Is there heightened sensitivity to social reward in adolescence?
Lucy Foulkesa* and Sarah-Jayne Blakemorea

aDevelopmental

Group, UCL Institute of Cognitive Neuroscience, 17-19 Queen

Square, London, WC1N 3AR, United Kingdom

*Corresponding author:
Dr Lucy Foulkes
l.foulkes@ucl.ac.uk
+44 (0)20 7679 5498

1

Abstract
During adolescence, individuals are particularly susceptible to social influence. One
explanation for this is that social stimuli have a heightened reward value at this age.
To date, most evidence for heightened social reward in adolescence is found in the
animal literature. Human adolescents show increased activation in fronto-striatal
brain regions to rewarding social stimuli, but also to negative social stimuli, suggesting
that adolescence may be a period of hypersensitivity to all social stimuli. Additional
evidence from humans and animals suggest that the presence of others may heighten
the value of non-social rewards; these findings should be incorporated into theories
of social reward in adolescence.

Highlights


Adolescence may be a period of heightened sensitivity to social reward



Playing with a conspecific is more rewarding for adolescent than for adult rats



Human adolescents show hypersensitivity to both positive and negative social
stimuli



For both humans and rodents, presence of peers may increase value of other
rewards
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Introduction
Adolescence, the period of life between puberty and adult independence, is a key
stage of social development across species [1,2]. During adolescence, individuals
experience a period of ‘social reorientation’, during which they spend less time with
their parents and more time with same-age peers [3,4,5]. Adolescence is also a period
of heightened susceptibility to social influence. For example, in a study examining peer
influence on risk perception, young adolescents were more influenced by the opinions
of their same-aged peers than the opinions of adults, while children and adults were
more influenced by adults’ opinions about risk [5; see Figure 1]. Adolescents are also
more likely than adults to engage in risky behaviours around peers [7–10]. One
possible explanation for this increased level of social influence is that the reward value
of social interactions – in particular, of gaining social approval – is heightened in
adolescence, and this sensitivity to social reward leads individuals to engage is more
risky behaviours to win the approval of their peers [1,11,12]. Here, we review recent
evidence that social approval and other social interactions have particularly high
reward value in adolescence.

Social reward in adolescent rats
Playing with conspecifics is a highly rewarding behaviour for many mammals.
Research with rats has shown that the amount of time spent playing tends to peak in
adolescence and decline thereafter (e.g. [5] [14]; See Figure 2), and that this behaviour
may have more reward value for adolescent rats than it does for adults. Conditioned
place preference paradigms, in which one compartment is associated with social
interaction and the time spent in that compartment is compared with time spent in
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other compartments, demonstrate that the opportunity to play with another animal
is more rewarding for adolescent rats than it is for adults (e.g. [15]). One study found
that a preference for a social compartment over an amphetamine compartment
developed in adolescent rats who had spent the past seven days in social isolation,
while adolescents who had not experienced social isolation did not show a preference
for either compartment [16]. In contrast, adult rats did not show a preference for
either compartment, regardless of whether or not they had experienced social
isolation [16]. In addition, a brief interaction with another animal induces a more
sustained release of dopamine in adolescent rats than in adult rats, suggesting a
diminished habituation to rewarding stimuli in adolescents [17]. Together this
evidence suggests that, at least in rats, social interactions may have a greater reward
value for adolescents than for adults. However, few studies have investigated the
reward value of social interactions in prepubescent rats, which is critical to
understanding whether social reward value peaks in adolescence.

Social reward in human adolescence
In humans, the empirical evidence that adolescence is a heightened period of social
reward is mixed. A primary limitation in the literature is that very few studies have
compared social reward in children, adolescents and adults in a single study, making
it difficult to assess the hypothesis that social reward value is temporarily heightened
in adolescence. Some studies have found that, compared with children, adolescents
spend more time with their peers, and report more positive affect from this activity
[15,16]. However, this finding is dependent on gender and culture [18-20].
Experimental studies assessing social reward in human adolescents suggest that the
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reward value of social stimuli may be similar for children and adolescents. Positive
social stimuli - a series of cartoons depicting one person giving another person a
compliment and a thumbs up gesture - were rated as likeable by 8-16 year olds (no
data was available on any associations between age and likeability ratings; [21]).
Increasing the magnitude of the compliment (for example, low magnitude: ‘OK!’; high
magnitude: ‘You’re a champion!’) improved reaction time and accuracy similarly in
both children (8-11y) and adolescents (12-16y; [21]). A second study found that, in a
sample of 8-25 year olds, there was no association between age and likeability ratings
of peers who gave positive social feedback [22]. These findings suggest that subjective
and behavioural responses to social rewards may not differ significantly between
childhood and adolescence [21].

Studies comparing human adolescents to adults are limited, but the evidence to date
suggests that socially rewarding stimuli may be processed differently in human
adolescents compared with adults. One study found that distracting smiling faces
impaired performance on an n-back working memory task when the emotional
expression was irrelevant (when gender was the target) in adolescents (12-14 year
olds) but not in adults (18-29; [23]). One possible explanation for this is that these
symbols of social approval are particularly rewarding in adolescence and therefore
more distracting [23]. Alternatively, it may be that others’ emotional expressions are
more distracting for adolescents because these stimuli are more salient at this age. In
other words, social signals may be particularly important and attention-grabbing
because this is a period of rapid social development [4,23], without necessarily

5

increasing in hedonic value. Further studies are needed that assess whether any
altered behavioural responses to faces and other social stimuli are due to a temporary
increase in subjective value of positive social stimuli in adolescence or due to a general
heightened sensitivity to social stimuli at this age [24]. Critically, these studies should
be conducted with children, adolescents and adults to determine whether
behavioural response to social reward undergoes a non-linear developmental
trajectory, with a peak in adolescence.

Neural response to social reward in human adolescents
Neuroimaging studies have tended to demonstrate that adolescence is a period of
heightened reactivity to all social stimuli, and not just to social reward. Rewarding
stimuli typically activate a network of brain regions including the ventral striatum (VS),
medial prefrontal cortex (MPFC) and orbitofrontal cortex (OFC; [25]). Neuroimaging
studies in adults have consistently demonstrated activation in these areas in response
to positive social stimuli or scenarios, such as receiving social approval [26]. BOLD
signal in these regions was exaggerated in adolescents, compared with adults, in a
go/no-go task that used happy faces as appetitive cues [27]. Compared with children
(6-12 year olds) and adults (18-29), adolescents (13-17) showed poorer impulse
control to happy faces, as indicated by false alarms (erroneous presses) in no-go trials,
and increased activation in the VS to happy faces relative to calm faces (collapsed
across go and no-go trials; [27]). However, a second study showed similar findings
when the facial expression was fear [28]. Compared with adults (>18 years old) and
children (6-12), adolescents (13-17) made more errors and showed increased
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activation in the OFC and MPFC when viewing fearful relative to neutral faces (VS
activation showed the same pattern but did not survive correction for multiple
comparisons; [28]). Similarly, a longitudinal study that assessed participants at age 10
and age 13 found that there was an increase in VS and VMPFC activity between the
two time points when participants passively viewed both happy and sad faces [29].
These studies suggest that adolescence is a time of neural hyper-responsiveness to
both positive and negative social stimuli, and not exclusively to social reward.

The importance of subjective value ratings
Evidence of increased activation in ‘reward-related’ brain regions alone is insufficient
to conclude that stimuli are being experienced as rewarding, because these regions
are activated to both positive and negative stimuli and possibly involved in other
cognitive processes in addition to reward [30]. For example, the VS signals salient
information of both positive and negative valence, rather than exclusively the reward
value of positive stimuli [30], and is active during the anticipation of both social
approval and rejection in adults [31]. The heightened activation in this region to both
positive and negative social stimuli in adolescence suggests that region is more active
during this period of life to social information in general, rather than specifically an
increase in reward value of positive social stimuli or interactions [32,33]. This is in line
with evidence that adolescents are also more sensitive to social exclusion – a negative
social experience - than adults are (e.g. [34]). However, such conclusions cannot be
drawn from fMRI data alone because of the problem of reverse inference [34], and
further studies are required that assess the subjective experience of social reward and
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social exclusion/punishment in all age groups (e.g. [35]). The existing evidence does
not preclude the possibility that social approval has a heightened reward value for
adolescents compared with children or adults, but comparisons of subjective value
ratings across all age groups are needed to confirm this.

The presence of peers may enhance the value of other rewards
A related hypothesis is that the presence of peers may create an environment in which
other rewarding stimuli take on an increased reward value, and that this effect is
enhanced is adolescence [9,37,38]. In support of this, it is well documented that
adolescents engage in more reward-seeking behaviours when with friends compared
to when they are alone. For example, in a simulated driving game, adolescents took
significantly more risks in the presence of peers than when they are alone, whilst
adults did not [7–9]. In addition, adolescents smoke more and drink more alcohol in
the presence of peers [10]. It has been proposed that this phenomenon is due to the
enhanced importance of social approval and rejection during adolescence in humans.
However, a recent study found that adolescent mice also consume more alcohol in
the presence of conspecifics than when they are alone, while adult mice do not [38],
suggesting that the presence of peers may not solely influence adolescents’ behaviour
by means of higher order cognitions such as the importance of social approval. Other
mechanisms – such as the presence of peers enhancing the reward value of other
stimuli (e.g. alcohol, drugs) – may also contribute [9,34,38]. The mechanisms behind
this phenomenon are unclear, and should be explored in future studies to better
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understand why the presence of peers affects behaviour towards rewarding activities
and stimuli.

Conclusions
During adolescence, individuals spend more time with peers and are more influenced
by their opinions and behaviours (e.g. [6]). One possible explanation for this is that
the reward value of spending time with peers and gaining their approval temporarily
increases during this period of life (e.g. [1]). The empirical evidence to date precludes
this conclusion, however, and suggests a more complex picture of social reward in
adolescence. First, studies in rats indicate that social interactions have greater reward
value for adolescents than adults (e.g. [16]); additional studies comparing subjective
ratings across age groups are required before the same conclusion can be drawn for
human populations. Second, existing evidence indicates that human adolescents find
potential social evaluation of either valence more salient than other ages [27,28],
suggesting that both social reward and social punishment are more important at this
time. Finally, evidence from both humans and mice suggest there may be a related
phenomenon in adolescence: peers may prime an environment in which other
rewards increase in value [37,38]. Together, these findings highlight the need for
further studies (see Figure 3), including those using subjective ratings in humans, to
fully understand the role that reward value plays in the cross-species phenomenon of
social influence in adolescence.

9

Acknowledgements
We thank Dr Miriam Schneider, Dr Kate Mills and Emma Kilford for their helpful
comments on an earlier draft on this manuscript. SJB is funded by a Royal Society
University Research Fellowship, the Jacobs Foundation and the Wellcome Trust. LF is
funded by the Wellcome Trust.

References
1. Blakemore S-J, Mills KL: Is adolescence a sensitive period for sociocultural
processing? Annu. Rev. Psychol. 2014, 65:187–207.
2. van Kerkhof LW, Damsteegt R, Trezza V, Voorn P, Vanderschuren LJ: Social play
behavior in adolescent rats is mediated by functional activity in medial
prefrontal cortex and striatum. Neuropsychopharmacology 2013, 38:1899–1909.
3. Pellis SM, Pellis VC: Play fighting of rats in comparative perspective: a schema for
neurobehavioral analyses. Neurosci. Biobehav. Rev. 1998, 23:87–101.
4. Nelson EE, Jarcho JM, Guyer AE: Social re-orientation and brain development: An
expanded and updated view [Internet]. Dev. Cogn. Neurosci. 2015, [no volume].
5. Van Ree JM, Niesink RJ, Van Wolfswinkel L, Ramsey NF, Van Furth WR,
Vanderschuren LJ, Gerrits MA, Van den Berg CL, others: Endogenous opioids and
reward. Eur. J. Pharmacol. 2000, 405:89–101.
6. Knoll LJ, Magis-Weinberg L, Speekenbrink M, Blakemore S-J: Social influence on
risk perception during adolescence. Psychol. Sci. 2015, [no volume].
7. Albert D, Steinberg L: Peer influences on adolescent risk behavior [Internet]. In
Inhibitory control and drug abuse prevention. . Springer; 2011:211–226.
8. Gardner M, Steinberg L: Peer influence on risk taking, risk preference, and risky
decision making in adolescence and adulthood: an experimental study. Dev.
Psychol. 2005, 41:625.
9. Chein J, Albert D, O’Brien L, Uckert K, Steinberg L: Peers increase adolescent risk
taking by enhancing activity in the brain’s reward circuitry. Dev. Sci. 2011, 14:F1–
F10.
10. Lundborg P: Having the wrong friends? Peer effects in adolescent substance use.
J. Health Econ. 2006, 25:214–233.

10

11. Crone EA, Dahl RE: Understanding adolescence as a period of social–affective
engagement and goal flexibility. Nat. Rev. Neurosci. 2012, 13:636–650.
12. Steinberg L: A social neuroscience perspective on adolescent risk-taking. Dev.
Rev. 2008, 28:78–106.
13. Trezza V, Baarendse PJ, Vanderschuren LJ: The pleasures of play: pharmacological
insights into social reward mechanisms. Trends Pharmacol. Sci. 2010, 31:463–
469.
14. Schneider M, Kasanetz F, Lynch DL, Friemel CM, Lassalle O, Hurst DP, Steindel F,
Monory K, Schäfer C, Miederer I, et al.: Enhanced functional activity of the
cannabinoid type-1 receptor mediates adolescent behavior. J. Neurosci. 2015,
35:13975–13988.
15. Douglas LA, Varlinskaya EI, Spear LP: Rewarding properties of social interactions
in adolescent and adult male and female rats: impact of social versus isolate
housing of subjects and partners. Dev. Psychobiol. 2004, 45:153–162.
16. Yates JR, Beckmann JS, Meyer AC, Bardo MT: Concurrent choice for social
interaction and amphetamine using conditioned place preference in rats: effects
of age and housing condition. Drug Alcohol Depend. 2013, 129:240–246.
17. Robinson DL, Zitzman DL, Smith KJ, Spear LP: Fast dopamine release events in the
nucleus accumbens of early adolescent rats. Neuroscience 2011, 176:296–307.
18. Larson RW: How US children and adolescents spend time: What it does (and
doesn't) tell us about their development. Curr Dir Psychol Sci. 2001, 10:160-164.
19. Larson R, Richards MH: Daily companionship in late childhood and early
adolescence: Changing developmental contexts. Child Dev. 1991, 62:284–300.
20. Larson RW, Verma S: How children and adolescents spend time across the world:
work, play, and developmental opportunities. Psychol Bull. 1999, 125:701-736.
21. Demurie E, Roeyers H, Baeyens D, Sonuga-Barke E: The effects of monetary and
social rewards on task performance in children and adolescents: Liking is not
enough. Int. J. Methods Psychiatr. Res. 2012, 21:301–310.
22. Jones RM, Somerville LH, Li J, Ruberry EJ, Powers A, Mehta N, Dyke J, Casey BJ:
Adolescent-specific patterns of behavior and neural activity during social
reinforcement learning. Cogn. Affect. Behav. Neurosci. 2014, 14:683–697.
23. Cromheeke S, Mueller SC: The power of a smile: Stronger working memory
effects for happy faces in adolescents compared to adults. Cogn. Emot. 2015, [no
volume].
24. *Garcia NV, Scherf KS: Emerging Sensitivity to Socially Complex Expressions: A
Unique Role for Adolescence? Child Dev. Perspect. 2015, 9:84–90.

11

The authors review evidence for their hypothesis that sensitivity to socially complex
expressions develops in adolescence, and propose that this sensitivity facilitates the
development of intimate friendships and sexual relationships at this age.
25. Sescousse G, Caldú X, Segura B, Dreher J-C: Processing of primary and secondary
rewards: a quantitative meta-analysis and review of human functional
neuroimaging studies. Neurosci. Biobehav. Rev. 2013, 37:681–696.
26. Ruff CC, Fehr E: The neurobiology of rewards and values in social decision
making. Nat. Rev. Neurosci. 2014, 15:549–562.
27. Somerville LH, Hare T, Casey BJ: Frontostriatal maturation predicts cognitive
control failure to appetitive cues in adolescents. J. Cogn. Neurosci. 2011,
23:2123–2134.
28. **Dreyfuss M, Caudle K, Drysdale AT, Johnston NE, Cohen AO, Somerville LH,
Galvan A, Tottenham N, Hare TA, Casey BJ: Teens impulsively react rather than
retreat from threat. Dev. Neurosci. 2014, 36:220–227.
This paper highlights that the behavioural and neural hypersensitivity to social stimuli
seen in adolescence is also apparent for negative social stimuli, namely fearful faces
in a Go/No-Go paradigm.
29. Pfeifer JH, Masten CL, Moore WE, Oswald TM, Mazziotta JC, Iacoboni M, Dapretto
M: Entering adolescence: resistance to peer influence, risky behavior, and neural
changes in emotion reactivity. Neuron 2011, 69:1029–1036.
30. Levita L, Hare TA, Voss HU, Glover G, Ballon DJ, Casey BJ: The bivalent side of the
nucleus accumbens. Neuroimage 2009, 44:1178–1187.
31. Kohls G, Perino MT, Taylor JM, Madva EN, Cayless SJ, Troiani V, Price E, Faja S,
Herrington JD, Schultz RT: The nucleus accumbens is involved in both the pursuit
of social reward and the avoidance of social punishment. Neuropsychologia
2013, 51:2062–2069.
32. Somerville LH: The teenage brain sensitivity to social evaluation. Curr. Dir.
Psychol. Sci. 2013, 22:121–127.
33. *Somerville LH, van den Bulk BG, Skwara AC: Response to: “‘The triadic model
perspective for the study of adolescent motivated behavior.’” Brain Cogn. 2014,
89:112–113.
This brief commentary highlights the role of the amygdala and striatum in facilitating
emotion-guided learning of both positive and negative valence; the paper also
suggests (as have others) that adolescent-typical behavioural such as risk taking may
partly result from hypersensitivity of these brain regions at this age.
34. Poldrack RA: Can cognitive processes be inferred from neuroimaging data?
Trends Cogn Sci. 2006, 10:59-63.
12

35. Foulkes L, Viding E, McCrory E, Neumann CS: Social Reward Questionnaire (SRQ):
development and validation. Front Psychol. 2014, 11:1-8.
36. Sebastian C, Viding E, Williams KD, Blakemore S-J: Social brain development and
the affective consequences of ostracism in adolescence. Brain Cogn. 2010,
72:134–145.
37. Albert D, Chein J, Steinberg L: The teenage brain peer influences on adolescent
decision making. Curr. Dir. Psychol. Sci. 2013, 22:114–120.
38. *Logue S, Chein J, Gould T, Holliday E, Steinberg L: Adolescent mice, unlike adults,
consume more alcohol in the presence of peers than alone. Dev. Sci. 2014, 17:79–
85.
This paper indicates that increased social influence in adolescence in not exclusively a
human phenomenon; adolescent mice spent more time consuming alcohol when in a
cage with conspecifics than when alone, and this difference was not found for adult
mice
39. Davis K: Young people’s digital lives: The impact of interpersonal relationships
and digital media use on adolescents’ sense of identity. Comput. Hum. Behav.
2013, 29:2281–2293.
40. Blakemore S-J: Development of the social brain in adolescence. J. R. Soc. Med.
2012, 105:111–116.
41. Fuhrmann D, Knoll LJ, Blakemore S-J: Adolescence as a sensitive period of brain
development. Trends Cogn. Sci. 2015, 19:558-566.

13

