
Exploration—Exploitation
Strategy is Dependent on
Early Experience

ABSTRACT: Traditional conceptualizations of early adversity characterize
behavioral outcomes as maladaptive. However, conditional adaptation theory
proposes that differing behavioral phenotypes following early experience are
appropriate for the expected environment (e.g., behaviors likely to result in the
best outcome based on environmental expectations). In the present study, youth
with (n¼ 46) and without (n¼ 91) a history of previous institutionalization
completed a laboratory-based experimental paradigm in which exploration—
exploitation strategy was examined, a phenotype relevant to environmental
expectations. Previous institutionalization was associated with decreased
exploration and increased exploitation. A strategy favoring exploration resulted
in greater success in the generous task condition whereas a strategy favoring
exploitation produced greater success in the restricted task condition. These
results suggest that exploration—exploitation strategy may be influenced by
early experience, and the resulting success of strategy choice is context
dependent and in line with expectations of the future environment based on early
experience. � 2015 Wiley Periodicals, Inc. Dev Psychobiol. :313–321, 2015.
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INTRODUCTION

Exploration—Exploitation Strategy is
Dependent on Early Experience

The potential benefits of exploration (i.e., the probing

of options with unknown and potentially rewarding or

punishing outcomes) versus exploitation (i.e., selecting

a limited but reward-promising outcome) are context

dependent, with no optimal strategy in unknown

environments (Cohen, McClure, & Yu, 2007). Under

conditions of relative safety, exploration allows for

greater learning opportunities, whereas under condi-

tions of threat, exploration may incur costs (see Lima

& Dill, 1990). Similarly, exploitation will result in a

safe outcome, but does not allow for additional

information to be obtained. Decisions regarding explo-

ration and exploitation are guided in part by contempo-

rary context (e.g., the success of the last exploration

attempt). In the current paper, we argue that decisions

for exploration and exploitation are also influenced by

developmental context, such that past experience guides

strategy choice. For example, rats exposed to early

adversity were found to be less exploratory relative to

comparison rats (Spivey, Barrett, Padilla, & Gonzalez-

Lima, 2008), perhaps because these adverse experien-

ces occur during periods of rapid brain development in

early life.

Traditional conceptualizations of early adversity

focus on maladaptive outcomes (Cicchetti & Rogosch,

2001; Shonkoff & Garner, 2012), including heightened

anxiety and attention to threat (Goff et al., 2012;
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Shackman, Shackman, & Pollak, 2007). This focus is

well-motivated given that early adversity can result in

mental health difficulties later in life. Yet, in certain

contexts, these biases may serve adaptive strategies.

Though anxiety is often conceptualized as maladaptive,

evolutionary theorists consider fear and anxiety as

functional aspects of mammalian evolution (Öhman,

2000). Indeed, anxiety has been linked to increased

exploitation of information for food acquisition in mice

(Luksys, Gerstner, & Sandi, 2009), and anxiety predicts

low-risk, low-reward decision-making under risk in

humans (Raghunathan & Pham, 1999). Thus, it may be

that individuals who are high in anxiety may fare best

in contexts optimized for exploitation over exploration

(see Prevention focused approaches; Crowe & Higgins,

1997; Higgins, 1998). During childhood, one of the

most common forms of anxiety following institutional

caregiving (i.e., orphanage rearing) is separation anxi-

ety (Elliott & McMahon, 2011; Tottenham et al.,

2011). While anxiety disorders are generally found to

interfere with daily functioning (Henning, Turk, Men-

nin, Fresco, & Heimberg, 2007), anxiety may confer

advantages during risky decision-making when condi-

tions are optimized for exploitative decisions. In the

current study, we considered how separation anxiety in

PI youth might explain exploration versus exploitation

biases, given that this behavioral phenotype may be

conditionally adaptive following institutional care.

Conditional adaptation theory postulates that indi-

viduals develop tendencies that enhance the likelihood

of survival and reproductive success based on their

environment (Boyce & Ellis, 2005). As such, stress

during ontogenetic development (without direct regard

to evolutionary pressures) is theorized to influence

behavioral tendencies. The current study sought to

examine whether early adversity, in the form of

previous institutionalization, was associated with

exploration—exploitation strategy, a likely candidate

for observing ontogenic adaptation to harsh versus

supportive environments. Initial support for this

approach is suggested by evidence of reduced risk-

taking, a form of exploration, among previously

institutionalized (PI) children (Loman, Johnson, Que-

vedo, Lafavor, & Gunnar, 2014). Recently, both

individual differences (Zou, Scholer, & Higgins,

2014) and stress manipulations (Glass et al., 2011)

have been used to better understand decision-making

in relation to exploration and exploitation.

We experimentally tested exploration—exploitation

strategy choice on a risky decision-making task (Hum-

phreys, Lee, & Tottenham, 2013), modified from the

Balloon Analogue Risk Task (BART; Lejuez et al.,

2002), designed to provide different conditions in

which exploration and exploitation strategy may be

differentially related to success on the task. Previously,

behavior on the BART was found to vary as a function

of previous institutionalization (Loman et al., 2014), a

potent stressor for the developing human (Gunnar,

Bruce, & Grotevant, 2000; Tottenham, 2013). In the

present study, the decision-making context was manip-

ulated to create conditions optimized for either explora-

tion (continue pumping for potentially larger gains) or

exploitation (“cash in” early for a certain, but poten-

tially smaller gain). The primary aim of the study was

to examine: (1) to what extent previous institutionaliza-

tion was associated with exploration and exploitation,

and (2) how exploitation strategies operated in different

contingency contexts. As behavioral phenotypes follow-

ing early experience may be adaptive under certain

contexts, we also examined to what extent separation

anxiety, often found at elevated levels following

previous institutionalization (Elliott & McMahon,

2011; Tottenham et al., 2011), mediated the association

between early experience and exploitation.

METHOD

Participants

One hundred forty-three youth (83 girls, 60 boys,

Mage¼ 10.10 years, SD¼ 2.77, age range: 6–15 years)

were included from an ongoing longitudinal study.

Participants included youth who experienced institu-

tional care followed by adoption by families in the

United States (n¼ 49) and comparison youth who had

always lived with their biologically related parents

and were never institutionalized (n¼ 94). Six partic-

ipants (three PI, three comparison) were excluded due

to invalid responses as noted by test administrators.

Sample size was not pre-determined because this

was a new task on a new population. Recruitment

occurred continuously until a two-year period had

elapsed from the start of the study, at which time data

collection for this task ended. Table 1 includes the

demographic information for all included participants

(N¼ 137). Comparison participants were required to

be free of serious medical illness, including head

trauma, seizure disorder, and have IQs >70. Both

children in the PI and comparison group had esti-

mated IQs in the normal range as measured by the

Wechsler Abbreviated Scale of Intelligence (Wechsler,

1999). The median income of families in both groups

had an average household income above the median

annual household income in the United States

($49,777; U.S. Census Bureau, 2012). The protocol

was approved by the Institutional Review Board at

the University of California, Los Angeles.
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Tasks and Measures

Balloon Emotional Learning Task (BELT; Humphreys

et al., 2013). Participants completed a computerized

risky decision-making task with three different color

balloon conditions (counterbalanced across partici-

pants), each with a different corresponding explosion

point (7¼ restricted; either 7, 13, or 19¼ variable,

19¼ generous) to allow for the examination of differ-

ential strategy (exploration vs. exploitation) on task

outcome. There were a total of nine trials per condition,

and for each third of the task, there was an equal

number of trials per condition. Participants were asked

to press a button to “pump up” balloons and earn points

based on the number of pumps for each of the 27

balloon trials (i.e., more pumps earned more points).

After the first pump participants could press a button to

“cash in” their pumps for points. Points accumulated

from trial to trial. If participants pumped beyond a

balloon’s limit, an explosion occurred, resulting in the

loss of all points for that trial. Participants were not

told that colors signified different response contingen-

cies, but were explicitly told that not all balloons pop

at the same point. Exploration was assessed by the

number of pumps made, as each pump consists of a

risk for an unknown outcome. Exploitation was

assessed by the number of cash ins, as that action is

selecting a choice with a known outcome: that points

accumulated will be saved. Though often conceptual-

ized as opposing choices, it is possible in this task to

have high levels of exploration and exploitation if one

learns the appropriate stop points for each condition.

The BELT demonstrated good concurrent validity in

young adults, with moderate positive correlations

between sensation seeking and BELT outcomes of

interest (Humphreys et al., 2013), and was used to

examine exploration and exploitation strategy choice in

this study.

Screen for Child Anxiety Related Emotional Disor-

ders (SCARED; Birmaher et al., 1997). Parents com-

pleted the 41-item rating scale in order to assess child

anxiety symptoms. Items are rated on a three-point

scale, with higher scores signifying more anxiety. This

measure has been shown to have good internal consis-

tency (a¼ .74–.93) (Birmaher et al., 1997). For the

purpose of the present study we examined the separa-

tion anxiety disorder total score.

Data Analysis

Separate repeated measures (three task conditions)

ANOVA models were examined for three variables: (1)

pumps (proportion pumps out of total possible pumps),

a measure of exploration, as greater pumps is a form of

sampling the task environment, (2) percentage of trials

that were cashed in, as a measure of exploitation, as

cashing in any given trial is selecting a known and safe

outcome, and (3) points (proportion earned points out

of total possible points) as a measure of earnings.

Where specified, group (PI vs. comparison), age, and

sex were included in the models as fixed effects. Effect

sizes are presented for all analyses, adjusted for age

and sex when included in the model. In order to test

whether separation anxiety mediated the association

between PI status and exploitation, per expert recom-

mendations (e.g., Hayes, 2009; MacKinnon, Fairchild,

& Fritz, 2007) we conducted a single step test of

mediation using SPSS PROCESS (Hayes, 2012). PI

status (PI¼ 1, comparison¼ 0) was entered as the

independent variable, exploitation was entered as the

dependent variable, and separation anxiety was entered

as the mediator. Both sex and age were included as

Table 1. Participant Demographics

PI (n¼ 46) Comparison (n¼ 91)

Age 10.32 (2.64) Range: 6.18–15.71 9.99 (2.84) Range: 6.00–15.93

Sex (% Male) 28% 47%

Median Family Income $100,001–$150,000 $70,001–$85,000

Estimated IQ 105.19 (15.30) 110.88 (17.22)

Separation Anxiety 5.08 (3.48) 3.16 (3.27)

Psychotropic Medication (% yes) 20% 2%

Country of Origin Belarus (1) China (17)

Guatemala (1) Hungary (1)

Indian (1) Kazakhstan (7)

Russia (13) South Korea (2) Taiwan (1)

Age placed in institution (months) 7.01 (15.29) Range: 0.00–72.00

Age adopted (months) 24.18 (27.99) Range: 0.13–120.00

Length of institutionalization (months) 16.98 (15.00) Range: 0.13–72.00

Means (SD). PI, previously-institutionalized.
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covariates. To assess the indirect effect, which is the

amount separation anxiety mediated the association

between PI status and degree of exploitation, a non-

parametric bootstrap procedure using sampling with

replacement (n¼ 1,000) was implemented and 95%

bias corrected and accelerated confidence intervals (CI)

were calculated for the indirect effect. If the CI does

not include zero, the indirect effect is considered

statistically significant.

RESULTS

Exploration, Exploitation, and Earnings

Task exploration, exploitation, and earnings were

examined using repeated measures ANCOVAs with

task condition (restricted, variable, and generous) as a

repeated measure and PI status (PI vs. comparison

youth) as a between subjects variable, covarying for

age and sex. For overall exploration, the between

subjects effect for PI status was significant, where

PI youth pumped less than comparison youth (F

(1,133)¼ 11.12, p< .001, d¼ 0.58, 95%CI [0.38, 1.11])

(Fig. 1). In addition, there was a significant between

subjects effects of age (F(1,133)¼ 8.77, p¼ .004), such

that older children pumped more on the task. There was

no between subjects effect of sex (F(1,133)¼ 1.21,

p¼ .27). In addition, a marginal PI status by condition

interaction was found (F(2,266)¼ 2.89, p¼ .057, thus

analyses were reconducted within each condition sepa-

rately (Fig. 2A). PI youth made significantly fewer

pumps than comparison youths on all three conditions,

though the magnitude of the difference was greatest on

the restricted condition (F(1,133)¼ 14.45, p< .001,

d¼ 0.68, 95%CI [0.29, 1.02]) followed by the variable

condition (F(1,133)¼ 9.11, p¼ .003, d¼ 0.55, 95%CI

[0.17, 0.89]), and then the generous condition (F

(1,133)¼ 4.35, p¼ .039, d¼ 0.38, 95%CI [�0.06, 0.66]).

For exploitation (i.e., percentage of trials cashed in),

there was a significant between subjects effect for PI

status, as PI youth were more likely to “cash in” than

comparison youth (F(1,133)¼ 6.37, p¼ .013, d¼�0.45,

95%CI [�0.86, �0.14]) (Fig. 1). Age was unrelated to

exploitation (F(1,133)¼ 1.81, p¼ .18). However,

there was a significant between subjects effect of sex

(F(1,133)¼ 4.87, p¼ .029), in which girls were signifi-

cantly more likely to “cash in” than boys (.86 [.01] vs.

.81 [.02]). In addition, a significant PI status by

condition interaction was found (F(2,266)¼ 4.03,

p¼ .019), thus analyses were reconducted within each

FIGURE 1 Overall exploration, exploitation, and earnings by group. Notes. Error bars

denote� 1 standard error of the mean. PI¼ previously-institutionalized. Score represents pumps

out of possible pumps for exploration, percent of trials in which participants cashed in for

exploitation, and points earned out of possible points for earnings. *p< .05; ***p< .001.
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condition separately (see Fig. 2B). A significant effect of

PI status was found for the restricted condition (F

(1,133)¼ 6.67, p¼ .011, d¼�0.48, 95%CI [�0.97,

�0.25]) and a marginal effect was found for the variable

condition (F(1,133)¼ 3.88, p¼ .051, d¼�0.36, 95%CI

[�0.86, �0.14]). However, for the generous condition

there was no group effect (F(1,133)¼ .53, p¼ .47,

d¼�0.14, 95%CI [�0.46, 0.25]).

For earnings (i.e., percentage of points earned out

of possible points), age was significantly associated

with earnings (F(1,133)¼ 12.87, p< .001), such that

older ages earned more points on the task. There was

a trend for the between subjects effects of sex

(F(1,133)¼ 3.72, p¼ .056), in which girls earned

marginally more points than boys (.41 [.01] vs. .39

[.01]). There was not a significant overall effect of

PI status (Fig. 1) or a PI by condition interaction

(F(2,266)¼ 1.46, p¼ .24).

Effect of Exploitation on Earnings

The two groups used different strategies across the

task, but had roughly comparable earnings overall.

Therefore, we examined whether certain strategies (i.e.,

increased exploitation) produced different outcomes on

earnings as a function of task condition, regardless of

group, sex, or age. As can be seen in Figure 3A–C,

exploitation was differentially related to earnings based

on task condition. For the restricted condition, greater

exploitation was positively associated with earnings (F

(1,135)¼ 113.44, b¼.68, p< .001, R2¼ .45, 95%CI

[.34, .58]). There was a small, but significant negative

association between exploitation and earnings on the

variable condition (F(1,135)¼ 5.92, b¼�.21, p¼ .02,

R2¼ .04, 95% CI [.02, .10]). For the generous

condition, exploitation was significantly associated

with decreased earnings (F(1,135)¼ 100.05, b¼�.65,

p< .001, R2¼ .43, 95%CI [.31, .55]). Taken

together, these analyses indicate that exploitation

is adaptive for acquiring earnings under the restric-

ted condition, but maladaptive under the other two

conditions.

Separation Anxiety Mediates Early Adversity
and Exploitation

We examined separation anxiety by group, controlling

for sex and age, in participants with available data

(n¼ 125). Controlling for sex and age, PI youth had

significantly higher levels of separation anxiety than

comparison youth (F(1,121)¼ 8.42, p¼ .004, d¼
�0.54, 95%CI [�0.91, �0.16]). There was a significant

association between age and separation anxiety (F

(1,121)¼ 6.43, p¼ .012), such that increasing age

predicted lower levels of anxiety. Sex was not related

to separation anxiety (F(1,121)¼ 2.70, p¼ .10). Sepa-

ration anxiety was examined as a mediator of the

association between dummy-coded PI status on exploi-

tation. In our mediation analysis, the full model was

significant, F(4,120)¼ 4.49, p¼ .002, accounting for

36% of variance in exploitation. Figure 4 provides a

summary of the unstandardized regression coefficients

and standard errors for each path. The 95%CI for the

indirect effect of separation anxiety was small, but did

not contain zero (point estimate¼ .01 [.01], 95%CI

[.003, .03], thus, it can be concluded that the separation

anxiety mediated the association between PI status and

exploitation.

FIGURE 2 Exploration (A) and exploitation (B) by group and task condition. Notes. Error bars

denote� 1 standard error of the mean. PI¼ previously-institutionalized. †p< .10; *p< .05;
**p< .01; ***p< .001.

Developmental Psychobiology Exploration—Exploitation 317
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FIGURE 3 The association between overall exploitation and earnings on the restricted

condition (A), variable condition (B), and generous condition (C). Notes. PI¼ previously-

institutionalized. *p< .05; ***p< .001.

318 Humphreys et al. Developmental Psychobiology
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Supplemental Analyses

Analyses were repeated in the sample of youths without

medication given group differences in medication rates.

The findings were essentially unchanged, with the

exception that the separation anxiety mediation of PI

status and exploitation was somewhat reduced, as the

indirect effect now included zero (95%CI [�.001, .02]),

likely because medicated PI youth have higher anxiety

than those PIs without medications (F(1,39)¼ 5.89,

p¼ .023, d¼ 1.01, 95%CI [0.23, 1.75]). PI youth with

and without current psychotropic medication were

comparable in exploration, exploitation, and earnings

(ps> .10). In addition, length of institutionalization was

found to be unrelated to all task outcomes and social

anxiety, and the removal of individuals with a length of

institutionalization beyond two standard deviations

from the mean resulted in unchanged findings.

DISCUSSION

These findings suggest that previous institutionalization

was associated with differential exploration—exploita-

tion strategy, with PI youth having exhibited signifi-

cantly less explorative and more exploitative behavior

than comparison youth who never experienced institu-

tional care. Strategy choice resulted in differential

success, depending on context; under a restricted

condition, increased exploitation resulted in higher

earnings, whereas under a generous condition exploita-

tion predicted lower earnings. The bias towards exploi-

tation (selection of the limited but reward-promising

outcome) found in PI youth was mediated by height-

ened separation anxiety, one of the most common

phenotypes following early institutional caregiving.

This study indicates that heightened anxiety may be a

developmental adaptation following early adversity

guiding a bias toward exploitation, which is a useful

behavioral strategy in certain contexts.

Institutional care limits the establishment of a secure

attachment base (Hostinar & Gunnar, 2013; Zeanah,

Berlin, & Boris, 2011), which would normally encour-

age exploration (Bowlby, 2008). The heightened anxi-

ety associated with this early caregiving was found to

be associated with the resultant exploration—exploita-

tion strategy employed by the PI youth. Recent work

has documented that the impact of this atypical early

experience has long-term effects on neural development

associated with anxiety (e.g., amygdala and medial

prefrontal cortex; Gee et al., 2013; Tottenham et al.,

2010, 2011). Although developmental psychopathology

models typically emphasize phenotypes following early

adversity as negative consequences of early environ-

ment (e.g., heightened anxiety), these phenotypes may

be ontogenetic adaptations to the environment. As

such, separation anxiety may be a developmentally

appropriate reaction to early caregiving disruptions

(Bowlby, 1961).

Though there is some evidence of increased risk-

taking, a form of exploration, following early adversity

(e.g., Sujan, Humphreys, Ray, & Lee, 2014), frameworks

for understanding differences in goal-directed behavior

in varied contexts may help to understand the more risk

averse behavior observed in PI samples. Work on the

regulatory focus theory (Higgins, 1997, 1998) proposes

that goal-directed behavior is regulated by two differ-

ence systems: promotion and prevention, orienting to

goals of gains and losses, respectively. In this model of

decision-making, we expect that individuals with a

prevention focus (e.g., those with elevated anxiety) to

behave conservatively in order to reduce losses and

assure safety (Crowe & Higgins, 1997). The behavior

observed in the PI youth may be more in line with

prevention-focused behavior as their behavior empha-

sizes the immediate earnings via heightened exploitation

at the cost of potentially even higher earnings. Specifi-

cally, atypical phenotypes may be adaptive for survival

based on expectations of the future environment (Belsky,

Steinberg, & Draper, 1991; Boyce & Ellis, 2005;

Frankenhuis & Del Giudice, 2012; Ellis & Del Giudice,

2014), and neural circuits in those who experienced

early adversity are postulated to prepare for difference

challenges than those without early adverse experiences

(Ganguly & Brenhouse, 2014).

We predicted that early experience in the form of

prior institutional care would result in altered decision-

making in the context of risk. The hypothesis, based on

work indicating that ontogenetic adaptations occur in

response to maternal separation in early life (Callaghan

& Richardson, 2011), highlights that future behavior is

shaped by early experience. Clearly, the best strategy

for balancing exploration and exploitation is highly

dependent on one’s environment. Traditional decision-

making science indicates that, under stable economic

conditions, one should value a larger long-term out-

come over a smaller immediate payout (Cohen,

FIGURE 4 Mediation model for group status, separation

anxiety, and exploitation. Notes. Unstandardized regression

coefficients (SE). PI¼ previously-institutionalized. †p< .10;
**p< .01.
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McClure, & Yu, 2007). Yet, under conditions of

uncertainty, the more adaptive choice may be to

retrieve immediate reward rather than risk a loss after

delay. Whether risk-taking is adaptive or maladaptive

depends on context, and thus risk-taking strategies are

likely to be influenced by environmental cues (Ellis

et al., 2012). Empirical studies have been examined to

test biological sensitivity to context, and data from two

longitudinal studies show general support that children

differentially calibrate responses to the environment in

a manner consistent with expectations from early

experiences (see Ellis, Essex, & Boyce, 2005). The

present study used a laboratory-based computerized

task to experimentally manipulate contexts in which

exploration and exploitation may be differentially

successful approaches, and provided additional support

that early experience predicts behavior in a way

consistent with conditional adaptation. Early experien-

ces characterized by deprivation may tune the develop-

ing brain to expect a future deprived environment,

thereby resulting in increased exploitation. The inclu-

sion of an adopted sample that did not experience

institutionalization would be helpful in disentangling

the effects of deprivation from differences related to a

change in caregivers.

CONCLUSION

Traditional approaches to developmental psychopathol-

ogy emphasize the negative phenotypic sequelae of

early adversity. However, our results provide support

that more conservative exploration—exploitation strat-

egies may be conditionally adaptive (in line with

expectations based on the early environment) following

previous institutionalization, and that such strategy

choice appears to result in context dependent success.

As a result, decreased exploration in favor of exploita-

tion may be viewed not simply as atypical, but rather

as a developmental adaptation suited for a stressful and

uncertain environment.
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