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Background: Children who experience early adversity often develop emotion regulatory problems, but little is known
about the mechanisms that mediate this relation. We tested whether general associative learning processes
contribute to associations between adversity, in the form of child maltreatment, and negative behavioral outcomes.
Methods: Eighty-one participants between 12 and 17 years of age were recruited for this study and completed a
probabilistic learning Task. Forty-one of these participants had been exposed to physical abuse, a form of early
adversity. Forty additional participants without any known history of maltreatment served as a comparison group.
All participants (and their parents) also completed portions of the Youth Life Stress Interview to understand
adolescent’s behavior. We calculated measures of associative learning, and also constructed mathematical models of
learning. Results: We found that adolescents exposed to high levels of adversity early in their lives had lower levels of
associative learning than comparison adolescents. In addition, we found that impaired associative learning partially
explained the higher levels of behavioral problems among youth who suffered early adversity. Using mathematical
models, we also found that two components of learning were specifically affected in children exposed to adversity:
choice variability and biases in their beliefs about the likelihood of rewards in the environment. Conclusions:

Participants who had been exposed to early adversity were less able than their peers to correctly learn which stimuli
were likely to result in reward, even after repeated feedback. These individuals also used information about known
rewards in their environments less often. In addition, individuals exposed to adversity made decisions early in the
learning process as if rewards were less consistent and occurred more at random. These data suggest one mechanism
through which early life experience shapes behavioral development. Keywords: Learning; child development; social
behavior; early life experience; child abuse.

social environments is central for healthy adapta-
tion. To this end, we report here on an experiment
designed to test whether general associative learning
processes are a viable mechanism through which
early adversity has a negative impact on children’s
behavioral development.

By associative learning, we refer to processes
through which events or stimuli become linked to
other events or stimuli. For example, stimuli, such
as odors and other sensory information, can become
coupled with feelings of value or danger through
repeated pairings in conditioning experiments (Wat-
son & Rayner, 1920; Wilson & Sullivan, 1994). This
conditioning, which is one form of associative learn-
ing, can then influence future behavior across a
number of different domains (Rescorla, 1988).
Impairments in the ability to form associations with
new stimuli, or change previous associations, could
hinder the potential of an individual to make
predictions about, and appropriately adapt to, their
environment (and the individuals within an environ-
ment).

Aspects of general learning systems appear to be
key components for complex social behaviors
(Behrens, Hunt, Woolrich, & Rushworth, 2008). As
an example, learning occurring from the absence of

Introduction

Children who experience high levels of early adversity
are very likely to develop emotion regulatory prob-
lems that undermine adaptive social development.
For example, physical abuse during early childhood
is associated with the emergence of negative mental
health outcomes including aggressive and opposi-
tional behavior (Vachon, Krueger, Rogosch, &
Cicchetti, 2015). Although associations between
various forms of adversities and later behavioral
problems are well-documented, much is still
unknown about which specific processes lead to
the range of negative outcomes observed in individ-
uals who have had these negative early life experi-
ences. Recently, many scholars who have been
studying this issue have advocated for a new con-
ceptual approach. Rather than focusing on specific
outcomes (such as depressive or aggressive disor-
ders), researchers are beginning to examine dimen-
sional measures that broadly affect domains of
children’s functioning, such as social competence
(Casey, Oliveri, & Insel, 2014; Pollak, 2015a). Suc-
cess at understanding and adjusting to changing
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an expected negative outcome is associated with
increased positive emotions and empathy for others
(Hein, Engelmann, Vollberg, & Tobler, 2016). Fur-
thermore, some aspects of learning assessed early in
development are predictive of later social function-
ing. Infants with slower associative learning, indexed
by eye-blink conditioning at 1 month of age, had
lower joint attention and reduced social contingency
detection at 1 year of age (Reeb-Sutherland, Levitt, &
Fox, 2012). Examined collectively, studies reporting
these kinds of results suggest associative learning
may be important for social processes. Individuals
with poorer associative learning may be slower to
understand contingencies in the environment and
this may significantly influence behavior during
more complex and fast-changing situations, such
as those in social interactions (Hammock & Levitt,
2006).

Many different kinds of studies indicate learning is
affected by an organism’s caregiving experience.
Seminal work comparing rhesus macaques raised
by canine surrogates, in contrast to macaques raised
by hobby horses, found that response contingent
caregiving powerfully shapes learning behavior.
Rhesus macaques raised by canine surrogates were
more attentive and responsive to their environments,
less likely to be indifferent when confronted with
change, and more likely to achieve an adaptive
outcome by acting on their environment compared
to animals raised with hobby horses (Capitanio,
1985; Mason & Capitanio, 1988; Mason & Kenney,
1974). Similarly, when human mothers interacted
with their infants via live video feeds, interactions
that were not contingently responsive to the infant’s
current behavior led infants to be more disengaged
and to have slower rates of associative learning
(Bigelow & DeCoste, 2003; Papousek & Papousek,
1975). These data suggest that caregiving experi-
ences impact how organisms extract and process
information from the environment.

There are multiple potential pathways through
which adverse environments might affect associative
learning systems. Here, we focus on the premise that
some types of early adversity undermine the consis-
tency and predictability of the input that children
receive. Abusive parents are often inconsistent in their
interactions with their children (Wahler & Dumas,
1986). These parents tend to vacillate between extreme
emotional states of anger and social withdrawal
(Bousha & Twentyman, 1984; Lyons-Ruth & Block,
1996). Yet, these social interactions with primary
caregivers are the initial basis for children’s learning
about the social environment. Early adversity also
impacts behavioral and neural systems central to
attention, executive functions, and emotion process-
ing, processes that are integral to associative learning
(Hanson et al., 2010; Hanson, Nacewicz et al., 2015;
Pechtel & Pizzagalli, 2011; Pollak, 2015b).

If associative learning is impaired, children are
likely to have difficulties adjusting their behavior in

dynamic social interactions. Indeed, past research
indicates that children and adolescents who suffer
early adversity, such as child abuse, are impaired in
the ability to detect important environmental cues
and adjust their behavior accordingly. For example,
Guyer et al. (2006) used a reward task, in which
participants had to choose between two stimuli with
different amounts of reward and different probabil-
ities of winning. These investigators found the
response time of abused children did not differ with
the likelihood of reward, unlike nonmaltreated chil-
dren, who responded more quickly as the chances of
winning a reward increased. A reduced sensitivity to
positive stimuli in these youth may emerge due to
the less positive and less responsive parenting
commonly noted in abusive caregivers. Similarly,
in a sample of adults exposed to sexual abuse,
Pechtel and Pizzagalli (2013) found maltreated
participants showed lower accuracy in a probabilis-
tic learning task. Additional studies (Mueller et al.,
2012; Weller & Fisher, 2013) reinforce these results,
as investigators have found that individuals
exposed to early adversity fail to show sensitivity
to important environmental cues, specifically chang-
ing rewards (Mueller et al., 2012; Weller & Fisher,
2013).

The present study examined associative learning
in a sample of adolescents who had suffered phys-
ical abuse and other adverse experiences, as well as
a group of adolescents who had not experienced
extreme adversities. We hypothesized that adoles-
cents who had suffered abuse would have impaired
associative learning compared to nonmaltreated
adolescents. Because associative learning reflects a
child’s ability to make use of information in their
environments to guide subsequent behavior, we also
predicted that differences in associative learning
would account for the relation between a child’s
history of physical abuse and levels of disruptive
behavioral problems. Finally, in a series of explora-
tory analyses, we used mathematical modeling
methods to investigate which specific subcompo-
nents of learning, such as decision strategies and
learning rates over time, might account for behav-
ioral problems. Based on the often inconsistent
parenting practices seen in abusive environments,
we predicted abused adolescents would behave as
though positive feedback based on their choices was
less likely and less consistent. We also predicted
that physically abused adolescents would be more
variable in their choices and have lower use of
information about known rewards (or so called
‘exploitation’).

Method
Participants

Eighty-one participants between 12 and 17 years of age were
recruited for this study (mean age = 15.02 years, standard

© 2017 Association for Child and Adolescent Mental Health.



deviation = 1.28 years; 41 female). This sample size was
chosen based on past studies from our research laboratory
focused on similar between-group comparisons (Shackman &
Pollak, 2005), as well as previous work employing our
experimental paradigm (van den Bos, Guroglu, van den Bulk,
Rombouts, & Crone, 2009). Recruitment of participants who
suffered early adversity occurred via a collaboration with Dane
County (WI) Child Protective Services (CPS). CPS sent letters
about our research to all families with new cases of substan-
tiated maltreatment. Family names were not released to the
laboratory, instead families contacted us directly if they wished
to learn more about ongoing research.

Forty-one of these participants had been exposed to phys-
ical abuse (mean age = 14.85 years, standard deviation =
1.34 years; 18 female, 23 male; 16 Caucasian, 25 non-
Caucasian: African-American, Latino, and multiracial). We
verified the children’s experience of maltreatment using both
records from the Dane County (WI) Department of Human
Services and/or parental self-disclosure of abuse on the
Conflict Tactics Scale Parent-Child Version (PC-CTS; Straus,
Hamby, Finkelhor, Moore, & Runyan, 1998). The PC-CTS
quantifies the occurrence of practices that cause distress or
fear in children. Sample items include parent admission of
actions such as: ‘Grabbed him/her [their child] around the
neck and choked him/her’; ‘Burned or scalded him/her on
purpose’; and ‘Threatened him/her with a knife/gun.” Follow-
ing the practice employed by a number of research groups,
parents with scores >20 were categorized as abusive (Shalev
et al., 2012). Thirty-five of the abused participants were
identified from Dane County (WI) Department of Human
Services, while six were classified as abused based on the
PC-CTS. Of the participants identified through Dane County,
all of the participants had positive reports of physical abuse.
In addition, 11 participants in this group also had reports of
neglect and one participant had been sexually abused.

Forty participants without any known history of maltreat-
ment served as a comparison group (mean age = 15.19 years,
standard deviation = 1.23 years; 22 female, 18 male; 30
Caucasian Ethnicity; 10 non-Caucasian: African-American,
Latino, and multiracial). This comparison group included
participants with a score of <10 on the PC-CTS and no
Department of Human Services records. All parents and
participants gave informed consent/assent for the study and
the university IRB approved all procedures. Participants in the
two groups did not differ in age (= —.11, p=.311, 4% = .012)
or sex (¢2 = .99, p = .317, ? = .012). The racial composition of
the two groups did differ, with the early adversity group having
fewer Caucasian participants (x> = 12.04, p < .005, > = .148).

Measures

Behavioral functioning. Adolescents and their parents
each separately completed portions of the Youth Life Stress
Interview (YLSI; Rudolph et al., 2000) to elicit information
about the adolescent’s behavior. Graduate-level research staff
administered this semistructured interview after extensive
training from Dr. Rudolph. During this interview, a series of
probes was administered to elicit information from children
and parents regarding children’s behavioral problems at
school (e.g. problems with teachers, disciplinary actions
related to disruptive behavior). A panel of three to six trained
raters who did not interact with the family used a 5-point
scale based on separate parent and child reports. Interviewers
were trained to filter out participants’ subjective responses to
probes (e.g. child’s affect) during discussion with this rating
team. After parent and child reports were scored individually,
a consensual rating was assigned integrating information
from both informants. Higher scores reflected more serious
behavioral problems. For example, a score of 1.5 reflects a
child who was rarely in trouble at school, whereas a score of 4
reflects a child who received frequent detentions at school and
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was often sent to the principal. High reliability has previously
been achieved for ratings measuring functioning in different
life domains derived from the YLSI (average intraclass corre-
lation = .96; Rudolph et al.,, 2000; Rudolph & Hammen,
1999).

General cognitive ability. Participants completed the
spatial working memory (SWM) task from the Cambridge
Neuropsychological Test Automated Battery (CANTAB; Cam-
bridge Cognition; Cambridge, UK) to assess individual
differences in cognitive abilities not tied to associative learn-
ing. The CANTAB is computerized for standardized adminis-
tration and does not require verbal responses. CANTAB data
were not collected on three participants due to technical
issues. A SWM score was calculated for each participant for
the total number of errors during the task and z-transformed
based on norms for each subject’s age and gender. Because
abused children showed poorer cognitive abilities (ff = —.35,
p =.005, y? = .123), this variable was used as a covariate in
subsequent analyses.

Procedures

Probabilistic leaming task. Participants saw two color
drawings of everyday objects (e.g. a bell; a bottle) and were
instructed to choose one by pressing a button corresponding to
the stimulus on the left or right side (van den Bos, Cohen,
Kahnt, & Crone, 2012). Stimuli were presented for a maximum
of 2,500 ms and offset after participant response. After their
choice, participants received positive or negative feedback for
1,000 ms. Feedback was delivered with two different random-
ized probabilistic schedules, either AB or CD pairs. In AB pairs,
the choice of stimulus A led to positive feedback on 80% of
trials and stimulus B led to positive feedback on 20% of trials.
In CD pairs, stimulus C led to positive feedback on 70% of
trials and stimulus D led to positive feedback on 30% of trials.
Feedback was given on every trial, except if no response was
given within 2,500 ms. In these cases, the text ‘Too Slow’ was
presented on the screen after stimulus offset. Our study design
is shown in Figure 1.

Participants were instructed to earn as many points as
possible but were also informed that it was not possible to
receive positive feedback on every trial. Receiving a positive
feedback signal indicated earning of points. Beforehand, each
participant completed S0 practice rounds to ensure that they
understood the task. Participants completed two runs of 100
trials (50 AB pairs; 50 CD pairs). Each run consisted of
different sets of pictures during which participants learned
to choose stimuli A and C more often than stimuli B and D.
The stimuli were presented in pseudorandom order with a
jittered interstimulus interval (minimum = 1,000 ms, maxi-
mum = 6,000 ms). Stimuli were presented using E-Prime
software (Psychology Software Tools, Pittsburgh, PA) with a
screen resolution of 800 x 600 pixels.

Data analyses

Mathematical modeling of learning. To assess sub-
components of associative learning, we fit a reinforcement
learning (RL) model to each participant’s behavioral data. This
approach is commonly employed in learning and decision-
making research with adults (Cohen & Ranganath, 2005;
McClure, Berns, & Montague, 2003). Important to our ques-
tions of interest, RL models build on a participant’s experi-
ences during an experiment and update decision weights (the
likelihood of choosing a given stimulus) over time. A compre-
hensive summary of our RL methodology is provided in our
supplemental materials.

To understand variability in trial-by-trial choices, we mod-
eled the stochasticity of decisions across the experiment
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Figure 1 The study design of our probabilistic learning task is detailed in this figure. Participants were presented with two color drawings
of everyday objects and instructed to choose one of the two stimuli by pressing a button. Feedback was delivered with two different
randomized probabilistic schedules (an 80/20 or 70/30 positive feedback/negative feedback schedule). In the example on the left side, the
bell was rewarded on 80% of trials, while the bottle was rewarded on 20% of trials. In the other pairing, on the right side, the bolt was
associated with 70% positive feedback, while the button was associated with 30% positive feedback [Colour figure can be viewed at

wileyonlinelibrary.com]

(Cohen & Ranganath, 2005). For each participant, this first
involves taking the difference between decision weights for
opposing stimuli on each trial. This difference is then passed
through a sigmoid function (Montague, Hyman, & Cohen,
2004). This mathematical normalization reduces the influence
of extreme values (or unexpected choice) in the data without
removing them from the dataset. For example, when stimulus
pair AB is presented, the probability of choosing stimulus A on
trial t is determined by:

1
P(A)t = 14+ e*ﬁ(LU(A)t*W(B%)

In this formula, w represents the decision weight and
accounts for the variability of an individual’s choices. Smaller
p values would be indicative of lower ‘exploitation’, the
tendency to use known information about the environment.
This could also be operationalized as greater variability in
choice, as each stimulus set contained one item with a
disproportionately higher reward likelihood (e.g. a 70% or
80% rewarded stimulus).

To understand each participant’s expectation of reward, we
employed two mathematical modeling approaches and opera-
tionalized reward expectation as the starting decision weight
for each stimulus at the beginning of the experiment. In line
with past work, we first set the decision weights for each
stimulus to the same value at the beginning of the experiment.
This would indicate that all participants had the same expec-
tation of rewards for each stimulus. In addition, we also
modeled this as a free parameter. By explicitly modeling this, it
would allow us to capture individual differences in initial
expectations of rewards. We used the multivariate constrained
minimization function (fmincon) of the optimization toolbox
implemented in MATLAB 2012b (MathWorks, Inc., Natick, MA)
and a high number of initial decision weights (100 different
starting values). This would allow us to arrive at the most
reliable model of behavior. Using these different starting
points, each individual’s model parameters were tuned to
maximize the model fit of an individual’s decision. This was
measured by the log likelihood for an individual. The starting
decision weights with the maximum fit were selected for the
final solution.

Results
Group differences in associative learning
performance

To measure associative learning, we calculated the
number of highly rewarded stimuli in a pair that
each participant chose (that is, the A and C stimuli).
We collapsed across stimuli pairs, as consistent with
previous reports, performance for AB and CD pairs
were highly correlated (van den Bos et al., 2009). To
measure learning across the experiment, we created
blocks of 20 consecutive trials and summed the
number of choices of highly rewarded stimuli in each
block. This approach is similar to analytic strategies
used in previous studies of adolescent decision-
making (Ernst etal., 2003). We then entered
participants’ choices for each block into a repeated-
measures analyses of variance as the dependent
variable, with group (early adversity; comparison
group with no such history) and block as indepen-
dent variables. In this manner, the block variable
allowed us to examine associative learning over time
with a lower number of choices for highly rewarded
stimuli indicating poorer learning.

As predicted, we found adolescents exposed to early
adversity were less likely to choose highly rewarded
stimuli than comparison adolescents without such
exposure (early adversity group mean = 130.92, stan-
dard deviation = 30.98; comparison group mean =
154.48, standard deviation = 24.40; F(1,79) = 15.97,
p <.001; nf) = .195). There was also a main effect of
block (F(4,316)= 41.589, p < .005, ;1}% = .51), indicat-
ing that participants made more rewarded choices
over the course of the experiment; this can be inter-
preted as learning over time. A significant group x
block interaction was also found (F(4,316) = 2.92,

© 2017 Association for Child and Adolescent Mental Health.



[l Comparison sample

D Early adversity sample

36+ ==
c
o
X
8 32
o] il L
5 S T
Qo
n £ . -T
g€ -
<] J
S o 28 =
8 ‘*&-'} T /55; — r:-::‘:::*-—«-_
g2 .7 | o

= P
S Q p 2 i 1
s 0 B )y 4
e 24 L
> V. .
- /
=) |
T 4
1 2 3 4 5

Block number

Figure 2 Associative learning performance over the course of the
experiment. Total number of choices of highly rewarded stimuli
(our measure of associative learning) is shown on the vertical axis,
while block is depicted on the horizontal axis. Individuals who
had suffered early adversity are displayed as light gray, while
participants in the comparison sample are shown in black. Group
means and standard error bars are shown. We found adolescents
who suffered early adversity had poorer associative learning over
time compared to our comparison sample (Group x Block
F(4,316) = 2.92, p = .020)

p=.020, nf, =.04), indicating lower associative
learning over time in the adolescents who had
suffered early adversity. This was indicative of
lower associative learning for these youth and is
shown in Figure 2. Post hoc pairwise testing indi-
cated that this interaction was driven by group-
related differences in the fourth and fifth block of
the experiment (both t's>2.6, p<.001, #*=.1),
with participants exposed to early adversity choos-
ing rewarded stimuli less often in those blocks.
Factors such as age and gender did not moderate
this association, with no age x group interaction or
gender x group interaction for levels of associative
learning (all p’s n.s.). All effects remained signifi-
cant when controlling for race (binary indicator,
0 = Caucasian; 1 = non-Caucasian: African-Amer-
ican, Latino, and multiracial). In exploratory anal-
yses focused only on maltreated participants
identified through Dane County (WI) Department
of Human Services and comparison participants,
the group main effect and group x block interaction
remained significant (group F(1,73) = 10.844,
p =.001; 42 =.127; group x block F(4, 280) = 3.906,
p=.004, ng = .05). This pattern was similar to results
from the full sample, suggesting recruitment sources
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for the early adversity sample did not impact the
relations reported.

As an additional measure of learning, we also
employed linear mixed effects models to calculate
the slope of learning across the experiment. We
employed similar procedures to those noted above,
except we modeled participant as a random factor
and included a random intercept for each partici-
pant. In addition, we did not include group in these
models, instead extracting slopes for the number of
highly rewarded stimuli for each participant. We
then entered these slopes into regression models
with group (early adversity group; comparison group
with no such history), age, gender, and general
cognitive ability as independent variables. Similar to
the analyses noted above, these analyses found
group was significantly related to these individual
slopes (f = —.438, p < .001; 4% = .19), with adoles-
cents exposed to early adversity having smaller
slopes. This pattern can be interpreted as lower
associative learning for these youth, as lower values
would indicate less change in the number of highly
rewarded stimuli over time. All results were similar if
regression models did not include general cognitive
ability as an additional covariate.

Relations between associative learning and
behavioral problems

To determine if associative learning was related to
behavioral problems, we constructed linear regres-
sion models with the combined number of choices
entered as the independent variable and ratings of
behavioral problems entered as the dependent vari-
able. Next, we used path analyses to test whether
early adversity (X) was associated with behavioral
problems (Y) and whether the observed association
was mediated by individual differences in associative
learning (M). Statistical testing of mediation was
done using nonparametric bootstrapping in R, with
95% confidence intervals for indirect (a x b) effects.

Early adversity was associated with higher levels of
behavioral problems (YLSI behavioral score — early
adversity group mean = 2.15, standard devia-
tion = 1.34; comparison group mean = 1.36, stan-
dard deviation = .88; f=.33, p=.003; #*=.11).
Moreover, as shown in Figure 3, individuals with
poorer associative learning had more behavioral
problems (f = —.45, p<.001; 52 =.2). Again, this
effect remained significant when controlling for race
(B =—.42, p<.001; 4* = .17). Analyses using slopes
of learning yielded similar effects, with smaller
slopes being related to greater levels of behavioral
problems (f = —.45, p<.001; 4% =.2). All results
were similar if we did not include general cognitive
ability as an additional covariate.

To test our hypothesized pathway, we examined
whether individual differences in associative learning
mediated the relation between early adversity and
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number of rewarded choices in the learning task indicate better
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shown in black triangles, while individuals who suffered early
adversity are displayed as light gray squares. As hypothesized,
poorer associative learning was related to greater behavioral
problems (f = —.45, p < .001). A similar relation was also seen if
only participants who had suffered early adversity were exam-
ined (f=-.36, p=.020) [Colour figure can be viewed at
wileyonlinelibrary.com]
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Figure 4 Statistical mediation models are shown in this figure. In
line with past reports, we find a significant relation between
early adversity and behavioral problems (f = .33, p = .003; the ¢
path). However, this relation becomes nonsignificant when
associative learning is added to our nonparametric bootstrapped
mediation models (8 = .16, p = .16; the ¢’ path)

behavioral problems. When associative learning was
entered into this model, the relation between adver-
sity and behavioral problems fellto f = .15. In support
of our hypothesis, associative learning accounted for
51.4% of the relation between early adversity and
behavioral problems (variance mediated by the
differences in associative learning = .51; 95% confi-
dence interval = 0.23-1.13, p=.002; n2 =.112;
covariates = age, race, gender, and general cognitive

ability; shown in Figure 4). Again, analyses using
slopes of learning yielded similar effects, with smaller
slopes partially mediating the higher levels of behav-
ioral problems seen in youth exposed to early adversity
(variance mediated by the differences in associative
learning = 0.492; 95% confidence interval = 0.22—
0.91, p<.001; ;72 =.108; covariates = age, gender,
and general cognitive ability). These results were
similar if we did not include general cognitive ability
as an additional covariate.

Group differences in learning dynamics

Based upon the observed group differences, we
sought to better understand how children may be
processing and using information from the environ-
ment and how such factors may be influenced by
early adversity. Because children who had suffered
early adversity are often exposed to unpredictable
environments, we examined differences in their
initial expectations about rewards in the experiment
and their ability to consistently use this information.
To investigate biases in the decision-making based
on the likelihood and consistency of positive feed-
back during the task, we focused on the decision
weights from our mathematical models at the begin-
ning of each experimental run. We tested this
parameter for each experimental run separately
given that learning in run 1 would likely influence
expectations for the stimuli in run 2. Using non-
parametric Mann-Whitney statistical tests, we found
physically abused adolescents made decisions in a
biased way when starting the experiment (early
adversity group median = 0.20; comparison median
=0.62; f=—.41, p=.009, 4 = .13; in run 1). Such
bias indicates a belief that rewards were less con-
sistent and occurred more at random. At the begin-
ning of the second block, this pattern was no longer
present, as this parameter was similar between
groups (early adversity group median = .34, com-
parison group median =.58; f=-.07, t=-1.02,
p = .310). Next, to test potential differences in choice
variability, we employed linear regression models to
compare our groups on the stochasticity parameter
(B) derived from our mathematical models. These
analyses revealed that adolescents who suffered
early adversity used information about known
rewards in their environments less often (stochasticity
parameter f from our decision-models, early adversity
group median = 5.61, comparison median = 7.20;
p=—.30, p=.01, y* = .02). Again, these results were
similar if we did not include general cognitive ability as
an additional covariate.

Discussion

The goal of this study was to understand if general
learning mechanisms could account for the effects of
early adversity on the development of behavior
problems. We examined a group of adolescents who
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had experienced physical abuse in their early child-
hoods. As expected, youths who suffered this early
adversity had higher rates of behavioral problems
than a community sample of their peers. The data
from this study provides new insights into why these
behavioral problems arise. First, the participants
who had been exposed to early adversity were less
able than their peers to correctly learn which stimuli
were likely to result in reward, even after repeated
feedback. This difficulty discerning and using infor-
mation from the environment explained the higher
levels of behavioral problems in participants exposed
to early adversity, and was maintained even after
statistically controlling for adolescents’ general
cognitive abilities. Second, our study also suggests
why individuals exposed to early adversity had
difficulty learning associations between stimuli and
reward. That is, these individuals used information
about known rewards in their environments less
often. In addition, individuals exposed to adversity
made decisions early in the learning process as if
rewards were less consistent and occurred more at
random.

Thinking about the broad phenomenology of early
adverse environments, children living in such con-
texts interact with caregivers who often act inconsis-
tently and vacillate between extreme emotional states
(Milner & Robertson, 1989). Given these patterns, it
may be hard for a child to predict a caregiver’s
emotional responses over time. With high variability
in caregiver responses, it may be adaptive in that
context to presume positive feedback and rewards are
less consistent and occur more at random. Indeed,
research in decision-making has found that greater
variability (operationalized, as lower exploitation) is
more optimal in fast-changing, unpredictable envi-
ronments (Daw, O’Doherty, Dayan, Seymour, &
Dolan, 2006). Children who suffered early adversity
may then apply this learning in other contexts, failing
to use information about rewards structures and
instead accessing behavioral patterns commonly
deployed in their volatile home environments. As a
result of this disregard for environmental cues, these
children may be more likely to engage in impulsive
and dysregulated behavior that leads to social trans-
gressions and creates stressful contexts outside of
the home.

Our results connect to previous studies on early
adversity, and also integrate more recent theoret-
ical perspectives underscoring the importance of
dimensional measures of well-being. For example,
a great deal of past research has concentrated on
the links between forms of abuse and conduct
disorder (Dodge, Pettit, Bates, & Valente, 1995).
Our results suggest general learning processes
may explain aggressive and oppositional behavior
in adolescence after exposure to such adversity.
However, differences in general learning processes
may also explain outcomes in other domains of
functioning. A number of reports have recently
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surfaced finding differences in associative learning
in adolescents at-risk for and diagnosed with
major depression (Forbes & Dahl, 2012). Measures
of mood were not available in this sample, but
future studies could investigate links between
early adversity, learning, and negative affect.
Investigating dimensional processes, especially
when coupled with strong measures of neurobiol-
ogy, will be an important step forward in under-
standing the multitude of negative outcomes seen
after different forms of early adversity. This fact
may be particularly important given that different
forms of early adversity have been found to impact
brain areas related to associative learning (Han-
son, Hariri, & Williamson, 2015; Hanson et al.,
2016). Individual differences in general learning
when coupled with information from genes, neural
circuits, physiology, and self-report data could aid
in understanding the differential impact of early
adversity on development.

While adolescents in this study experienced phys-
ical abuse during childhood, there is heterogeneity in
the characteristics, timing, and duration of this early
adversity. In this study, early adversity was theo-
rized to relate to environmental volatility, but we did
not directly measure specific characteristics of the
home environment. Tying individual differences in
environmental features such as specific parenting
practices and the child’s perceptions of unpre-
dictability in the home would be particularly power-
ful moving forward. Having these and other
measures, such as richly coded social services
reports, could aid in understanding connections
between child maltreatment, learning, and negative
outcomes. Related to this, general learning systems
may be influenced by other forms of adversity, such
as early institutionalization or extreme poverty.
A starting framework (Humphreys & Zeanah, 2014;
Sheridan & McLaughlin, 2014) argues for the differ-
ence between deprivation (absence of expected cog-
nitive and social input) and threat (presence of a
threat to one’s physical integrity) in early adversity.
Discerning between the effects of deprivation and
threat, as well as environmental consistency, may
aid in cleaner dissociations of neurodevelopmental
trajectories of learning processes and the sequelae of
early adversity.

The current study has several limitations, which
suggest important future directions. First, our study
was cross-sectional in nature and therefore prevents
us from establishing causal patterns. Longitudinal
designs, with additional assessments of multiple
neurocognitive functions, could aid in more strongly
elucidating the role of general learning in accounting
for the negative outcomes seen after early adversity.
Second, the task employed here is only one example
and form of associative learning. Associative
learning encompasses a broad array of behaviors
including the receipt of reward, aspects of verbal
learning, social learning, and understanding social
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relationships. While we accounted for a significant
amount of variance in behavioral problems, broader
assessment of these other related processes could
have improved our ability to explain the link between
adversity and behavior problems.

Limitations notwithstanding, our study demon-
strated that alterations in general forms of learning
begin to explain the association between early
adversity and disruptive behavioral problems. Our
work is grounded in the phenomenology of early
adversity and provides a plausible pathway through
which volatile caregiving environments could impact
behavior. As such, our data suggest that associative
learning is an important mechanism in need of
further study, as we connect variations in such
learning to behavioral problems in adolescents’
everyday lives. Furthermore, we unpacked how
specific components of learning, such as bias in
choice and use of known information, are shaped by
early adversity. This suggests novel targets of inves-
tigation to understand how the early environment
may create vulnerabilities for later negative out-
comes. More broadly, this work begins to move
beyond simple descriptive research to understand
the ways in which social experience during early
adolescence shapes behavioral development. Such a
research program, if coupled with strong measures
of neurobiology, could have profound implications

for the development of interventions for at-risk
children and adolescents.

Supporting information

Additional Supporting Information may be found in the
online version of this article:

Appendix S1. Additional information on the mathe-
matical modeling of learning.
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Key points

differences account for behavioral outcomes.

precisely measure learning.

e Our study found that early adversity shapes how children learn about their environments and these learning

e The approach represents a new perspective on how early adversity impacts behavior, highlighting general,
rather than emotion-specific, learning mechanisms.
e We used a well-validated behavioral task and then deployed novel mathematical modeling methods to more

e Using this combination of approaches, we linked to past research, while also generating novel insights about
underlying processes important for how individuals understand and use environmental information.
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