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Adolescence is a sensitive period for socio-cultural processing and a vast literature has
established that adolescents are exceptionally attuned to the social context. Theoretical
accounts posit that the social reward of social interactions plays a large role in
adolescent sensitivity to the social context. Yet, to date it is unclear how sensitivity to
social reward develops across adolescence and young adulthood and whether there are
gender differences. The present cross-sectional study (N = 271 participants, age 11–
28 years) examined age and gender effects in self-reported sensitivity to different types
of social rewards. In order to achieve this aim, the Dutch Social Reward Questionnaire
for Adolescents was validated. Findings revealed that each type of social reward was
characterized by distinct age and gender effects. Feeling rewarded by gaining positive
attention from others showed a peak in late adolescence, while enjoying positive
reciprocal relationships with others showed a linear increase with age. Enjoying cruel
behavior toward others decreased with age for girls, while boys showed no changes with
age and reported higher levels across ages. Reward from giving others control showed
a mid-adolescent dip, while enjoying group interactions did not show any changes with
age. Taken together, the results imply that the social reward of social interactions is a
nuanced and complex construct, which encompasses multiple components that show
unique effects with age and gender. These findings enable us to gain further traction on
the ubiquitous effects of the social context on decision-making in adolescent’s lives.

Keywords: social reward, social context, age, gender, adolescence, SRQ-A

INTRODUCTION

Adolescence is the period between childhood and adulthood often characterized by heightened
sensitivity to rewards, especially in a social context (Crone and Dahl, 2012; Blakemore and Mills,
2014; van Hoorn et al., 2019). Indeed, studies of non-social rewards in adolescence show greater
reward sensitivity in risk-taking tasks involving immediate reward (Weigard et al., 2014), greater
sensation seeking in self-report questionnaires (Martin et al., 2002; Steinberg et al., 2017), and
more approach behavior toward rewards (Urošević et al., 2012). In the social domain, adolescents
are exceptionally attuned to social rejection (Sebastian et al., 2010), quickly embarrassed when
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observed by peers (Somerville et al., 2013), and susceptible to peer
influence (e.g., Chein et al., 2011). Theoretical accounts postulate
that adolescents may be highly attuned to the social context
because they are more sensitive to social rewards (for a review,
see Foulkes and Blakemore, 2016). Social reward can be defined
as “the motivational and pleasurable aspects of interactions with
other people” (Foulkes et al., 2014a, p. 1). Yet to date, the
development of sensitivity to social rewards across adolescence
and into adulthood is unclear. In addition, few studies have
examined the effect of different types of social reward across
adolescence (Foulkes et al., 2017). The current study aimed to
fill this gap by examining age and gender effects in self-reported
sensitivity to a range of social rewards in a cross-sectional design
including adolescence to young adulthood (ages 11–28 years).

The social world of adolescence encompasses many
challenges, and fitting in with the peer group is a key
developmental task. During this time, both the quality and
the quantity of time spent with peers increases (Somerville,
2013; Lam et al., 2014). Previous work shows that social
interactions with peers are experienced as more rewarding for
adolescents relative to adults. For example, adolescents feel
more rewarded when talking to their peers compared to talking
with adults (Csikszentmihalyi et al., 1977), and show a faster
response toward smiling faces and “likes”/thumbs up than
adults (Demurie et al., 2012; Cromheeke and Mueller, 2016).
Neuroimaging research has shown that adolescents, but not
(young) adults, make more risky decisions in the presence of
peers, which is supported by activation in reward-related neural
circuitry (Chein et al., 2011). Together, these studies provide
empirical evidence for an adolescent peak in sensitivity to a range
of positive types of social rewards (i.e., likes, smiling faces, and
potential approval from friends), yet few studies have examined
age differences in the subjective value of social interactions
(except Csikszentmihalyi et al., 1977).

Individual differences in sensitivity to social rewards have
reliably been assessed using self-report in adolescents and adults
with the Social Reward Questionnaire (SRQ; Foulkes et al., 2014b;
SRQ-A; Foulkes et al., 2017). This questionnaire assesses five
different types of social rewards, including the enjoyment of being
flattered, liked, and gaining positive attention (Admiration),
being cruel, callous, and using others for personal gains (Negative
Social Potency), giving others control and allowing them to
make decisions (Passivity), having kind, reciprocal relationships
(Prosocial Interactions); and engaging in group interactions
(Sociability). Thus, the SRQ assesses a broad set of social rewards
that may underlie sensitivity to the social context. Prior work
using the SRQ has shown meaningful differences in sensitivity
to social rewards between adolescents with autism spectrum
disorders and typically developing adolescents (i.e., enjoying
passivity, but not engaging in group interactions; Van Hoorn
et al., 2017) as well as a distinctive inverse pattern for adolescents
high in callous-unemotional traits such that they enjoy being
cruel, but not having kind relationships (Foulkes et al., 2017).
To examine sensitivity to social rewards, the secondary aim
of this paper was to validate our Dutch version of the SRQ-
A and to examine test–retest reliability as well as construct
validity using the Resistance to Peer Influence questionnaire

(RPI; Steinberg and Monahan, 2007) and Behavior Inhibition
Scale-Behavior Activation Scale (BIS-BAS; Carver and White,
1994) as a measure of sensitivity to non-social reward.

We expected a peak in sensitivity to all types of social rewards
during adolescence, except for the rewarding feeling from giving
others control (Passivity). For this more passive type of social
reward, we expected a linear decrease given the importance of
becoming independent from parents in adolescence into young
adulthood (Crone and Dahl, 2012). In line with theory and
empirical work, we expected that feeling rewarded when gaining
positive attention (Admiration), enjoying kind relationships
(Prosocial Interactions), as well as enjoying group interactions
(Sociability) peak during adolescence and decrease again in
young adulthood (Csikszentmihalyi et al., 1977; Chein et al.,
2011; Demurie et al., 2012; Somerville, 2013; Cromheeke and
Mueller, 2016). Finally, antisocial behaviors are also uniquely
heightened during adolescence (Fairchild et al., 2013) and have
been associated with feeling rewarded from cruel behavior toward
others (Foulkes et al., 2014b; Craker and March, 2016). Therefore,
we expected a peak in feeling rewarded from cruel behaviors
toward others (Negative Social Potency) during adolescence.

With regards to gender, we expected specific differences
in sensitivity to reward from prosocial behavior (Prosocial
Interactions) and cruel behavior toward others (Negative Social
Potency). Girls behave more prosocially across age and tend
to be more supportive in their friendships compared to boys
(Eisenberg et al., 1995, 2005; De Goede et al., 2009; Luengo
Kanacri et al., 2013) whereas adolescent boys show more overt
antisocial behavior compared to girls (Snyder et al., 2012). Thus,
we expected that females would also be more sensitive to social
rewards from prosocial interactions and that males would be
more sensitive to rewards from cruel behaviors toward others.

MATERIALS AND METHODS

Participants and Procedure
Participants were recruited from a large longitudinal brain
imaging study with three time points called BrainTime.
Recruitment for the BrainTime study occurred via high schools
and advertisements in local newspapers in and around Leiden, the
Netherlands. As part of the larger study, participants completed
several online questionnaires, took part in a MRI study, and
were compensated €10 per hour. Further recruitment details
can be found in previous publications (e.g., Peters et al.,
2016). The current cross-sectional study used the third time
point of BrainTime, which consisted of 277 typically developing
adolescents and young adults between 11 and 28 years old. Six
participants from the BrainTime sample were excluded because
of missing data for the SRQ-A. Hence, the final sample of the
current study [called time point 1 (T1) for this paper] consisted
of N = 271 participants [Mage = 17.84 years; SDage = 3.67;
rangeage = 11.90–28.60 years; 144 females (53%)]. The sample
consisted of 90% Caucasian participants, 6% non-Caucasian
participants [Turkish (n = 1), Latin-American (n = 7), North-
African (n = 1), African (n = 3), and Asian (n = 5)], and 4% of
participants whose ethnicity was unknown. Participants in the
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sample had an average of 1.51 siblings (SD = 0.874, range = 0–5
siblings). There was no information about social economic status
available for our participants.

A subset of 146 participants (52% of T1) also completed a
follow up test–retest reliability session 6 months later, including
several other questionnaires unrelated to this study (see e.g.,
Becht et al., 2018). Six participants were excluded because of
incomplete data. Therefore, the final sample for the test–retest
session [called time point 2 (T2) for this paper] included N = 140
participants [Mage = 18.48 years, SDage = 4.07; rangeage = 12.30–
29.50 years; 79 females (56%)]. Of this sample, 94% of the
participants were Caucasian, 6% of the participants was non-
Caucasian [Latin-American (n = 2), North-African (n = 1),
African (n = 2), and Asian (n = 3)], and the ethnicity of 1% of
the participants was unknown.

To determine whether our sample was a normative Dutch
sample, the intelligence of participants was estimated using
subscales Picture Completion and Vocabulary of the WISC-III
(11–16 year olds; Kort et al., 2002) or WAIS-III (16+ year
olds; Uterwijk, 2000), at the second time point of the original
BrainTime study. The estimated IQ scores fell within the
average range (NIQ = 239; MIQ = 108.4; SDIQ = 10.4). Prior
to the study, all participants and/or parents of participants
under 18 years old provided informed consent. For T1 of
the current study, the Leiden University Medical Ethical
Committee approved all procedures under the project name
“Brain development between ages 8 and 25: A longitudinal
study” with approval number P10.191. For the follow-up (T2),
all procedures were approved by the Leiden University Ethical
Committee under the name of “Braintime questionnaires” with
approval number CEP16-0308/122.

Questionnaire Development
Social Reward Questionnaire – Adolescent (SRQ-A)
Version (Foulkes et al., 2017)
Participants aged 11–17 years completed the Dutch translation of
the SRQ-A version (Foulkes et al., 2017) and participants aged
18+ years completed the Dutch translation of the adult SRQ
(Brazil et al., in preparation). The two versions of the measure
are highly similar (see the following paragraph). Similar to the
original, the Dutch translation of the adult SRQ (Foulkes et al.,
2014b; Brazil et al., in preparation) includes six subscales with a
total of 23 questions: Admiration (enjoyment of being flattered,
liked, and gaining positive attention, e.g., “I enjoy achieving
recognition from others”); Negative Social Potency (enjoyment
of being cruel, callous, and using others for personal gains,
e.g., “I enjoy embarrassing others”); Passivity (enjoyment of
giving others control over decisions, e.g., “I enjoy following
someone else’s rules”); Prosocial Interactions (enjoyment of
having kind, reciprocal relationships, e.g., “I enjoy treating others
fairly”); Sexual Relationships (enjoyment of having frequent
sexual experiences, e.g., “I enjoy having an active sex life”); and
Sociability (enjoyment of engaging in group interactions, e.g., “I
enjoy going to parties”).

The Dutch translation of the adolescent SRQ (SRQ-A)
was translated by a bilingual Dutch-English speaker using the

forward–backwards method (Bracken and Barona, 1991). The
last author checked with Foulkes and Brazil to make sure that the
translated items reflected the content of the original items, and
that the adolescent and adult version used similar wording. In
line with the English SRQ-A, the Sexual Relationship subscale was
removed, and minor word changes were made to improve clarity
for younger participants. Care was taken that all participants
understood the instructions of the questionnaire. Responses
to the adult and adolescent questionnaires were coded on a
seven-point Likert scale, ranging from 1 = strongly disagree to
7 = strongly agree. Mean scores for each subscale are calculated,
but no overall mean score is computed due to the contrasting
meaning of some of the subscales (cf. Foulkes et al., 2014b, 2017).

Measures to Assess Construct Validity of
Dutch SRQ-A
Resistance to Peer Influence (RPI; Steinberg and
Monahan, 2007)
This questionnaire provided a general measure of resistance
to peer influence (RPI). In 10 pairs of statements, participants
indicated which of the two statements applied to them the
most, e.g., “Some people go along with friends just to keep
their friends happy” but “Other people refuse to go along
with what their friends want to do, even though they know it
will make their friends unhappy.” After selecting a statement,
participants decided whether it was “really true” or “sort of
true” for them. Afterward, responses were coded on a four-
point scale and averaged, with a high RPI score indicating high
RPI. Prior research shows that adolescents with lower scores
on the RPI (more susceptible to peer influences) are more
impulsive and take more risks (Steinberg and Monahan, 2007).
Therefore, we expected that adolescents who are more resistant
to peer influence (high RPI scores) would have higher Prosocial
Interactions scores and lower Sociability scores, since they may
place more value on the opinions of others and use these opinions
to guide their behavior.

Behavioral Inhibition System–Behavioral Activation
System (BIS–BAS; Carver and White, 1994)
This is a 24-item questionnaire that measures both the Behavioral
Inhibition System (BIS) and Behavioral Activation System
(BAS). It consists of four subscales; BIS (reactions to the
anticipation of punishment), BAS Drive (the persistent pursuit
of desired goals), BAS Fun Seeking (desire for new rewards
and willingness to approach a potentially rewarding event), and
BAS Reward Responsiveness (sensitivity to pleasant reinforcers
in the environment). Items consist of several statements and
participants had to indicate to what extent they agreed with each
statement on a four-point scale (1 = strongly agree, 4 = strongly
disagree). We expected that BAS Reward Responsiveness would
only be related to more positive types of social reward, including
feelings of reward from getting positive attention (Admiration),
Prosocial Interactions, and engaging in group interactions
(Sociability). Moreover, we expected that BAS Drive and BAS
Fun Seeking would be related to all SRQ-A subscales, because
they measure trait-like sensitivity to rewards, which may underlie

Frontiers in Behavioral Neuroscience | www.frontiersin.org 3 July 2019 | Volume 13 | Article 171

https://www.frontiersin.org/journals/behavioral-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


fnbeh-13-00171 July 29, 2019 Time: 13:29 # 4

Altikulaç et al. Adolescent Sensitivity to Social Rewards

sensitivity to social rewards. We did not expect any relationships
between BIS and social rewards.

Statistical Analyses
Validity and Reliability of SRQ-A
To validate the Dutch SRQ-A for both adolescents and young
adults, we used R studio with the Lavaan package to run
a confirmatory factor analysis (CFA; Rosseel, 2012). At T1
(N = 271), 157 adolescents completed the 20-item SRQ-
Adolescent and 114 adults completed the 23-item adult SRQ.
Given that the “Sexual Relationships” scale is only included in
the adult version, these questions were excluded from current
analyses. Therefore, our model consisted of 50 parameters (i.e.,
20 factor loadings, 20 error variances, 10 factor correlations).
Given that the subjects-to-parameters ratio should be at least 5:1
(Bentler and Chou, 1987) our sample was adequate to test this
model (ratio 5.4:1). The SRQ-A consists of ordinal items and
therefore the mean and variance adjusted weighted least squares
(WLSMV) estimation procedure was used (Flora and Curran,
2004). A comparative fit index (CFI) of 0.95 or higher and a root
mean square error of approximation (RMSEA) of 0.08 or lower
were used to determine a good model fit (Hu and Bentler, 1999),
as in the original validation papers.

Internal consistency was assessed using Cronbach’s alpha.
However, given the limitation that Cronbach’s alpha is not
an indicator of scale unidimensionality (Schmitt, 1996),
we relied most on mean inter-item correlations (MICs) to
assess homogeneity and internal consistency of the scales (cf.
Foulkes et al., 2017). For the sake of completeness, we also
report Cronbach’s alphas and MICs split for age groups in
Supplementary Table 1. Construct validity was tested with the
additional questionnaires (RPI and BIS-BAS) completed by all
participants at T1, using Pearson’s correlations in IBM SPSS
Statistics 23. Test–retest reliability was assessed by correlating the
subscale scores of the follow-up session at T2 with the subscale
scores of the initial session for each participant. To control for
errors resulting from multiplicity, the false discovery rate (FDR)
was used (Benjamini and Hochberg, 1995).

Age and Gender Effects
We expected nonlinear age effects for all types of social reward
assessed with the SRQ-A, except Passivity for which we expected a
linear decrease with age. Therefore, we used a regression analysis
with the enter method in SPSS for each subscale separately,
and included effects of gender in model 1, adding linear and
quadratic age effects in model 2, and finally the interaction
effects of gender × linear age, and gender × quadratic age
in model 3.1 The social reward subscales were utilized as the
dependent variable, and age, gender, and the interaction terms
of age × gender were added as independent variables. Age was
centered because we included interaction terms in our models
(Aiken and West, 1991).

1We also ran regression models controlling for self-reported psychopathology
(N = 18; coded as 0 = no psychopathology; 1 = psychopathology). These analyses
yielded the same results with age and gender as those without psychopathology.
For the subscale Sociability, we found a small main effect of psychopathology
(β =−1.84, R2

adj = 0.03, p = 0.002).

RESULTS

Validation of Dutch SRQ-A
In order to ensure that the Dutch version of the SRQ-A was
a valid and reliable measure of social rewards we tested a five-
factor model using a CFA, based on the five-factor model of
the original SRQ-A. The items and factors used in the CFA
corresponded with the original SRQ-A. The CFA-model fit the
data well [χ2

(160) = 375.05, p < 0.001; CFI = 0.96; RMSEA = 0.065,
90% CI = 0.067-0.087]. The ranges of the factor loadings were
between 0.44 and 0.90 (Mloadings = 0.67, SDloadings = 0.11). All
factor loadings are shown in Table 1.

SRQ-A Reliability
In Tables 2, 3, an overview of correlations, descriptive statistics,
Cronbach’s alphas, and MICs for each of the five subscales is
displayed. At T1, internal consistency of four out of five subscales
was reasonable, with Cronbach’s alphas between 0.67 to 0.78

TABLE 1 | Standardized factor loadings from the five-factor CFA.

Factor Loading Item number

Prosocial interaction 0.65 2

0.65 6

0.54 16

0.65 19

0.68 22

Passivity 0.85 12

0.76 21

0.72 23

Admiration 0.66 1

0.69 7

0.73 11

0.62 18

Sociability 0.61 4

0.58 10

0.90 15

Negative social potency 0.70 3

0.44 5

0.77 8

0.47 14

0.62 17

Item numbers are based on the adult SRQ. Items 9, 13, and 20 correspond with
the sexual relationships subscale and are not included.

TABLE 2 | Correlations of each subscale at T1 (n = 271), and Pearson’s
correlations between mean subscale scores at T1 and T2 (n = 140).

1 2 3 4 T1−T2

1. Admiration 0.63∗∗∗

2. Negative social potency 0.18∗∗ 0.69∗∗∗

3. Passivity −0.03 −0.08 0.56∗∗∗

4. Prosocial interactions 0.40∗∗ −0.19∗∗ <0.01 0.58∗∗∗

5. Sociability 0.47∗∗ 0.07 −0.02 0.28∗∗ 0.65∗∗∗

Factor correlations with p < 0.05 are shown in bold. ∗∗p < 0.01, ∗∗∗p < 0.001.
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TABLE 3 | Descriptive statistics (minimum, maximum, mean, and SD), mean inter-item correlations (MICs), and Cronbach’s alphas of each subscale at T1, as well as
MICs and Cronbach’s alphas at T2.

Minimum T1 Maximum T1 Mean+ (SD) T1 MIC T1 MIC T2 Cronbach’s
alpha T1

Cronbach’s
alpha T2

Social Reward Questionnaire – Adolescents (SRQ-A)

Admiration 1.25 7.00 5.18 (1.04) 0.34 0.41 0.69 0.73

Negative social potency 1.00 4.80 2.08 (0.77) 0.21 0.33 0.55 0.67

Passivity 1.00 6.00 2.84 (1.17) 0.55 0.63 0.78 0.84

Prosocial interactions 3.00 7.00 6.04 (0.68) 0.31 0.38 0.67 0.74

Sociability 1.00 7.00 5.61 (1.07) 0.41 0.49 0.68 0.74

+, Mean item score in each factor.

(Taber, 2018), and Negative Social Potency had a slightly lower
alpha (α = 0.55, SD = 0.07). At T2, internal consistency for all five
subscales was reasonable, with Cronbach’s alphas between 0.67
and 0.84. The MICs fell in the acceptable range for all subscales
for T1 and T2 (T1: range = 0.21-0.55; T2: range = 0.33–0.49)
conform guidelines from Clark and Watson (1995) for subscales
that measure relatively narrow constructs.

SRQ-A Test–Retest Reliability
Test–retest reliability was assessed with Pearson correlations (cf.
Foulkes et al., 2017) based on 140 participants who completed
the SRQ-A again roughly 6 months after the initial assessment
(MT1−T2 = 6.96 months, SDT1−T2 = 1.92 months, range = 3.36–
12.00 months). Pearson correlations were in the moderate range
(Mukaka, 2012) for each subscale (M = 0.62, SD = 0.05, all
ps < 0.001), which indicates that the questionnaire is relatively
stable across 6-months’ time (Table 2).

SRQ-A Construct Validity
To examine the associations between social rewards and
sensitivity to social context and non-social reward, we conducted
Pearson correlation analyses. FDR-corrected p-values are
presented in Table 4. Both Admiration and Sociability were
positively correlated with all BAS subscales. Sociability was also
negatively correlated with RPI. Negative Social Potency was
positively correlated with BAS Drive and BAS Fun Seeking.
Passivity was negatively correlated with BAS Drive and BAS Fun
Seeking. Finally, Prosocial Interactions was positively correlated

with all measures. Findings were in the expected direction and
imply an acceptable construct validity of the Dutch SRQ-A.

Age and Gender Effects in Sensitivity to
Social Reward
To examine age and gender effects on sensitivity to social reward,
separate regression analyses were conducted for each SRQ-A
subscale. Analyses included gender in model 1 as a baseline, linear
and quadratic age effects in model 2, and interaction effects of
gender × linear age and gender × quadratic age in model 3 (see
Table 5 for an overview of all models per subscale).

For Admiration, the second and third model were significant
(p < 0.01 and p = 0.02, respectively), but only the second model
predicted significantly more variance than the baseline model
[F(3,267) = 4.49, p < 0.01, R2

adj = 0.04, R2
change = 0.05], hence

we picked the most parsimonious model. The results showed a
quadratic age effect (β = −0.16, t = −2.36, p = 0.02), indicating
an adolescent peak in late adolescence which fell at 21.34 years
old (Figure 1A). This suggests that the enjoyment of Admiration
increases for both boys and girls until young adulthood, and
levels off after the age of approximately 21.34 years old.

The regression analysis for Negative Social Potency resulted
in three significant models (all p < 0.001). The third model
explained significantly more variance than the baseline model
[F(5,265) = 6.77, p < 0.01, R2

adj = 0.10, R2
change = 0.03], with

main effects of age (β = −0.27, t = −3.11, p < 0.01) and
gender (β = 0.27, t = 3.60, p < 0.01) which were qualified by an
interaction of linear age × gender (β = 0.27, t = 2.88, p < 0.01).

TABLE 4 | Pearson correlations between SRQ-A subscales and external measures.

SRQ-A subscale

Admiration Negative social potency Passivity Prosocial interactions Sociability

RPI

Mean RPI −0.01 −0.08 −0.08 0.22∗∗ −0.24∗∗

BISBAS

BAS drive 0.38∗∗ 0.19∗∗ −0.25∗∗ 0.23∗∗ 0.15∗∗

BAS fun seeking 0.35∗∗ 0.17∗∗ −0.18∗∗ 0.24∗∗ 0.26∗∗

BAS reward responsiveness 0.41∗∗ 0.00 −0.04 0.35∗∗ 0.32∗∗

BIS 0.09 −0.11 0.10 0.21∗∗ 0.05

Significant correlations after FDR correction for multiple comparisons (with alpha level 0.05) in in bold. ∗p < 0.05; ∗∗p < 0.01.
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TABLE 5 | Regression analysis (enter method) per subscale separately.

SRQ-A subscale

Admiration Negative social potency Passivity Prosocial interactions Sociability

B SE.B β B SE.B β B SE.BB β B SE.B β B SE.B β

Model 1

Constant 5.20 0.09 1.91 0.06 2.80 0.10 6.24 0.05 5.70 0.09

Gender −0.04 0.13 −0.02 0.36 0.09 0.23∗∗ 0.09 0.14 0.04 −0.43 0.08 −0.32∗∗ −0.20 0.13 −0.09

R2
adj −0.00 0.05 −0.00 0.10 0.01

Model 2

Constant 5.32 0.10 1.96 0.07 2.70 0.11 6.26 0.06 5.73 0.10

Gender −0.05 0.12 −0.03 0.37 0.09 0.24∗∗ 0.07 0.14 0.03 −0.44 0.08 −0.32∗∗ −0.20 0.13 −0.09

Age (linear) 0.07 0.02 0.25∗∗ −0.02 0.01 −0.11 0.04 0.02 0.12 0.04 0.01 0.23∗∗ −0.01 0.02 −0.03

Age (quadratic) −0.01 0.00 −0.16∗ −0.00 0.00 −0.09 0.01 0.00 0.14∗ −0.00 0.00 −0.04 −0.00 0.00 −0.04

R2
adj 0.04 0.07 0.04 0.14 0.00

Model 3

Constant 5.33 0.11 1.95 0.08 2.66 0.13 6.29 0.07 5.74 0.12

Gender −0.07 0.16 −0.03 0.41 0.11 0.27∗∗ 0.11 0.18 0.05 −0.49 0.10 −0.36∗∗ −0.19 0.17 −0.09

Age (linear) 0.06 0.03 0.20∗ −0.06 0.02 −0.27∗∗ 0.06 0.03 0.19 0.04 0.02 0.22∗ −0.02 0.03 −0.08

Age (quadratic) −0.01 0.01 −0.19 −0.00 0.00 −0.09 0.01 0.01 0.20 −0.00 0.00 −0.11 −0.00 0.01 −0.05

Gender × age (linear) 0.03 0.04 0.07 0.08 0.03 0.27∗∗ −0.05 0.04 −0.11 0.00 0.02 0.01 0.03 0.04 0.08

Gender × age (quadratic) 0.00 0.01 0.02 −0.00 0.01 −0.07 −0.00 0.01 −0.05 0.00 0.01 0.10 0.00 0.01 −0.00

R2
adj 0.03 0.10 0.04 0.13 0.00

Best-fitted models are displayed in bold. No effects are found for sociability, and therefore, no model is displayed in bold. Age is centered (mean = 17.84 years old). Gender is coded 0 = female, 1 = male. ∗p < 0.05;
∗∗p < 0.01.
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FIGURE 1 | Mean scores on each SRQ-A subscale of adolescents and young adults between ages 11–28 years. (A) Mean scores of Admiration showing a
quadratic age effect, with a peak at 21.34 years old. (B) Mean scores of Negative Social Potency showing an interaction effect of gender and age. (C) Mean scores
of Passivity showing a quadratic age effect, with a dip at 15.40 years old. (D) Mean scores of Prosocial Interactions showing a main effect for gender and a main
effect of age, and (E) mean scores of Sociability showing no main nor interaction effects.

The interaction revealed that boys and girls show similar levels
of Negative Social Potency in early adolescence, with patterns
diverging later in adolescence when girls show a decrease, while
boys show no changes over time (Figure 1B).

For Passivity, all three models were significant, with the second
model predicting significantly more variance than the baseline
model [F(3,267) = 4.99, p < 0.01, R2

adj = 0.04, R2
change = 0.05].

The results showed a quadratic effect of age (β = 0.14, t = 2.05,
p = 0.04), revealing an adolescent dip in mid-adolescence at
15.40 years old (Figure 1C). This suggests that the enjoyment
of Passivity decreases until approximately age 15.40 years, and
increases again with age, for both boys and girls.

The regression analysis for Prosocial Interactions resulted
in three significant models, with the second model explaining
significantly more variance [F(3,267) = 15.06, p < 0.01,
R2

adj = 0.14, R2
change = 0.05], by a main effect of linear age (β = 0.23,

t = 3.54, p < 0.01) and gender (β = −0.32, t = −5.70, p < 0.01).
These findings show that girls enjoy Prosocial Interactions more
across all ages, and in addition, that both boys and girls have
higher levels of Prosocial Interactions with age (Figure 1D).

Finally, the regression analysis for Sociability revealed no
significant model, indicating neither significant main effects nor
interaction effects of age and gender (all ps > 0.13). This suggests

that enjoyment of engaging in group interactions is stable across
adolescence and into young adulthood (Figure 1E).

DISCUSSION

The main goal of the present study was to examine age and
gender differences in sensitivity to different types of social
rewards in a sample of adolescents and young adults between
the ages of 11 and 28 years. Understanding sensitivity to
social reward as an underlying neurocognitive mechanism for
social influence processes is vital to further delineate why and
under what conditions adolescents are affected by their social
context (Somerville et al., 2018). Our key finding is that the
reward from being liked and gaining positive attention showed
a late adolescent peak. Gender differences were in the expected
direction, as girls felt more rewarded by kind interactions
and this increased with age, whereas enjoying being cruel to
others was stable for boys and decreased for girls with age.
However, contrary to our expectations, social reward from
engaging in group interactions was stable across the entire
age range, and letting others make decisions showed a mid-
adolescent dip. Thus, sensitivity to social reward is a nuanced
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and complex phenomenon, which reveals differential age-related
patterns for each type of social reward. These findings are
further unpacked below.

Social Reward as an Underlying
Neurocognitive Mechanism for Social
Influence Processes
The present study was the first to study the subjective value of
a broad range of social rewards in a cross-sectional sample that
spanned early adolescence to adulthood. Our findings revealed
that the reward from being liked and gaining positive attention
showed a higher hedonic value during late adolescence (at
approximately age 21 years). Given that previous work provides
empirical evidence for an early to mid-adolescent peak in neural
reward sensitivity (approximately age 16–17 years; e.g., Braams
et al., 2015; Silverman et al., 2015), peer influence on risk
perception and prosocial behavior (age 12–14 years; Knoll et al.,
2015; age 12–13 years; Van Hoorn et al., 2016a) as well as
sensitivity to peer influence (age 10–14 years; Steinberg and
Monahan, 2007), this peak fell somewhat later than expected.

Sensitivity to social evaluation is thought to be central
throughout adolescence (Somerville et al., 2013), but younger
adolescents are found to be most sensitive to social exclusion
(Sebastian et al., 2010). As such, social signals of positive
attention may be particularly important during early adolescence
because this is a period of rapid social development, without
necessarily increasing in hedonic value (Foulkes and Blakemore,
2016). Possibly, early adolescents’ sensitivity to social influences
are guided by greater motivations to avoid social punishment
or risk (i.e., social exclusion), rather than an orientation to
social reward (Blakemore, 2018). Speculatively, the “balance”
between avoiding social risk and gaining social approval
as processes that predict sensitivity to the social context
changes with age. The increase in hedonic value of social
approval during late adolescence fits with the epidemiological
literature on morbidity and mortality from risk taking which
peaks in late adolescence (Willoughby et al., 2013). Together,
this work illustrates that the emergence of reward-related
behaviors such as risk taking likely depends on age, and
also on opportunities and characteristics of the social context
(Willoughby et al., 2013).

Next, our findings revealed that early adolescents and young
adults felt more rewarded when giving others control over
decisions (i.e., passive behavior), compared to mid-adolescents
(approximately age 15 years). While the decrease during
adolescence corroborates previous research emphasizing that
adolescents seek independence and strive to become more
autonomous (Zimmer-Gembeck and Collins, 2003), it was
somewhat surprising that our findings revealed an adolescent
dip rather than a linear decrease with age. Interestingly, Foulkes
et al. (2017) noticed a similar pattern in the relationship
between psychopathic traits and passivity, which were positively
related in adults, but negatively related in adolescents. Young
adults tend to have control over most of their life decisions,
possibly resulting in more enjoyment when giving others control
over decisions, as this means less effort for the individual.

However, passivity in adolescents may be experienced as
submission to authority figures such as parents, which is
undesirable in the context of establishing their independence
(Foulkes et al., 2017).

Moreover, late adolescents and young adults experienced
being in positive, reciprocal relationships as more rewarding
compared to younger adolescents. Gradual improvement in
mentalizing skills across adolescence into young adulthood may
facilitate positive interactions with others (Frith and Frith, 2006),
and these positive experiences may in turn feel rewarding. These
findings are partly consistent with prior research showing that
prosocial behavior (i.e., behavior that benefits others) increases
during young adulthood after a dip during adolescence (although
note that prosocial behavior is different from enjoying prosocial
relations; Eisenberg et al., 2005; Luengo Kanacri et al., 2013).
Hence, prosocial behavior observed in late adolescence and
adulthood may perhaps in part be driven by experiencing
more reward from this behavior than younger adolescents.
In line with our expectations, we found gender differences
in social reward from experiencing kind relationships as well
as being cruel toward others. Across adolescence and young
adulthood, girls feel more rewarded from having intimate,
reciprocal interactions than boys. This resonates with previous
work indicating that girls behave more prosocially and show
more intimacy and support in their friendships (Eisenberg et al.,
1995; De Goede et al., 2009).

Further, we observed that the rewarding feeling from
engaging in group interactions does not show age-related
changes in hedonic value. Previous studies have shown
that different social actors within the social context have
different effects on adolescent decision-making (van Hoorn
et al., 2019). For example, peers can create vulnerabilities
and opportunities for adolescents (Van Hoorn et al., 2016b),
and the presence of a mother or other adult differentially
modulates reward-related neural circuits in the brain than
peers (Chein et al., 2011; Guassi Moreira and Telzer, 2016;
van Hoorn et al., 2018). The SRQ-A does not distinguish
between reward value from interacting with peers, strangers,
and parents, as it measures reward value from social
interactions in general. This likely contributed to the
differences in the current findings relative to work from
Csikszentmihalyi et al. (1977), who reported increased reward
in adolescence specifically during conversations with peers
relative to adults.

Finally, we examined one relatively negative type of social
reward, i.e., feeling reward from being cruel to others. Both
males and females in our typically developing sample reported
a limited sense of reward when being cruel, callous, and
using others for personal gains, which decreased with
age for females while it was stable for males. Although
adolescence is a time during which antisocial behavior
peaks (Fairchild et al., 2013), the current findings do not
provide evidence for a heightened feeling of reward from
being cruel and using others for personal gains during
this period. As such, the increase in antisocial behavior
during adolescence may not due to more enjoyment of
behaving antisocially, at least not in a normative sample,
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highlighting the importance of social context in which these
types of behavior occur.

Validation of the Dutch SRQ-A and
Relation With Non-social Reward
Our analyses indicated that the Dutch translation of the SRQ-
A is a valid and reliable measure of sensitivity to social
reward in adolescence. We further examined the relationship
between social rewards and RPI (Steinberg and Monahan, 2007)
as well as non-social rewards (BIS-BAS; Carver and White,
1994). RPI was associated with two types of social rewards
that are most directly related to friendships and being part
of a group. Feeling more rewarded from engaging in group
interactions was associated with less RPI, which likely reflects a
higher tendency to conform to the peer group if an adolescent
highly values the (opinions from) the peer group (Telzer
et al., 2018). On the other hand, feeling more rewarded from
prosocial interactions was related to greater RPI. Speculatively,
adolescents who enjoy prosocial and kind interactions potentially
have more of these positive friendships, which are known to
provide a buffer against negative behaviors such as risk taking
(Telzer et al., 2015).

In terms of non-social reward, sensitivity to pleasant
reinforcers in the environment (BAS Reward Responsiveness)
was only related to more positive types of social reward,
including feelings of reward from getting positive attention,
prosocial interactions, and engaging in group interactions.
Across the entire range of social rewards that we measured,
each subtype was related to the drive or persistent pursuit
of seeking out rewards (BAS Drive) and the motivation to
find novel rewards spontaneously (BAS Fun Seeking). This
is in line with our expectations, and serves to support the
idea that the SRQ-A measures reward value. The underlying
construct for sensitivity to social reward may be the tendency
to seek out rewards, both in more spontaneous and persistent
ways (Carver and White, 1994), rather than the avoidance of
punishment (BIS), which did not show this consistent (reverse)
association with social rewards. Taken together, the relations
between social reward and non-social reward as well as RPI are
in the expected direction and provide interesting avenues for
future research.

Limitations and Future Directions
It is important to acknowledge the limitations of our study.
Sensitivity to social reward may be affected by earlier experiences,
such as early stressful life events (see e.g., Coker et al., 2011).
While this was beyond the scope of the current paper, it
would be an interesting future direction. Moreover, the SRQ-
A does not distinguish between reward value from interacting
with different actors such as peers and parents, as it was
designed to measure reward value from social interactions in
general. A promising avenue for future research is to examine
social reward from specific others (peers, parents, strangers,
best friends, etc.) in a wide adolescent age range (also see
Güroğlu et al., 2014). These results will be important to
better understand adolescent-specific behavior for each type

of social rewards within different social contexts. Finally,
our results are based on cross-sectional data and did not
include a younger comparison group of children younger
than age 11 years. Given potential issues associated with
lower internal consistency in younger adolescents, it will be
important to develop additional items that are suitable for
children and young adolescents. To further understand the
developmental pattern of the different social rewards, future
studies should employ a longitudinal design with children,
adolescents, and adults.

CONCLUSION

Theoretical and empirical work characterizes adolescence as a
time of uniquely heightened sensitivity to (non-social) reward,
social stimuli, and peer influence (Galvan, 2010; Chein et al.,
2011; Blakemore and Mills, 2014). The present study was the
first to examine subjective sensitivity to social rewards in a
cross-sectional sample between early adolescence and adulthood.
Our findings revealed that reward from being liked and gaining
positive attention showed a higher hedonic value during late
adolescence, which corroborates the idea that sensitivity to the
social context may at least partly due to the social reward
of getting approval from others. However, at the same time
the results highlight that social reward is more nuanced
and complex (cf. Foulkes and Blakemore, 2016), because this
pattern was not apparent in other types of social rewards that
were examined. The SRQ-A provides an important individual
differences measure in typically developing samples as well as
atypical samples where social reward may go awry, such as autism
spectrum disorders.

DATA AVAILABILITY

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

Prior to the study, all participants and/or parents of participants
under 18 years old provided written informed consent in
accordance with the Declaration of Helsinki. For the first time
point (T1) of the current study, the Leiden University Medical
Ethical Committee approved all procedures under the project
name “Brain development between ages 8 and 25: A longitudinal
study” with approval number P10.191. For the follow-up (T2),
all procedures were approved by the Leiden University Ethical
Committee under the name of “Braintime questionnaires” with
approval number CEP16-0308/122.

AUTHOR CONTRIBUTIONS

JvH and EC contributed to the conception and design of the
study with input from LF on questionnaire design. SA and

Frontiers in Behavioral Neuroscience | www.frontiersin.org 9 July 2019 | Volume 13 | Article 171

https://www.frontiersin.org/journals/behavioral-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


fnbeh-13-00171 July 29, 2019 Time: 13:29 # 10

Altikulaç et al. Adolescent Sensitivity to Social Rewards

JvH performed the statistical analyses with input from MB.
SA and JvH wrote the manuscript. LF, MB, and EC provided
important intellectual content to the manuscript. All authors
contributed to the manuscript revision, and read and approved
the submitted version of the manuscript.

FUNDING

This research was supported by an ERC Starting Grant (ERC
2010-StG-263234 to EC) and ERC Consolidator Grant (ERC CoG
PROSOCIAL 681632 to EC).

ACKNOWLEDGMENTS

We are very grateful to the entire research team for their help in
data collection. We gratefully thank Eva Collins and her family
for their help in translating the Social Reward Questionnaire.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnbeh.
2019.00171/full#supplementary-material

REFERENCES
Aiken, L. S., and West, S. G. (1991). Multiple Regression: Testing and Interpreting

Interactions. Newbury Park, CA: Sage Publications.
Becht, A. I., Bos, M. G. N., Nelemans, S. A., Peters, S., Vollebergh, W. A. M.,

Brantje, S. J. T., et al. (2018). Goal-directed correlates and neurobiological
underpinnings of adolescent identity: a multimethod multisample longitudinal
approach. Child Dev. 89, 823–836. doi: 10.1111/cdev.13048

Benjamini, Y., and Hochberg, Y. (1995). Controlling the false discovery rate: a
practical and powerful approach to multiple testing. J. R. Stat. Soc. Ser. B 57,
289–300. doi: 10.1111/j.2517-6161.1995.tb02031.x

Bentler, P. M., and Chou, C. P. (1987). Practical issues in structural modeling.
Sociol. Methods Res. 16, 78–117. doi: 10.1177/0049124187016001004

Blakemore, S. J. (2018). Avoiding social risk in adolescence. Curr. Dir. Psychol. Sci.
27, 116–122. doi: 10.1177/0963721417738144

Blakemore, S. J., and Mills, K. L. (2014). Is adolescence a sensitive period
for sociocultural processing? Annu. Rev. Psychol. 65, 187–207. doi: 10.1146/
annurev-psych-010213-115202

Braams, B. R., van Duijvenvoorde, A. C., Peper, J. S., and Crone, E. A. (2015).
Longitudinal changes in adolescent risk-taking: a comprehensive study of
neural responses to rewards, pubertal development, and risk-taking behavior.
J. Neurosci. 35, 7226–7238. doi: 10.1523/jneurosci.4764-14.2015

Bracken, B. A., and Barona, A. (1991). State of the art procedures for translating,
validating and using psychoeducational tests in cross-cultural assessment. Sch.
Psychol. Int. 12, 119–132. doi: 10.1177/0143034391121010

Carver, C. S., and White, T. L. (1994). Behavioral inhibition, behavioral activation,
and affective responses to impending reward and punishment. J. Pers. Soc.
Psychol. 67, 319–333. doi: 10.1037//0022-3514.67.2.319

Chein, J., Albert, D., O’Brien, L., Uckert, K., and Steinberg, L. (2011). Peers increase
adolescent risk taking by enhancing activity in the brain’s reward circuitry. Dev.
Sci. 14, F1–F10. doi: 10.1111/j.1467-7687.2010.01035.x

Clark, L. A., and Watson, D. (1995). Constructing validity: basic issues in objective
scale development. Psychol. Assess. 7, 309–319. doi: 10.1037/1040-3590.7.3.309

Coker, T. R., Elliott, M. N., Wallander, J. L., Cuccaro, P., Grunbaum, J. A., Corona,
R., et al. (2011). Association of family stressful life-change events and health-
related quality of life in fifth-grade children. Arch. Pediatr. Adolesc. Med. 165,
354–359. doi: 10.1001/archpediatrics.2011.13

Craker, N., and March, E. (2016). The dark side of Facebook R©: the dark tetrad,
negative social potency, and trolling behaviours. Pers. Individ. Differ. 102,
79–84. doi: 10.1016/j.paid.2016.06.043

Cromheeke, S., and Mueller, S. C. (2016). The power of a smile: stronger working
memory effects for happy faces in adolescents compared to adults. Cogn. Emot.
30, 288–301. doi: 10.1080/02699931.2014.997196

Crone, E. A., and Dahl, R. E. (2012). Understanding adolescence as a period of
social–affective engagement and goal flexibility. Nat. Rev. Neurosci. 13, 636–650.
doi: 10.1038/nrn3313

Csikszentmihalyi, M., Larson, R., and Prescott, S. (1977). The ecology of adolescent
activity and experience. J. Youth Adolesc. 6, 281–294. doi: 10.1007/BF02138940

De Goede, I. H. A., Branje, S. J. T., and Meeus, W. H. J. (2009). Developmental
changes and gender differences in adolescents’ perceptions of friendships.
J. Adolesc. 32, 1105–1123. doi: 10.1016/j.adolescence.2009.03.002

Demurie, E., Roeyers, H., Baeyens, D., and Sonuga-Barke, E. (2012). The effects of
monetary and social rewards on task performance in children and adolescents:
liking is not enough. Int. J. Methods Psychiatr. Res. 21, 301–310. doi: 10.1002/
mpr.1370

Eisenberg, N., Carlo, G., Murphy, B., and Court, P. (1995). Prosocial development
in late adolescence: a longitudinal study. Child Dev. 66, 1179–1197. doi: 10.
1111/j.1467-8624.1995.tb00930.x

Eisenberg, N., Cumberland, A., Guthrie, I. K., Murphy, B. C., and Shepard,
S. A. (2005). Age changes in prosocial responding and moral reasoning in
adolescence and early adulthood. J. Res. Adolesc. 15, 235–260. doi: 10.1111/j.
1532-7795.2005.00095.x

Fairchild, G., van Goozen, S. H. M., Calder, A. J., and Goodyer, I. M. (2013).
Research review: evaluating and reformulating the developmental taxonomic
theory of antisocial behaviour. J. Child Psychol. Psychiatry 54, 924–940.
doi: 10.1111/jcpp.12102

Flora, D. B., and Curran, P. J. (2004). An empirical evaluation of alternative
methods of estimation for confirmatory factor analysis with ordinal data.
Psychol. Methods 9, 466–491. doi: 10.1037/1082-989X.9.4.466

Foulkes, L., and Blakemore, S. J. (2016). Is there heightened sensitivity to social
reward in adolescence? Curr. Opin. Neurobiol. 40, 81–85. doi: 10.1016/j.conb.
2016.06.016

Foulkes, L., McCrory, E. J., Neumann, C. S., and Viding, E. (2014a). Inverted
social reward: associations between psychopathic traits and self-report and
experimental measures of social reward. PLoS One 9:e106000. doi: 10.1371/
journal.pone.0106000

Foulkes, L., Viding, E., McCrory, E., and Neumann, C. S. (2014b). Social reward
questionnaire (SRQ): development and validation. Front. Psychol. 5:201. doi:
10.3389/fpsyg.2014.00201

Foulkes, L., Neumann, C. S., Roberts, R., McCrory, E., and Viding, E. (2017).
Social reward questionnaire-adolescent version and its association with callous–
unemotional traits. R. Soc. Open Sci. 4:160991. doi: 10.1098/rsos.160991

Frith, C. D., and Frith, U. (2006). How we predict what other people are going to
do. Brain Res. 1079, 36–46. doi: 10.1016/j.brainres.2005.12.126

Galvan, A. (2010). Adolescent development of the reward system. Front. Hum.
Neurosci. 4:6. doi: 10.3389/neuro.09.006.2010

Guassi Moreira, J. F., and Telzer, E. H. (2016). Mother still knows best: maternal
influence uniquely modulates adolescent reward sensitivity during risk taking.
Dev. Sci. 21:e12484. doi: 10.1111/desc.12484

Güroğlu, B., Van den Bos, W., and Crone, E. A. (2014). Sharing and giving
across adolescence: an experimental study examining the development
of prosocial behavior. Front. Psychol. 5:291. doi: 10.3389/fpsyg.2014.
00291

Hu, L., and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance
structure analysis: conventional criteria versus new alternatives. Struct. Equ.
Model 6, 1–55. doi: 10.1080/10705519909540118

Knoll, L. J., Magis-Weinberg, L., Speekenbrink, M., and Blakemore, S. J. (2015).
Social influence on risk perception during adolescence. Psychol. Sci. 26,
583–592. doi: 10.1177/0956797615569578

Kort, W., Schittekatte, M., Compaan, E. L., Bosmans, M., Bleichrodt, N., Vermeir,
G., et al. (2002). WISC-III NL. Handleiding. Nederlandse bewerking. London:
The Psychological Corporation.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 10 July 2019 | Volume 13 | Article 171

https://www.frontiersin.org/articles/10.3389/fnbeh.2019.00171/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnbeh.2019.00171/full#supplementary-material
https://doi.org/10.1111/cdev.13048
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1177/0049124187016001004
https://doi.org/10.1177/0963721417738144
https://doi.org/10.1146/annurev-psych-010213-115202
https://doi.org/10.1146/annurev-psych-010213-115202
https://doi.org/10.1523/jneurosci.4764-14.2015
https://doi.org/10.1177/0143034391121010
https://doi.org/10.1037//0022-3514.67.2.319
https://doi.org/10.1111/j.1467-7687.2010.01035.x
https://doi.org/10.1037/1040-3590.7.3.309
https://doi.org/10.1001/archpediatrics.2011.13
https://doi.org/10.1016/j.paid.2016.06.043
https://doi.org/10.1080/02699931.2014.997196
https://doi.org/10.1038/nrn3313
https://doi.org/10.1007/BF02138940
https://doi.org/10.1016/j.adolescence.2009.03.002
https://doi.org/10.1002/mpr.1370
https://doi.org/10.1002/mpr.1370
https://doi.org/10.1111/j.1467-8624.1995.tb00930.x
https://doi.org/10.1111/j.1467-8624.1995.tb00930.x
https://doi.org/10.1111/j.1532-7795.2005.00095.x
https://doi.org/10.1111/j.1532-7795.2005.00095.x
https://doi.org/10.1111/jcpp.12102
https://doi.org/10.1037/1082-989X.9.4.466
https://doi.org/10.1016/j.conb.2016.06.016
https://doi.org/10.1016/j.conb.2016.06.016
https://doi.org/10.1371/journal.pone.0106000
https://doi.org/10.1371/journal.pone.0106000
https://doi.org/10.3389/fpsyg.2014.00201
https://doi.org/10.3389/fpsyg.2014.00201
https://doi.org/10.1098/rsos.160991
https://doi.org/10.1016/j.brainres.2005.12.126
https://doi.org/10.3389/neuro.09.006.2010
https://doi.org/10.1111/desc.12484
https://doi.org/10.3389/fpsyg.2014.00291
https://doi.org/10.3389/fpsyg.2014.00291
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1177/0956797615569578
https://www.frontiersin.org/journals/behavioral-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


fnbeh-13-00171 July 29, 2019 Time: 13:29 # 11

Altikulaç et al. Adolescent Sensitivity to Social Rewards

Lam, C. B., McHale, S. M., and Crouter, A. C. (2014). Time with peers from middle
childhood to late adolescence: developmental course and adjustment correlates.
Child Dev. 85, 1677–1693. doi: 10.1111/cdev.12235

Luengo Kanacri, B. P., Pastorelli, C., Eisenberg, N., Zuffianò, A., and Caprara, G. V.
(2013). The development of prosociality from adolescence to early adulthood:
the role of effortful control. J. Pers. 81, 302–312. doi: 10.1111/jopy.12001

Martin, C. A., Kelly, T. H., Rayens, M. K., Brogli, B. R., Brenzel, A., Smith, W. J.,
et al. (2002). Sensation seeking, puberty, and nicotine, alcohol, and marijuana
use in adolescence. J. Am. Acad. Child Adolesc. Psychiatry 41, 1495–1502.
doi: 10.1097/00004583-200212000-00022

Mukaka, M. M. (2012). A guide to appropriate use of correlation coefficient in
medical research. Malawi Med. J. 24, 69–71.

Peters, S., Peper, J. S., Van Duijvenvoorde, A. C. K., Braams, B. R., and Crone,
E. A. (2016). Amygdala-orbitofrontal connectivity predicts alcohol use two
years later: a longitudinal neuroimaging study on alcohol use in adolescence.
Dev. Sci. 28:e12448. doi: 10.1111/desc.12448

Rosseel, Y. (2012). Lavaan: an R package for structural equation modeling. J. Stat.
Softw. 48, 1–36. doi: 10.3389/fpsyg.2014.01521

Schmitt, N. (1996). Uses and abuses of coefficient alpha. Psychol. Assess. 8, 350–353.
doi: 10.1037/1040-3590.8.4.350

Sebastian, C., Viding, E., Williams, K. D., and Blakemore, S. J. (2010). Social brain
development and the affective consequences of ostracism in adolescence. Brain
Cogn. 72, 134–145. doi: 10.1016/j.bandc.2009.06.008

Silverman, M. H., Jedd, K., and Luciana, M. (2015). Neural networks involved in
adolescent reward processing: an activation likelihood estimation meta-analysis
of functional neuroimaging studies. Neuroimage 122, 427–439. doi: 10.1016/j.
neuroimage.2015.07.083

Snyder, J. J., Schrepferman, L. P., Bullard, L., McEachern, A. D., and Patterson,
G. R. (2012). Covert antisocial behavior, peer deviancy training, parenting
processes, and sex differences in the development of antisocial behavior
during childhood. Dev. Psychopathol. 24, 1117–1138. doi: 10.1017/S0954579412
000570

Somerville, L. H. (2013). The teenage brain: sensitivity to social evaluation.
Curr. Dir. Psychol. Sci. 22, 121–127. doi: 10.1177/096372141347
6512

Somerville, L. H., Haddara, N., Sasse, S. F., Skwara, A. C., Moran, J. M., and Figner,
B. (2018). Dissecting “peer presence” and “decisions” to deepen understanding
of peer influence on adolescent risky choice. Child Dev. doi: 10.1111/cdev.13081
[Epub ahead of print].

Somerville, L. H., Jones, R. M., Ruberry, E. J., Dyke, J. P., Glover, G., and
Casey, B. J. (2013). The medial prefrontal cortex and the emergence of self-
conscious emotion in adolescence. Psychol. Sci. 24, 1554–1562. doi: 10.1177/
0956797613475633

Steinberg, L., Icenogle, G., Shulman, E. P., Breiner, K., Chein, J., Bacchini, D.,
et al. (2017). Around the world, adolescence is a time of heightened sensation
seeking and immature self-regulation. Dev. Sci. 21:e12532. doi: 10.1111/desc.
12532

Steinberg, L., and Monahan, K. C. (2007). Age differences in resistance to peer
influence. Dev. Psychol. 43, 1531–1543. doi: 10.1037/0012-1649.43.6.1531.Age

Taber, K. S. (2018). The use of Cronbach’s alpha when developing and reporting
research instruments in science education. Res. Sci. Educ. 48, 1273–1296. doi:
10.1007/s11165-016-9602-2

Telzer, E. H., Fuligni, A. J., Lieberman, M. D., Miernicki, M. E., and Gaìlvan,
A. (2015). The quality of adolescents’ peer relationships modulates neural

sensitivity to risk taking. Soc. Cogn. Affect. Neurosci. 10, 389–398. doi: 10.1093/
scan/nsu06

Telzer, E. H., van Hoorn, J., Rogers, C. R., and Do, K. T. (2018). Social
influence on positive youth development: a developmental neuroscience
perspective. Adv. Child Dev. Behav. 54, 215–258. doi: 10.1016/bs.acdb.2017.
10.003
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