted selfishly. So, how is it possible that maltreatment 
simultaneously increases the odds for both antisocial problems as 
well as cooperative behavior? Potentially, this apparent contradic-
tion may be attributable to the difference between measures of 
perceived interpersonal behavior and game-theoretical tasks cap-
turing actual interpersonal behavior. For the former, informants 
evaluate actions of a specific child, potentially leading to recall of 
the most salient situations where the child displayed particularly 
abnormal social behaviors. By contrast, our PGG unpacks subtle 
differences in how cooperation unfolds during an initial encounter 
with unfamiliar peers. This situation could thus reflect participants’ 
initial cooperative motivation when they get to know people, 

indicating that maltreated youth are more cooperative when en-
tering a new group.

A hyper-cooperative strategy may make a great deal of sense 
assuming that maltreated youth would initially follow the goal of 
reducing the odds of hostile and/or increasing the odds of benign 
encounters with others (Sloman & Taylor, 2016). However, this type 
of submissive behavior may make them easy targets for exploitation 
by others—as was particularly evident when they interacted with 
selfish coplayers in our PGG. It is possible that following a lengthier 
exploitative interaction than the one in the Pizzagame, maltreated 
participants would have eventually reverted to hypo-cooperation 
and disruptive behavior. Indeed, such a shift from hyper-  to hypo-
cooperation would reconcile our findings somewhat with prior work 
showing that youth with higher conduct problems display less repa-
ration following disruption of cooperative interactions in a PD (Blake 
et al., 2015). However, these speculations remain tentative based on 
the current data, as we detected no evidence of hypo-cooperation in 
our PGG. Moreover, the clinical literature shows that disruptive be-
havior may actually co-occur with indiscriminate friendliness toward 
strangers following severe deprivation (Zeanah & Gleason, 2015)—in 
other words, cooperative and disruptive behaviors are by no means 
mutually exclusive, but may instead vary as a function of context 
(e.g., familiarity of the target).

Besides this, it is also intriguing that our results markedly contrast 
with Pitula et al.’s (2017) findings in postinstitutionalized adoptees 
who showed lower rates and maintenance of sharing with peers in 
a trust game. One possibility is that institutionalization engenders a 
distinct form of social deficit, for example, involving diminished levels 
of reciprocity (Zeanah & Gleason, 2015) as compared to maltreatment 
by caregivers encountered in the community. Yet, in comparing the 
findings of our study to Pitula et al.’s (2017), it is crucial to also bear 
in mind the difference between the dyadic and sequential nature of 
the single-shot trust game they used relative to the group-level, non-
sequential, but iterative nature of our PGG. Thus, repeatedly interact-
ing with the same peers across multiple trials, as was the case in our 
PGG, may create a stronger motivation to cooperate (“shadow of the 
future”; Axelrod, 1984; Blake et al., 2015; van Lange, Klapwijk, & van 
Munster, 2011). By contrast, a single-shot trust game may inhibit such 
processes and better capture an initial disposition to trust.

Additional mechanisms may also apply, given the high levels of 
emotional maltreatment (e.g., excessive criticism, witnessing paren-
tal violence) in our sample which may be related to parental distress 
(Belsky & Jaffee, 2006). Zahn-Waxler and van Hulle (2011) suggested 
that distressed caregivers may elicit excessive feelings of guilt, anx-
iety, and sadness in their offspring, ultimately prompting them to 
engage in costly altruism, designed to compensate feelings of guilt. 
Indeed, evidence for the importance of guilt for the present purposes 
is also highlighted by recent game-theoretical research. This work 
identifies guilt aversion—the avoidance of guilt that others will get 
less than they expect—as an important source of increased contribu-
tions in PGGs (Dufwenberg, Gächter, & Hennig-Schmidt, 2011).

Notably, an alternative explanation also demands attention. 
Hence, it might be suggested that maltreated children were generally 
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less engaged in the Pizzagame than nonmaltreated children, thus 
more liberally relinquishing resources irrespective of the behavior 
of their coplayers. However, maltreated and nonmaltreated partici-
pants showed comparable tendencies to adapt to behavioral shifts of 
their coplayers, indicating a similar level of attention and responsive-
ness to coplayer’s behaviors. Indeed, Crittenden and DiLalla (1988) 
show that maltreated children retain high levels of flexibility in their 
compliant behavior, acting less compliantly when partnered with less 
controlling adults. The authors argue that this result reflects a con-
tinuing sensitivity to environmental changes in these children which 
is adaptive in adverse rearing conditions to ensure the best possible 
developmental outcome. Pitula et al.’s (2017) data on post- and non-
institutionalized children, who more flexibly adapted their behavior 
toward peers in a trust game suggesting a heightened sensitivity to 
reciprocation and defection, may also offer a case in point.

Beyond our main results, our data reveal that children with 
emotional problems contributed more when only one coplayer 
acted selfishly (divergent condition) after accounting for effects of 
maltreatment. This finding is partially consistent with the pattern 
of increased cooperativeness among adolescents with internaliz-
ing symptoms using the prisoners’ dilemma (McClure et al., 2007; 
McClure-Tone et al., 2011). On a theoretical level, it conforms to 
the mechanism described by Zahn-Waxler and van Hulle (2011) that 
assumes costly (pathological) altruism to characterize internalizing 
problems. McClure et al. (2007) suggest that this may reflect a so-
ciotropic interpersonal style, rendering children reluctant to take 
interpersonal risks inherent in many social relationships in order to 
maintain positive interactions at high costs. Compellingly, other work 
in this field suggests that sociotropy is associated with interpersonal 
guilt and self-blame (Robins, Bagby, Rector, Lynch, & Kennedy, 1997), 
which may explain tendencies for excessive altruism following adver-
sity. However, it is not clear why children with internalizing problems 
in the present study demonstrate more cooperative behavior only in 
the last divergent condition after taking maltreatment into account.

Notably, maltreatment also predicted the level of cooperation over 
and above the effects of peer problems. This is particularly intrigu-
ing, given that the Pizzagame simulated a peer interaction. From this 
pattern we therefore conclude that family-level maltreatment may 
give rise to internal representations that guide cooperative behavior 
in new social encounters (Bowlby, 1988) and these effects are not 
simply attributable to concurrent peer problems that may emerge in 
the wake of maltreatment (Cicchetti & Toth, 2016). Nevertheless, peer 
problems appear to additionally give rise to increased cooperative be-
havior under cooperative and divergent conditions, independent of 
maltreatment, suggesting that peer problems may also be an import-
ant contributor to cooperative behavior toward peers. One possibility 
is that hyper-cooperativeness may potentially be part of a mechanism 
whereby children insufficiently defend themselves, making them 
“easy targets” for victimization by peers (e.g., Olweus, 2001).

Furthermore, the results mesh well with previous community 
sample findings (Keil et al., 2017), that is, older children more flex-
ibly adapt their behavior to that of their coplayers, such that they 
exhibit greater tendencies to both decrease their cooperation with 

uncooperative peers as well as increase their cooperative behavior 
again with divergent peers (conditional cooperation). This age pat-
tern has now also proven robust in the context of maltreatment ex-
periences, psychiatric symptoms, and peer problems in this study. 
Our robust age effect therefore provides a way of reconciling dis-
crepancies in the literature on age effects in PGGs (e.g., Cipriani, 
Giuliano, & Jeanne, 2013; Fan, 2000; Sally & Hill, 2006), by suggest-
ing that older children neither cooperate more or less than younger 
children, but rather cooperate more conditionally, that is, adapting 
more flexibly to the strategies of their coplayers. Moreover, the fact 
that neither maltreatment nor psychiatric symptoms and peer prob-
lems affected the change in contributions between games suggests 
that these factors impact cooperative behavior at a different level 
(i.e., absolute contributions in each game) compared to age.

Finally, the the overall pattern that maltreatment experiences 
and peer problems better account for variance in cooperative be-
havior than psychiatric symptoms emphasizes the importance of 
considering these constructs in a single model. This finding should 
alert future scholarship to the possibility that effects of psychiat-
ric symptoms may at least partly be attributable to exposure to ad-
versity (Teicher & Samson, 2013). Moreover, our replication of the 
well-established links between maltreatment and psychopathology 
as well as between gender and psychopathology lends further cre-
dence to our results, suggesting that they may also generalize to 
other samples. Of note, our assessment of psychiatric symptoms 
and peer problems included child self-reports alongside teacher 
and parent reports. While the sole use of self-reports to assess 
psychiatric symptoms has been critiqued, in their landmark article, 
Kraemer et al. (2003) surmise that each source contributes valu-
able information regarding the psychiatric symptoms of a person. 
The multi-informant approach used in this study (see Kraemer et al., 
2003)—factor analytically pooling reports of children, teachers, and 
parents—accounts for measurement error and estimates the latent 
construct of psychiatric symptoms and peer problems independent 
of reporter perspective, thus representing a methodological ad-
vance compared to prior research in this area.

Some limitations deserve mentioning. First, the analyses of the 
current study are based on cross-sectional data indicating that the 
direction of effects should be interpreted cautiously. However, while 
the data on maltreatment experiences were collected retrospec-
tively, cooperative behavior was assessed on-line in the laboratory, 
yielding a temporal order consistent with causality. Second, our PGG 
progresses through three consecutive conditions that are always 
presented in a fixed order (i.e., cooperative, selfish, and mixed coop-
erative–selfish round) and are thus not counterbalanced to control 
for any order effects. However, we opted for this fixed sequence 
for several reasons. One reason lies in the stratification demands 
this step would have placed on our sample, another in concerns 
about starting the paradigm with a condition that might diminish 
participants’ engagement, such as the uncooperative or the diver-
gent conditions (see Keil et al., 2017 for details). Third, our study did 
not distinguish between different subtypes of adversity and mal-
treatment as this would have placed much greater demands on our 
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study in terms of sample size. In the literature on early adversity and 
maltreatment, there is an ongoing debate as to the specificity with 
which different subtypes (e.g., deprivation vs. threat) may give rise to 
distinct developmental pathways or not (Evans, Li, & Whipple, 2013; 
McLaughlin, Sheridan, & Lambert, 2014; Vachon, Krueger, Rogosch, 
& Cicchetti, 2015). This work provides a potentially important hint 
regarding a possible reason for the differences between our study’s 
pattern of hyper-cooperativeness among youth with a wide range 
of maltreatment experiences and the diminished trust reported by 
Pitula et al. (2017) in a postinstitutionalized cohort who presumably 
primarily experienced severe deprivation and early separation.

In sum, our work clearly underscores the unique potential of 
game-theoretical paradigms for informing theories of human co-
operation. Moreover, our main result that maltreatment exposure 
gives rise to elevated levels of youth’s actual cooperative behavior 
over and above the effect of mental health as well as peer prob-
lems and controlling for age, gender, and SES raises a number of 
important points. First, the extent to which hyper-cooperativeness 
toward unfamiliar peers generalizes to other contexts, including 
the family and longer term relationships as well as its real-life cor-
relates within interactions, will be an important avenue for future 
research. Overcompliance toward caregivers (Crittenden & DiLalla, 
1988), excessive submissiveness (Sloman & Taylor, 2016), and indis-
criminate friendliness toward strangers (Kay & Green, 2013) have 
been observed among maltreated versus nonmaltreated individ-
uals and are candidate behaviors that may partly correspond to 
hyper-cooperativeness we observed here. Second, future research 
should consider the psychobiological mechanisms underpinning 
hyper-cooperative behavior among maltreated youth. To this end, 
altered stress-hormone secretion may be a viable candidate, given 
its important role as a mediator of effects of maltreatment experi-
ences on perceived antisocial (e.g., White et al., 2017) and prosocial 
behavior (e.g., Alink, Cicchetti, Kim, & Rogosch, 2012). Third, our 
data suggest that youth are at risk of becoming exploited by their 
peers, which might inform future interventions aiming to buffer 
the adverse effects of maltreatment in childhood. Beyond this, our 
findings highlight the importance of considering differences in ad-
verse social experience when conducting research into social defi-
cits associated with psychopathology. Finally, our work indicates 
that game-theoretical paradigms offer much promise of quantify-
ing subtle differences in social behavior not always obvious to the 
naked eye. Thereby, these paradigms bear the unique potential of 
vastly extending psychological and psychiatric research, which, to 
date, has been steeped almost exclusively in a tradition of assess-
ing broad patterns of perceived social behavior reported by various 
informants.
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ENDNOTE S

	1	 Similar to the PGG (described below), players gain the highest payoff 
in the long run (i.e., in an iterated version of the game) by coop-
erating (i.e., choosing to trust or exhibiting trustworthiness), but in 
the short run the most profitable decision is to defect to minimize 
risk (i.e., choosing not to trust) and obtain the highest payoff by not 
revealing trustworthiness (Crone et al., 2014). However, unlike the 
PGG, the trust game typically involves (a) a dyad, not a group, (b) a 
setup whereby players adopt inherently asymmetrical roles (trustor 
and trustee), and (c) sequential contributions, whereby one player di-
rectly responds to the other player’s initial offer. Importantly, these 
features of the trust game mean that any rupture of trust (low initial 
contribution or return) is directly traceable to the specific player. 
Conversely, in the event of a players’ defection in the PGG the de-
fector may not necessarily be readily identifiable if contributions 
were made anonymously, thus facilitating freeriding behaviors. 

	2	 As an additional step, we also specified an alternative LSM with cate-
gorical maltreatment status (maltreated or nonmaltreated) as a mani-
fest dichotomous predictor variable. This yielded comparable results 
to the LSM with a composite variable of maltreatment dimensions, 
showing that maltreated youth contributed more in the selfish and 
the divergent conditions than their nonmaltreated counterparts. 
However, we opted for a dimensional approach to do justice to the 
complexity of maltreatment given that it retains the variance within 
the maltreated group (increased sensitivity) which was also reflected 
in a slightly better model fit. 
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