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ARTICLE INFO ABSTRACT

Keywords: Adolescents are commonly thought of as risk takers. However, adolescents often avoid social risk
Social norms taking, that is, the risk of being socially excluded by their peers. Here, we review evidence
Peer norms

showing that the negative effects of social exclusion and loneliness are particularly high during

izzrle':il:czce adolescence, and that adolescents actively seek peer approval and avoid being excluded by peers.
Risk taking Evidence suggests that social belonging is especially important during adolescence and, given that
Decision making social exclusion and loneliness have negative effects on adolescents’ immediate and longer-term
Social cognition well-being, young people tend to be especially motivated to avoid social risk. We review evidence
Social brain that suggests that the motivation to avoid social risk might lead to heightened peer influence in

adolescence. Heightened peer influence can lead to a range of behaviours, from increased health
risk taking to prosocial and healthy behaviour, depending on peer norms, that is, the types of
behaviour endorsed by the peer group. The evidence reviewed suggests that adolescents are not
always risk takers, but are often motivated to avoid social risk taking.

Introduction

Adolescence, defined as the period of life from 10 to 24 years (Sawyer, Azzopardi, Wickremarathne, & Patton, 2018), is a
distinct developmental stage characterised by biological, psychological and social change. In addition, adolescence is a time of
heightened susceptibility to mental health problems, with approximately 75% of adult mental health disorders first appearing
before the age of 24 (Kessler, Petukhova, Sampson, Zaslavsky, & Wittchen, 2012). There are substantial changes in the social
environment during adolescence (Blakemore & Mills, 2014). The amount of time spent with peers increases between childhood and
adolescence, and adolescents’ evaluation of their social and personal worth becomes more influenced by what their peers think
about them (Foulkes & Blakemore, 2016; Lam, McHale, & Crouter, 2014). Here, we highlight the importance this has in scaffolding
adolescent behaviour. When adolescents are with peers, they are more likely to take health or legal risks (when this is valued by the
peer group), such as engaging in reckless behaviour and experimenting with drugs, alcohol and cigarettes, compared with when
alone (Chein, Albert, O’Brien, Uckert, & Steinberg, 2011a; Gardner & Steinberg, 2005; Lundborg, 2006). Risk taking is defined here
as engaging in behaviours that entail uncertainty about their outcomes in terms of costs or benefits, be they health-related, legal or
social. Heightened sensitivity to peer norms is not specific to health risk behaviours: adolescents are also more likely to act pro-
socially when presented with evidence that their peers have been prosocial (Foulkes, Leung, Fuhrmann, Knoll, & Blakemore, 2018).
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Together, this suggests that adolescents show a tendency to align their behaviour to social norms, whether these be risk seeking, risk
averse, prosocial or antisocial in nature.

Social norms

An important overarching concept for understanding conformity and peer susceptibility is social norms. Social norms are un-
written rules about appropriate behaviour in group contexts and contribute to the formation of distinct social group identities
(McDonald & Crandall, 2015). Social norms are proposed to represent the foundation of culture, social interaction, prejudice and
many other social phenomena. Deviations from social norms are typically viewed unfavourably by other members of the group and
can lead to loss of social status or group exclusion (Schachter, 1951). Throughout this paper, we refer to the social norms of a peer
group as peer norms.

Social norms theory (McDonald & Crandall, 2015) proposes that the types of decisions and actions promoted by peers depend on
expectations about appropriate behaviour endorsed by the social group (Prinstein, Brechwald, & Cohen, 2011; Romer, Reyna, &
Satterthwaite, 2017). Empirical research has supported this hypothesis by showing that adolescent risk taking can be affected
differently depending on whether peers present themselves as cautious or risky (Cascio et al., 2015; Tomova & Pessoa, 2018). Indeed, a
recent study showed that perceived peer norms (information about whether safe or risky choices were endorsed by peers) were the
most important factor for predicting engagement in risky choices in laboratory gambling tasks in adolescents aged 10-20 years
(Ciranka & van den Bos, 2021). When viewed through the framework of social norms theory, many adolescent-typical behaviours can
be interpreted as conforming to peer norms. This might be because adolescents tend to be averse to taking social risks, that is the risk of
being excluded by peers (Blakemore, 2018; Blakemore & Mills, 2014; Do, Guassi Moreira, & Telzer, 2017). In this review, we first
summarise research on risk taking in adolescence and then discuss how adolescents avoid social risk taking. We suggest that the
avoidance of social risk taking is due, at least partly, to the importance of belonging to a social group and can be considered rational
because of the detrimental effects of social disconnectedness in adolescence. We then review literature showing the effects of peer
influence on a broad range of behaviours including risk taking and prosocial behaviour. We discuss the possibility that heightened
social risk aversion in adolescence can explain a variety of observed behaviours, from health risk taking to prosocial behaviour.

Health and legal risk taking in adolescence

Compared with adults, adolescents are more likely to engage more in risky sexual behaviour, criminal behaviour, experimentation
with illegal substances, risky driving and show higher risk taking in controlled laboratory experiments (Burnett, Bault, Coricelli, &
Blakemore, 2010; Defoe, Dubas, Figner, & Van Aken, 2015; Patton et al., 2016). The precise age at which risk taking peaks is variable
between individuals and depends on the type of risk behaviour and the cultural laws and norms surrounding such behaviours (Park,
McCoy, Erausquin, & Bartlett, 2018; Peeters, Oldehinkel, Veenstra, & Vollebergh, 2019). Yet, an overall higher propensity to take risks
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Fig. 1. The relationship between perceived social benefit (1 = they would be liked a lot less, 3 = no difference, 5 = they would be liked a lot more)
and expected involvement in risk behaviour (higher scores indicate greater anticipation that participants will engage in said particular behaviour in
the near future), broken down by risk domain. Increased perceived social benefit was related to increased anticipated involvement in all risk do-
mains except risky sex (taken from Andrews, Mills, et al. (2020). Risky sex might be associated with a different set of social evaluative concerns,
which are not captured in this study. For example, the concerns of the peer group might be less important than those of the sexual partner.



L. Tomova et al. Developmental Review 61 (2021) 100981

in adolescence can be observed across different cultures (Duell et al., 2018; Steinberg & Monahan, 2007) and species (Spear, 2011),
suggesting that increased risk taking during adolescence might, to some extent, be a universal characteristic of this period of life.
However, many of these findings are not replicated in lab-based studies, perhaps partly because they lack sufficient power or because
lab-based risk taking tasks measure different underlying processes compared with those that lead to real-life risk taking.

There are a number of individual differences that influence the propensity of adolescents to be risk seeking or risk averse. Several
studies have investigated individual variation in adolescent risk taking and have found that factors such as trait impulsivity, empathy,
gender and fluid intelligence moderate risk taking behaviour (Lorenz & Kray, 2019). In addition to these individual differences, social
context also plays an important role in determining risk taking in adolescence. A consistent finding is that adolescents are more likely
to take health or legal risks in the presence of peers than when alone (e.g., Gardner & Steinberg, 2005). Neuroimaging studies have
found that brain regions involved in reward processing, such as the ventral striatum, show increased activity in adolescents, relative to
adults, when taking risks in the presence of peers (Chein, Albert, O’Brien, Uckert, & Steinberg, 2011b). If health risk behaviours (such
as binge drinking or drug taking) are perceived to have a high social value among the peer group, adolescents may be especially
motivated to participate in these behaviours (Blakemore & Mills, 2014; Crone & Dahl, 2012; Pfeifer & Berkman, 2018). Indeed, one
study found that adolescents (aged 11-17) were more likely to anticipate engaging in certain health and legal risks in the near future if
they expected this to lead to an increase in how well they are liked by others (a greater perceived social benefit) ((Andrews, Mills, et al.,
2020); see Fig. 1).

Adolescents avoid social risks

During adolescence, the main source of social interaction shifts from parents and family to peers (Brown, 2013). Fitting in with the
peer group is a key developmental goal in adolescence. Affiliating with peers might help facilitate the transition into independent
adulthood and aid developmental steps, such as establishing a social self-identity (van der Aar, Peters, & Crone, 2018). As such,
adolescence can be considered a sensitive period of social development (Blakemore & Mills, 2014). This might be partly dependent on
the development of the social brain, the network of brain regions involved in social perception and social cognition, which allows us to
understand and interact with other people (Frith & Frith, 2007).

One aspect of social development during adolescence is an increased motivation for peer acceptance and peer affiliation, and an
increased sensitivity to the negative effects of social exclusion (Sebastian, Viding, Williams, & Blakemore, 2010). It has been proposed
that, as a consequence of this hypersensitivity to social exclusion, adolescents are risk averse when it comes to taking social risks
(Blakemore, 2018; Blakemore & Mills, 2014). A social risk can be defined as any action that might lead to negative evaluations or
exclusion by others (Blakemore, 2018). The motivation to avoid taking social risks might result in heightened peer influence, whereby
the presence of peers is particularly likely to guide adolescent decision making. Some adolescents might take health or legal risks, if this
is valued by their peer group, because they weigh the risk of social exclusion more strongly than potential negative health or legal
outcomes (Blakemore, 2018; Blakemore & Mills, 2014; Do et al., 2017). In a recent study, almost 1400 participants were asked how
concerned they would feel about engaging in a number of hypothetical, every day, health risks (for example, crossing a street on a red
light, or riding a bicycle without a helmet) and social risks (for example, defending an unpopular opinion, or standing up for someone
who is being mocked by your friends) (see Fig. 2). The results showed that, whilst health risks elicited greater concern than did social
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Fig. 2. The relationship between age and concern for health risk (slope: f = —0.15, p < 0.001) and social risk (slope: p = —0.31, p < 0.001). There
was a significant difference between the gradient of these slopes (t(2794) = 2.7, p = 0.008), driven by a steeper decline across age in concern for
social risk than in concern for health risk. Figure from Andrews, Mills, et al. (2020).



L. Tomova et al. Developmental Review 61 (2021) 100981

risks across all ages, compared with adults, adolescents were more concerned about engaging in social risks (Andrews, Foulkes, Bone,
& Blakemore, 2020). This was not based on a general overestimation of risk during adolescence as there was a significant interaction
between age and risk concern, which was driven by the age-related decrease in social risk concern being significantly steeper than the
age-related decrease in health risk concern. It is worth noting that, in this study, adolescents reported being more concerned about both
health and social risks compared with adults, which goes against the stereotype of adolescents being careless about taking risks.
Interestingly, this is in line with previous studies that found that risk ratings for a number of risky behaviours declined with age from
childhood through adulthood (Knoll, Leung, Foulkes, & Blakemore, 2017).

In practice, many decisions involve weighing up a complex combination of risk factors, including social, health, legal and financial
considerations, and occur within a dynamic social milieu (Blakemore & Mills, 2014). For example, the decision to engage in health risk
taking when with peers might mean that certain social risks (e.g. the risk of being excluded by peers) are avoided but other social risks
(e.g. disapproval from parents, teachers or other peer groups) are generated. In this context, social and health risks should not be
considered orthogonal but rather interacting constructs. This is consistent with a value-based choice account of adolescent decision
making in which a single system integrates value-laden inputs (which could include social motives) to guide choices (Pfeifer &
Berkman, 2018). Given that developing a positive personal and social identity, especially in the peer context, is a key goal of
adolescence, it is likely that self and social-related cues are given high value. This account assumes that peer norms will be a significant
driver of adolescent decision making (Blakemore & Mills, 2014).

Although health risk taking when with peers might seem irrational or reckless, we suggest that it can in fact be adaptive for ad-
olescents to avoid social risks, as being socially disconnected during adolescence has profoundly detrimental effects.

Social disconnectedness and avoiding social risks in adolescence

Social exclusion in adolescence. In this section we discuss the effects of social exclusion on behaviour, the brain and mental health
in adolescence. Studies have investigated the cumulative effects of chronic exclusion by peers over time. Young people who have been
excluded adopt different strategies in response to exclusion (Smart Richman & Leary, 2009). For example, they might engage in at-
tempts to gain acceptance (Dewall & Richman, 2011; Maner, DeWall, Baumeister, & Schaller, 2007), or harm others (Ayduk, Gyurak,
& Luerssen, 2008; Twenge & Baumeister, 2004) or withdraw from the excluding situation (Molden, Lucas, Gardner, Dean, & Knowles,
2009). Studies have also shown that young people’s responses to exclusion vary according to how the excluded individual perceives
the intentions of the excluder (in 17-22-year olds (Molden et al., 2009)), and by their estimate of whether reaffiliating with the
excluding individual is possible (in undergraduates (Maner et al., 2007)).

However, due to their correlational nature, studies on chronic exclusion typically cannot disentangle the different contributing
factors or direction of causality. Research investigating the causal effects of social exclusion often use Cyberball, an online ball
throwing game in which participants are excluded from the game (Leary, 2005). Many of these studies have demonstrated decreases in
mood, increases in anxiety (Fuhrmann, Casey, Speekenbrink, & Blakemore, 2019) and a decline in cognitive processing, such as
working memory performance (Fuhrmann et al., 2019) and self-regulation (Baumeister, DeWall, Ciarocco, & Twenge, 2005), following
single episodes of social exclusion (using Cyberball) in adolescence (see (Hartgerink, van Beest, Wicherts, & Williams, 2015) for a meta-
analysis).

Social exclusion can also lead to increased risk taking. For example, a series of studies demonstrated that young people (18-19 years
on average) show increased risky and costly choices following social exclusion (Twenge, Catanese, & Baumeister, 2002). While
seemingly irrational, it has been suggested that these behaviours represent increased engagement in pleasurable activities as a
compensatory strategy to deal with the exclusion, while neglecting potential consequences to health (Twenge et al., 2002). Addi-
tionally, experiencing social exclusion might lead to an increase in the value placed on peer interactions (the social augmentation
hypothesis (Dishion, Piehler, & Myers, 2008)), motivating adolescents to take health or legal risks if they expect these to be endorsed
by their peer group.

The regions of the brain activated during social exclusion overlap with neural signals of pain processing: both are associated with
activation in the ‘pain network,” including the dorsal anterior cingulate cortex and anterior insula. This has led to the proposal that
social exclusion has similar properties to real physical pain (Eisenberger, 2012a; Eisenberger, 2012b; Eisenberger, Lieberman, &
Williams, 2003). However, two meta-analyses failed to find evidence for consistent involvement of these regions (Cacioppo et al., 2013;
Vijayakumar, Cheng, & Pfeifer, 2017), one including developmental samples (7 years to late 20’s) (Vijayakumar et al., 2017). Rather,
more recent studies suggest that activity in these regions monitor a discrepancy between the expected and experienced amount of
social inclusion. For example, in one study using a novel social feedback paradigm with 17-21 year olds, activation in the dorsal
anterior cingulate cortex and anterior insula tracked information relevant to both inclusion and exclusion (Dalgleish et al., 2017). A
different study including 11-17-year olds (Cheng et al., 2020) investigated whether activity in these regions might represent surprise
rather than social pain by comparing social exclusion and over-inclusion, as both conditions violate fairness expectations but only
exclusion should result in a painful experience. This study showed partially overlapping regions within the pain network, including the
anterior insula and dorsal anterior cingulate cortex, for both types of violations (exclusion and over-inclusion), suggesting that the
neural responses to exclusion might not be associated with pain processing and instead might be due to violation of expectation.

A different line of research has investigated the effects of social exclusion on pain processing in adolescents (Fales & Noel, 2020).
This study found that, while perceived pain intensity (in a cold pressor task that used cold water to induce pain) was unaffected by
exclusion, adolescents who were previously excluded by two of their peers recalled their pain experience as being less intense than
adolescents who were not excluded. This might suggest that the experience of social pain inhibited later memory for physical pain. One
speculative explanation could be that social exclusion was more salient than physical pain for these adolescents. Another form of social
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disconnectedness is loneliness, which we turn to in the next section.

Loneliness. Loneliness is defined as the difference between one’s desired and actual social relationships (Hawkley & Cacioppo,
2010). While loneliness can result from social exclusion, the two differ in that social exclusion is characterised by an ostracising act
from others. Loneliness is a highly subjective experience that can be unrelated to objective social isolation: for example, two people
might have the same amount of social interactions and social contacts but show different experiential loneliness (Cacioppo, Hawkley,
Norman, & Berntson, 2011). A recent large-scale survey showed that, contrary to common belief, self-reported loneliness is not highest
in older age but rather in late adolescence (16-24 years) (Hammond, 2019). This might be partly due to the changes that occur to social
relationships, social expectations and social identities during adolescence. Key triggers for strong feelings of loneliness during
adolescence are transition points such as moving from primary to secondary school or going to university (Siva, 2020). Some have
argued that loneliness in adolescence may be a normative experience (Sippola & Bukowski, 1999). However, while some experience of
loneliness during adolescence might be expected, persistent and strong feelings of loneliness are problematic as they are associated
with mental health and behavioural problems (Doane & Thurston, 2014; Drake, Sladek, & Doane, 2016; Dyal & Valente, 2015; Essau,
de la Torre-Luque, Lewinsohn, & Rohde, 2020; McKay, Konowalczyk, Andretta, & Cole, 2017; Zheleznyakova, 2020).

Adolescent loneliness has been associated with behavioural problems such as low self-esteem (Heinrich & Gullone, 2006) and poor
academic performance (Benner, 2011), as well as addictive behaviour (Zheleznyakova, 2020) and substance use such as smoking
(DeWall & Pond, 2011; Dyal & Valente, 2015) and alcohol use (McKay et al., 2017). It has been suggested that increased substance use
might serve as a form of self-medication to cope with loneliness (Heinrich & Gullone, 2006), or as a way to affiliate with others if
substance use is known to be endorsed by the peer group (DeWall & Pond, 2011). In adults, substance use was predicted by feelings of
loneliness and especially so in environments in which substance use was endorsed by others. This suggests that people who are lonely
are more prone to using substances in order to reconnect with others. Thus, engaging in a risky behaviours, such as increased substance
use, might be a way in which adolescents try to decrease loneliness.

Loneliness induced by short-term social isolation led to decreased happiness and increased craving for social contact in young
adults between 18 and 40 years (Tomova et al., 2020). In addition, the substantia nigra, a core component of the reward circuitry,
showed similar patterns of activation in response to social cues following social isolation and to food cues following fasting, suggesting
that craving social contact is represented in the brain in similar ways as craving food (Tomova et al., 2020). While it is unknown how
adolescents respond to experimentally induced periods of social isolation, a large body of research in adolescent animals (mice and
rats) has shown that social isolation has unique effects on brain and behavioural development and mental health in adolescence
(Burke, McCormick, Pellis, & Lukkes, 2017; Orben, Tomova, & Blakemore, 2020).

Cross-sectional studies have shown that changes in stress responsiveness (Doane & Thurston, 2014; Drake et al., 2016), depression
(Essau, de la Torre-Luque, Lewinsohn, & Rohde, 2020; Heinrich & Gullone, 2006) and suicide (Lasgaard, Goossens, & Elklit, 2011;
Schinka, VanDulmen, Bossarte, & Swahn, 2012), are linked to loneliness in adolescence. Furthermore, longitudinal studies have shown
that loneliness in adolescence also predicts mental health problems, such as depression, later in life (Goosby, Bellatorre, Walsemann, &
Cheadle, 2013). In addition, structural MRI studies have shown that chronic loneliness in late adolescence/early adulthood is asso-
ciated with altered brain structure (Nakagawa et al., 2015; Tian et al., 2014). One study found that, compared to non-lonely young
people, lonely young people aged 18-27 years show variations in the white matter integrity of several regions of the cortex associated
with social functioning, including the inferior parietal lobe, anterior insula, posterior temporoparietal junction, posterior superior
temporal sulcus and prefrontal cortex (Nakagawa et al., 2015) and in the fibre tracts connecting the regions among the inferior frontal
gyrus, temporoparietal junction, and anterior insula (Tian et al., 2014). It is important to note that most studies in this field, including
studies on brain differences, are cross-sectional and correlational and cannot determine the direction of causality. Overall, these
studies suggest that loneliness and social exclusion both interact with risk taking behaviour in that engaging in risky behaviours that
are endorsed by peers (such as binge drinking or substance use) is a strategy that some adolescents use to try to overcome loneliness
and exclusion.

Importance of belonging in adolescence

We have described evidence that social exclusion and loneliness are associated with negative outcomes in adolescence. At the same
time, being socially included confers benefits when coping with life stressors. Young people who adapt well to these changes by gaining
a stable social position have better physical and psychological health outcomes later in life (Almquist, 2009; Van Harmelen et al.,
2017). When measuring social connectedness, many studies focus on family and school connectedness. Family connectedness refers to
self-reported enjoyment and feelings of closeness and caring by family members. School connectedness refers to self-reported
enjoyment of school and experiencing a sense of belonging and connectedness to school (independent of academic performance)
(Resnick, Harris, & Blum, 1993). Family and school connectedness show the highest influence on adolescents’ well-being, even above
demographic factors such as two-parent versus single parent family structure (Resnick et al., 1993) and serve a protective function
against health risk behaviours such as excessive drinking, smoking, cannabis use and risky sexual behaviour (Brooks, Magnusson,
Spencer, & Morgan, 2012).

Evidence from large-scale studies indicates that supportive peer environments can act as a protective factor against a number of
mental health problems in adolescence. Adolescent friendship quality predicts later resilience in terms of psychiatric symptoms,
personality traits and mental well-being (Van Harmelen et al., 2017). In addition, school connectedness buffers the negative effects of
emotional distress on school achievement (Pate, Maras, Whitney, & Bradshaw, 2017) and friendship and family support are associated
with reduced subsequent depressive symptoms in at-risk adolescents (van Harmelen, Blakemore, Goodyer, & Kievit, 2021; van Har-
melen et al., 2016) and lower incidence of self-harm (Klemera, Brooks, Chester, Magnusson, & Spencer, 2017). Similarly, social
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support and belonging can buffer negative effects in adolescents who experience discrimination or exclusion (Arslan, 2018; Huynh &
Gillen-O’Neel, 2016) and school connectedness mitigates the transmission of violence from home to school in adolescents who
experience family violence (Valido et al., 2020).

Of course, not all peer environments are equally beneficial. Belonging to a peer group that engages in anti-social or illegal
behaviour is a risk factor for engagement in a number of negative health risk behaviours, such as smoking and substance use (Fer-
gusson, Swain-Campbell, & Horwood, 2002). By the same token, peer groups that adopt positive peer norms can lead to reduced
engagement in health risk behaviours (Maxwell, 2002) and an increase in prosocial behaviour (van Hoorn, van Dijk, Meuwese, Rieffe,
& Crone, 2016). This suggests that adolescents are highly sensitive to the values and norms of their social group. In the following
section, we describe evidence that adolescents are particularly susceptible to influence from their peers.

Peer influence in adolescence

A large body of evidence has demonstrated that adolescents are particularly susceptible to peer influence. In a study investigating
the role of social influence on risk perception, participants aged 8-59 years were asked to rate the riskiness of a series of everyday
scenarios before being shown an average risk rating purportedly from groups of teenagers or adults, and then rating the scenario again.
While all age groups showed significant social influence in that their risk ratings changed in the direction of the provided rating, social
influence was highest in late childhood/early adolescence and gradually decreased with age. Furthermore, young adolescents (12-14
years) showed higher influence from other teenagers than from adults, and mid-adolescents (15-18 years) were highly influenced by
both teenagers and adults. In contrast, children (8-11 years) and adults (over 18 years) were more influenced by adults than by
teenagers (Knoll, Magis-Weinberg, Speekenbrink, & Blakemore, 2015). In a second study, we replicated the finding that young ad-
olescents were more influenced by teenagers than by adults, and found that this was especially true when the provided rating from
teenagers was more risky than the participants’ initial rating (Knoll et al., 2017). We interpreted this as being due to stereotypes about
adolescents as ‘risk takers,” which generates expectations about the social norm of risk taking in this group. If an adolescent participant
is presented with a risk rating from teenagers, who purportedly perceive a situation as higher risk than does the adolescent participant,
then the participant might be more likely to modify their risk perception as this is not in line with their expectation of how someone
from this group would have rated that scenario, compared with if teenagers had rated the risk lower than did the participant. If, on the
contrary, the participant was presented with a rating from a group that they expect to be risk averse, they might not modify their
behaviour when learning that this group rated the risk higher as they did (as this would be in line with their expectations). This fits with
evidence that perceived peer norms are the most important factor predicting engagement in risky behaviours, and that adolescents
perceived risk taking to be more normative than children or adults (Ciranka & van den Bos, 2021).

One task frequently used to assess risk taking tendencies in a laboratory setting is the Balloon Analogue Risk Task (BART) in which
participants inflate a virtual balloon, with each pump translating to a monetary reward. However, with each pump the chance that the
balloon will explode (and all money is lost) increases. The propensity to take risks on the BART, measured by the number of pumps
made, is associated with a number of real-world adolescent risk behaviours, such as smoking and substance use (Lejuez et al., 2007;
Lejuez, Aklin, Zvolensky, & Pedulla, 2003; Lejuez et al., 2002). In a social adaptation of the BART, information about peer choices
impacted the number of risks taken by older adolescents (18-25 years), such that when other participants were perceived to be making
high and low risky choices, individuals took more or fewer risks, respectively (Tomova & Pessoa, 2018). These findings corroborate
other evidence suggesting that, when observing peers making safe, risk averse and prosocial decisions, adolescents are more likely to
do so themselves (Braams, Davidow, & Somerville, 2019; Ciranka & van den Bos, 2019; Foulkes et al., 2018; van Hoorn et al., 2016).

Individual variation in neural sensitivity to social exclusion has also been implicated in peer influence on risk behaviours. For
example, one study showed that adolescents (16-17 years) who show higher activity in the anterior cingulate cortex and anterior
insula following social exclusion in the Cyberball task showed more risky behaviour in a subsequent driving simulator task when a peer
was present (Falk et al., 2014). This suggests that adolescents who show higher activity in these regions when being excluded are more
susceptible to peer influence. This is consistent with the finding that adolescents with higher rejection sensitivity report greater
concern about taking social risks (Andrews, Foulkes, et al., 2020). It is important to note, that in other driving simulator studies
(without social exclusion), increases in risk taking when peers were present were only observed when the peer was thought to endorse
risk taking. When participants were explicitly told that the peer was risk-averse, the increase in risk taking was not observed (Bingham
etal., 2016; Simons-Morton et al., 2014). Another fMRI study showed that 14-17-year-olds who had high resistance to peer influence
(measured by the Resistance to Peer Influence scale (Steinberg & Monahan, 2007)) showed less engagement in risky behaviours after
social exclusion and increased activity in lateral prefrontal cortex, a brain region related to self-regulation, when experiencing negative
outcomes (crashes during the car driving task) in the presence of peers (Peake, Dishion, Stormshak, Moore, & Pfeifer, 2013). In
contrast, participants with low resistance to peer influence engaged more in risky behaviours after social exclusion and showed
increased activity in regions associated with social cognition (such as the right temporoparietal junction) while engaging in risky
behaviours (Peake et al., 2013).

In sum, these data suggest that social connectedness is vital for healthy adolescent development and that disruptions in social
connectedness (such as via peer exclusion) can increase avoidance of social risk taking, which in turn increases susceptibility to peer
influence.

Prosocial influence in adolescence

Prosocial behaviour refers to decisions that are costly to oneself but beneficial to others. There is evidence showing that peers
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influence prosocial decisions and positive behaviour in adolescence in similar ways as they influence risk taking. For example, the
presence of peers was associated with increased monetary contributions by adolescents in a public goods game in which participants
are able to decide whether they want to keep tokens for themselves or contribute them in a public pot (Van Hoorn, Crone, & Van
Leijenhorst, 2017). Similarly, whether adolescents volunteer is influenced by whether their peers also volunteer (Choukas-Bradley,
Giletta, Cohen, & Prinstein, 2015; Van Goethem, Van Hoof, Orobio de Castro, Van Aken, & Hart, 2014).

A study involving 755 participants aged 8-59 years showed that, compared with adults, adolescents were more likely to be
influenced by others towards (hypothetical) prosocial behaviours, such as helping a neighbor (Foulkes et al., 2018). In a further study,
we investigated antisocial and prosocial influence in 520 adolescent participants (Ahmed et al., 2020). We found that both prosocial
influence (influence of others on prosocial behaviour, such as “helping a classmate with their work™) and antisocial influence (in-
fluence of others on antisocial behaviour, such as “making fun of a classmate”) decreased with age. Compared with older adolescents,
younger adolescents were more influenced by other teenagers’ ratings when they were more prosocial and less antisocial than their
own initial rating. This supports the notion that susceptibility to social influence does not temporarily peak in adolescence but
gradually declines across this period of life. The results also suggest that younger adolescents are likely to be influenced in a positive
way by their friends, not just in a negative way.

Adolescents who observed peers being generous are also more likely to be generous themselves, as found in incentivised charitable
donation tasks (van Hoorn et al., 2016). In a recent study, we used an incentivised charitable donations task to investigate how de-
cisions are revised after learning about the donations of others in 220 participants aged 11-35 years (Chierchia, Pi-Sunyer, & Bla-
kemore, in press). Similar to the findings from studies on hypothetical prosocial influence, the probability of social influence decreased
with age, with young adolescents being more socially influenced than adults. In addition, while previous research has suggested that
adults are more likely to conform to selfish others than to prosocial others (‘opportunistic conformity’ (Charness, Naef, & Sontuoso,
2019; Croson & Shang, 2008; Dimant, 2019)), we observed no evidence of such an asymmetry in social influence in young to mid-
adolescents. This suggests that the tendency to be selfish after seeing others acting in selfish ways might develop after early
adolescence.

Conclusion

Adolescents are commonly viewed as risk takers. Here, we have reviewed evidence that adolescents tend to avoid risk taking when
it comes to social risks, that is, the risk of being socially excluded by peers. Evidence suggests that social belonging is especially
important during adolescence and that social exclusion and loneliness present tangible threats to mental health. Thus, avoiding social
risks might be a sensible strategy for avoiding these threats. Indeed, many decisions adolescents make can be explained within the
framework of peer norms. Adolescents are highly motivated to conform with the social norms of their peer group. For example, if they
perceive their peer group norm to be one that endorses taking health risks, many adolescents become more prone to taking health risks
when with their peers. However, peer susceptibility can also influence adolescents to become more prosocial if prosocial behaviour is
perceived as the norm of their peer group. In sum, we suggest that adolescent behaviour is often motivated by the desire to avoid
deviations from perceived peer group norms in order to avoid the risk of being social excluded. There is large individual variation in
these effects and further research is needed to provide a deeper understanding of the factors underlying individual differences in the
effects of peer susceptibility in adolescence.
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