
RESEARCH ARTICLE

Risk Perception and Risk-Taking Behaviour
during Adolescence: The Influence of
Personality and Gender
Renate L. E. P. Reniers1*, Laura Murphy1, Ashleigh Lin2, Sandra Para Bartolomé1,
Stephen J. Wood1,3

1 University of Birmingham, School of Psychology, Birmingham, United Kingdom, 2 Telethon Kids Institute,
The University of Western Australia, Perth, Australia, 3 Melbourne Neuropsychiatry Centre, University of
Melbourne and Melbourne Health, Melbourne, Australia

*R.L.E.P.Reniers@bham.ac.uk

Abstract
This study investigated the influence of personality characteristics and gender on adoles-

cents’ perception of risk and their risk-taking behaviour. Male and female participants (157

females: 116 males, aged 13–20) completed self-report measures on risk perception, risk-

taking and personality. Male participants perceived behaviours as less risky, reportedly

took more risks, were less sensitive to negative outcomes and less socially anxious than

female participants. Path analysis identified a model in which age, behavioural inhibition

and impulsiveness directly influenced risk perception, while age, social anxiety, impulsive-

ness, sensitivity to reward, behavioural inhibition and risk perception itself were directly or

indirectly associated with risk-taking behaviour. Age and behavioural inhibition had direct

relationships with social anxiety, and reward sensitivity was associated with impulsiveness.

The model was representative for the whole sample and male and female groups sepa-

rately. The observed relationship between age and social anxiety and the influence this

may have on risk-taking behaviour could be key for reducing adolescent risk-taking behav-

iour. Even though adolescents may understand the riskiness of their behaviour and esti-

mate their vulnerability to risk at a similar level to adults, factors such as anxiety regarding

social situations, sensitivity to reward and impulsiveness may exert their influence and

make these individuals prone to taking risks. If these associations are proven causal,

these factors are, and will continue to be, important targets in prevention and intervention

efforts.

Introduction
Taking risks encompasses behaviour that at the same time involves the chance of a beneficial
outcome as well as possible negative or harmful consequences [1, 2]. Risk-taking behaviour
increases during adolescence [3, 4], in association with heightened reactivity to emotions and a
still immature ability to self-regulate [5, 6], making adolescence a period of high vulnerability
to the negative consequences of risk-taking [7].
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Recent research in adolescence [3, 8, 9] has mainly focussed on the modulation of risk-tak-
ing behaviour by emotional and social factors, such as the presence of peers. While adolescents
spend a substantial amount of time with their peers, and are therefore likely to be influenced by
them, there is more to the decision-making process including factors such as one’s genetic
makeup [10–13], hormonal balance [14], psychological stress [15] and gender [16–18]. Like-
wise, factors such as maturity, responsibility, self-reliance, perspective [5, 19], anxiety and
avoidance [20] should be considered. Individuals differ in their tendency to take risks and per-
sonality characteristics [5] including one’s sensitivity to reward (i.e. the positive response to the
occurrence or anticipation of a reward, together with a desire, drive and willingness to pursue
rewards [21]) and punishment (i.e.the susceptibility to present or future negative outcomes of
behaviour [21]), impulsiveness (i.e. the predisposition toward rapid, unplanned reactions to
stimuli without regard to the potential negative consequences of these behaviours [22]), sensa-
tion seeking, openness to experience and extraversion have commonly been linked to increased
risk-taking behaviour (see for example [2, 23–29]). But what makes someone choose option A
in a risky situation while another chooses option B? Which factors or personality characteris-
tics that are specific to an individual may contribute to perception of risk, in other words the
evaluated level of risk of a behaviour [30], and risk-taking behaviour, that is to say the fre-
quency the behaviour is engaged in [30], during adolescence and what is their relative
influence?

Research has shown that adolescents are sensitive to the immediate consequences of deci-
sions [31], are strongly focussed on the anticipation of beneficial outcomes rather than associ-
ated costs [3, 32], and cope well with the unpredictability of a situation [33]. In addition to
increased sensitivity to reward, adolescence has also been associated with increased impulsive-
ness and sensation seeking [2, 23–27]. It may be that this increased sensitivity to reward, which
is associated with the rapid development of the brain’s reward system during adolescence,
together with an immature ability to control one’s behaviour, which is associated with the
more steadily development of the regulatory control system of the adolescent brain, contribute
to the increase in risk-taking that is observed during this developmental period of one’s life [5,
34, 35]. Indeed, adolescents try new activities such as extreme sports, smoking and the con-
sumption of alcohol and drugs, often without adequate assessment of the consequences or
risks associated with their behaviour. Moreover, one’s levels of sensation seeking have been
associated with strong approach and weak avoidance behaviours [36, 37], increased respon-
siveness to high-arousal stimuli [37] and reduced inhibitory control [36]. Even though they
may not always behave accordingly [5, 38], adolescents are found able to refrain from taking
risks but may require increased inhibitory control to do so [39]. This suggests that the way a
risk is perceived in association with one’s personality is key for determining the occurrence of
actual risk-taking behaviour.

The current study aimed to investigate the influence of personality characteristics on adoles-
cents’ perception of risk as well as their risk-taking behaviour. In addition to age, the relative
impact of sensitivity to reward and punishment, impulsiveness, and anxiety in social situations
on risk perception and risk-taking behaviour was assessed. Older age, suggested to be associ-
ated with a better balance between one’s sensitivity to reward and regulatory control [5], and
higher levels of anxiety in social situations were predicted to be associated with increased per-
ception of risk and reduced risk-taking behaviour. As adolescents are found to be sensitive to
the immediate consequences of decisions [31], increased sensitivity to punishment was also
predicted to be associated with increased perception of risk and reduced risk-taking behaviour.
Based on the available evidence of increased sensitivity to reward and reduced regulatory con-
trol during adolescence, sensitivity to reward and impulsiveness were predicted to relate to
reduced perception of risk and increased risk-taking behaviour. Considering that adolescents
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are capable of reasoning about risk and estimating vulnerability to risk at a level similar to that
of adults [5, 40], increased perception of risk was expected to be associated with reduced risk-
taking behaviour. Males are reportedly more focussed on the potential beneficial outcome of a
risky decision [3] and are more impulsive [41] than females, while females are found to be
more sensitive to punishment and uncertainty [42, 43] and are more risk averse [16]. Thus
additional analyses were conducted to examine the relative influence of the personality charac-
teristics on risk perception and risk-taking behaviour for males and females separately.

Materials and Methods

Participants
A document describing the background and study requirements was sent to secondary schools
who had previously indicated interest in collaborating with the University of Birmingham.
Schools who expressed interest in taking part in the current study were provided with more
detailed information and further arrangements regarding the testing were made. In return for
the schools taking part in the research, members of the research team offered talks related to
their research expertise, shared their experiences of studying psychology with the students and
gave students more insight in the ins and outs of conducting research. Parents/legal guardians
of the students gave written informed consent for their child to take part in the research prior
to the testing day. Students themselves gave written assent on the testing day. Ethical approval
was granted by the School of Psychology Ethics Board of the University of Birmingham.

356 students (204 females: 152 males corresponding to 57.3% and 42.7% of the sample)
from 7 secondary schools in the West Midlands, United Kingdom, were recruited for this
study. The only exclusion criterion was non-fluency in English. Socioeconomic status of the
students was mixed with 42.4% of the students attending an independent (private) school and
57.6% attending a comprehensive state school. 273 students (70% of the total sample, 157
females: 116 males) had a maximum of 10% of any subscale measures missing. For these partic-
ipants missing values were replaced with the mean of the person’s scores on that subscale [44],
and their data with missing values imputed were included in further analysis. Data of the
remaining 30% (n = 83) were excluded; they did not differ from the included sample. 75.5% of
the final sample were born in the United Kingdom. Ethnicity was 46.9% white, 20.9% Asian-
Indian, 11.0% Asian-Oriental, 8.1% Black/African-Caribbean, 7.7% mixed and 5.5% other eth-
nic background.

Measures
The Adolescent Risk-Taking Questionnaire (ARQ) [45] is a two-part questionnaire that assesses
adolescent risk-taking behaviours in addition to perceptions of the risk of these behaviours.
The questionnaire contains 44 items that are rated on a 5-point Likert scale for judgment of
riskiness (e.g. “Put a cross in the box corresponding to the word that best describes your opin-
ion about how risky you think each situation or behaviour is: smoking”) and frequency of par-
ticipation in the behaviours (e.g. “Put a cross in the box corresponding to the word that best
describes your behaviour: smoking”). The ARQ has adequate internal reliability with Cron-
bach’s alphas ranging from 0.7 to 0.79 for the antisocial subscales and Cronbach’s alphas
exceeding 0.8 for the other subscales for males, females, young adolescents and older adoles-
cents [30]. For the current study, Cronbach’s alphas ranged from 0.40 to 0.83 with poor inter-
nal consistency for items referring to thrill-seeking and reckless risk behaviour and good
internal consistency for items referring to rebellious risk behaviour.

The Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) scales [21] assess
motivational systems that underlie behaviour and affect. The behavioural inhibition system
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(BIS) is sensitive to punishment, non-reward, and novelty, and is associated with inhibition of
behaviour that may result in negative outcomes (e.g. “I worry about making mistakes”). The
behavioural activation system (BAS) is sensitive to reward, non-punishment and escape from
punishment. There are three BAS subscales: drive (e.g. “I go out of my way to get things I
want”), fun-seeking (e.g. “I'm always willing to try something new if I think it will be fun”) and
reward responsiveness (e.g. “When I get something I want, I feel excited and energized”)
which, for the purpose of this study, have been summed to get a total score that is associated
with behaviour aimed to obtain reward. The questionnaire consists of 24 items, rated on a
4-point Likert scale, and has adequate internal reliability with Cronbach’s alphas ranging from
0.68 to 0.88 on the subscales for participants in the US, UK and Italy [46] and 0.55 to 0.73 for
the current study. The BIS/BAS scales also have adequate convergent and discriminant validity
[21].

The Barratt Impulsiveness Scale (BIS-11) [47] is the most widely used self-report measure of
impulsivity [48] and assesses impulsiveness in the form of attentional (e.g. “I have “racing”
thoughts”), motor (e.g. “I do things without thinking”) and non-planning impulsivity (e.g. “I
get easily bored when solving thought problems”). The measure consists of 30 items that are
rated on a 4-point Likert scale and summed to obtain a total score for impulsiveness. The BIS-
11 has adequate internal reliability with Cronbach’s alphas ranging from 0.79 to 0.83 for under-
graduate students, substance-abuse patients, general psychiatric patients and prison inmates
[47] and 0.52 to 0.68 for the current study.

The Social Interaction Anxiety Scale (SIAS) and the Social Phobia Scale (SPS) [49] assess
anxiety symptoms related to initiating and maintaining interactions with people in social situa-
tions as well as anxiety symptoms in relation to performance of various tasks while being
observed by other people (e.g. SIAS “When mixing socially, I am uncomfortable”; e.g. SPS “I
become nervous if I have to write in front of other people”). Both scales consist of 20 items,
rated on a 5-point Likert scale, and are summed to obtain a score representing anxiety related
to social situations. The scales have good to excellent internal reliability with Cronbach’s alphas
of 0.9 for the SPS and 0.88 and 0.9 for the SIAS for undergraduate and community samples
respectively [49] and 0.94 for the SPS and 0.92 for the SIAS in the current study.

Procedure
Students completed the questionnaires in their classrooms. They were asked to answer the
questions honestly and not discuss their answers with their friends while completing the mea-
sures. Questionnaire items that were difficult to understand were explained in a standardised
way that was agreed between the researchers prior to the start of the study. Students were given
a sheet that included contact details of organisations for advice on mental health. The duration
of a typical testing session was 40–50 minutes.

Statistical analysis
Data were analysed using IBM SPSS Statistics 21 and IBM SPSS Amos 21 for Windows (IBM
Corp., Armonk, NY). Path analysis was employed to investigate the influence of personality
characteristics on adolescents’ perception of risk and their risk-taking behaviour with plausibil-
ity of the postulated relationships being indicated by a good fitting model [50, 51]. Models
were estimated using a maximum likelihood algorithm and model fit was judged using guide-
lines provided by Byrne (2001), Hu & Bentler (1999) and Kline (1998). Path coefficients and
the amount of variance explained by the model (R2) were examined and the following goodness
of fit measures are reported: the model χ², Root Mean Squared Error of Approximation
(RMSEA) with its 90% confidence intervals, Bentler’s Comparative Fit Index (CFI), Tucker-
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Lewis Index (TLI), Standardised Root Mean Square Residual (SRMR) and Aikaike’s Informa-
tion Criterion (AIC).

Results
Descriptive information on participants’ performance on the self-report measures is presented
in Table 1. Male and female participants did not significantly differ in age or self-reported levels
of sensitivity to reward and impulsiveness. Males perceived behaviour as less risky (Z = -2.054,
p<0.05 with an effect size [52, 53] of r = -0.12), took more risks (Z = 2.043, p<0.05, r = 0.12),
were less sensitive to negative outcomes (present or future outcomes) (Z = -4.726, p<0.001,
r = -0.29) and were less socially anxious (Z = -2.228, p<0.05, r = -0.13) than the female
participants.

The first path model (model 1, S1 Fig) showed age, sensitivity to reward, behavioural inhibi-
tion, impulsiveness and anxiety in social situations as variables that influence both risk percep-
tion and risk-taking behaviour. Older age, sensitivity to punishment and higher levels of
anxiety in social situations were predicted to be associated with increased perception of risk
and reduced risk-taking behaviour. Sensitivity to reward and impulsiveness, on the other hand,
were predicted to relate to reduced perception of risk and increased risk-taking behaviour. Risk
perception was also depicted to influence risk-taking behaviour with perception of low risk
being expected to increase risk-taking behaviour. Model 1 did not provide a good fit to the data
(see Table 2) with relationships for both social anxiety and reward with risk perception, and
behavioural inhibition with risk behaviour being redundant (p>0.05) and relationships for
behavioural inhibition with social anxiety, and reward with impulsiveness being suggested.

Table 1. Sample characteristics.

Measure Median Range

Total sample Males Females Total sample Males Females

n = 273 n = 116 n = 157 n = 273 n = 116 n = 157

Age 17.13 17.23 17.11 13.35–19.69 13.35–19.69 13.55–19.07

Risk perception* 48 47 49 17–86 17–77 24–86

Risk-taking behaviour* 18 20 18 2–47 3–47 2–47

Behavioural inhibition** 21 19 21 10–28 10–27 12–28

Reward 39 39 39 23–52 26–50 23–52

Impulsiveness 68 69 67 43–92 43–90 45–92

Social anxiety* 41 37 47 3–151 3–105 6–151

** Significant difference between genders at p<0.001

* Significant difference between genders at p<0.05

doi:10.1371/journal.pone.0153842.t001

Table 2. Goodness of fit tests and indices.

Model Parameters Goodness of fit measure

(estimated) χ²(df), p RMSEA (90% CI) CFI TLI SRMR AIC

Model 1 28 (18) χ²(10) = 88.264, p<0.001 0.170 (0.138–0.203) 0.656 0.277 0.1045 124.264

Model 2 28 (17) χ²(11) = 24.541, p = 0.011 0.067 (0.031–0.103) 0.940 0.886 0.0479 58.541

Model 3 28 (18) χ²(10) = 15.467, p = 0.116 0.045 (0.000–0.086) 0.976 0.950 0.0371 51.467

df = degrees of freedom, RMSEA = Root Mean Squared Error of Approximation, CI = confidence interval, CFI = Bentler’s Comparative Fit Index,

TLI = Tucker-Lewis Index, SRMR = Standardised Root Mean Square Residual and AIC = Aikaike’s Information Criterion

doi:10.1371/journal.pone.0153842.t002
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Consistent with the considerations that those who are more sensitive to punishment may be
inclined to be more anxious in social situations, the model with this association demonstrated
improved fit over the model with the association in the opposite direction. With evidence sug-
gesting an interaction between reward sensitivity and behavioural control [5, 6, 54], the associ-
ation between reward and impulsiveness was specified as one of covariance. The modified
model (model 2, S2 Fig) with the recommended changes incorporated provided a reasonable
fit to the data (see Table 2) but an additional association for age with social anxiety was sug-
gested. The effect peers have on behaviour has been shown to decline between adolescence and
adulthood [3, 8], making a decline in anxiety related to social situations with age likely. The
model with age influencing social anxiety demonstrated improved fit over the model with the
association specified in the opposite direction and is presented in model 3. Model 3 provided a
good fit to the data with significant loadings for all factor indicators at p<0.05. Models 2 and 3
were nested and significant improvement in fit for the model with the additional path (model
3) was confirmed: Δχ2(1) = 9.074, p<0.005. Model 3 explained 14% of the variance in risk per-
ception, 34% of the variance in risk-taking behaviour and 19% of the variance in social anxiety.
These values and the standardised regression weights of model 3 are presented in Fig 1. A sen-
sitivity analysis for non-normality with bootstrapping (Bollen-Stine bootstrap p = 0.202) con-
firmed good model fit. Standardised indirect and total effects predicting risk-taking behaviour
are presented in Table 3, as well as the standard errors and 95% confidence intervals corre-
sponding to each parameter.

Structural equation modelling allows comparison of parameter estimates and model struc-
ture in different groups [50, 55]. Additional analyses comparing the models for males and
females to the corresponding model 3 with equality constraints resulted in Δχ²(20) = 23.240, n.

Fig 1. Path model exploring the relationship between risk perception, risk-taking behaviour, age, and personality characteristics. * p<0.05;
** p<0.01; *** p<0.001. Boxes represent observed variables. Long, solid arrows represent regressions. Short arrows represent residual error variances that
indicate the variation left unexplained by the variables in the path model. Numbers indicate the standardised regression weights and R2 indicates the amount
of variance explained by the model.

doi:10.1371/journal.pone.0153842.g001
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s. Model 3 was therefore concluded to be representative for the whole sample as well as for
both genders separately. As there is evidence to suggest that males are more focused on reward
[3] and are more impulsive [41] than females, while females are found to be more sensitive to
punishment [42, 43], the models for males and females were compared to the corresponding
model 3 with equality constraints for these particular pathways: reward, impulsiveness and sen-
sitivity to punishment with risk-taking and risk perception. None of the tests for invariance
were statistically significant (Δχ²(11) = 14.973, n.s. for the comparison of the models for males
and females to the corresponding model 3 with the path between reward and risk-taking con-
strained; Δχ²(11) = 16.138, n.s. for the comparison with the path between impulsiveness and
risk-taking constrained; Δχ²(11) = 14.575, n.s. for the comparison with the path between
impulsiveness and risk perception constrained; and Δχ²(11) = 14.884, n.s. for the comparison
with the path between behavioural inhibition and risk perception constrained), suggesting that
all factor loadings are equivalent across males and females.

In England, 7% of adolescents currently attend an independent school [56]. As in the cur-
rent sample more than 40% of the students attended an independent school, an extended
model (model 4) was generated including school type as a variable associated with risk-taking
behaviour, risk perception and age. The latter path was bi-directional and included age as stu-
dents attending an independent school were significantly older than students attending a com-
prehensive school (Z = -2.772, p<0.05, r = -0.17; independent school n = 122, median age 17.6,
range 13.4–19.7; comprehensive school n = 151, median age 16.1, range 13.6–18.5). Model
3 had the lower AIC compared to model 4 (AICmodel3 = 51.467 versus AICmodel4 = 62.120),
and was therefore concluded to be the better model [57] (S3 Fig and S1 Table for details on
model 4).

Discussion
The current study investigated the influence of personality characteristics and gender on ado-
lescents’ perception of risk as well as their risk-taking behaviour. Male and female participants
did not significantly differ in age or self-reported levels of sensitivity to reward and impulsive-
ness but males perceived behaviour as less risky, took more risks, were less sensitive to negative
outcomes and less socially anxious than female participants. Path analysis identified a model in
which age, behavioural inhibition and impulsiveness were directly associated with risk percep-
tion, while age, social anxiety, impulsiveness, sensitivity to reward, and risk perception itself
were directly associated with risk-taking behaviour. Furthermore, age and behavioural

Table 3. Standardised indirect and total effects for predicting risk-taking behaviour.

Predictor Mediator Indirect effects Total effects
S.E. 95% C.I.

Lower Upper

Behavioural inhibition -0.113 -0.113

Risk perception 0.051 -0.253 -0.053 -0.336

Social anxiety 0.051 -0.222 -0.022 -0.125

Impulsiveness 0.075 0.237

Risk perception 0.021 0.031 0.111 -0.336

Age 0.098 0.346

Risk perception 0.145 0.218 0.783 -0.336

Social anxiety 0.071 0.016 0.291 -0.125

The measures correspond to the model presented in Fig 1. S.E., standard error; C.I., confidence interval.

doi:10.1371/journal.pone.0153842.t003

Risk Perception and Risk-Taking Behaviour during Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0153842 April 21, 2016 7 / 14



inhibition had direct relationships with social anxiety and reward sensitivity was associated
with impulsiveness. The model provided good fit and was representative for the whole sample
as well as male and female groups separately.

Contrary to prediction, older age was associated with an increase in risk-taking behaviour in
our sample. Research suggests that the highest sensitivity to reward lies around 12–13 years of
age [6] and that behavioural control improves at a more steadily pace during adolescence [5],
leading us to the prediction that risk-taking in our sample would decrease with age. However,
many risk-taking behaviours, such as dangerous driving and excessive alcohol use, have been
shown to emerge, increase and peak between the ages of 12 and 18 [2]. Perhaps the freedom
that comes with age (e.g. being allowed to drive a car, drink alcohol) plays a more prominent
role in explaining the increase in risk-taking than anticipated. This argues for the careful con-
sideration of age in this context, in addition to the developmental context, in its impact on ado-
lescent risk-taking behaviour.

Social anxiety was influenced by age with older age in this sample indicating reduced con-
cern about social situations and perhaps reduced sensitivity to external social factors. Impor-
tantly, increased social anxiety was associated with reduced risk-taking behaviour but not risk
perception. This may be where adolescents differ from adults and this has therefore important
implications for reducing risk-taking behaviour in adolescence. Even though adolescents may
understand the riskiness of their behaviour and estimate their vulnerability to risk at a similar
level to adults [5, 40], other factors such as anxiety regarding social situations, but also sensitiv-
ity to reward and impulsiveness, may exert their influence and make these individuals prone to
taking risks. If these associations are proven causal, these factors are [58–60], and will continue
to be [61], important targets in prevention and intervention efforts to reduce risk-taking behav-
iour during adolescence.

Consistent with previous research [42, 43], males reported less inhibition of behaviour that
has potential negative outcomes than their female counterparts. As expected, increased beha-
vioural inhibition was associated with increased risk perception but there was no direct rela-
tionship with risk-taking behaviour. This association was indirect, mainly via social anxiety.
This suggests that one’s concern with both interactions in social situations and being observed
by others reduces risk-taking behaviour, particularly when negative consequences are obvious
or likely. This is consistent with recent findings of increased as well as reduced risk-taking
behaviour when in the presence of peers [62].

Male participants perceived behaviour as less risky and took more risks than females. This is
consistent with previous research showing females to be more risk averse than males [16].
Males may be more focused on the potential benefits than associated costs than females [3] but
this was not translated in increased sensitivity to reward for males compared to females in the
current study. It may rather be the perception of conducts to be less risky that fuelled male par-
ticipants to take more risks than their female counterparts. Indeed, risk perception was strongly
associated with risk-taking behaviour in model 3 with increased perception of risk reducing
risk-taking behaviour.

Consistent with previous findings [63], males were less socially anxious than females sug-
gesting less concern with the social situation they are acting in. Importantly, while male and
female participants scored significantly different on measures of risk perception, risk-taking
behaviour, behavioural inhibition and social anxiety, the model showing the relationships
between these characteristics and behaviours did not differ between genders. Increased percep-
tion of risk and increased social anxiety reduced risk-taking behaviour, regardless of gender,
and these factors were influenced by inhibition of behaviour with likely negative consequences.

Contrary to expectation [41], males were as impulsive as female participants and both gen-
ders were equally sensitive to potential rewards. Both factors showed a positive association
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with risk-taking behaviour which is consistent with previous research [24, 26, 27]. Interest-
ingly, only impulsiveness showed a direct relationship with risk perception. Acting before
thinking, not considering the future consequences of actions, and diminished attention reduce
risk perception and increase risk-taking behaviour during adolescence. Model 3 suggested an
important role for the interplay between sensitivity to reward and impulsiveness in association
with increased risk-taking behaviour, a finding that is widely supported [5, 34, 35].

Importantly, the study is cross-sectional and as such relationships between variables can be
identified but directionality is based on assumption. In order to test the predictive properties of
variables and the therewith associated mediation, a longitudinal design should be employed.
Older age in this study was associated with reduced risk perception and increased risk-taking
behaviour. As risk-taking peaks in adolescence and reduces with maturation [5], the median
age of the current sample (17 years) may suggest that the sample is at or close to the peak age
for risk-taking behaviour. Notably, the current study presents findings of a cross sectional sam-
ple that shows increased risk-taking behaviour in those with older age. This does not mean,
however, that if this sample was reassessed in a few years’ time, this association would have
reversed and those with older age would show reduced risk-taking behaviour. Longitudinal
studies will be needed to confirm the proposed quadratic relationship between age and risk-
taking behaviour, taking into account other factors such as personality, as is done in the current
study. Similarly, whether the relative influence of age on risk perception and social anxiety
comprises the same quadratic relationship as has been suggested for risk-taking behaviour [34,
64, 65] remains a topic of great interest for future research.

The current study limited itself to the assessment of personality characteristics on risk per-
ception and risk-taking behaviour. This does, however, not mean that the importance of
other factors such as genetics, including one’s genetic makeup and the level of riskiness dis-
played by first degree relatives, hormonal balance, psychological stress, emotion and peer
pressure should be ignored. Clearly, follow-up work would do well to be larger and cover
multiple domains together with more detailed information regarding demographics of the
sample. Future research should, for example, aim to combine assessment of state and trait
factors to increase understanding of the interplay between these factors. Ideally, this should
be done at different periods of development. Although a large sample spreading across the
ages of 13 to 20 years old was obtained, the generalisability of the findings with regards to
developmental processes is limited. Nevertheless, they present a model in which personality
traits and age affect risk perception and risk-taking behaviour. Risk perception and risk-tak-
ing behaviour may change over time and are likely to vary with age, and the same has been
shown for personality traits [66]. The current findings therefore suggest that their influence
on risk perception and risk-taking behaviour should be considered when investigating the
developmental processes that may influence risk perception and risk-taking behaviour dur-
ing adolescence. Notably, the current study did not include a measure of mental age. This
would have provided valuable insight into the relationship between brain maturation, risk
perception and risk-taking behaviour. It needs noting that the current study recruited partici-
pants who are attending school while it is likely that a disproportionate number of strong
risk-takers may be truants or may have dropped out of school. Whilst the percentage of par-
ticipants in the current study attending an independent school is not representative for the
national average (just over 40% versus 7%), the model without school type was shown to be
the better one. This suggests that the current findings may be generalisable to the national
adolescent population; however, replication in a sample with a more representative distribu-
tion is needed to confirm this.
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Conclusions
The current study investigated the influence of personality characteristics and gender on ado-
lescents’ risk perception and risk-taking behaviour. While gender differences in risk percep-
tion, risk-taking behaviour, behavioural inhibition and social anxiety were observed, the same
relationships between traits were shown for both genders. Age, behavioural inhibition and
impulsiveness were associated with risk perception and risk-taking behaviour was directly
associated with risk perception, age, social anxiety, impulsiveness and sensitivity to reward,
and indirectly with behavioural inhibition. Age and behavioural inhibition also exerted direct
influence on social anxiety, and reward sensitivity covaried with impulsiveness. The observed
relationships of age and behavioural inhibition with social anxiety in its association with risk-
taking behaviour may be key, particularly during adolescence. If future research is able to dem-
onstrate causality in this association, this would urge for consideration in prevention and inter-
vention efforts aimed at reducing risk-taking behaviour in this challenging age group. First
attempts have been promising [59, 60] and an increased understanding of the mechanisms
underlying individual differences in risk-taking behaviour (e.g. reward sensitivity, impulsive-
ness and social anxiety), as well as the vulnerabilities that occur during adolescence (i.e. the
heightened reactivity to reward coupled with a still immature ability to self-regulate), may sug-
gest ways in which prevention and intervention programs can be designed and administered to
be sensitive to both individual differences and developmental timing [61]. Together, the rela-
tionships observed in the current study increase our understanding of risk perception and risk-
taking behaviour in an adolescent sample and efforts should be made to investigate these per-
sonality characteristics within varying contexts and in a longitudinal setup to examine their rel-
ative influence in the interplay between state and trait factors within the developmental
context.

Supporting Information
S1 Fig. Path model exploring the relationship between risk perception, risk-taking
behaviour, age, school type, and personality characteristics. ^ p>0.05; � p<0.05; �� p<0.01;
��� p<0.001. Boxes represent observed variables. Long, solid arrows represent regressions.
Short arrows represent residual error variances that indicate the variation left unexplained by
the variables in the path model. Numbers indicate the standardised regression weights and R2

indicates the amount of variance explained by the model.
(TIFF)

S2 Fig. Path model exploring the relationship between risk perception, risk-taking behav-
iour, age, school type, and personality characteristics. � p<0.05; �� p<0.01; ��� p<0.001.
Boxes represent observed variables. Long, solid arrows represent regressions. Short arrows rep-
resent residual error variances that indicate the variation left unexplained by the variables in
the path model. Numbers indicate the standardised regression weights and R2 indicates the
amount of variance explained by the model.
(TIFF)

S3 Fig. Path model exploring the relationship between risk perception, risk-taking behav-
iour, age, school type, and personality characteristics. � p<0.05; �� p<0.01; ��� p<0.001.
Boxes represent observed variables. Long, solid arrows represent regressions. Short arrows rep-
resent residual error variances that indicate the variation left unexplained by the variables in
the path model. Numbers indicate the standardised regression weights and R2 indicates the
amount of variance explained by the model.
(TIFF)

Risk Perception and Risk-Taking Behaviour during Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0153842 April 21, 2016 10 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153842.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153842.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153842.s003


S1 Table. Goodness of fit tests and indices. df = degrees of freedom, RMSEA = Root Mean
Squared Error of Approximation, CI = confidence interval, CFI = Bentler’s Comparative Fit
Index, TLI = Tucker-Lewis Index, SRMR = Standardised Root Mean Square Residual and
AIC = Aikaike’s Information Criterion
(DOCX)

Acknowledgments
The authors would like to thank the schools and parents/legal guardians for their collaboration
with the research team and the students for their interest and participation in the research.

Author Contributions
Conceived and designed the experiments: RLEPR SJW. Performed the experiments: RLEPR
LM. Analyzed the data: RLEPR. Contributed reagents/materials/analysis tools: RLEPR LM
SPB. Wrote the paper: RLEPR LM AL SPB SJW.

References
1. Ernst M, Pine DS, Hardin M. Triadic model of the neurobiology of motivated behavior in adolescence.

Psychol Med. 2006; 36(3):299–312. Epub 2006/02/14. doi: S0033291705005891 [pii] doi: 10.1017/
S0033291705005891 PMID: 16472412; PubMed Central PMCID: PMC2733162.

2. Boyer TW. The development of risk-taking: a multi-perspective review. Dev Rev. 2006; 26:291–345.

3. 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(4):625–35. Epub 2005/08/
03. doi: 2005-08221-004 [pii] doi: 10.1037/0012-1649.41.4.625 PMID: 16060809.

4. Arnett JJ. Emerging adulthood. A theory of development from the late teens through the twenties. Am
Psychol. 2000; 55(5):469–80. Epub 2000/06/08. PMID: 10842426.

5. Steinberg L. A Social Neuroscience Perspective on Adolescent Risk-Taking. Dev Rev. 2008; 28(1):78–
106. Epub 2008/05/30. doi: 10.1016/j.dr.2007.08.002 PMID: 18509515; PubMed Central PMCID:
PMC2396566.

6. Steinberg L. A dual systems model of adolescent risk-taking. Dev Psychobiol. 2010; 52(3):216–24.
Epub 2010/03/10. doi: 10.1002/dev.20445 PMID: 20213754.

7. Steinberg L. Cognitive and affective development in adolescence. Trends in Cognitive Sciences. 2005;
9(2):69–74. Epub 2005/01/26. doi: S1364-6613(04)00317-1 [pii] doi: 10.1016/j.tics.2004.12.005 PMID:
15668099.

8. Steinberg L, Monahan KC. Age differences in resistance to peer influence. Dev Psychol. 2007; 43
(6):1531–43. Epub 2007/11/21. doi: 2007-16709-020 [pii] doi: 10.1037/0012-1649.43.6.1531 PMID:
18020830; PubMed Central PMCID: PMC2779518.

9. Pfeifer JH, Masten CL, Moore WE 3rd, Oswald TM, Mazziotta JC, Iacoboni M, et al. Entering adoles-
cence: resistance to peer influence, risky behavior, and neural changes in emotion reactivity. Neuron.
2011; 69(5):1029–36. Epub 2011/03/09. doi: S0896-6273(11)00117-6 [pii] doi: 10.1016/j.neuron.2011.
02.019 PMID: 21382560.

10. Anokhin AP, Golosheykin S, Grant J, Heath AC. Heritability of risk-taking in adolescence: a longitudinal
twin study. Twin Research and Human Genetics: the official journal of the International Society for Twin
Studies. 2009; 12(4):366–71. Epub 2009/08/06. doi: 10.1375/twin.12.4.366 PMID: 19653837; PubMed
Central PMCID: PMCPMC3077362.

11. Mata R, Hau R, Papassotiropoulos A, Hertwig R. DAT1 polymorphism is associated with risk taking in
the Balloon Analogue Risk Task (BART). PLoS One. 2012; 17(6):e39135. Epub 2012/06/23. PubMed
Central PMCID: PMCPMC3377600.

12. Amstadter AB, Macpherson L, Wang F, Banducci AN, Reynolds EK, Potenza MN, et al. The relation-
ship between risk-taking propensity and the COMT Val(158)Met polymorphism among early adoles-
cents as a function of sex. J Psychiatr Res. 2012; 46(7):940–5. Epub 2012/05/12. doi: 10.1016/j.
jpsychires.2012.04.010 PMID: 22575334; PubMed Central PMCID: PMCPMC3687344.

13. Heitland I, Oosting RS, Baas JM, Massar SA, Kenemans JL, Bocker KB. Genetic polymorphisms of the
dopamine and serotonin systems modulate the neurophysiological response to feedback and risk tak-
ing in healthy humans. Cognitive, affective & behavioral neuroscience. 2012; 12(4):678–91. Epub

Risk Perception and Risk-Taking Behaviour during Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0153842 April 21, 2016 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153842.s004
http://dx.doi.org/10.1017/S0033291705005891
http://dx.doi.org/10.1017/S0033291705005891
http://www.ncbi.nlm.nih.gov/pubmed/16472412
http://dx.doi.org/10.1037/0012-1649.41.4.625
http://www.ncbi.nlm.nih.gov/pubmed/16060809
http://www.ncbi.nlm.nih.gov/pubmed/10842426
http://dx.doi.org/10.1016/j.dr.2007.08.002
http://www.ncbi.nlm.nih.gov/pubmed/18509515
http://dx.doi.org/10.1002/dev.20445
http://www.ncbi.nlm.nih.gov/pubmed/20213754
http://dx.doi.org/10.1016/j.tics.2004.12.005
http://www.ncbi.nlm.nih.gov/pubmed/15668099
http://dx.doi.org/10.1037/0012-1649.43.6.1531
http://www.ncbi.nlm.nih.gov/pubmed/18020830
http://dx.doi.org/10.1016/j.neuron.2011.02.019
http://dx.doi.org/10.1016/j.neuron.2011.02.019
http://www.ncbi.nlm.nih.gov/pubmed/21382560
http://dx.doi.org/10.1375/twin.12.4.366
http://www.ncbi.nlm.nih.gov/pubmed/19653837
http://dx.doi.org/10.1016/j.jpsychires.2012.04.010
http://dx.doi.org/10.1016/j.jpsychires.2012.04.010
http://www.ncbi.nlm.nih.gov/pubmed/22575334


2012/07/20. doi: 10.3758/s13415-012-0108-8 PMID: 22810728; PubMed Central PMCID:
PMCPMC3505534.

14. Mehta PH, Welker KM, Zilioli S, Carre JM. Testosterone and cortisol jointly modulate risk-taking. Psy-
choneuroendocrinology. 2015; 56:88–99. Epub 2015/03/31. doi: 10.1016/j.psyneuen.2015.02.023
PMID: 25813123.

15. Daughters SB, Gorka SM, Matusiewicz A, Anderson K. Gender specific effect of psychological stress
and cortisol reactivity on adolescent risk taking. J Abnorm Child Psychol. 2013; 41(5):749–58. Epub
2013/01/23. doi: 10.1007/s10802-013-9713-4 PMID: 23338478; PubMed Central PMCID:
PMCPMC3681843.

16. Van Leijenhorst L, Westenberg PM, Crone EA. A developmental study of risky decisions on the cake
gambling task: age and gender analyses of probability estimation and reward evaluation. Developmen-
tal Neuropsychology. 2008; 33(2):179–96. Epub 2008/04/30. doi: 791652740 [pii] doi: 10.1080/
87565640701884287 PMID: 18443976.

17. Barr GC Jr., Kane KE, Barraco RD, Rayburg T, Demers L, Kraus CK, et al. Gender differences in per-
ceptions and self-reported driving behaviors among teenagers. The Journal of emergency medicine.
2015; 48(3):366–70 e3. Epub 2014/12/17. doi: 10.1016/j.jemermed.2014.09.055 PMID: 25497842.

18. Victor EC, Sansosti AA, Bowman HC, Hariri AR. Differential patterns of amygdala and ventral striatum
activation predict gender-specific changes in sexual risk behavior. The Journal of Neuroscience: The
official journal of the Society for Neuroscience. 2015; 35(23):8896–900. Epub 2015/06/13. doi: 10.
1523/jneurosci.0737-15.2015 PMID: 26063921; PubMed Central PMCID: PMCPMC4461692.

19. Steinberg L, Cauffman E. Maturity of judgment in adolescence: Psychosocial factors in adolescent
decision making. Law Hum Behav. 1996; 20(3):249–72.

20. Sercombe H. Risk, adaptation and the functional teenage brain. Brain Cogn. 2014. Epub 2014/01/29.
doi: 10.1016/j.bandc.2014.01.001 PMID: 24468052.

21. Carver CS, White TL. Behavioral inhibition, behavioral activation, and affective responses to impending
reward and punishment: The BIS/BAS Scales. J Pers Soc Psychol. 1994; 67:319–33.

22. Moeller FG, Barratt ES, Dougherty DM, Schmitz JM, Swann AC. Psychiatric aspects of impulsivity. The
American journal of psychiatry. 2001; 158(11):1783–93. PMID: 11691682

23. Deckman T, DeWall CN. Negative urgency and risky sexual behaviors: a clarification of the relationship
between impulsivity and risky sexual behavior. Personality and Individual Differences. 2011; 51:674–8.

24. Lejuez CW, Read JP, Kahler CW, Richards JB, Ramsey SE, Stuart GL, et al. Evaluation of a behavioral
measure of risk taking: the Balloon Analogue Risk Task (BART). Journal of Experimental Psychology
Applied. 2002; 8(2):75–84. PMID: 12075692.

25. 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. Developmental Science. 2010; 14:1–10.

26. Scott-Parker B, Watson B, King MJ, Hyde MK. The influence of sensitivity to reward and punishment,
propensity for sensation seeking, depression, and anxiety on the risky behaviour of novice drivers: a
path model. Br J Psychol. 2012; 103(2):248–67. Epub 2012/04/18. doi: 10.1111/j.2044-8295.2011.
02069.x PMID: 22506749.

27. Robbins RN, Bryan A. Relationships Between Future Orientation, Impulsive Sensation Seeking, and
Risk Behavior Among Adjudicated Adolescents. Journal of Adolescent Research. 2004; 19(4):428–45.
Epub 2006/01/24. doi: 10.1177/0743558403258860 PMID: 16429605; PubMed Central PMCID:
PMC1317100.

28. Lauriola M, Leven IP. Personality traits and risky decision-making in a controlled experimental task: an
exploratory study. Personality & Individual Differences. 2001; 31(2):215–26.

29. Nicholson N, Soane E, Fenton-O'Creevy M, Willman P. Personality and domain-specific risk taking.
Journal of Risk Research. 2005; 8(2):157–76.

30. Gullone E, Moore S, Moss S, Boyd C. The Adolescent Risk-taking Questionnaire: Development and
Psychometric Evaluation. Journal of Adolescent Research. 2000; 15:231–50.

31. Mitchell SH, Schoel C, Stevens AA. Mechanisms underlying heightened risk taking in adolescents as
compared with adults. Psychonomic Bulletin & Review. 2008; 15(2):272–7. Epub 2008/05/21. PMID:
18488639; PubMed Central PMCID: PMC2825152.

32. Galvan A, Hare T, Voss H, Glover G, Casey BJ. Risk-taking and the adolescent brain: who is at risk?
Developmental Science. 2007; 10(2):F8–F14. Epub 2007/02/09. doi: DESC579 [pii] doi: 10.1111/j.
1467-7687.2006.00579.x PMID: 17286837.

33. Tymula A, Rosenberg Belmaker LA, Roy AK, Ruderman L, Manson K, Glimcher PW, et al. Adolescents'
risk-taking behavior is driven by tolerance to ambiguity. Proc Natl Acad Sci U S A. 2012; 109
(42):17135–40. Epub 2012/10/03. doi: 1207144109 [pii] doi: 10.1073/pnas.1207144109 PMID:
23027965; PubMed Central PMCID: PMC3479478.

Risk Perception and Risk-Taking Behaviour during Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0153842 April 21, 2016 12 / 14

http://dx.doi.org/10.3758/s13415-012-0108-8
http://www.ncbi.nlm.nih.gov/pubmed/22810728
http://dx.doi.org/10.1016/j.psyneuen.2015.02.023
http://www.ncbi.nlm.nih.gov/pubmed/25813123
http://dx.doi.org/10.1007/s10802-013-9713-4
http://www.ncbi.nlm.nih.gov/pubmed/23338478
http://dx.doi.org/10.1080/87565640701884287
http://dx.doi.org/10.1080/87565640701884287
http://www.ncbi.nlm.nih.gov/pubmed/18443976
http://dx.doi.org/10.1016/j.jemermed.2014.09.055
http://www.ncbi.nlm.nih.gov/pubmed/25497842
http://dx.doi.org/10.1523/jneurosci.0737-15.2015
http://dx.doi.org/10.1523/jneurosci.0737-15.2015
http://www.ncbi.nlm.nih.gov/pubmed/26063921
http://dx.doi.org/10.1016/j.bandc.2014.01.001
http://www.ncbi.nlm.nih.gov/pubmed/24468052
http://www.ncbi.nlm.nih.gov/pubmed/11691682
http://www.ncbi.nlm.nih.gov/pubmed/12075692
http://dx.doi.org/10.1111/j.2044-8295.2011.02069.x
http://dx.doi.org/10.1111/j.2044-8295.2011.02069.x
http://www.ncbi.nlm.nih.gov/pubmed/22506749
http://dx.doi.org/10.1177/0743558403258860
http://www.ncbi.nlm.nih.gov/pubmed/16429605
http://www.ncbi.nlm.nih.gov/pubmed/18488639
http://dx.doi.org/10.1111/j.1467-7687.2006.00579.x
http://dx.doi.org/10.1111/j.1467-7687.2006.00579.x
http://www.ncbi.nlm.nih.gov/pubmed/17286837
http://dx.doi.org/10.1073/pnas.1207144109
http://www.ncbi.nlm.nih.gov/pubmed/23027965


34. Van Leijenhorst L, Gunther Moor B, Op de Macks ZA, Rombouts SA, Westenberg PM, Crone EA. Ado-
lescent risky decision-making: neurocognitive development of reward and control regions. Neuroimage.
2010; 51(1):345–55. Epub 2010/03/02. doi: S1053-8119(10)00206-5 [pii] doi: 10.1016/j.neuroimage.
2010.02.038 PMID: 20188198.

35. Casey B, Jones RM, Somerville LH. Braking and Accelerating of the Adolescent Brain. Journal of
Research on Adolescence. 2011; 21(1):21–33. Epub 2011/04/09. doi: 10.1111/j.1532-7795.2010.
00712.x PMID: 21475613; PubMed Central PMCID: PMC3070306.

36. Collins HR, Corbly CR, Liu X, Kelly TH, Lynam D, Joseph JE. Too little, too late or too much, too early?
Differential hemodynamics of response inhibition in high and low sensation seekers. Brain Res. 2012;
1481:1–12. Epub 2012/08/21. doi: S0006-8993(12)01295-4 [pii] doi: 10.1016/j.brainres.2012.08.004
PMID: 22902769; PubMed Central PMCID: PMC3637656.

37. Joseph JE, Liu X, Jiang Y, Lynam D, Kelly TH. Neural correlates of emotional reactivity in sensation
seeking. Psychological Science 2009; 20(2):215–23. Epub 2009/02/19. doi: PSCI2283 [pii] doi: 10.
1111/j.1467-9280.2009.02283.x PMID: 19222814; PubMed Central PMCID: PMC3150539.

38. Millstein SG, Halpern-Felsher BL. Perceptions of risk and vulnerability. J Adolesc Health. 2002; 31(1
Suppl):10–27. Epub 2002/07/03. doi: S1054139X02004123 [pii]. PMID: 12093608.

39. Barkley-Levenson EE, Van Leijenhorst L, Galvan A. Behavioral and neural correlates of loss aversion
and risk avoidance in adolescents and adults. Developmental Cognitive Neuroscience. 2013; 3:72–83.
Epub 2012/12/19. doi: S1878-9293(12)00082-5 [pii] doi: 10.1016/j.dcn.2012.09.007 PMID: 23245222.

40. Reyna VF, Farley F. Risk and rationality in adolescent decision-making: implications for theory, prac-
tice, and public policy. Psychological Science in the Public Interest. 2006; 7:1–44. doi: 10.1111/j.1529-
1006.2006.00026.x PMID: 26158695

41. Waldeck TL, Miller LS. Gender and impulsivity differences in licit substance use. J Subst Abuse. 1997;
9:269–75. PMID: 9494954

42. Lee TM, Chan CC, Leung AW, Fox PT, Gao JH. Sex-related differences in neural activity during risk
taking: an fMRI study. Cereb Cortex. 2009; 19(6):1303–12. Epub 2008/10/10. doi: bhn172 [pii] doi: 10.
1093/cercor/bhn172 PMID: 18842666; PubMed Central PMCID: PMC2677650.

43. van den Bos R, Homberg J, de Visser L. A critical review of sex differences in decision-making tasks:
focus on the Iowa Gambling Task. Behav Brain Res. 2013; 238:95–108. Epub 2012/10/20. doi: S0166-
4328(12)00641-9 [pii] doi: 10.1016/j.bbr.2012.10.002 PMID: 23078950.

44. Tabachnick BG, Fidell LS. Using multivariate statistics. NeedhamHeights, MA: Allyn & Bacon; 2001.

45. Gullone E, Moore S. Adolescent risk-taking and the five-factor model of personality. J Adolesc. 2000;
23(4):393–407. Epub 2000/08/11. doi: 10.1006/jado.2000.0327 S0140-1971(00)90327-0 [pii]. PMID:
10936013.

46. Leone L, Perugini M, Bagozzi RP, Pierro A, Mannetti L. Construct validity and generalizability of the
Carver-White behavioural inhibition system/behavioural activation system scales. European Journal of
Personality. 2001; 15:373–90.

47. Patton JH, Stanford MS, Barratt ES. Factor structure of the Barratt impulsiveness scale. J Clin Psychol.
1995; 51(6):768–74. PMID: 8778124

48. Stanford MS, MAthias CW, Dougherty DM, Lake SL, Anderson NE, Patton JH. Fifty years of the Barratt
Impulsiveness Scale: An update and review. Personality & Individual Differences. 2009; 47:385–95.

49. Mattick RP, Clarke JC. Development and validation of measures of social phobia scrutiny fear and
social interaction anxiety. Behav Res Ther. 1998; 36(4):455–70. Epub 1998/07/22. PMID: 9670605.

50. Byrne BM. Structural Equation ModelingWith AMOS: Basic Concepts, Applications, and Programming.
Mahwah, New Yersey: Lawrence Erlbaum Associates; 2001.

51. Ullman JB. Structural Equation Modeling. In: Tabachnick BG, Fidell LS, editors. Using Multivariate Sta-
tistics. NeedhamHeights, MA: Allyn & Bacon; 2001. p. 653–771.

52. Rosenthal R. Meta-analytic procedures for social research. Revised ed. Newbury park, CA: Sage;
1991.

53. Field A. Discovering statistics using SPSS. 2nd ed. Wright DB, editor. London: SAGE Publications
Ltd; 2005.

54. Strang NM, Chein JM, Steinberg L. The value of the dual systems model of adolescent risk-taking.
Frontiers in human neuroscience. 2013; 7:223. Epub 2013/06/12. doi: 10.3389/fnhum.2013.00223
PMID: 23750132; PubMed Central PMCID: PMCPMC3664310.

55. Carlsson M, Hamrin E. Evaluation of the life satisfaction questionnaire (LSQ) using structural equation
modelling (SEM). Quality of Life Research: an International Journal of Quality of Life Aspects of Treat-
ment, Care and Rehabilitation. 2002; 11(5):415–25. PMID: 12113389.

Risk Perception and Risk-Taking Behaviour during Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0153842 April 21, 2016 13 / 14

http://dx.doi.org/10.1016/j.neuroimage.2010.02.038
http://dx.doi.org/10.1016/j.neuroimage.2010.02.038
http://www.ncbi.nlm.nih.gov/pubmed/20188198
http://dx.doi.org/10.1111/j.1532-7795.2010.00712.x
http://dx.doi.org/10.1111/j.1532-7795.2010.00712.x
http://www.ncbi.nlm.nih.gov/pubmed/21475613
http://dx.doi.org/10.1016/j.brainres.2012.08.004
http://www.ncbi.nlm.nih.gov/pubmed/22902769
http://dx.doi.org/10.1111/j.1467-9280.2009.02283.x
http://dx.doi.org/10.1111/j.1467-9280.2009.02283.x
http://www.ncbi.nlm.nih.gov/pubmed/19222814
http://www.ncbi.nlm.nih.gov/pubmed/12093608
http://dx.doi.org/10.1016/j.dcn.2012.09.007
http://www.ncbi.nlm.nih.gov/pubmed/23245222
http://dx.doi.org/10.1111/j.1529-1006.2006.00026.x
http://dx.doi.org/10.1111/j.1529-1006.2006.00026.x
http://www.ncbi.nlm.nih.gov/pubmed/26158695
http://www.ncbi.nlm.nih.gov/pubmed/9494954
http://dx.doi.org/10.1093/cercor/bhn172
http://dx.doi.org/10.1093/cercor/bhn172
http://www.ncbi.nlm.nih.gov/pubmed/18842666
http://dx.doi.org/10.1016/j.bbr.2012.10.002
http://www.ncbi.nlm.nih.gov/pubmed/23078950
http://dx.doi.org/10.1006/jado.2000.0327
http://www.ncbi.nlm.nih.gov/pubmed/10936013
http://www.ncbi.nlm.nih.gov/pubmed/8778124
http://www.ncbi.nlm.nih.gov/pubmed/9670605
http://dx.doi.org/10.3389/fnhum.2013.00223
http://www.ncbi.nlm.nih.gov/pubmed/23750132
http://www.ncbi.nlm.nih.gov/pubmed/12113389


56. Department for Education. Schools, pupils and their characteristics: January 2014. In: Education Df,
editor. 2014.

57. Burnham KP, Anderson DR. Model Selection and Inference. New York: Springer-Verlag; 1998.

58. Kellam SG, WangW, Mackenzie AC, Brown CH, Ompad DC, Or F, et al. The impact of the Good
Behavior Game, a universal classroom-based preventive intervention in first and second grades, on
high-risk sexual behaviors and drug abuse and dependence disorders into young adulthood. Preven-
tion science: the official journal of the Society for Prevention Research. 2014; 15 Suppl 1:S6–18. Epub
2012/10/17. doi: 10.1007/s11121-012-0296-z PMID: 23070695; PubMed Central PMCID:
PMCPMC3808514.

59. Avants SK, Margolin A, Kosten TR, Rounsaville BJ, Schottenfeld RS. When is less treatment better?
The role of social anxiety in matching methadone patients to psychosocial treatments. J Consult Clin
Psychol. 1998; 66(6):924–31. Epub 1999/01/06. PMID: 9874905.

60. Conrod PJ, O'Leary-Barrett M, Newton N, Topper L, Castellanos-Ryan N, Mackie C, et al. Effectiveness
of a selective, personality-targeted prevention program for adolescent alcohol use and misuse: a clus-
ter randomized controlled trial. JAMA psychiatry. 2013; 70(3):334–42. Epub 2013/01/25. doi: 10.1001/
jamapsychiatry.2013.651 PMID: 23344135.

61. Jackson-Newsom J, Shelton TL. Psychobiological models of adolescent risk: implications for preven-
tion and intervention. Dev Psychobiol. 2010; 52(3):295–7. Epub 2010/03/23. doi: 10.1002/dev.20458
PMID: 20306501.

62. Reniers RL, Beavan A, Keogan L, Furneaux A, Mayhew S, Wood SJ. Is it all in the reward? Peers influ-
ence risk-taking behaviour in young adulthood. British journal of psychology (London, England: 1953).
In Press. Epub 2016/03/19. doi: 10.1111/bjop.12195 PMID: 26990740.

63. Kupper N, Denollet J. Social anxiety in the general population: introducing abbreviated versions of
SIAS and SPS. J Affect Disord. 2012; 136(1–2):90–8. Epub 2011/09/10. doi: 10.1016/j.jad.2011.08.
014 PMID: 21903277.

64. Burnett S, Bault N, Coricelli G, Blakemore SJ. Adolescents' heightened risk-seeking in a probabilistic
gambling task. Cognitive development. 2010; 25(2):183–96. Epub 2010/08/07. doi: 10.1016/j.cogdev.
2009.11.003 PMID: 20689728; PubMed Central PMCID: PMCPMC2896475.

65. Cauffman E, Shulman EP, Steinberg L, Claus E, Banich MT, Graham S, et al. Age differences in affec-
tive decision making as indexed by performance on the Iowa Gambling Task. Dev Psychol. 2010; 46
(1):193–207. Epub 2010/01/08. doi: 10.1037/a0016128 PMID: 20053017.

66. Wortman J, Lucas RE, Donnellan MB. Stability and change in the Big Five personality domains: evi-
dence from a longitudinal study of Australians. Psychology and aging. 2012; 27(4):867–74. Epub 2012/
07/11. doi: 10.1037/a0029322 PMID: 22775362.

Risk Perception and Risk-Taking Behaviour during Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0153842 April 21, 2016 14 / 14

http://dx.doi.org/10.1007/s11121-012-0296-z
http://www.ncbi.nlm.nih.gov/pubmed/23070695
http://www.ncbi.nlm.nih.gov/pubmed/9874905
http://dx.doi.org/10.1001/jamapsychiatry.2013.651
http://dx.doi.org/10.1001/jamapsychiatry.2013.651
http://www.ncbi.nlm.nih.gov/pubmed/23344135
http://dx.doi.org/10.1002/dev.20458
http://www.ncbi.nlm.nih.gov/pubmed/20306501
http://dx.doi.org/10.1111/bjop.12195
http://www.ncbi.nlm.nih.gov/pubmed/26990740
http://dx.doi.org/10.1016/j.jad.2011.08.014
http://dx.doi.org/10.1016/j.jad.2011.08.014
http://www.ncbi.nlm.nih.gov/pubmed/21903277
http://dx.doi.org/10.1016/j.cogdev.2009.11.003
http://dx.doi.org/10.1016/j.cogdev.2009.11.003
http://www.ncbi.nlm.nih.gov/pubmed/20689728
http://dx.doi.org/10.1037/a0016128
http://www.ncbi.nlm.nih.gov/pubmed/20053017
http://dx.doi.org/10.1037/a0029322
http://www.ncbi.nlm.nih.gov/pubmed/22775362


Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Reniers, RLEP;Murphy, L;Lin, A;Bartolome, SP;Wood, SJ

Title:
Risk Perception and Risk-Taking Behaviour during Adolescence: The Influence of
Personality and Gender

Date:
2016-04-21

Citation:
Reniers, R. L. E. P., Murphy, L., Lin, A., Bartolome, S. P. & Wood, S. J. (2016). Risk
Perception and Risk-Taking Behaviour during Adolescence: The Influence of Personality and
Gender. PLOS ONE, 11 (4), https://doi.org/10.1371/journal.pone.0153842.

Persistent Link:
http://hdl.handle.net/11343/256214

License:
CC BY

http://hdl.handle.net/11343/256214
CC%20BY

