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The development and potential co-development of traits related to impulsivity and sensation seeking across ad-
olescencehas garnered substantial attentionwithin the extant literature. Someprior research suggests that facets
show distinct patterns of change across adolescence and that intraindividual changes in these traits may be un-
related. However, the extant literature is somewhat hampered bymeasurement issues and inconsistent findings.
Using an accelerated longitudinal design in a sample of adolescents (n=1018; ages 11–16), changes in negative
urgency, positive urgency, and sensation seeking were examined. The three facets showed similar trajectories
across time (i.e., increasing during early adolescence before leveling off). Across all facets, there was strong
evidence of correlated change, suggesting these traits are, developmentally, strongly related phenomena.
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1. Introduction

Spanningmultiple research domains and disciplines, there has been
extensive interest in trait “impulsivity” and its relation to various out-
comes. As noted by Cyders (2015), impulsivity is the most common cri-
terion in the Diagnostic and Statistical Manual (DSM-5; APA, 2013) and
is considered to be a key transdiagnostic endophenotype of risk for nu-
merous clinical disorders (see Berg, Latzman, Bliwise & Lilienfeld, in
press; Cyders, Coskunpinar & VanderVeen, in press; Verdejo-García,
Lawrence, & Clark, 2008).

Although multiple approaches to defining and assessing impulsivity
exist (see Evenden, 1999), recent research has increasingly focused on
defining and assessing more narrow-band measures of impulsivity-
like traits. This is based on the recognition that many measures of
“impulsivity” appear to tap different behavioral tendencies (Cyders,
2015). Perhaps the clearest example of designing more refined
measures of impulsivity is the work by Whiteside and Lynam (2001)
and subsequently Cyders et al. (2007), which identified five distinct im-
pulsivity facets (assessed via the UPPS-P Impulsive Behavior Scale;
Lynam, Smith, Whiteside, & Cyders, 2006), including negative urgency
(the tendency to act rashly in response to distress), positive urgency
efield), angela.stevens@ttu.edu
llingson), kingkm@uw.edu
(the tendency to engage in rash actions when in an unusually positive
mood), and sensation seeking (the tendency to seek out novel and
thrilling experiences). Negative and positive urgency appear to load
on a higher-order factor reflecting emotion-based rash action, whereas
sensation seeking appears to be a distinct trait that correlatesmoderate-
ly with trait urgency in undergraduate samples (Cyders & Smith, 2007).
Notably, negative urgency, positive urgency, and sensation seeking have
been linked to various outcomes related to psychopathology (see Berg
et al., in press, for a recent meta-analytic review focused on the UPPS-
P). Given the extensive psychometric evaluation of this scale, the
UPPS-P is the recommended measure to assess “disinhibiting behav-
iors/impulsivity” for both the adolescent and adult protocols from the
National Human Genome Research Institute funded PhenX Toolkit
(Hamilton, Strader, Pratt, et al., 2011), which “provides the research
community with a core set of high-quality, well-established, low-
burden measures.” (Hamilton et al., 2011, p. 1).

Concurrently, there has also been extensive interest in documenting
the development and potential co-development of traits related to sen-
sation seeking and “impulsivity” during adolescence across various re-
search domains (e.g., Burt, Sweeten, & Simons, 2014; Collado, Felton,
Macpherson, & Lejuez, 2014; Harden & Tucker-Drob, 2011; Pedersen,
Molina, Belendiuk, & Donovan, 2012; Quinn & Harden, 2013; Romer,
2010; Romer & Hennessy, 2007; Shulman, Harden, Chein, & Steinberg,
2014; Settles, Zapolski, & Smith, 2014; Steinberg et al., 2008).
Neurodevelopmental changes evident during adolescence in both the
prefrontal cortex and the limbic system appear to influence changes in
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phenomena related to impulsivity during adolescence (see Casey et al.,
2010; Romer, 2010 for overviews). Further, cross-sectional, self-
reported data indicate that sensation seeking increases through early
adolescence before declining in later adolescence (e.g., Steinberg et al.,
2008; Romer & Hennessy, 2007; see Collado et al., 2014, for a recent re-
view), though the peak age of sensation seeking varies across studies
(e.g., approximately at age 15 in Steinberg et al. and approximately
age 17 in Romer and Hennessy). Steinberg et al. (2008) also demon-
strated that a trait labeled impulsivity (in this work, a heterogeneous
measure that included motor impulsivity, delayed gratification, and
lack of perseverance) showed mean-level patterns distinct from sensa-
tion seeking, with a monotonic decline with age, such that impulsivity
tended to be lower on average among older participants. Based on
their findings regarding mean-level change in cross-sectional data,
Steinberg et al. (2008) concluded that impulsivity and sensation seeking
are distinct traits and hypothesized that they are strongly influenced by
distinct neurodevelopmental processes in adolescence.

However, prospective studies that have examined the development
and co-development of measures related to impulsivity and sensation
seeking across adolescence (Burt et al., 2014; Collado et al., 2014;
Harden & Tucker-Drob, 2011; Pedersen et al., 2012) suggests a more
complicated picture regarding change in impulsivity and sensation
seeking. In part reflecting different measurement approaches, findings
for “impulsivity” appear to vary across studies, with some data indicat-
ing mean-level stability in impulsivity across adolescence (Pedersen
et al., 2012), other work indicating decreases (Harden & Tucker-Drob,
2011), whereas other findings suggest a quadratic pattern similar to
that of sensation seeking in earlier cross-sectional work (Burt et al.,
2014; Collado et al., 2014). Not surprisingly given the relative consisten-
cy inmeasurement across studies, findings for sensation seeking appear
to be more reliable, such that this trait appears to increase during ado-
lescence (Collado et al., 2014; Harden & Tucker-Drob, 2011; Pedersen
et al., 2012). Notably, data from Burt et al. (2014) indicated that sensa-
tion seeking decreased from ages 11 to 24 in a sample of 775 African
American participants.

The extent to which individual differences in “impulsivity” and sen-
sation seeking overlap varies across studies. Harden and Tucker-Drob
(2011) demonstrated that linear growth in impulsivity and sensation
seeking showed modest overlap (r= .21) that was not statistically sig-
nificant. Linear slopes for sensation seeking and impulsivitywere signif-
icantly but moderately correlated in the Pedersen et al. data (r = .27,
p b .01; Pedersen, personal communication). Using the data also utilized
in the aforementioned Harden and Tucker-Drob study, Quinn and
Harden (2013)modeled a non-linear slope of impulsivity and sensation
seeking (rather thanmodeling linear and quadratic slopes, the approach
used in Harden & Tucker-Drob, 2011) using identical measures across a
similar timeframe (age 15–26) and found a strong correlation (r= .67)
between changes in sensation seeking and impulsivity. As opposed to
prior work, the high magnitude correlation between sensation seeking
and impulsivity slopes found in Quinn and Harden suggests individual
differences in intraindividual change are strongly linked.

In sum, there has been an increasing interest in better understanding
the development of traits associated with impulsivity and sensation
seeking and whether individual differences in development are related
across these traits. Overall, substantive conclusions from the extant lit-
erature examining change in impulsivity and sensation seeking appear
to be influenced by approaches to design (cross-sectional vs. prospec-
tive), measurement (various operationalizations of “impulsivity”), and
analysis (e.g., specific modeling approach for latent growth modeling).
Although traits related to urgency (both positive and negative) seem
to be the most predictive of numerous risky behaviors (see Berg et al.,
in press) compared to other impulsivity facets, only one prospective
study (to our knowledge) has examined the urgency measures during
adolescence. Settles et al. (2014) reported means of positive urgency,
but these spanned a very short interval, from spring of 5th grade
through spring of 6th grade.
Thus, using a sample of adolescents assessed fromages 11–16,we ex-
amined mean-level changes in negative urgency, positive urgency, and
sensation seeking and the extent to which intraindividual changes in
these traits correlate across time. We hypothesized that changes in pos-
itive and negative urgency would be strongly related, thoughwe did not
offer any hypotheses regarding the relation between changes in sensa-
tion seeking and these urgency facets given the limited extant literature.

2. Method

2.1. Participants

Data were drawn from an ongoing three-year study on alcohol
initiation and progression (see Jackson et al., 2014, for more details) in-
volving 1023 students from six Rhode Islandmiddle schools;five partic-
ipants did not completeUPPS-Pmeasures, resulting in an overall sample
size of 1018. In the current sample, 52% of participants were female, and
76% participants wereWhite, 5%were African American, 8%weremixed
race/ethnicity, and 11%were other race/ethnicity; 12% self-identified as
Hispanic ethnicity.

Participants were recruited through the schools (see Jackson et al.,
2014). Interested youth who had informed parental consent were
scheduled to attend an in-person orientation session and complete a
45-min computerized baseline survey (Wave 1). Participants complet-
ed five subsequent web-based surveys, with a six-month interval
between Waves 2–5 and the Wave 6 survey administered at the end
of the three-year period. Data for the present study were taken from
Waves 1, 3, 5, and 6, which were spaced annually; personality data
were not available at Waves 2 and 4. Response rates for a given survey
ranged from 92% (Wave 2) to 81% (Wave 6). The Institutional Review
Board approved all project procedures.

2.2. Measures

2.2.1. UPPS-P impulsive behavior scale (Lynam et al., 2006)
A set of 18 items assessed the following three traits (6 items each):

negative urgency (e.g., “I often get involved in things I later wish I
could get out of”), positive urgency (e.g., “Others are shocked orworried
about the things I do when I am feeling very excited”), and sensation
seeking (e.g., “I quite enjoy taking risks”). Due to concerns regarding
participant burden, the UPPS-P facets of lack of planning and lack of per-
severance were not assessed in this dataset. Coefficient alphas ranged
across the four waves from α = .84 to α = .90 for negative urgency,
α = .85 to α = .91 for positive urgency, and α = .82 to α = .88 for
sensation seeking.

2.3. Analytic approach

Because data were cohort-sequential and prospective, we created a
person-period dataset, where each person contributed data for up to
four of six waves, with a separate row for each person for each period
observed (Singer & Willett, 2003). Due to sparse cells, assessments
corresponding to age 10 and ages 17–18 were dropped. This resulted
in dropping 60 of 3261 (2%) assessments; thus, age ranged from age
11 to age 16.

Piecewise latent growthmodeling (PW-LGM), an extension of latent
growth modeling (Baltes & Nesselroade, 1979; Li, Duncan, & Hops,
2001), was implemented. In this analytic framework, discrete patterns
of change (e.g., increases in sensation seeking across early adolescence
vs. relative stability in later adolescence) are modeled as separate
change processes by estimating growth/slope factors for each process.

We chose this approach for several reasons. In addition to providing
excellent fit to these data (see below), piecewise growth models
allow for more nuanced examinations of developmental processes
(e.g., examining whether correlated change between two traits is rela-
tively general or specific to a certain timeframe). Compared to models



Fig. 1. Schematic of univariate piecewise latent growth model.△ = latent means.
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that combine linear and non-linear change (e.g., latent basis models) or
separate linear and non-linear trends in change across longer assess-
ment windows (e.g., linear and quadratic slope models), PW-LGM can
reduce interpretational ambiguity regarding the extent to which inter-
individual differences in intraindividual change relate across traits.

More specifically, two slopes for each impulsivity trait were estimat-
ed, with the first slope reflecting change from ages 11–13 and the sec-
ond slope reflecting changes from 13 to 16. The intercept was
centered to age 13 in all models given the maximal coverage at this
age. A schematic of these models are shown in Fig. 1. Unless noted oth-
erwise, sex was included as a covariate in all models given prior work
suggests sex differences in the developmental trajectories of impulse
control and sensation-seeking (Shulman, Harden, Chein, & Steinberg,
2015). Correlated changes among the growth processes of the three im-
pulsivity facetswere then examinedwithin a trivariate LGM (see Results
below).

All models were estimated using the statistical package Mplus
Version 7 (Muthén & Muthén, 1998-2012) using full maximum
likelihood estimation, allowing for analysis of data containing missing
values. Across traits, residual variances at parallel age assessments
were correlated in all models.
3. Results

3.1. Univariate growth models

A PW-LGM was fit1 for each UPPS-P measure. All three models ap-
peared to fit the data well (i.e., RMSEA = .00–.03, CFI = .99–1.00).
1 To test for measurement invariance, three item parcels were constructed for each of
the three scales in order to form latent variables of the three impulsivity facets at each
of the six age groups. Due to a lack of coverage, tests of measurement invariance did not
convergewhen including variables across the full age range (i.e., 11-16). Thus, for each fac-
et, twomodels were analyzed: a model that included ages 11-14 and amodel that includ-
ed ages 13-16. For all three scales and across both age ranges, the models exhibited good
model fit (i.e., CFI = .99-1.00; RMSEA= .02-.03; when assuming strongmeasurement in-
variance). Further, within-trait, the loadings and intercepts were similar across the 11-14
and 13-16 age ranges (available from the first author upon request). Taken together, these
findings suggest the structure of the three personality traits was consistent across time.
Observed and model estimated mean-levels of sensation seeking, posi-
tive urgency, and negative urgency are shown in Fig. 2. All facets
showed a similar pattern of mean-level change (i.e., increases from
ages 11–13 and relative stability thereafter), although increases in sen-
sation seekingweremore pronounced. Consistent with this pattern, re-
sults of the growth models suggested significant increases for all traits
from ages 11–13 (Piece 1 from the piecewise model; negative urgency
mean = .08, p b .01; positive urgency mean = .06, p b .05; sensation
seeking mean = .17, p b .01) but non-significant mean-level changes
from ages 13–16 (Piece 2 from the piecewise model; negative urgency
mean= .00, p = .95; positive urgency mean = .02, p = .36; sensation
seeking mean = .02, p = .40). There was significant variability for all
latent intercepts and slopes, with the exception of age 11–13 negative
urgency slope. Sex was significantly related to negative urgency inter-
cept (β=−.13, p b .01), such that males were lower in negative urgen-
cy at age 13; additionally, sexwas significantly related to the ages 11–13
slope of sensation seeking (β = −.25, p b .05), indicating the males
made less pronounced increases in sensation seeking compared to
females during this timespan. Sex did not significantly relate to all
other latent variables.

3.2. Trivariate growth model

One trivariate PW-LGM that included assessments across ages 11–
16 was then estimated to examine correlated change in the three
measures. Parameters from the trivariate model are shown in Table 1.
This model fit the data well (i.e., RMSEA= .02; CFI = .99). The variance
parameters for the age 11–13 slope of negative urgency remained sta-
tistically non-significant (suggesting non-significant individual differ-
ences in intraindividual change in this trait across from ages 11–13);
thus, parameters involving the age 11–13 slope for negative urgency
are not reported or discussed.

Correlations between changes in all traits across parallel timeframes
were large and statistically significant (p's b .05). Changes in sensation
seeking were significantly correlated with changes in negative urgency
from ages 13–16 (r = .67), suggesting individuals who showed more
pronounced increases (decreases) in sensation seeking are more likely
to show marked increases (decreases) in negative urgency during this



Fig. 2. Observed and model estimated mean levels of negative urgency, positive urgency,
and sensation seeking from ages 11–16, adjusting for sex. SS = sensation seeking. PU =
positive urgency. NU = negative urgency.

Table 1
Covariances and correlations among sensation seeking, negative urgency, and positive urgency

SSI SSS1 SSS2 NUI

SSI 0.49⁎⁎ 0.69 −0.33 0.53
SSS1 0.11⁎⁎ 0.05⁎ 0.07 0.46
SSS2 −0.04⁎ 0.00 0.03⁎⁎ −0.32
NUI 0.22⁎⁎ 0.06⁎⁎ −0.04⁎ 0.35⁎⁎

NUS1 – – – –
NUS2 −0.03⁎ −0.01 0.02⁎ −0.04⁎⁎

PUI 0.22⁎⁎ 0.07⁎⁎ −0.04⁎⁎ 0.28⁎⁎

PUS1 0.10⁎⁎ 0.05⁎⁎ −0.02 0.09⁎⁎

PUS2 −0.04⁎⁎ −0.02 0.02⁎ −0.04⁎⁎

Note. n=1018. Covariances are shownbelow the diagonal, variances on the diagonal, and corre
seeking slope for ages 11–13. SSS2= sensation seeking slope for ages 13–16. NUI=negative ur
slope for ages 13–16. PUI=positive urgency intercept. PUS1=positive urgency slope for ages 1
of primary interest (i.e., slope covariances/correlations across traits within a given timeframe)
covariances/correlations involving this slope parameter are not reported.
⁎ p b = .05.
⁎⁎ p b .01.
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timeframe. The slopes of sensation seeking and positive urgency from
age 11–13 were significantly and strongly correlated (r = .82).
Sensation seeking and positive urgency slopes were also significantly
correlated (r = .71) from ages 13–16. Pronounced correlated changes
also occurred between negative and positive urgency from age 13–16
(r = .81).

4. Discussion

There has been in an increasing interest in examining the develop-
ment of traits associated with sensation seeking and impulsivity across
adolescence. Some research suggests some traits display distinct pat-
terns ofmean-level change across time and that intraindividual changes
in these traits are largely unrelated (e.g.Harden & Tucker-Drob, 2011,
Steinberg et al., 2008) whereas some work suggests a relatively large
overlap in trait change (e.g., Quinn & Harden, 2013). The current find-
ings suggest substantial overlap of within-person changes in negative
urgency, positive urgency, and sensation seeking during both early
andmiddle adolescence, such that individualswhoexhibited steeper in-
creases (or reductions) in one trait were more likely to have displayed
more pronounced increases (or reductions) in another trait.

The sizeable overlap between positive and negative urgency slopes is
consistent with prior work that suggests these two facets load onto one
higher order trait (Cyders & Smith, 2007). Findings from a recent meta-
analysis (Berg et al., in press) notedmarked similarity in the correlational
patterns of the urgency facets with various outcomes, resulting in the
conclusion that these “two dimensionsmay be separate but closely relat-
ed ‘subprocesses’ of a broader dimension implicating strong emotion, re-
gardless of valence, and impulsive action in response to that emotion”
(p. 9). Consistently, our work supports combining these two urgency
measures when examining these personality facets among adolescents,
although some research endeavors (e.g., examining incremental
validity) may warrant distinguishing between these two measures.

Individual differences in change in sensation seeking also showed
substantial overlap with change in the urgency measures. Although
this overlap may seem somewhat inconsistent with prior research
(Harden & Tucker-Drob, 2011; Steinberg et al., 2008), Quinn and
Harden (2013) reported a large slope correlation (r= .67) between im-
pulsivity (that appeared to reflect lack of planning) and sensation seek-
ing. Given this work examined change across a much longer time
interval (i.e., approximately 11 years) than the time frame examined
here (i.e., two slopes capturing change across approximately 6 years),
the slope correlations between sensation seeking and the urgencymea-
sures (ranging from .67–.82) appear to be reasonable estimates and
consistent with this prior study.

Overall, the current findings indicate that the development of at
least some facets may be influenced by common, rather than distinct,
intercepts and slopes.

NUS1 NUS2 PUI PUS1 PUS2

– −0.25 0.57 0.57 −0.41
– −0.37 0.57 0.82 −0.69
– 0.67 −0.40 −0.47 0.71
– −0.37 0.84 0.57 −0.43
0.03 – – – –
– 0.03⁎⁎ −0.45 −0.62 0.81
– −0.04⁎⁎ 0.31⁎⁎ 0.75 −0.57
– −0.03 0.11⁎⁎ 0.07⁎⁎ −0.62
– 0.02⁎ −0.05⁎⁎ −0.02 0.02⁎

lations are shown above the diagonal. SSI= sensation seeking intercept. SSS1= sensation
gency intercept. NUS1=negative urgency slope for ages 11–13. NUS2=negative urgency
1–13. PUS2=positive urgency slope for ages 13–16. Variances are underlined. Parameters
are bolded. Given the variance of negative urgency from ages 11–13 was not significant,
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mechanisms, including neurodevelopmental processes, common genet-
ic influences (at least among men; see Ellingson, Verges, Littlefield,
Martin, & Slutske, 2013), and environmental factors (Romer, 2010).
For example, Romer (2010) noted several aversive childhood experi-
ences (e.g., physical and emotional abuse) may impact risk-taking pro-
pensity generally, and other factors (e.g., peer influences) may shape
the development of sensation seeking (and ostensibly other personality
characteristics) through selection and socialization processes. Prior re-
search has also suggested that contextual factors (such as exposure to
violence, stress and parenting)may shape thedevelopment of impulsiv-
ity during adolescence (King, Lengua, & Monahan, 2013; Monahan,
King, Shulman, Cauffman & Chassin, in press). Given the current results,
future research should explore factors that may account for the
overlap in individual differences in change across facets of related to dis-
inhibition and impulsivity. Additionally, future work could examine the
extent to which change in facets are correlated across other develop-
mental timeframes (e.g., emerging adulthood) or in different popula-
tions to better elucidate the developmental link between these traits.

In the current prospective data, mean levels of negative urgency,
positive urgency, and sensation seeking significantly increased from
ages 11–13 before leveling off at later ages. Overall, the current findings
for sensation seeking are similar to findings from previous prospective
studies (e.g.Harden & Tucker-Drob, 2011, Pedersen et al., 2012), with
robust evidence across studies (with the exception of Burt et al., 2014)
that sensation seeking increases during early adolescence. The findings
for negative and positive urgency are more difficult to frame within the
extant literature, given that a) measures of “impulsivity” have varied
among existing studies and yielded mixed findings and b) to our
knowledge, the current study is the first to report changes in measures
of urgency over a considerable portion of adolescence (i.e., from ages
11–16). Minimally, our data suggests mean-levels of negative and
positive urgency follow a similar pattern as sensation seeking during
adolescence (i.e., increasing early before leveling off). Taken together,
the current findings suggest that though negative urgency, positive ur-
gency, and sensation seeking load onto separate factors and have
unique correlates (Smith et al., 2007), individual differences in change
in these facets may show substantial overlap across adolescence.

4.1. Strengths and limitations

The current paper has several strengths. This study utilized reliable,
contemporary, and recommended self-report measures to prospectively
examine the development of key traits across adolescence among a large,
diverse sample of youth using an appropriate analytic approach. To our
knowledge, this is the first paper to examine changes in facets from the
broadly used and well-validated UPPS-P measure across adolescence.

The current study also has several limitations. This study did not in-
clude the lack of planning and lack of perseverance measures from the
UPPS-P Impulsivity Scale. Prior prospective analyses (e.g.Harden &
Tucker-Drob, 2011, Pedersen et al., 2012) have utilized measures that,
broadly, appear to reflect “lack of planning”; ongoing and future pro-
spective studies examining adolescent development should incorporate
contemporary, refined measures of other impulsivity facets. This study
did not assess behavioral measures of impulsivity (e.g., Steinberg
et al., 2008). Future studies could examine the development and co-
development of traits related to impulsivity using a multi-method ap-
proach, though is little evidence that behavioral measures overlap
with self-report assessments of impulsivity traits (see Cyders &
Coskunpinar, 2011). Finally, this study used an abbreviated version of
the UPPS-P, though this shortened assessment exhibited excellent
reliability.

4.2. Conclusions

In sum, the current findings suggest negative urgency, positive
urgency, and sensation seeking show similar trajectories across
adolescence and individual differences in these normative changes ap-
pear to be strongly related. Thus, from a developmental perspective,
these traits appear to be strongly related phenomena that may be
influenced by common, rather than distinct, factors, at least during
adolescence.
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