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Education, Trondheim, Norway, 2Department of Teacher Education, Faculty of Social and Educational
Sciences, Norwegian University of Science and Technology, Trondheim, Norway

Introduction: The aim of this study was to examine the psychometric properties
of a Norwegian translation of the Sensation Seeking Scale for Children (SSSC),
designed for children between 7 and 12 years of age.

Methods: A sample of 393 children (7-10 years old) were recruited to participate
in the study. The SSSC was administered through interviews with each child,
wherein their responses to the SSSC questionnaire were recorded on a tablet.

Results: Analysis of internal consistency reliability did not show acceptable
reliability for all subscales, and confirmatory factor analysis (CFA) showed that the
Thrill Seeking and Behavioral Intensity subscales were associated and somewhat
overlapping, while Behavioral Inhibition appeared as a single factor. A further
explanatory factor analysis (EFA) revealed a two-factor solution. CFA of the two-
factor solution resulted in the removal of some items in both factors due to low
factor loadings. The final factors resulting from this analysis were Thrill and Intensity
Seeking (13 items) and Behavioral Inhibition (7 items). The results also show that
boys scored higher than girls on Thrill and Intensity Seeking while girls scored higher
than boys on Behavioral Inhibition. Furthermore, age was positively associated with
both subscales, meaning that older children tended to score higher.

Discussion: The results in this study suggest that measures of children’s

sensation seeking might be sensitive to cultural contexts and that, at least in
a Norwegian population, a two-factor solution of the SSSC is recommended.

KEYWORDS

internal consistency, factor structure, measurement invariance, age, gender

1 Introduction

In several theories of individual differences in personality and temperament, the
extraversion dimension includes a trait that is characterized by the willingness to take risks
and seek excitement, thrill, and new adventures and experiences. Within personality theory,
this trait is found under somewhat different terms, but they cover essentially the same concept.
In Costa and McCrae’s five-factor model, excitement seeking is a facet within the extraversion
personality trait (Costa and McCrae, 1992; Buss, 1997; McCrae and Costa, 1997); in EysencK’s
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three-factor model, sensation seeking is found within the extraversion
trait (Eysenck and Eysenck, 1985; Matthews et al., 2003); and
Zuckerman’s sensation seeking theory (Zuckerman, 1979, 1983, 1994)
focuses only on sensation seeking. A person scoring high on these
similar traits likes to be social with many people, seeks thrill and
excitement, takes chances, is active until the point of restlessness, is
optimistic and enthusiastic, and easily laughs and shows their feelings.
More specifically, Zuckerman’s sensation seeking trait is defined as
“the seeking of varied, novel, complex, and intense sensations and
experiences, and the willingness to take physical, social, legal and
financial risks for the sake of this experience” (Zuckerman, 1994).

Research indicates that these traits develop early in childhood,
and individual differences in the urge for exploration, risk, and
approaching new situations are found in groups as young as infants
(Rothbart, 1988) and preschool-aged children (Morrongiello and
Lasenby, 2006; Morrongiello et al., 2009, 2010). Studies show that
children’s willingness to take risks is associated with their level of
sensation seeking and how they perceive a risk situation, suggesting
that children who are exhilarated by risks are more likely to engage in
risky behavior and activities (Miller and Byrnes, 1997; Cook
etal., 1999).

Studies of 3- to 8-year-old children’s temperament utilizing the
Children’s Behavior Questionnaire (CBQ) have identified an
extraversion/surgency factor, which is defined by high loadings on the
labels of high-intensity pleasure, activity level, and impulsivity and a
negative loading on shyness. In addition, positive anticipation and
smiling and laughter are loaded considerably on the extraversion/
surgency factor (Rothbart et al., 2000, 2001; Putnam et al., 2001). The
extraversion/surgency dimension in temperament has been shown to
exist in all age groups from 3 to 7 years old, and measures designed for
even younger children (down to 3 months of age) show the existence
of a similar extraversion/surgency dimension (Putnam et al., 2001).

These findings indicate a temperament dimension already existing
in early childhood that resembles what is called excitement/sensation
seeking and risk-taking personality among the adult population
(Zuckerman, 1979, 1994; Horvath and Zuckerman, 1993; McCrae
et al., 2000; Putnam et al., 2001). Children’s surgency in the CBQ is
similar to the extraversion factor found in personality research in
adults (Ahadi and Rothbart, 1994; Rothbart et al., 2001), and the
surgency concept also appears to be closely related to Zuckerman’s
(1994) sensation seeking trait. The high-intensity pleasure dimension
in particular corresponds to the sensation seeking trait (Rothbart
etal., 2001). Similarly, Strelau (1993) found that the activity dimension
of temperament/personality was strongly correlated to Eysenck’s
extraversion and Zuckerman’s sensation seeking traits in both young
and adult populations. Relating to behavior, a high amount of
extraversion/surgency in childhood would in general be apparent
through high-intensity activities such as risky play and physical
activity, a high activity level such as high levels of bodily movement,
active indoor and outdoor play, impulsive behavior, and the absence
of shyness (Putnam et al.,, 2001).

The most commonly used measure of sensation seeking among
adults is Zuckerman’s Sensation Seeking Scale (SSS-V), which includes
four subscales: Thrill and Adventure Seeking, Experience Seeking,
Disinhibition, and Boredom Susceptibility (Zuckerman, 1994). The
earliest versions of Zuckerman’s Sensation Seeking Scale (form I-1V)
were developed based on several psychological theories within, e.g.,
optimal levels of stimulation and arousal, human drive theories,
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stimulus change and arousability theories, and inhibition theories
(Zuckerman, 1979). SSS-V has been applied in research in many
countries and cultural contexts, and all subscales have shown good
cross-gender and cross-cultural replicability, except the Boredom
Susceptibility subscale which has not been reproducible in all contexts
(Zuckerman, 1994). Zuckerman (1994) has explained this to be a
result of this subscale having more cultural specific items.

Since there are indications of a biological basis and heritability of
the sensation seeking trait (see, e.g., Russo et al., 1991; Zuckerman,
1994) there has been an interest to study the existence of this
personality trait also among young age groups. Measures for children’s
sensation seeking have been explored throughout the last decades, but
it has been deemed challenging to establish a suitable and robust
measure. Russo et al. (1991) developed the Sensation Seeking Scale for
Children (SSSC), based on Zuckerman’s sensation seeking scale but
with modifications to fit children, and tested it in interviews of
children aged 7-12years. Factor analysis of Russos data showed two
factors that corresponded to Boredom Susceptibility and Thrill and
Adventure Seeking in Zuckerman’s scale for adults, as well as an
adequate test-retest reliability. However, in a follow-up study, Russo
etal. (1993) found three factors: Thrill and Adventure Seeking, Drug
and Alcohol Attitudes, and Social Disinhibition. When using the
SSSC, Morrongiello and Lasenby (2006) found that the focus on
drugs, alcohol, and challenging social behavior was irrelevant for
younger children, and they also found low reliability in the scale/
subscales (« ranging from 0.40 to 0.50). They therefore developed a
new sensation seeking scale for children (SSSC) that was better
aligned to how such a trait might be expressed among 7- to 12-year-
old children, focusing more on children’s activities and physical risk
taking. The present study focuses on Morrongiello and Lasenby’s later
version of SSSC. Morrongiello and Lasenby’s SSSC included five
dimensions: Boredom Susceptibility (intolerance of monotonous,
repetitive, and/or predictable people, tasks, and situations), Thrill
Seeking (preferring arousing, exciting, and exhilarating activities),
Behavioral Intensity (preferring intense, exciting, and emotionally
arousing activities), Novel Experience Seeking (preferring new and
unknown experiences more than familiar ones), and Inhibitory
Control (impulsiveness and having a harder time controlling
themselves and stopping a fun and rewarding activity). Morrongiello
and Lasenby (2006) examined the criterion validity of the SSSC by
comparing Canadian children’s SSSC scores with the results from
mothers’ report of their children’s risk taking (a parent version of the
SSSC and the Injury Behavior Checklist [IBC]) as well as children’s
self-reported IBC, their intentions to take risks, and behavior in actual
risk-taking tasks. The study revealed that the subscales Novelty
Seeking (a =0.32) and Boredom Susceptibility (@ =0.63) in the child-
SSSC had no significant relation to child-SSSC or parent-SSSC, or to
any of the other indices of risk taking, while Thrill Seeking and
Behavioral Intensity were significantly related to all indices of risk
taking. Behavioral Inhibition was related to all other indices of risk
taking when reported by the children, but only to the IBC when
parents were respondents. Tests of internal reliability showed that the
child-SSSC subscales Thrill Seeking (a =0.79), Behavioral Inhibition
(a =0.79), and Behavioral Intensity (o =0.78) showed acceptable
internal reliability, and that the subscales Novelty Seeking (a =0.32)
and Boredom Susceptibility (o =0.63) failed to show acceptable
internal reliability. Based on this, Morrongiello and Lasenby (2006)
concluded that there is more variability in the parent-SSSC than the
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child-SSSC, and that in both versions the results indicated that three
dimensions of sensation seeking is a better fit than five dimensions in
studies looking at associations between sensation seeking and physical
risk taking. The SSSC was later used in a new study with 102 Canadian
children (7-12years), where they report adequate internal reliability
for Thrill Seeking (@¢=0.78) and Behavioral Intensity (@=0.75),
although not for Behavioral Inhibition (labeled “Inhibitory Control”
in that paper) (a=0.66) (Morrongiello et al., 2009).

Building on the SSSC, Morrongiello et al. (2010) later developed
a sensation seeking scale for young children (SSSYC) aged 2-5years
in which parents report on behalf of their children. The SSSYC
included three subscales (Novelty Seeking, Thrill Seeking and
Behavioral Intensity) as well as an Overall score. Results from the
SSSYC was compared to children’s behavior during a free play task
where sensation seeking behavior was coded, a Structured Sensation
Seeking Activities task with activities matching each of the SSSYC
subscales, and maternal reports on children’s past injuries to test
evidence for criterion validity. Novelty Seeking was not related to any
of the comparison measures, while Thrill Seeking, Behavioral Intensity
and Overall score shoed significant correlations to children’s observed
sensation seeking behavior during free play, and their history of minor
and moderately severe injuries. The Overall score of the SSSYC
correlated to the overall score of the Structured Sensation Seeking
Activities task, and Thrill Seeking and Behavioral Intensity in SSSYC
was positively related to the sum scores of the matching activities in
the Structured Sensation Seeking Activities task. Novelty Seeking
failed to correlate to the matching activities in the Structured
Sensation Seeking Activities task. Tests of internal reliability scores
were adequate for the Overall score (a =0.84), Thrill Seeking (a =0.86)
and Behavioral Intensity (a =0.82), but low for Novelty Seeking
(a=0.56). The SSSYC was later translated into German and used on a
sample of 423 parents of 3- to 6-year-olds (Haas et al., 2019). That
study did not test internal reliability of each of the three subscales, but
the internal reliability of the overall scale was a=0.76.

Another attempt to create a measure for children’s sensation
seeking (9-13years) was the development of the Brief Sensation
Seeking Scale for Children (BSSS-C) by Jensen et al. (2011). This scale
is a modification of a brief sensation seeking scale for adults, based on
Zuckerman’s SSS-V and using four similar subscales. Analysis of the
BSSS-C among US children showed that only one of the four factors
was internally reliable (Thrill and Adventure Seeking, ®=0.82) in a
sample of 9- to 13-year-olds (M =10.87). Thus, Jensen et al. argued
that the BSSS-C should be used uni-dimensionally, as the total
measure of the scale had adequate internal reliability (o« =0.82) and
showed evidence of criterion validity predicting other risky child
behaviors such as video gaming, enjoyment of violent video games,
and rule breaking. The BSSS-C (translated) was applied in a Dutch
sample of 9- to 12-year-olds (M =11.4), where the researchers reported
evidence for criterion validity as BSSS-C scores predicted symptoms
of attention problems and aggressive behavior. This study also found
that the psychometric properties of the scale was good, and that
internal reliability was adequate (a=0.82) (Dekkers et al., 2019).

A number of studies on adult personality have reached the
conclusion that men are more inclined toward sensation seeking than
women (Zuckerman, 1979, 1994). This seems to be the case across
cultures, such as the USA, England, Scotland, Japan, Thailand,
Canada, Australia, and Spain (Zuckerman, 1994). Some studies have
also found gender differences in children’s temperament/personality.
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Torgersen (1985) found that boys were higher on the temperament
dimension “activity level” than girls at 6years of age, but not in
infancy, and Rothbart (1988) concluded that infant girls showed a
higher amount of hesitation and inhibited approach than boys.
Goldsmith et al. (1997) used several temperament measures and
found that among toddlers and preschool-aged children, boys were
higher than girls on “activity level” and “high pleasure,” while girls
were higher than boys on “inhibitory control,” “perceptual sensitivity”
and “effortful control” Similarly, Goldberg (2001) found that teachers
describe elementary school girls as less extroverted than boys.
Focusing more particularly on children’s sensation seeking, several
studies have found boys to score higher on this trait than girls among
9- to 13-year-olds (Jensen et al., 2011; Dekkers et al., 2019), and Thrill
Seeking has been found to be higher for boys than girls among 3- to
6-year-olds (Haas et al., 2019).

Supporting the finding of gender differences in sensation seeking,
research looking at children’s behavior and play preferences also
indicates gender differences in the willingness to take risks and engage
in risky play. Ginsburg and Miller (1982) found that boys were more
willing to take risks than girls, and Smith (1998) found that more boys
than girls participated in playground risk taking. Research has also
found that boys engage in exceedingly more challenging physical play
and rough-and-tumble play than girls (Blurton Jones, 1976; DiPietro,
1981; Humphreys and Smith, 1984, 1987; Eaton and Enns, 1986;
Smith, 1997, 2005; Macdonald, 1998; Pellegrini and Smith, 1998;
Power, 2000; Sandseter et al., 2020). This has also been confirmed in
studies controlling for different maturational status between boys and
girls (Eaton and Yu, 1989). Research findings also indicate that boys
rate risk lower than girls (Hillier and Morrongiello, 1998), that boys
are more likely than girls to be involved in “testing the limits” and
risk-taking behaviors, and that boys are more likely to report having
recently been physically injured (Cairns and Cairns, 1994).

Studies investigating age differences in sensation seeking and/or
risk taking in childhood years have somewhat diverging results. On
the one hand, Steinberg (2008) and Ellis et al. (2012) have suggested
that risky behavior generally increases through childhood, peaks in
adolescence, and decreases into adulthood. On the other hand, there
are studies suggesting that risk preferences or risk taking decreases
with typical age-related traits such as maturity (Andreoni et al., 2020)
or behavioral inhibition (Edelson and Reyna, 2021). Lastly, there are
studies exploring sensation seeking among 9- to 13-year-olds that find
no age-related differences (Jensen et al., 2011; Dekkers et al., 2019).
Thus, risk taking and sensation seeking are probably complex
phenomena that are influenced by a variety of factors.

1.1 Aim of study

Based upon the presented considerations, it thus appears that
subpopulations of children with different characteristics can report
various tendencies for sensation seeking, which in turn can impact the
validity of scales targeting this personality construct. Establishing such
measurement invariance is highly important, as strong invariance is
an important prerequisite for the consideration of mean subgroup
comparisons, while strict invariance is a prerequisite for any form of
between-group comparisons relying on manifest scale scores rather
than latent factors (Meredith, 1993; Millsap, 2011). To the author’s
knowledge, no previous research has examined the potential
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measurement invariance of the factor structure of the SSSC as a
function of children’s gender and their corresponding differences in
scores. The main aim of the current study was thus to examine the
psychometric properties of a Norwegian translation of the SSSC in a
sample of 7- to 10-year-old Norwegian children, investigating the
scale’s internal consistency, factor structure, measurement invariance,
and potential systematic response variations, considering the child’s
age and gender.

2 Methods

The data analyzed in the present study were collected as a part of
the Virtual Risk Management (ViRMa) project conducted among
Norwegian 7- to 10-year-olds and their parents. The ViRMa study
aims to examine children’s development of risk management skills
through risky play. To accomplish this, the project aims to use and
validate newly developed and ethically appropriate data collection
tools such as virtual reality, eye tracking, and motion capturing and to
provide insight into how children assess and handle risk situations, as
well as how children’s past risky play experiences are associated with
their risk management (Sandseter et al., 2023). To include children’s
propensity to seek risk in the analysis in the ViRMa study, the SSSC
was included as a data collection tool. The Norwegian Data Protection
Services for Research (ref. no. 784782) approved the study.

2.1 Participants

Participants were recruited from four primary schools in Norway
(grades 2-4). Schools were recruited by the researchers and varied in size
(from around 240 pupils to 580 pupils) and geographical location (i.e.,
city or village schools). The inclusion criteria were outlined as follows:
(1) Age ranged between 7 and 10years (corresponding to grades 2, 3, and
4 in Norwegian schools), (2) Informed consent was obtained from
parents for participation, and (3) Assent was obtained from the child for
participation. We initiated contact with selected schools through the
principal, seeking their willingness to participate. Upon agreement,
parents were subsequently reached through the school’s web-based
information system, with information about the project and an electronic
consent form. Children whose parents granted consent were added to a
participant list, with names replaced by a random code. Children were
also asked for assent to participate, and in case of refusal, their name and
code were deleted. Both parents and children were informed that they
could withdraw from the study at any time throughout the project and
have their data removed from the study. The sample in this study consists
of 393 children, including 199 girls and 194 boys, who completed all
questions in the SSSC questionnaire. The average age of these children
was 8.8 years (SD=0.9), with ages ranging from 7.2 to 10.6 years.

2.2 Measure

The translation and adaptation of the SSSC was performed
according to Gudmundssons (2009) guidelines for translating and
adapting psychological instruments; (1) selecting an instrument for
translation (considering reliability and validity in the original
instrument), (2) norms and standardization sample (reviewing the
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psychometric propertied in the original instrument), (3) selecting
qualified experts (for doing the translation and adaptation), (4) method
of translation (either translation and backtranslation, or translation of
two independent experts and then comparison of the two by a third-
party), (5) method of adaptation (considering adaptation of items to fit
the new context/country), (6) investigating bias (considering construct
bias, item bias and method bias), (7) pilot studies (first as small pilot
study to assess wording and meaning of items, scoring and
administration, and then a second pilot to evaluate the changes in the
first pilot), (8) validity study (validity study in the target language to test
factor structure and psychometric properties). In this study, the SSSC
was selected because it is the only sensation seeking scale available for
the age group in focus, and it has shown promising results of reliability
and criterion validity (Morrongiello and Lasenby, 2006). The researchers
in this project have worked with research on children’s risk-taking, risky
play, sensation seeking personality and relevant statistics and data
processing over a number of years and can be considered qualified
experts. The SSSC was translated from English into Norwegian by one
of the researchers in the project. All primary researchers in the project
group discussed the translation to revise unclear wordings and adapt
words and phrases to fit the Norwegian context. The Norwegian version
was back-translated into English by a professional translator (Norwegian
citizen living and working in the United States), and then the three
versions (original English, translated Norwegian, and back-translated
English) were discussed among the project group to ensure that the
Norwegian version reflected the original meaning of the statements and
was relevant and understandable for Norwegian children. The first
adapted version of the SSSC was piloted in a small sample of 7 children
(5 girls and 2 boys, aged 7-12years) to assess if the wording and
meaning of items was relevant to the age group. Some minor
adjustments of wording were made to some of the items. Then a larger
pilot was conducted with 64 children from grade 2, 3, and 4 (7-10-year-
olds) in a Norwegian elementary school (37 boys, 27 girls), which
showed that the scale was feasible for Norwegian children in this age
group. This paper reports on the validity study of the final Norwegian
version of SSSC with a larger (n =393) sample of 7-10-year-old children.

The SSSC consists of 27 items, each presenting two statements of
preference that children can choose between. For example, children
are presented the following options:

I am the sort of person who would like to sled fast down a steep hill.

OR

Sledding fast down a steep hill sounds scary to me.

Sailing on the ocean in a small boat would be dangerous
and foolish.

OR

I think it would be fun to sail on the ocean in a small boat.

I would sometime like to try jumping from a plane with
a parachute.

OR

I would never try jumping from a plane with a parachute.

Selecting the statement indicating higher levels of the measured
subscale earns 1 point on the overall subscale score. In the first and
third example above, selecting the first option earns 1 point on the
Thrill Seeking subscale, whereas choosing the second statement earns
0 points; while in the second example the child earn 1 point for
choosing the second statement. In this study, we chose to include the
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three SSSC subscales that were found to be relevant to physical risk
taking in earlier research (Morrongicllo and Lasenby, 2006): Thrill
Seeking, Behavioral Inhibition, and Behavioral Intensity.

2.3 Procedure

The SSSC was administered orally in an interview between one of
the researchers in the project and the participating child, to prevent
potentially biases in reading skills because many of the participating
children were not fluent in reading (children start learning to read at
6years of age). All children spoke Norwegian fluently and therefore
language barriers were not a problem. The children received the same
oral information prior to the interview (that we would ask them some
questions about things they like/do not like to do, and things they
would like/not like to try someday), and the questions were read to
the child as they are worded in the questionnaire, and in a neutral way.
The researcher recorded the child’s responses in a digital questionnaire
stored on a computer. The interview was conducted at school, during
school hours, with one child at a time in a group room or a secluded
space where the child and researcher would not be disturbed.

2.4 Data analysis

Descriptive analysis was conducted to report the responses to each
of the statements by gender. To evaluate the internal consistency and
factor structure of the model proposed by Morrongiello and Lasenby
(2006), Cronbach’s alpha, inter-item correlations, and confirmatory
factor analysis (CFA) (Brown, 2014) were used. All CFA analyses used
the maximum likelihood with robust standard errors to account for
the dichotomous items. We evaluated the proposed models based on
several commonly used criteria for model fit, while remaining open
to various levels of acceptability. These criteria included RMSEA (<
0.1), SRMR (<0.1), CFI (>0.9), and TLI (>0.9), following the guidelines
outlined by Mehmetoglu and Jakobsen (2017). In addition to these
traditional fit indices, we also considered R* estimates (with a general
guideline of >0.25) and standardized factor loadings (with a general
guideline of >0.40) when examining the factor loadings (Brown,
2014). If the proposed theoretical model was found to not meet the
specified acceptable model fit indices, alternative models were
explored using exploratory factor analysis (EFA) (Brown, 2014).

The influence of gender and age on the factor structures within the
models was examined by multiple-group CFA invariance evaluation
(Brown, 2014) to determine whether the factor structure remained
consistent across different groups. This analysis enabled the assessment
of whether the relationships between the observed indicators and the
latent factors are comparable and invariant across various groups. In this
study, the following analyses of measurement invariance were performed:
(1) equal form, (2) equal factor loadings, (3) equal intercepts, (4) equal
indicator residual variances, and (5) equal factor means (Brown, 2014).
Stata/MP version 18 (StataCorp) was used for all statistical analyses.

3 Results

The mean of the sum scores of the 11 items related to the subscale
Thrill Seeking was 6.7 (SD = 3.0), ranging from 0 to 11. The sum score
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of the seven items indicating Behavioral Intensity was 4.7 (SD=1.9),
ranging from 0 to 7. Behavioral Inhibition contained nine items with
a sum score of 6.4 (SD=2.0), ranging from 1 to 9. Table 1 presents
descriptive statistics and the rating for each item by gender.

To determine the internal consistency reliability of the three
subscales within the proposed theoretical model, Cronbach’s alpha
was used. The obtained Cronbach’s alpha coefficient for Thrill Seeking
(a=0.79) was above the commonly accepted threshold of 0.7, while
the coeflicients for Behavioral Intensity (¢=0.66) and Behavioral
Inhibition (a=0.64) were below the threshold. Average inter-item
correlations were conducted to further evaluate the internal
consistency and homogeneity. The average inter-item correlation was
lower than 0.20 for the subscale Behavioral Inhibition (0.16), while
Thrill Seeking (0.26) and Behavioral Intensity (0.22) were within the
ideal range (between 0.20 and 0.40) of average inter-item correlation.
These results indicate questionable internal consistency for the
Behavioral Intensity and Behavioral Inhibition subscales.

Next, the proposed model was evaluated using confirmatory
factor analysis (CFA). The exogenous latent variables were allowed to
be correlated, and Thrill Seeking was closely associated with
Behavioral Intensity (#=0.95, p <0.001). The squared correlation
between Thrill Seeking and Behavioral Intensity was also high (0.90),
suggesting a substantial shared variance between these constructs.
Behavioral Inhibition was not significantly associated to Thrill Seeking
and Behavioral Intensity. The model fit measures for the model
suggested an acceptable fit to the data (x*=507 [321], RMSEA =0.038,
SRMR =0.053, CFI=0.89, TLI=0.88). The chi-square value indicated
a statistically significant deviation between the observed and expected
values based on the specified model. However, the chi-square test is
sensitive to sample size, and with larger samples, even minor
deviations can result in a significant chi-square value. The other
indices suggested an acceptable fit of the model.

Following the questionable internal consistency and possible
overlap between Thrill Seeking and Behavioral Intensity, an exploratory
factor analysis (EFA) was conducted to address the issue and explore an
alternative measurement model for the items. Initially, a principal factor
analysis revealed two factors with eigenvalues above 1.0. Additional
analyses were conducted to confirm a two-factor solutions
appropriateness, including a scree plot examination, assessment of
extracted variance, and parallel analysis. The two factors were interpreted
as follows: factor one (Thrill and Intensity Seeking) was considered to
be related to Thrill Seeking and Intensity Seeking since all items with
substantial factor loadings came from the Thrill Seeking and Behavioral
Intensity subscales, while factor two consisted of items from the
Behavioral Inhibition subscale and thus kept this name. Table 2 presents
the two selected factors’ rotated factor loadings (orthogonal varimax).

To choose the items for further analysis, a relatively low threshold of
0.30 was set for rotated factor loadings. This was done intentionally to
include various activities in the measurement model to capture the
multidimensionality of the constructs. Based on this criterion, three
items from the Thrill Seeking subscale (diving board, deep water, and
fun and scary things), two items from the Behavioral Intensity subscale
(large crowds and roller coasters), and two items from the Behavioral
Inhibition subscale (presents and secrets) were excluded from further
analysis. Ultimately, the factor analysis process resulted in a two-factor
solution consisting of Thrill and Intensity Seeking (13 items) and
Behavioral Inhibition (7 items). As discussed below, these factors were
further analyzed for internal consistency, model fit, and model invariance.
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TABLE 1 Percentage of boys and girls refuting and confirming each statement and Discrimination Index (DI) for each item (n = 393).

Refuted (%)

Confirmed (%)
Subscales and items

Girls Boys Girls Boys
Thrill seeking
Jump or dive of diving board 0.33 39 28 61 72
Try water-ski 0.25 43 32 57 68
Tricks and new things when riding a bike —0.08 65 43 35 57
Swim in deep water 0.33 33 34 67 66
Jumping from a plane with a parachute 0.02 54 44 46 56
Like to do things that are a little scary 0.58 27 14 73 86
Try mountain climbing 0.02 47 51 53 49
Sail on the ocean in a small boat 0.15 51 34 49 66
Try fun things that are unknown and scary 0.50 30 20 70 80
Try surf-board riding 0.32 42 26 58 74
Fun to ski fast down a snowy mountain —0.06 64 42 36 58
Behavioral intensity
Sledge fast down a steep hill 0.58 31 11 69 89
Ride bike very fast down steep hill 0.05 60 34 40 66
Climb to the top of a tall ladder 0.38 36 26 64 74
Like places with large crowds and excitement 0.32 39 29 61 71
Would like to go on vacation to an exotic place 0.55 23 22 77 78
Exciting to do risky sports 0.12 48 40 52 60
Like roller-coasters and other fast rides 0.45 28 27 71 73
Behavioral inhibition
Wait my turn before answering in class 0.65 8 27 92 73
Stop myself from fun things that I should not do 0.34 30 36 70 64
When having a good time I do not mind leaving 0.08 45 47 55 53
Finish tasks once I make up my mind about it 0.48 21 31 79 69
Easy for me to stop enjoyable things when told 0.17 41 43 59 57
Think things through before I speak 0.55 20 25 80 75
T do not peak at presents before I get them 0.54 23 23 77 77
Keeping secrets is easy for me 0.76 16 9 84 91
It is not hard to wait for my turn when playing 0.29 33 38 67 62

Analysis of Cronbach’s alpha demonstrated good internal
consistency for Thrill and Intensity Seeking (a=0.83) and low internal
consistency for Behavioral Inhibition (@=0.65). The average inter-
item correlation was acceptable for both Thrill and Intensity Seeking
(0.27) and Behavioral Inhibition (0.21). Next, the proposed model was
examined using confirmatory factor analysis (CFA). The exogenous
latent variables were allowed to be correlated, and Thrill and Intensity
Seeking and Behavioral Inhibition were unrelated (f=-0.08,
p=0.238). Boys (girl =0, boy=1) scored significantly higher on the
latent variable Thrill and Intensity Seeking ($#=0.26, p <0.001) and
significantly lower on the Behavioral Inhibition construct (f=—0.18,
p=0.004). Age was positively related to both Thrill and Intensity
Seeking ($=0.21, p<0.001) and Behavioral Inhibition ($=0.12,
p=0.043). The standardized factor loading in the measurement model
(Table 3) for Thrill and Intensity Seeking was between 0.62 and 0.34,
and R® estimates ranged from 0.38 to 0.12. In the Behavioral Inhibition
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construct, the standardized factor loadings were between 0.64 and
0.32, and the R? estimates between 0.41 and 0.10.

The model fit measures (Table 4) for the alternative two-factor
model indicated a relatively good model fit (x*=234 [169],
RMSEA =0.038, SRMR=0.050, CFI=0.93, TLI=0.92). While the
chi-square test showed a significant deviation between the observed
and expected values based on the specified model, the CFI and TLI
indicated a good fit. In addition, RMSEA and SRMR supported the
notion that the model is a good fit. The alternative two-factor model
was used for invariance testing based on these results.

We conducted a multi-group confirmatory factor analysis (CFA)
using the proposed two-factor theoretical model to examine
measurement invariance for the factor structure across gender and age.
Initially, separate models were fitted for each group, as presented in
Table 4. Although the fit indices suggested a slightly better fit for girls
than for boys, these results indicated that the two-factor model provides
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TABLE 2 Rotated factor loadings and uniqueness for selected factors (n = 393).

Items Factor one Factor two Uniqueness
Jump or dive of diving board 0.241 —0.029 0.571
Try water-ski 0.375 —0.010 0.542
Tricks and new things when riding a bike 0.642 —0.071 0.549
Swim in deep water 0.128 0.041 0.682
Jumping from a plane with a parachute 0.494 —0.049 0.610
Like to do things that are a little scary 0.389 0.028 0.609
Try mountain climbing 0.359 —0.047 0.607
Sail on the ocean in a small boat 0.322 0.031 0.753
Try fun things that are unknown and scary 0.287 0.035 0.645
Try surf-board riding 0.420 0.032 0.560
Fun to ski fast down a snowy mountain 0.448 —0.012 0.635
Sledge fast down a steep hill 0.328 —0.004 0.586
Ride bike very fast down steep hill 0.504 0.002 0.576
Climb to the top of a tall ladder 0.327 —0.004 0.628
Like places with large crowds and excitement 0.188 0.021 0.803
Would like to go on vacation to an exotic place 0.333 0.008 0.763
Exciting to do risky sports 0.643 0.014 0.522
Like roller-coasters and other fast rides 0.273 —0.020 0.717
Wait my turn before answering in class —-0.139 0.511 0.631
Stop myself from fun things that I should not do 0.006 0.485 0.717
When having a good time I do not mind leaving 0.037 0.390 0.772
Finish tasks once I make up my mind about it —-0.029 0.315 0.759
Easy for me to stop enjoyable things when told 0.005 0.604 0.627
Think things through before I speak —0.028 0.300 0.793
T do not peak at presents before I get them —0.044 0.235 0.826
Keeping secrets is easy for me 0.015 0.175 0.837
It is not hard to wait for my turn when playing —0.004 0.512 0.691

Factor loadings > 0.30 are bolded.

a comparable fit to the full sample-factor model across different groups,
including boys and girls and younger and older participants in the
present sample. To further examine measurement invariance,
subsequent tests were conducted. For boys and girls, the results revealed
significant differences in factor loadings (y*diff=42.8 [18], p <0.001),
intercepts (y*diff=79.9 [18], p <0.001), error variances (y’diff=75.1
[20], p <0.001), and factor means ()diff=33.6 [2], p <0.001) between
boys and girls. The tests for the two age groups demonstrated no
significant differences in factor loadings, intercepts, or error variances.
However, factor means were found to be significantly different between
older and younger children ()*diff=18.5 [2], p <0.001). These findings
indicate that the measurement properties of the two-factor model
significantly differ between boys and girls and that the two age groups
in the present sample had a limited impact on the measurement model.

4 Discussion

The main aim of this study was to examine the psychometric
properties of a Norwegian translation of the SSSC in a sample of 7- to
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10-year-old Norwegian children, investigating the scale’s internal
consistency, factor structure, measurement invariance, and potential
systematic response variations, considering the child’s age and gender.

Opverall, the results showed that we were not able to replicate the
exact same subscales that Morrongicllo and Lasenby (2006) found in
their analysis of the English version, tested with Canadian children.
While Morrongiello and Lasenby concluded that children’s sensation
seeking comprises three dimensions—Thrill Seeking, Behavioral
Inhibition, and Behavioral Intensity—with acceptable internal
reliability, our analysis of the Norwegian version tested with
Norwegian children failed to show acceptable internal reliability for
Behavioral Intensity and Behavioral Inhibition. Further CFA showed
that Thrill Seeking was highly associated with and somewhat
overlapping with Behavioral Intensity, and the EFA revealed that a
two-factor structure gave the best fit of our data: (1) a combination
between Thrill Seeking and Behavioral Intensity, which we renamed
Thrill and Intensity Seeking, and (2) Behavioral Inhibition. In both
factors, some of the original items from the SSSC were removed due
to low factor loadings. A CFA for the two factors using the remaining
items showed a relatively good model fit. Thrill and Intensity Seeking
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TABLE 3 Standardized factor loadings (1) and R? estimates from the 2-Factor Solution of the SSSC using CFA (n = 393).

Behavioral inhibition

Thrill and intensity seeking

A R? A R?
Try water-ski 0.58 0.34
Tricks and new things when riding bike 0.62 0.38
Jumping from plane with parachute 0.58 0.33
Like to do things that are a little scary 0.49 0.24
Try mountain climbing 0.53 0.28
Sail on the ocean in a small boat 0.38 0.15
Try surf-board riding 0.56 0.32
Fun to ski fast down a snowy mountain 0.53 0.28
Sled fast down a steep hill 0.47 0.22
Ride bike very fast down steep hill 0.56 0.31
Climb to the top of a tall ladder 0.46 0.21
Would like to go on vacation to exotic place 0.34 0.12
Exciting to do risky sports 0.64 0.41
Wait my turn before answering in class 0.53 0.28
Stop myself from fun things that I should not do 0.48 0.23
When having a good time I do not mind leaving 0.40 0.16
Finish tasks once I make up my mind about it 0.33 0.11
Easy for me to stop enjoyable things when told 0.64 0.41
Think things through before I speak 0.32 0.10
It is not hard to wait for my turn when playing 0.49 0.24

TABLE 4 The Goodness-of-Fit Indexes of the CFA models for the SSSC.

Model N X2 (df) CFI TLI RMSEA SRMR
Three-factor model 393 507 (321) 0.89 0.88 0.038 0.053
Two-factor model 393 264 (169) 0.93 0.92 0.038 0.050
Two-factor model boys 194 238 (169) 0.90 0.89 0.046 0.065
Two-factor model girls 199 212 (169) 0.92 0.91 0.036 0.063
Two-factor model younger 195 203 (169) 0.95 0.94 0.032 0.060
Two-factor model older 201 222 (169) 0.92 091 0.040 0.062

%’ chi-square; df, degrees of freedom; CFI, comparative fit index; RMSEA, Root Mean Square Error of Approximation; SRMR, standardized root mean residual; TLI, Tucker-Lewis index.

Probability level p <0.05.

and Behavioral Inhibition were also shown not to be correlated,
indicating that two different dimensions of sensation seeking are
captured by the model.

Considering our findings, there is a theoretical logic to the overlap
between Thrill Seeking and Behavioral Intensity in the original
SSSC. The Thrill Seeking subscale has questions about whether or not
a child would like to try mountain climbing, waterskiing, jumping
from a plane with a parachute, etc. The Behavioral Intensity subscale
includes questions such as whether the child would like to sled fast
down a steep hill, climb to the top of a tall ladder, do risky sports, etc.
(Morrongiello and Lasenby, 2006). Even though the questions in the
Behavioral Intensity scale indicate a higher intensity in the activity,
with words such as “fast) “steep,” “tall,” and “risky;” most of the
activities mentioned are similar to items in Zuckerman’s (1994) Thrill
and Adventure Seeking, which covers finding pleasure in participating
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in adventurous activities and risky experiences that provide intense
sensations (e.g., rock climbing, sky diving, or river kayaking). In
Zuckerman’s Thrill and Adventure Seeking subscale, there is a mix of
items with and without indications of intensity, e.g., I would like to try
parachute jumping and I think I would enjoy the sensations of skiing
very fast down a high mountain slope (Zuckerman, 1994). In this
perspective, it is not a surprise that children’s answers to these two
subscales from the SSSC are highly correlated and seem to measure
the same dimension.

In line with the study of Haas et al. (2019) of 3- to 6-year-olds,
our analysis of the Norwegian version of the SSSC and the new
subscales developed in this study shows that boys score higher than
girls on Thrill and Intensity Seeking. This supports findings of boys
being higher than girls on temperament dimensions such as
“activity level” (Torgersen, 1985; Goldsmith et al., 1997). It also
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supports studies showing that relative to girls, boys’ behavior is
more characterized by the willingness to take risks (Ginsburg and
Miller, 1982; Smith, 1998) and by challenging physical play and
rough-and-tumble play (Blurton Jones, 1976; DiPietro, 1981;
Humphreys and Smith, 1984, 1987; Eaton and Enns, 1986; Smith,
1997, 2005; Macdonald, 1998; Pellegrini and Smith, 1998; Power,
2000; Sandseter et al., 2020). In the present study, boys also scored
significantly lower than girls on Behavioral Inhibition. This is in
alignment with earlier findings showing that girls are more
hesitant, have more inhibited and effortful control, and are less
extroverted than boys (Rothbart, 1988; Goldsmith et al., 1997;
Goldberg, 2001).

In the two-factor solution in our sample, the results show that age
is positively related to both Thrill and Intensity Seeking and Behavioral
Inhibition, meaning that older children tend to score higher on both
subscales. Although earlier studies have shown diverging results on
sensation-seeking and risk-taking behavior in relation to age, the
theoretical assumption is that such behavior increases during
childhood toward a peak in adolescence (between 19 and 24 years)
(Zuckerman, 1994; Steinberg, 2008; Ellis et al., 2012). The increasing
level of Thrill and Intensity Seeking with age in our study would
support such an assumption, even though it is worth noting that the
span of ages in our study is limited to only 3 years (ages 7-10). Studies
on similar age groups, such as Jensen et al. (2011) and Dekkers et al.
(2019) studying 9- to 13-year-olds, have not been able to find
age-related differences. The observed positive relationship between
age and Behavioral Inhibition suggests that older children tend to
exhibit slightly greater self-control in comparison to their younger
counterparts. However, it is important to note that the strength of this
association is relatively weak and that the statistical significance, while
present, is just below the conventional threshold of 0.05. Consequently,
the practical implications of this finding are considered to
be somewhat limited. This result is in line with the expectation that
older pupils, having spent more time in the school environment, may
show a higher inclination to respond affirmatively to statements like I
wait my turn before answering in class. Their increased exposure to
classroom norms and routines may contribute to a modest increase in
their Behavioral Inhibition scores. This could also be an expression of
compliance with social norms, where the children merely answer what
is socially accepted (e.g., to wait on€’s turn) in the test situation, rather
than what they actually do in class. Nevertheless, it is essential to
recognize that the observed effect is not substantial, and a range of
other factors likely contribute to individual differences in
Behavioral Inhibition.

The current study focused on evaluating the psychometric
properties of a Norwegian translation of the SSSC within a sample of
7- to 10-year-old Norwegian children. Despite the valuable insights
gained, several limitations in the methodology of this study must
be considered. First, this study did not include an assessment of the
test-retest reliability or aspects of validity such as convergence with
similar questionnaires or whether the Norwegian version of the SSSC
can predict scores on other psychological measures. Second, the study
design was cross-sectional, capturing a single point in time, which
limits the ability to explore the consistency of the measure across time.
Thirdly, it is important to acknowledge that the study relied on a
convenience sample of 393 children recruited from four primary
schools in Norway. The schools varied in size and geographical
location, adding some heterogeneity to the sample. However, the
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convenience sampling approach might not fully capture the diversity
within the population of Norwegian children.

Furthermore, it is important to acknowledge that the SSSC was
initially developed in a broader age range, from 7 to 12 years. While
the SSSC has demonstrated its utility in this wider age range, our study
focused on a specific subset of this range, encompassing 7- to 10-year-
old Norwegian children. This age restriction may have implications
for the generalizability of our findings to the entire intended age range
of the scale. Researchers should consider potential age-related
variations when interpreting the results within the 7- to 10-year-old
subset. While our study aimed to evaluate measurement invariance
through Confirmatory Factor Analysis (CFA) following an
Exploratory Factor Analysis (EFA), it is important to note that the
potential for overfitting and capitalization on chance exists. Future
research with more diverse samples and extensive age ranges could
provide a more comprehensive understanding of the scale’s
performance and generalizability. There are also social and cultural
aspects of sensation seeking that might influence the results, especially
when children self-report and in a test situation where an adult asks
the questions. Comparisons with observations could be a way forward,
for example by observing practical tasks or situation where children
can play unsupervised with equipment or in environments that afford
risk taking similar to what Morrongiello et al. (2010) did with
younger children.

In summary, our findings suggests that the SSSC, as it was
developed in a Canadian context and with Canadian children, does
not transfer directly to the Norwegian context. In our study, sensation
seeking consisted of two factors, instead of the original three. However,
gender differences were replicated, with boys scoring higher on Thrill
and Intensity Seeking and girls scoring higher on Behavioral
Inhibition. The positive relationships between age and the two
dimensions of sensation seeking were in line with some previous
research but remain difficult to interpret. Future applications of the
SSSC should consider these aspects, including issues related to social
dynamics and children’s self-reporting.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The Norwegian
Data Protection Services for Research (ref. no. 784782). The studies
were conducted in accordance with the local legislation and
institutional requirements. Written informed consent for participation
in this study was provided by the participants’ legal guardians/
next of kin.

Author contributions

ES: Conceptualization, Funding acquisition, Investigation,
Methodology, Project administration, Writing - original draft,
Writing - review & editing. OS: Conceptualization, Data curation,

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1341609
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Sandseter et al.

Formal analysis, Investigation, Methodology, Writing - review &
editing. RK: Conceptualization, Investigation, Methodology, Writing -
review & editing. HL: Investigation, Methodology, Writing - review &
editing. LS: Investigation, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The VIRMA
project is funded by the Research Council of Norway (project
number 324155).

Acknowledgments

The authors would like to thank Morrongiello for letting us use
the SSSC measure, and the children and staff from the lower

References

Ahadi, S. A., and Rothbart, M. K. (1994). “Temperament, development, and the big
five” in The developing structure of temperament and personality from infancy to
adulthood. eds. C. F. Halverson Jr., G. A. Kohnstamm and R. P. Martin (Hillsdale, NJ:
Erlbaum), 189-207.

Andreoni, J., Di Girolamo, A., List, J. A., Mackevicius, C., and Samek, A. (2020). Risk
preferences of children and adolescents in relation to gender, cognitive skills, soft skills,
and executive functions. J. Econ. Behav. Organ. 179, 729-742. doi: 10.1016/j.
jebo.2019.05.002

Blurton Jones, N. (1976). “Rough-and-tumble play among nursery school children”
in Play: It's role in development and evolution. eds. J. S. Bruner, A. Jolly and K. Sylva
(Harmondsworth: Penguin Books), 564-584.

Brown, T. A. (2014). Confirmatory factor analysis for applied research. New York, NY:
Guilford Publications.

Buss, D. M. (1997). “Evolutionary foundations of personality” in Handbook of
personality psychology. eds. R. Hogan, J. Johnson and S. Briggs (San Diego: Academic
Press), 317-344.

Cairns, R.B., and Cairns, B.D. (1994). Lifelines and risks: Pathways of youth in our time.
New York: Cambridge University Press.

Cook, S., Peterson, L., and DiLillo, D. (1999). Fear and exhilaration in response to risk:
an extension of a model of injury risk in a real-world context. Behav. Ther. 30, 5-15. doi:
10.1016/S0005-7894(99)80042-2

Costa, P. T., and McCrae, R. R. (1992). Four ways five factors are basic. Personal.
Individ. Differ. 13, 653-665. doi: 10.1016/0191-8869(92)90236-1

Dekkers, T. J., van Bergen, N. R. ], and Jansen, B. R. J. (2019). An assessment of the
psychometric properties of the brief sensation seeking scale for children. J. Pers. Assess.
101, 446-451. doi: 10.1080/00223891.2018.1468336

DiPietro, J. A. (1981). Rough and tumble play: a function of gender. Dev. Psychol. 17,
50-58. doi: 10.1037/0012-1649.17.1.50

Eaton, W. O., and Enns, L. R. (1986). Sex differences in human motor activity level.
Psychol. Bull. 100, 19-28. doi: 10.1037/0033-2909.100.1.19

Eaton, W. O, and Yu, A. P. (1989). Are sex differences in child motor activity level a
function of differences in maturational status? Child Dev. 60, 1005-1011. doi:
10.2307/1131040

Edelson, S. M., and Reyna, V. F (2021). How fuzzy-trace theory predicts development
of risky decision making, with novel extensions to culture and reward sensitivity. Dev.
Rev. 62:100986. doi: 10.1016/§.dr.2021.100986

Ellis, B. J., Del Giudice, M., Dishion, T. J., Figueredo, A. J., Gray, P., Griskevicius, V.,
et al. (2012). The evolutionary basis of risky adolescent behavior: implications for
science, policy, and practice. Dev. Psychol. 48, 598-623. doi: 10.1037/a0026220

Eysenck, H.J., and Eysenck, M.W. (1985). Personality and individual differences: a
natural science approach. New York: Plenum

Ginsburg, H. ], and Miller, S. M. (1982). Sex differences in children's risk-taking
behavior. Child Dev. 53, 426-428. doi: 10.2307/1128985

Goldberg, L. R. (2001). Analyses of Digman's child-personality data: derivation of
big-five factor scores from each of six samples. J. Pers. 69, 709-744. doi:
10.1111/1467-6494.695161

Frontiers in Psychology

10.3389/fpsyg.2024.1341609

elementary schools for their participation and collaboration in
the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Goldsmith, H. H., Buss, K. A., and Lemery, K. S. (1997). Toddler and childhood
temperament: expanded content, stronger genetic evidence, new evidence for the
importance  of  environment.  Dev.  Psychol. 33, 891-905.  doi:
10.1037/0012-1649.33.6.891

Gudmundsson, E. (2009). Guidelines for translating and adapting psychological
instruments. Nordic Psychol. 61, 29-45. doi: 10.1027/1901-2276.61.2.29

Haas, M., Hiemisch, A., Vogel, M., Wagner, O., Kiess, W,, and Poulain, T. (2019).
Sensation seeking in 3- to 6-year-old children: associations with socio-demographic
parameters and behavioural difficulties. BMC Pediatr. 19:77. doi: 10.1186/
512887-019-1450-6

Hillier, L. M., and Morrongiello, B. A. (1998). Age and gender differences in school-
age children's appraisals of injury risk. J. Pediatr. Psychol. 23, 229-238. doi: 10.1093/
jpepsy/23.4.229

Horvath, P, and Zuckerman, M. (1993). Sensation seeking, risk appraisal, and
risky behavior. Personal. Individ. Differ. 14, 41-52. doi: 10.1016/0191-8869(93)90173-
Z

Humphreys, A. P, and Smith, P. K. (1984). “Rough-and-tumble in preschool and
playground” in Play in animals and humans. ed. P. K. Smith (Oxford: Blackwell),
241-266.

Humphreys, A. P, and Smith, P. K. (1987). Rough and tumble, friendship, and
dominance in schoolchildren: evidence for continuity and change with age. Child Dev.
58,201-212. doi: 10.2307/1130302

Jensen, J. D., Weaver, A. J., Ivic, R,, and Imboden, K. (2011). Developing a brief
sensation seeking scale for children: establishing concurrent validity with video game
use and rule-breaking behavior. Media  Psychol. 14, 71-95. doi:
10.1080/15213269.2010.547831

Macdonald, K. (1998). Evolution, culture, and the five-factor model. J. Cross-Cult.
Psychol. 29, 119-149. doi: 10.1177/0022022198291007

Matthews, G., Deary, L., and Whiteman, M.C. (2003). Personality traits. Cambridge:
Cambridge University Press

McCrae, R. R., Costa, P. T. Jr,, Ostendorf, F, Angleitner, A., Hiebickovd, M.,
Avia, M. D,, et al. (2000). Nature over nurture: temperament, personality, and life span
development. J. Pers. Soc. Psychol. 78, 173-186. doi: 10.1037/0022-3514.78.1.173

McCrae, R. R, and Costa, P. T. Jr. (1997). Personality trait structure as a human
universal. Am. Psychol. 52, 509-516. doi: 10.1037//0003-066x.52.5.509

Mehmetoglu, M., and Jakobsen, T.G. (2017). Applied statistics using Stata. A guide for
the social sciences. London: Sage

Meredith, W. (1993). Measurement invariance, factor analysis and factorial invariance.
Psychometrika 58, 525-543. doi: 10.1007/BF02294825

Miller, D. C., and Byrnes, J. P. (1997). The role of contextual and personal factors in
children's risk taking. Dev. Psychol. 33, 814-823. doi: 10.1037//0012-1649.33.5.814

Millsap, R.E. (2011). Statistical approaches to measurement invariance. New York, NY,
US: Routledge/Taylor & Francis Group.

Morrongiello, B. A., and Lasenby, J. (2006). Finding the daredevils: development of a
sensation-seeking scale for children that is relevant to physical risk-taking. Accid. Anal.
Prev. 38, 1101-1106. doi: 10.1016/j.aap.2006.04.018

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1341609
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.jebo.2019.05.002
https://doi.org/10.1016/j.jebo.2019.05.002
https://doi.org/10.1016/S0005-7894(99)80042-2
https://doi.org/10.1016/0191-8869(92)90236-I
https://doi.org/10.1080/00223891.2018.1468336
https://doi.org/10.1037/0012-1649.17.1.50
https://doi.org/10.1037/0033-2909.100.1.19
https://doi.org/10.2307/1131040
https://doi.org/10.1016/j.dr.2021.100986
https://doi.org/10.1037/a0026220
https://doi.org/10.2307/1128985
https://doi.org/10.1111/1467-6494.695161
https://doi.org/10.1037/0012-1649.33.6.891
https://doi.org/10.1027/1901-2276.61.2.29
https://doi.org/10.1186/s12887-019-1450-6
https://doi.org/10.1186/s12887-019-1450-6
https://doi.org/10.1093/jpepsy/23.4.229
https://doi.org/10.1093/jpepsy/23.4.229
https://doi.org/10.1016/0191-8869(93)90173-Z
https://doi.org/10.1016/0191-8869(93)90173-Z
https://doi.org/10.2307/1130302
https://doi.org/10.1080/15213269.2010.547831
https://doi.org/10.1177/0022022198291007
https://doi.org/10.1037/0022-3514.78.1.173
https://doi.org/10.1037//0003-066x.52.5.509
https://doi.org/10.1007/BF02294825
https://doi.org/10.1037//0012-1649.33.5.814
https://doi.org/10.1016/j.aap.2006.04.018

Sandseter et al.

Morrongiello, B. A., Lasenby-Lessard, J., and Corbett, M. (2009). Children’s risk taking
in a gambling task and injury-risk situation: evidence for domain specificity in risk
decisions. Personal. Individ. Differ. 46, 298-302. doi: 10.1016/j.paid.2008.10.018

Morrongiello, B. A., Sandomierski, M., and Valla, J. (2010). Early identification of
children at risk of unintentional injury: a sensation seeking scale for children 2-5 years
of age. Accid. Anal. Prev. 42, 1332-1337. doi: 10.1016/j.aap.2010.02.014

Pellegrini, A. D., and Smith, P. K. (1998). Physical activity play: the nature and
function of a neglected aspect of playing. Child Dev. 69, 577-598. doi: 10.2307/1132187

Power, T.G. (2000). Play and exploration in children and animals. Mahwah, NJ:
Lawrence Erlbaum.

Putnam, S. P, Ellis, L. K., and Rothbart, M. K. (2001). “The structure of temperament
from infancy through adolescence” in Advances in research on temperament. eds. A.
Eliasz and A. Angleitner (Germany: Pabst Scientist Publisher), 165-182.

Rothbart, M. K. (1988). Temperament and the development of inhibited approach.
Child Dev. 59, 1241-1250. doi: 10.2307/1130487

Rothbart, M. K., Ahadi, S. A., Hershey, K. L., and Fisher, P. (2001). Investigations of
temperament at three to seven years: the children's behavior questionnaire. Child Dev.
72, 1394-1408. doi: 10.1111/1467-8624.00355

Rothbart, M. K., Derryberry, D., and Hershey, K. (2000). “Stability of temperament in
childhood: laboratory infant assessment to parent report at seven years” in Temperament
and personality development across life span. eds. V. J. Molfese and D. L. Molfese
(Mahwah, NJ: Erlbaum), 85-119.

Russo, M. E, Lahey, B. B., Christ, M. A,, Frick, P. ], McBurnett, K., Walker, J. L., et al.
(1991). Preliminary development of a sensation seeking scale for children. Personal.
Individ. Differ. 12, 399-405. doi: 10.1016/0191-8869(91)90056-H

Russo, M. E, Stokes, G. S., Lahey, B. B., Christ, M. A. G., McBurnett, K., Loeber, R.,
etal. (1993). A sensation seeking scale for children: further refinement and psychometric
development. J. Psychopathol. Behav. Assess. 15, 69-86. doi: 10.1007/BF00960609

Sandseter, E. B. H., Kleppe, R., and Sando, O. J. (2020). The prevalence of risky play

in young Children’s indoor and outdoor free play. Early Childhood Educ. J. 49, 303-312.
doi: 10.1007/510643-020-01074-0

Frontiers in Psychology

11

10.3389/fpsyg.2024.1341609

Sandseter, E. B. H., Sando, O. J., Loras, H., Kleppe, R., Storli, L., Brussoni, M.,
et al. (2023). Virtual risk management—exploring effects of childhood risk
experiences through innovative methods (ViRMa) for primary school children in
Norway: study protocol for the ViRMa project. JMIR Res. Protocols 12:e45857. doi:
10.2196/45857

Smith, P. K. (1997). “Play fighting and real fighting: perspectives on their relationship”
in New aspects of ethology. eds. A. Schmitt, K. Atswanger, K. Grammar and K. Schafer
(New York: Plenum Press), 47-64.

Smith, S.J. (1998). Risk and our pedagogical relation to children: on playground and
beyond. New York: State University of New York Press

Smith, P. K. (2005). “Play. Types and functions in human development” in Origins of
the social mind. Evolutionary psychology and child development. eds. B. ]. Ellis and D. F.
Bjorklund (New York: Guilford), 271-291.

Steinberg, L. (2008). A social neuroscience perspective on adolescent risk-taking. Dev.
Rev. 28, 78-106. doi: 10.1016/j.dr.2007.08.002

Strelau, J. (1993). “The location of the regulative theory of temperament
(RTT) among other temperamental theories” in Foundations of personality. eds. J.
Hettema and I. J. Deary (Dordrecht, Netherlands: Kluwer Academic Publishers),
113-131.

Torgersen, A. M. (1985). “Temperamental differences in infants and 6-years old
children: a follow-up study of twins” in The biological bases of personality and behavior.
eds. J. Strelau, E. H. Farley and E. Gale (Washington: Hemisphere Publishing
Corporation), 227-239.

Zuckerman, M. (1979). Sensation seeking: Beyond the optimal level of arousal.
Hillsdale, NJ: Erlbaum.

Zuckerman, M. (1983). “A biological theory of sensation seeking” in
Biological bases of sensation seeking, impulsivity, and anxiety. ed. M.
Zuckerman (Hillsdale, New Jersey: Lawrence Erlbaum Associates, Publishers),
37-68.

Zuckerman, M. (1994). Behavioral expressions and biosocial bases of sensation seeking.
Cambridge: Cambridge University Press.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1341609
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.paid.2008.10.018
https://doi.org/10.1016/j.aap.2010.02.014
https://doi.org/10.2307/1132187
https://doi.org/10.2307/1130487
https://doi.org/10.1111/1467-8624.00355
https://doi.org/10.1016/0191-8869(91)90056-H
https://doi.org/10.1007/BF00960609
https://doi.org/10.1007/s10643-020-01074-0
https://doi.org/10.2196/45857
https://doi.org/10.1016/j.dr.2007.08.002

	Assessment of psychometric properties and measurement invariance of the sensation seeking scale for children in a Norwegian sample
	1 Introduction
	1.1 Aim of study

	2 Methods
	2.1 Participants
	2.2 Measure
	2.3 Procedure
	2.4 Data analysis

	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

