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Abstract

Children who experience early caregiving neglect are very likely to have problems developing and maintaining relationships and
regulating their social behavior. One of the earliest manifestations of this problem is reflected in indiscriminate behavior, a
phenomenon where young children do not show normative wariness of strangers or use familiar adults as sources of security. To
better understand the developmental mechanisms underlying the emergence of these problems, this study examined whether
institutionally reared children, who experienced early social neglect, had difficulty associating motivational significance to visual
stimuli. Pairing stimuli with motivational significance is presumably one of the associative learning processes involved in
establishing discriminate or selective relationships with others. We found that early experiences of neglectful caregiving were
associated with difficulties in acquiring such associations, and that delays in this developmental skill were related to children’s
social difficulties. These data suggest a way in which early social learning experiences may impact the development of processes
underlying emotional development.

Research highlights

• Typically developing children successfully utilize
implicit cue information to direct their goal-moti-
vated behavior; however, socially neglected children
did not make these associations.

• The extent to which children had difficulty learning
these reward cues was associated with their indis-
criminate behavioral problems.

• Motivated reward learning may be causally involved
in the relationship between socioemotional neglect
and indiscriminate behavior problems.

• Such an association sheds new light on biobehavioral
systems that might be targets of successful interven-
tions for at-risk children.

Introduction

To promote the survival of vulnerable infants, primates
engage in behaviors that promote caregiver comforting,
proximity, and protection, especially when infants are

facedwith threat.When children are reared in neglectful or
abusive conditions the development of these biobehavioral
processes is hindered. Disruption of these processes is
reflected in children’s problems forming and maintaining
relationships. These outcomes are not surprising in post-
institutionalized children given that institutional settings
usually lack personalized, consistent care from an indi-
vidual caregiver; therefore, a child’s opportunities for
establishing a stable relationship with a significant adult is
limited. However little is currently understood about the
mechanisms throughwhich conditions of deprivationmay
compromise this social and emotional development (Pol-
lak, 2015). Here, we begin to explore the possibility that
social deprivation affects children’s motivational learning
abilities. Motivation, the incentive to act, is generally
believed to be a limbic–striatal–pallidal circuit. This
circuitry allows organisms to associate information from
the environment in order to integrate reward prediction
into behavioral goals (Shohamy, 2011). This experiment
tests whether disruption of these processes, through
aberrant caregiving, undermines children’s abilities to
develop interpersonal relationships.
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Socioemotional deprivation and socioemotional
development

Some previously neglected children establish selective
relationships with their caregivers, yet many continue to
show socioemotional difficulties throughout their lives.
These difficulties remain even years after placement in
adequate caregiving environments (Lawler, Hostinar,
Mliner & Gunnar, 2014). Indiscriminate social behavior
is among the most prominent and lasting of the social
abnormalities observed in children not reared in family
settings (Gleason, Fox,Drury, Smyke,Nelson et al., 2014;
Pears, Bruce, Fisher & Kim, 2010; Smyke, Zeanah, Fox,
Nelson & Guthrie, 2010). This lack of social selectivity is
manifested as children’s close physical engagement,
seeking comfort from, or trust in going off with strangers
– even when familiar caregivers are proximal. These
observations are not new. Among young children placed
in residential nurseries in London in the 1940s through the
1960s, 4-year-old institutionalized children approached
strangers with equal frequency as their familiar caregivers
(Tizard & Rees, 1974). These socially indiscriminate
behaviors are maintained years after children are adopted
into stable families, are predictive of psychological prob-
lems, and are highly resistant to treatment (Rutter,
Kreppner & Sonuga-Barke, 2009).
Early social neglect is associated with both indiscrim-

inate behavior and attachment problems (Love, Minnis
& O’Connor, 2015), and we do not yet understand
whether disinhibited/indiscriminate social behavior
reflects a disorder of attachment or a behavioral problem
with a distinct etiology (see Zeanah & Gleason, 2015,
and Lyons-Ruth, 2015, for clear articulation of both
sides of this issue). For scholars focusing on indiscrim-
inate behavior, the core deficit reflects unmodulated
behavior, and does not necessarily reflect an overall
pattern of organization encompassed by attachment
theory. Support for this view is that indiscriminate
behavior and attachment are not directly related among
post-institutionalized children (Dobrova-Krol, Baker-
mans-Kranenburg, IJzendoorn & Juffer, 2010; Zeanah,
Smyke, Koga, Carlson & the BEIP Group, 2005). For
attachment researchers, implicit in characterizing a child
as displaying indiscriminate behavior is identification
that the child is not showing selectivity between classes
of adults. On this view, absence of stranger wariness and
comfort seeking from strangers suggests a problem in the
attachment system (Lyons-Ruth, 2015).

Mechanisms of socioemotional learning

Although many institutions provide rudimentary medi-
cal care and nutrition, children often receive care that is

highly regimented rather than personal. This inconsis-
tency limits possibilities to establish stable, personal
relationships between children and their caregivers
(Bakermans-Kranenburg, Steele, Zeanah, Muhame-
drahimov, Vorria et al., 2011). Nonhuman primates
raised in analogous situations display social deficits
remarkably similar to the indiscriminate patterns of
behavior observed in children who have experienced
caregiving neglect (Sanchez & Pollak, 2009). These
animal studies provide clues that social contingencies
in the early rearing environment are a critical factor for
socioemotional development. For example, when infant
monkeys are reared by dogs who provide responsive care
and protection, the dog-reared monkeys are socially
competent and able to use complex social strategies that
monkeys reared without responsive care cannot (Capi-
tanio & Mason, 2000). Similarly, human children who
receive sensitive and contingent caregiving show more
behavioral adaptiveness to changing environmental sit-
uations than children raised in neglectful family envi-
ronments (Van Den Dries, Juffer, van IJzendoorn,
Bakermans-Kranenburg & Alink, 2012).
During their first months of life, human infants engage

in social interaction with almost anyone. But by 7–
9 months of age, wariness of strangers is normative.
From an evolutionary point of view, apprehension about
unfamiliar adults is a good strategy to promote survival
(Simpson & Belsky, 2008). Yet Provence and Lipton
(1962), who were among the first to observe the
development of institution-reared infants, reported that
‘one saw no evidence of increasing personal attachment
to a particular person’ (p. 78), and that institutionalized
infants ‘responded with equal enjoyment to everyone
who came around’ (p. 80). Further implicating the role of
early social experience, the extent to which previously
maltreated children experience responsive care from their
adoptive parents predicts their positive social develop-
ment in adolescence (Jaffari-Bimmel, Juffer, van IJzen-
doorn, Bakermans-Kranenburg & Mooijaart, 2006).

Associative learning and contingent caregiving

A key aspect of indiscriminate social behavior is that the
child fails to recognize specific familiar individuals as a
source of comfort and protection. In other words,
children may not recognize familiar adults as being
associated with safety. A candidate neural system likely
to support the ability to make such a pairing involves the
rhinal cortex and closely connected structures (Liu,
Murray & Richmond, 2000). Located in the temporal
lobe, with intimate connections to both limbic and
frontal regions, the rhinal cortex is critically placed to
integrate emotional with perceptual processes, as well as
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store the emotional significance of prior experience.
Much is known about the role of this system from
nonhuman animal studies that suggest this system is
related to the behavioral observations of post-institutio-
nalized children.

After removal of the rhinal cortex, monkeys cannot
learn the association between new cues and their
motivational significance – for example that selective
cues are predictive of reward (Liu et al., 2000). More-
over, changes in dopamine levels within the rhinal cortex
have a similar effect as lesions to the structure. When
rhesus monkeys are injected with an antisense DNA
construct that decreases D2 dopamine receptor expres-
sion in the rhinal cortex, they similarly do not learn the
associations between environmental cues and rewards
(Liu, Richmond, Murray, Saunders, Steenrod et al.,
2004).

There are a number of other indications that this
system may be implicated in children’s formation of
selective relationships with caregivers. For example, the
rhinal cortex has strong reciprocal connections with the
basolateral amygdala (BLA), a region important for
assessing the valence of a stimulus (Stefanacci, Suzuki &
Amaral, 1996) as well as the central nucleus (CeN),
which helps give emotional context to external events
(Paz, Guillaume Pelletier, Bauer & Pare, 2006; Sugase-
Miyamoto & Richmond, 2005). This connection between
the BLA and CeN further coordinates neuroendocrine
responses tied to social behaviors such as fear and
comforting. These are processes observed to functional
atypically in post-institutionalized children (Wismer
Fries, Shirtcliff & Pollak, 2008; Wismer Fries, Ziegler,
Kurian, Jacoris & Pollak, 2005).

Based upon these extant data, we tested children on a
task known to rely upon healthy functioning of rhinal
cortex circuitry. We expected typically developing chil-
dren to show a decrease in their response time to reward
as their distance from the reward (signaled by changes in
the visual cue) decreases. In contrast, we hypothesized
that children who experienced early social deprivation
would have difficulty learning the association between
visual cues and their rewarding or motivating signifi-
cance. If this effect is specific to a problem in learning
reward cues, the two groups of children should perform
similarly when cues are presented randomly, and there-
fore do not carry information about reward proximity.
To examine whether the ability to associate sensory cues
with their motivational or rewarding significance is
related to socioemotional behavior, we explored whether
impaired learning performance was associated with
children’s indiscriminate behavior problems. We also
evaluated general cognitive abilities to ensure that they
were not driving any group differences.

Method

Participants

Fifty-two children participated in this experiment. Chil-
dren with histories of severe neglect (N = 26; 15 females,
11 males) were placed in institutions at birth for a
minimum of 8 months before being adopted (M length of
orphanage stay = 16.7 months, SD = 7.9 months, maxi-
mum = 35 months). The mean age of the post-institutio-
nalized group was 6.32 years (SD = 7.66 months). All
children came from Eastern European orphanages: 19
from Russia, 6 from a former Russian republic (i.e.
Moldova, Kazakhstan), and 1 from Romania. These
children were recruited via adoption agencies.

We compared the children who experienced early
neglect to a comparison group consisting of children
who had always resided with their birth parents (N = 26;
10 females, 16 males; age: M = 6.32 years, SD = 5.35
months).

The two groups of participants did not differ on
child age and family socioeconomic status. Children
were not recruited for this experiment if they had a
developmental disorder, known or suspected fetal
alcohol exposure, or fetal alcohol syndrome. A pedi-
atric geneticist who specializes in fetal alcohol syn-
drome assessed: (1) distance between the endocanthion
and exocanthion landmarks, (2) philtrum smoothness,
and (3) upper lip thinness. This screening has demon-
strated high sensitivity and specificity for prenatal
alcohol exposure (Astley, Stachowiak, Clarren &
Clausen, 2002). Not reported here are data from eight
previously institutionalized children who were not
included in this study because the screening suggested
pre-natal alcohol exposure and four children excluded
because they did not complete both laboratory visits
(one post-institutionalized and three non-adopted). No
children who completed the task were excluded from
analyses.

Associative learning task

Overview

The experimental task measures the child’s ability to
predict rewards from environmental stimuli and adjust
behavior accordingly (Liu et al., 2000). Children were
instructed to indicate a change in a stimulus and had to
correctly complete a full schedule of trials before
receiving a reward. Implicit visual cues indicate how
close participants are to reward delivery, and changes in
participants’ behavior reflect the degree to which they
are motivated by these cues.

© 2016 The Authors. Developmental Science Published by John Wiley & Sons Ltd.
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As a control condition, children completed another,
perceptually identical, version of the task. The control
task was identical to the experimental task except that the
cues were presented in a random fashion. In other words,
the implicit reward cues no longer carried any predictive
value in terms of the reward. Children performed the
experimental and control tasks in random order; order of
presentation was not related to task performance.

Task

Details of the task are depicted in Figure 1. To provide a
stringent test of learning we used two different versions of
the experimental task and two different kinds of cues.
Children were randomly assigned to either a color or a
shape discrimination task and within each of these tasks
children were randomly assigned to either a length or
brightness visual cue. The cue was a rectangle located at
the top of the computer monitor that became either longer
or brighter as the childmoved closer to receiving a reward.
The child began each trial by pressing down a button,

which caused a stimulus to appear on the screen and then

change. The childwas required to release the button when
she/he detected a change in the stimulus. After 500 ms a
small red circle (in the color discrimination version of the
task) or small purple octagon (in the shape discrimination
version of the task) appeared on the screen. The target
stimulus changed after a randomized delay of 400, 600,
800, 1000, or 1200 ms. In the color discrimination task, a
circle changed from red to green. In the shape discrimi-
nation task an octagon changed to a plus sign. The green
circle (or plus sign) remained on the screen until the child
released the space bar. Reaction time was recorded as the
amount of time the child took to release the space bar

Figure 1 Visually cued reward schedule task. (A) Behavioral
testing situation. The child sat facing a rear projection screen
(90° °— 90°) located 57 cm away. A touch lever registered
responses. A black and white random dot background covered
the whole screen. A visual cue (shown here is a gray rectangle,
but see C and D, below) and either a colored dot (left example)
or a geometric shape (right example) were displayed at the
center of the screen. (B) Detailed timing of the sequence of
events in a visually cued two-trial reward schedule. In each
trial, the child was required to release a touch lever when the
dot on the screen changed color from red to green. The child
was required to perform this correctly twice consecutively to
obtain a reward. Each trial was assigned a ‘schedule state’
(current trial number/schedule length, such as 1 out of 2, or 2
out of 3). The child started each trial by contacting a touch
lever. Immediately after the lever was contacted, a visual cue
was displayed and remained on without changing throughout
the whole trial. The gray rectangle was the cue for schedule
state 1/2, whereas the dark rectangle was the cue for 2/2. The
cue was displayed for 900–1000 ms before the trial progressed
to the color discrimination phase. In the color discrimination
phase, a red dot appeared at the center of the screen. After a
randomly selected wait time (400, 600, 800, 1000 or
1200 ms), the color of the dot changed from red to green,
indicating that the child could release the lever to complete a
trial. If the child released the lever within 1000 ms, the dot
changed from green to blue, signaling the child that a correct
trial had been performed. After the blue dot was displayed for
150 ms, all stimuli disappeared. If the trial was the last trial in a
schedule, a coin was delivered to the child’s piggy bank. If the
child released the lever in the red dot period or in less than
200 ms after the onset of the green dot, or if the child did not
release the lever within 1000 ms after the onset of the green
dot, all stimuli disappeared, the trial was terminated, and an
error was registered. Each trial was separated by a 1000-ms
intertrial interval. The shape condition was identical in every
respect with the exception that a stop sign replaced the red dot,
a plus sign replaced the green dot, and a triangle replaced the
blue dot. Children were randomly assigned to the color or
shape discrimination conditions, each randomly paired with
either brightness or length cues. (C) Brightness cues. (D) Length
cues. Shown in parentheses are the schedule states indicated
by each brightness and length cue. From Liu et al. (2000).

© 2016 The Authors. Developmental Science Published by John Wiley & Sons Ltd.
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following the onset of a change in the stimuli (e.g. the circle
turning green or the octagon turning to a plus sign).

Children had to complete a schedule of trials correctly
to receive a reward. Each schedule consisted of one, two,
or three trials. Each trial in a schedule is referred to by its
state within the schedule: 1/3, 2/3, 3/3 for a three-trial
schedule, 1/2, 2/2 for a two-trial schedule, and 1/1 for a
one-trial schedule. Only the third in a three trial schedule
(3/3), the second in a two-trial schedule (2/2), and the
single trial schedules (1/1) were rewarded. Each trial in
the two- and three-trial reward schedules was presented
22 times (110 trials) and 1/1 trials were presented 37
times (147 total trials).

Errors and rewards

If an error was made anywhere in the schedule, the child
repeated that particular trial until it was successfully
completed. Errors reflected the child: (1) releasing the
space bar prior to the change from red to green (or
octagon to plus sign), (2) releasing the space bar less than
50 ms after the appearance of the green circle (or plus
sign), or (3) not responding 2000 ms after the appear-
ance of the green circle (or plus sign).

If a child performed the trial correctly, the circle
changed from green to blue (or the plus sign changed to
a triangle). The blue circle (or triangle) was displayed for
150 ms and then all stimuli disappeared. When the child
performed the last trial in a schedule correctly, the child
received an immediate reward. Rewards were delivered
via a Davis Scientific Universal Primate Feeder loaded
with a variety of coins. The coins dropped into clear
plexiglass piggy banks that the children had personalized
prior to the start of the experiment.

Assessment of indiscriminate behavior

We used information from the Disturbances of Attach-
ment Interview (Smyke, Dumitrescu & Zeanah, 2002) to
assess children’s indiscriminate behavior. The first
author conducted the interviews, and a panel of three
graduate-level researchers scored the data. Individuals
scoring the interviews were unaware of the group status
of each child and the hypotheses of this experiment.
Items from this semistructured interview are coded
0 = none/little, when there is no evidence of disturbance
(e.g. the child clearly differentiates among adults and
selectively seeks that person for comfort, support or
nurturance). Items are coded 1 = sometimes/somewhat,
when there is sometimes evidence of behaviors that may
be consistent with disturbance (e.g. the child sometimes
or somewhat seeks comfort preferentially from a pre-
ferred caregiver). Items are coded 2 = rarely/minimally,

when there is evidence of behaviors consistent with
indiscriminate behavior (e.g. the child rarely or mini-
mally differentiates among adults as caregiving figures,
or the child is willing to go off readily with relative
strangers). Ratings are made on the basis of responses to
a series of probes that tap the construct of indiscriminate
behavior. For example, parents were asked how well the
child differentiated among adults and demonstrated a
clear preference for a particular caregiver and how much
the child sought comfort from a preferred caregiver.
Other aspects of the interview captured broader aspects
of emotion regulation and attachment security. Details
of the scoring criteria and properties of the interview are
detailed in Smyke et al. (2002). Of a possible rating of
10, 26 children had scores of less than 2 (Control N = 21,
Neglect N = 5, 19 children had scores between 3 and 5
(Control N = 4, Neglect N = 15), and 7 children had
scores above 6 (Control N = 1, Neglect N = 6). Neither
child sex, IQ, nor length of institutionalization (among
the post-institutionalized group) affected any of the
dependent variables (all ps > .1). We selected a sample
with longer histories of institutional care, which may
account for the lack of effect of length of neglect.

Procedure

Children were tested on two days (7–14 days apart) in
their homes. They completed either the experimental or
control version of the task at each session. Children were
randomly assigned to one of four different versions of
the task that varied the implicit cue (a rectangle that
either got brighter or longer), and the discrimination to
be made (either the color or shape of the changed
stimulus). Whatever version of the task children com-
pleted on their first session, they were presented with a
different version of the task on their second session. For
example, if a child was assigned to the length cue-color
discrimination version for their first session, then they
completed the brightness cue-shape discrimination ver-
sion for their second session. We varied the cues and
stimuli for two reasons. First, to minimize carry-over
effects across testing days and, second, to increase the
likelihood that any resulting effects reflected learning
rather than features of particular stimuli. There was no
difference in children’s performance across the two cue
(length and brightness) and discrimination (color and
shape) conditions, c11 = �1.84, t(60) = �.06, ns.

Participants were instructed only on how to perform
the color or shape discrimination tasks; no mention of
the reward or the visual cues was made. Children
completed 10 practice trials for which no reward was
dispensed and no visual cues were presented to familiar-
ize them with the procedures. The experiment did not

© 2016 The Authors. Developmental Science Published by John Wiley & Sons Ltd.
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begin until it was clear to the experimenter that the child
understood the discrimination task (this occurred within
3–5 practice trials for all participants). The task was
divided into three blocks of approximately 49 trials each,
and children took a 5-minute break between blocks.
Children chose a piggy bank that was attached to the
pellet dispenser and were told that they could keep the
coins they earned during the task.

Data analyses

Hierarchical linear modeling (Snijders & Bosker, 1999)
was used to understand the relationships between
performance on the associative reward learning task,
group status, and indiscriminate behavior problems. We
selected this technique because it is well suited to the
small and unequal sample sizes and varying conditions
in this experiment. The main hypothesis to be tested was
that children’s performance (based upon reaction time)
would improve as they approached receipt of a reward.
Therefore, we used a ‘time to reward’ model to inves-
tigate patterns of change in reaction times relative to the
distance from the reward. This type of linear model is
based upon extant primate data (Liu et al., 2000, 2004),
which indicates a strong linear relationship between time
until reward delivery and reaction times. Specifically, the
model fit to the data was a two-level model with trials (i)
nested within child (j) of the form:

RTij ¼ b0j þ b1jTIMEREWij þ Rij

b0j ¼ c00 þ c01PIj þU0j

b1j ¼ c10 þ c11PIj þU1j

where TIMEREWij denotes the time-to-reward for child
j on trial i, PIj denotes the post-institutionalized status of
child j (0 = not institutionalized, 1 = institutionalized),
c10 denotes the mean effect of time-to-reward for a non-
institutionalized child, and c11 denotes the difference in
effect of time-to-reward for an institutionalized child.
Negative slopes for time-to-reward reflect learning (i.e.

as reward grows closer reaction times decrease) and less
negative/flat slopes represent difficulties in learning. Our
decision to model reaction time in relation to a single
time-to-reward composite was based on the observation
of consistent effects across trials in relation to this factor.
As expected based upon extant literature, children
responded similarly to the last trials in each reward
schedule (i.e. 1/1, 2/2, 3/3): reaction time: F(2,
124) = 1.17, ns; error rate: F(2, 124) = .639, ns.
We also analyzed individual difference predictors of

reaction times and error rates at the between-individual
level including group status, cue condition (brightness vs.

length), discrimination (color vs. shape), sex, IQ, indis-
criminate behavior problems, and length of institution-
alization. These models were of the same form as that
shown above, but with the relevant studied variable
substituted for PI.

Results

Motivated reward learning

We first tested whether the post-institutionalized chil-
dren differed from age-matched peers in terms of their
ability to use motivational cues to guide their learning.
Consistent with the extant primate literature, typically
developing children learned efficiently across trials.
These children responded more quickly (reflected in a

Figure 2 Mean reaction time (standard error) by trial type for
post-institutionalized and comparison children in the
Predictive (top panel) and Random (bottom panel) conditions.

© 2016 The Authors. Developmental Science Published by John Wiley & Sons Ltd.
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significantly negative slope) as the reward became closer,
c10 = �56.66, t(61) = �2.90, p = .006. However, the
post-institutionalized children’s learning slope was
essentially flat and differed from that of typically
developing children, c11 = 63.77, t(61) = 2.10, p = .04
(Figure 2, panel A). These data indicate that post-
institutionalized children had difficulty pairing the
significance of the cues with potential reward. The effect
size, estimated using Cohen’s d as defined by the
estimate of c11 and the residual variance of the slopes
(i.e. the estimated variance of U1j), revealed a large
between-group effect of learning, d = 1.02.

Relationship between motivated reward learning and
social behavior

Next, we tested a model to determine whether individual
differences in children’s reward learning were associated
with their indiscriminate social behavior. Poor perfor-
mance on the reward learning task was related to
problems with indiscriminate behavior, estimated
c11 = 20.11, t(61) = 3.01, p = .004. As the indiscriminate
behavior variable ranges from 0 to 6 (mean = 1.23;
SD = 1.67), we examine its effect by considering the
slope estimates for several different levels of the variable.
This effect can be seen in Figure 3 for three different
levels of indiscriminate behavior, illustrating that flatter
slopes (reflecting a child’s poorer learning performance)
are associated with increasing levels of indiscriminate
behavior problems.

Specificity of this learning effect

There are many cognitive sequelae associated with child
neglect; therefore we considered the possibility that we
were capturing generalized learning deficits among the
post-institutionalized children. First, there was no evi-
dence that post-institutionalized children had difficulty
understanding or performing the task based on their
performance during practice trials, nor were there IQ
differences between the two groups. Second, we tested all
of the children in a non-predictive control version of the
same task, where reward cues were presented randomly.
This allowed us to ensure that there were not perfor-
mance differences between the post-institutionalized and
comparison children in the absence of associative learn-
ing demands. The number of trials and rewards in this
condition was identical to the predictive condition. Both
groups of children performed similarly, F(1, 60) = .086,
ns, further suggesting that the post-institutionalized
children understood and were able to complete the basic
task comparably to typically developing children (Fig-
ure 2, panel B).

Finally, we examined the errors children made on the
task to determine whether post-institutionalized chil-
dren’s performance was undermined by impulsivity.
Because children’s response times were measured from
the onset of stimuli, two types of errors would reflect
impulsivity: responses prior to the appearance of the ‘go’
signal and responses less than 50 ms after the appear-
ance of the ‘go’ signal. The post-institutionalized chil-
dren did not make more of these errors (mean error rate
for comparison children = 15%, mean error rate for
post-institutionalized children = 11%), F(1, 60) = 1.85,
ns. Neither group of children made many omission
errors, defined as failing to respond within 2000 ms
(error rates for both groups < 3%). This suggests that the
post-institutionalized children were just as attentive to
the task.

Discussion

This experiment sought to better understand how early
caregiving neglect is associated with children’s difficul-
ties discriminating their caregivers from unfamiliar
adults. To do so, we assessed the efficiency of children’s
motivated reward learning. The experimental task
required children to modify their behavior in relation
to the learned motivational significance conveyed by
implicit sensory cues. Our rationale for targeting this
learning process is the idea that children must translate
information about the identity of a stimulus (such as a
familiar caregiver, a facial expression, a voice) into a

Figure 3 Predicted reaction time (ms) values based on HLM
analyses in the predictive condition by indiscriminate behavior
problems at, above, and below the sample mean. The mean
indiscriminate behavior score for post-institutionalized
children was 1.81 (SD = 1.93; range = 0–6) and for
comparison children was 0.90 (SD = 1.20; range = 0–4).

© 2016 The Authors. Developmental Science Published by John Wiley & Sons Ltd.
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signal about its motivational significance (such as a
source of safety and security). We found that: (1)
typically developing children successfully utilized impli-
cit information to direct their goal-motivated behavior,
whereas post-institutionalized children did not make
these associations and (2) the extent to which children
had difficulty learning these cues was associated with
their indiscriminate behavioral problems.
The joint significance of these two ‘pathways’ is

consistent with a mediational explanation (MacKinnon,
Lockwood, Hoffman, West & Sheets, 2002); that is,
motivated reward learning appears to account, in part,
for the relationship between socioemotional neglect and
indiscriminate behavior problems. Such behaviors are
clearly the end product of multiple interacting cognitive
and neural systems; no single measurement or neural
structure is likely to account for all of the discrete
developmental mechanisms underlying their emergence
(Pollak, 2005). Although this experiment is not designed
to test causality, the association revealed in these data
sheds new light on biobehavioral systems that might be
targets of successful interventions for at-risk children.
It is difficult to excavate neurodevelopmental mecha-

nisms in human populations of children that have had
unusual life experiences. Researchersmustworkwith all of
the ‘unmeasurable’ components of circumstances such as
institutional rearing, and many invasive research tech-
niques are not appropriate for use with children. This
experiment allowed us to boot-strap knowledge from
nonhuman animal studies.Wewere able to use an identical
paradigm – including stimuli, timing, response mecha-
nisms, and even reward delivery system – across children
and rhesus monkeys. The only change in procedures
between species was that monkeys were rewarded with
food whereas children were rewarded with coins. (This
change wasmade because during pilot testing parents had
different views about use of food as a rewardor the types of
foods they allowed their children to eat.) However, the
behavioral data are consistent with the view that the coins
did not change task performance. The task was quite
repetitive, yet post-institutionalized children stayed with
the task, working as hard and long, and accurately as
children in the comparison group. The only difference that
emergedwas their ability tomake use of the implicit cues in
the task, which was the point of the experiment. In terms
of concurrent validity, the performance of children in this
comparison groupmirrors the effects observed in typically
developing monkeys, and children from our post-institu-
tionalized group evince performance that is strikingly
similar to monkeys with physical and chemical lesions to
the rhinal cortex reported by Liu et al. (2000, 2004).
From extant data, we know that the experimental task

taps motivational processes and reward expectation tied

to the most ventromedial portion of the inferior temporal
cortex, namely the rhinal (that is, the perirhinal and
entorhinal) cortex. The rhinal cortex is rich in dopamin-
ergic innervations and reaches peak density around the
middle of the first year of life in rhesus monkeys,
corresponding to 1.5 to 3 years of age in the human child
(Erickson, Akil, Levey & Lewis, 1998). This network
appears to be an extension of the limbic�striatal�pallidal
circuitry involved in translating motivation to action
(Baxter, Parker, Lindner, Izquierdo&Murray, 2000). This
makes sense given that anatomically, the perirhinal cortex
is at the interface of the ventral visual stream (the ‘what’
pathway) and the limbic system, implicated in emotion
processing (Paz et al., 2006). The basolateral amygdala
(BLA), also part of this system, conveys to the ventral
striatum associative information about environmental
stimuli that predict rewards and constitute goals of
behavior; these processes guide adaptive emotional
responding to social stimuli (Meunier & Bachevalier,
2002). BLA also projects to the prefrontal cortex, enabling
rhinal circuitry to influence the learning of social behavior
(Paz, Bauer & Pare, 2008; Pollak, 2013; Wager, Davidson,
Hughes, Lindquist & Ochsner, 2008). Convergence across
a number of studies links early neglect to BLA circuitry
regulating social behavior (Hanson, Nacewicz, Sutterer,
Cayo, Schaefer et al., 2015).
We do not suggest that institutionalized settings lesion

the rhinal cortex. But the present findings are consistent
with reports implicating the importance of the dopamine
system in facilitating associative reward learning and
incentive motivation. Alterations of the dopamine system
and lesions similarly affect circuitry of the rhinal cortex,
anddopaminedysregulationhasbeen associatedwith early
child neglect (Naumova, Lee, Koposov, Szyf, Dozier et al.,
2012; Wilbarger, Gunnar, Schneider & Pollak, 2010).

Possible alternative explanations

The present study has limitations, but also permits
examination of some alternative explanations. It is pos-
sible that the post-institutionalized children had general-
ized cognitive delays that limited their task performance.
For example, the post-institutionalized children
responded more slowly throughout the task than did
controls. Yet the post-institutionalized children were just
as accurate on the control condition of the task as the
comparison children. In fact, the post-institutionalized
children’s discrimination abilities, motivation to succeed
at the task, and attentional abilities were equivalent to the
comparison children. The critical component of the task is
improvement over time, not overall reaction time.
Another possibility is that the post-institutionalized
children’s indiscriminate behavior simply reflects

© 2016 The Authors. Developmental Science Published by John Wiley & Sons Ltd.
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impulsivity. Yet, analyses of errors did not show any
indication that they responded impulsively on this task. In
fact, the present data are consistent with a recent report
that post-institutionalized children do not show general-
ized deficits in executive functioning, but rather have
problems in learning (Pollak, Nelson, Schlaak, Roeber,
Wewerka et al., 2010). Finally, it is possible children with
pre-existing cognitive problems were surrendered to
institutional care and that their behavior is unrelated to
post-natal experience. As is the case with all research on
this type, we cannot quantify the prenatal care that the
children received. Therefore we included only children
that were placed in institutions at or near birth, before
many disabilities could be detected by parents. Second, we
had a pediatric geneticist screen study participants.

Conclusion

Almost all human infants form some kind of selective
relationship with their caregivers, even under abusive
conditions. Although institutionalized children do learn
to recognize displays of emotion (Mesquita, Belsky,
Crego, Fachada, Oliveira et al., 2015), they often have
difficulties recognizing specific adults as secure caregivers.
Many aspects of primate socioemotional development
appear dependent on response-contingent interactions
during infancy (Lamb, 1981). We speculate that the
disorganization, regimented care, high child to caregiver
ratios, and frequent disruptions in the constancy of
caregivers in institutionalized settings all undermine the
availability of the contingencies necessary for healthy
socioemotional development. For example, children liv-
ing in Romanian institutions characterized by high child
to caregiver ratios (approximately 20 infants to one adult)
are not able to identify a preferred caregiver, whereas
children from Romanian institutions with lower ratios
(four infants to one adult) consistently favor a preferred
caregiver (Zeanah et al., 2005). Within institutionalized
settings, a friendly approach to any willing adult might
enhance opportunities for care. But this does not explain
why indiscriminate behavior persists after children have
been adopted into family environments. The present data
suggest a candidate developmental mechanism underly-
ing these problems. Socioemotional neglect may leave
children with impoverished learning opportunities and
experiences, making it difficult for them to confront
increasingly challenging and complex social interactions.
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