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Abstract

Background: In order to inform interventions to prevent sedentariness, more longitudinal studies are needed
focusing on stability and change over time in multiple sedentary behaviours. This paper investigates patterns of
stability and change in TV/DVD use, computer/electronic game use and total screen time (TST) and factors
associated with these patterns among Norwegian children in the transition between childhood and adolescence.

Methods: The baseline of this longitudinal study took place in September 2007 and included 975 students from 25
control schools of an intervention study, the HEalth In Adolescents (HEIA) study. The first follow-up took place in May
2008 and the second follow-up in May 2009, with 885 students participating at all time points (average age at baseline
= 11.2, standard deviation + 0.3). Time used for/spent on TV/DVD and computer/electronic games was self-reported,
and a TST variable (hours/week) was computed. Tracking analyses based on absolute and rank measures, as well as
regression analyses to assess factors associated with change in TST and with tracking high TST were conducted.

Results: Time spent on all sedentary behaviours investigated increased in both genders. Findings based on
absolute and rank measures revealed a fair to moderate level of tracking over the 2 year period. High parental
education was inversely related to an increase in TST among females. In males, self-efficacy related to barriers to
physical activity and living with married or cohabitating parents were inversely related to an increase in TST.
Factors associated with tracking high vs. low TST in the multinomial regression analyses were low self-efficacy and
being of an ethnic minority background among females, and low self-efficacy, being overweight/obese and not
living with married or cohabitating parents among males.

Conclusions: Use of TV/DVD and computer/electronic games increased with age and tracked over time in this
group of 11-13 year old Norwegian children. Interventions targeting these sedentary behaviours should thus be
introduced early. The identified modifiable and non-modifiable factors associated with change in TST and tracking
of high TST should be taken into consideration when planning such interventions.

Background

Increases in sedentary behaviours (SB), and in particular
entirely sedentary pastimes, such as television (TV) view-
ing and use of computer/electronic games have been
reported over the past decades [1,2]. High levels of SB
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have adverse impacts on child and adult health. In young
people, SB has been found to be associated with
increased body weight and obesity [2-8], adverse meta-
bolic profiles [9], and poor fitness in later life [3].
Although these associations are complex and have vari-
able magnitudes [10], they do suggest that interventions
targeting SB in children and adolescents are of public
health importance. In addition, studies have shown that
reducing SB without specifically targeting physical
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activity (PA) can increase levels of PA [11,12], which is
important since PA has several short and long term ben-
efits for the well-being of children and adolescents
[13-15]. Nevertheless, SB seems more inherently reinfor-
cing and has been found to be more difficult to change
than PA in this age group [11].

Interventions targeting SB are likely to be more success-
ful if implemented in developmental periods during which
stability of the behaviours is relatively low [16]. Available
data suggests that TV viewing and use of computer/games
are relatively stable behaviours which track moderately in
childhood and adolescence [10]. Tracking refers to the
tendency of individuals to maintain their rank or position
within a group over time [17] and to the ability to predict
future values based on previous values [18]. Studying
tracking patterns of screen time is important to see the
stability and change of SB over time. It can help determine
the proper timing of interventions targeting these beha-
viours. It is also vital to assess factors associated with
screen time tracking patterns, as well as correlates of
change in screen time in order to inform such interven-
tions [19]. Whereas modifiable correlates can be directly
addressed, non- modifiable correlates could indicate parti-
cular risk groups which should be targeted in interven-
tions. However, few longitudinal studies have looked at
screen-based SB and their changes over time. A recent
review concluded that prospective studies of SB in young
people are scarce; and documented insufficient evidence
for determinants of SB from the included prospective stu-
dies [20]. In addition, most available studies have focused
on TV viewing, ignoring other screen time behaviours
which can account for a significant portion of time spent
sedentary [21,22]. By focusing on a single screen time
behaviour one is unlikely to capture the diversity of leisure
behaviour in young people [19], and thus other screen
time behaviours such as electronic game/computer use
and total screen time (TST) should also be looked into. A
need for more studies looking at these behaviours has
been emphasized [10,23].

This paper aims to assess stability (tracking) and
changes of TV/DVD, computer/electronic game use and
TST over a 2 year period, and to assess variables asso-
ciated with change in TST and with tracking high (vs low)
TST in a group of Norwegian children in the transition
between childhood and adolescence.

Methods

Design and sample

This study makes use of data from a school-based inter-
vention, the HEalth In Adolescents (HEIA) study [24].
The overall aim of the HEIA study was to develop and
evaluate a multi-component intervention study aimed at
healthy weight development through diet and physical
activity. A total of 177 schools were invited, and 37 schools
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accepted the invitation. Schools were included in this
study if they had a minimum of 40 enrolled pupils in the
6th grade. Schools were thus recruited from the largest
towns/municipalities in seven counties from the Eastern
part of Norway (Akershus, Buskerud, Hedmark, Oppland,
Telemark, Vestfold, and @stfold). The schools were ran-
domly assigned into 12 intervention and 25 control
schools. All 6th graders in these schools and their parents/
legal guardians were invited to participate in the baseline
(BL) study which took place in September 2007.

The participants in the present study are students from
the 25 control schools. Parental consent was obtained for
1014 children from these schools, with a rate of parental
consent of 73%. A total of 975 students (96% of the 1014
returning parental informed consent) from these schools
participated at baseline (BL). The first follow-up (T1)
study took place in May 2008, and 934 (96%) of those par-
ticipating at BL participated. The second follow-up (T2)
was conducted in May 2009, and 885 (95%) of those parti-
cipating at BL and T1 participated.

Ethical clearance was obtained from the Regional
Committees for Medical Research and the Norwegian
Social Science Data Service.

Data collection

The children answered an internet-based questionnaire
over a period of approximately 45 minutes at all time
points. The children were taken to separate computer
rooms in groups. Research assistants were present to
answer questions, resolve technical problems and ensure
that children replied independently from each other.

Measures

Four questions with pre-coded answer categories were
asked to assess usual TV/DVD use and use of computer/
electronic games: How many hours do you usually watch
TV and/or DVD on a normal weekday? The same ques-
tion was asked for a normal weekend day. The answer
categories were (recoding in brackets): half hour [0.5],
one hour [1], two hours [2], three hours [3], four hours
[4], five hours or more [5]. The two questions on compu-
ter/electronic game use were formulated in the same way
as for TV/DVD, but the answer categories were: no play-
ing [0], half hour or less [0.5], one hour [1], two hours
[2], three hours [3], four hours or more [4]. Separate
weekly scores for TV/DVD and computer/electronic
games were calculated by summing hours reported for an
average weekday (multiplied by five) and average week-
end day (multiplied by 2), and then summed to create a
total screen time (TST) variable.

Moderate test-retest correlation coefficients (0.66-0.73)
for the weekly outcome measures were obtained from a
separate test-retest study conducted at 10-14 days apart
among 111 6th graders prior to the main data collection.



Gebremariam et al. BMC Public Health 2012, 12:104
http://www.biomedcentral.com/1471-2458/12/104

Independent variables

Perceived parental regulation of TV/DVD use and per-
ceived parental regulation of computer/electronic games
were assessed by a 4-item scale (e.g. My mother and father
try to make sure that I do not watch too much TV; my
mother and father try to make sure that I do not use the
computer and play games too much) [25]. The items in
these measures were rated on a 5-point Likert-type scale
coded 1 (lowest) to 5 (highest) and phrased “totally dis-
agree” to “totally agree” with a neutral midpoint. Since the
outcome measure for the regression analyses was TST, all
items in both measures were used to form a parental TST
regulation measure. Reliability analysis was done for this
measure, and a high internal consistency was obtained:
Cronbach’s a. = 0.80 (BL), 0.85 (T2).

Self-efficacy related to barriers for PA was assessed by a
5-item scale, adapted and modified from Motl et al. 2006
[26] and Lytle 2009 [27] (e.g. I can be physically active
during my free time on most days even if I have the choice
to watch TV or play video games instead). Items of the
scale were rated on a 5-point Likert-type scale. The scale
had high internal consistency with Cronbach’s o = 0.75
(BL) and 0.77 (T?2).

BMI was calculated as weight/height”. Weight and height
were objectively measured. The age and gender specific
BMI cut-off values proposed by the International Obesity
Task Force [28] were used in order to categorize the ado-
lescents into non-overweight and overweight/obese.

The pubertal development scale is based on the pubertal
category scores defined by Carskadon and Acebo [29].
The categories were: prepubertal, early pubertal, mid-pub-
ertal, late pubertal or post-pubertal (re-categorization into
pre-pubertal/early pubertal/mid, late and post-pubertal
was done for the analyses).

Participants were divided into either ethnic Norwegian
or ethnic minority. Ethnic minorities are defined as those
having both parents born in a country other than Norway
[30], and constituted 6.5% of the total sample.

Living status of children was divided into two categories:
those living with married or cohabitating parents consti-
tuted the first group; those living with their father or
mother alone, equally with their mother or father, grand-
parents or another adult were grouped together in the sec-
ond group.

Parental education was gathered as part of the paren-
tal informed consent for the adolescent. It was categor-
ized into: low (12 years or less), medium (between 13
and 16 years) and high (more than 16 years). Educa-
tional status of the parent with the longest education or
else the one available was used in the analyses.

Statistical analysis
Since schools were the unit of measurement in this
study, we checked for clustering effect through the
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Linear Mixed Model procedure. Only 1.4-3.2% of the
unexplained variance in the variables investigated was at
the school level. Hence, adjustment for clustering effect
was not conducted.

Mean values (standard deviations) were calculated for
the outcome measures at baseline, T1 and T2, as these
are approximately normally distributed. Gender-specific
tertiles were computed from the average weekly TV/
DVD use, computer/electronic game use and TST. The
TST was also categorized into two, representing those
with a weekly TST of less than 14 hours and those with
a weekly TST of more than 14 hours. This cut-off was
chosen based on recommendations for a maximum total
daily electronic media use time of 2 hours or less in
some countries [31,32].

Analysis of variance (ANOVA) was conducted to
assess differences between males and females in mean
levels of weekly hours spent watching TV/DVD, weekly
hours spent using computer/electronic games, and mean
hours of weekly TST at the three time points, and one-
way repeated measures ANOVA was used to compare
time spent on these SB over the three time points.
ANOVA was also used to evaluate associations between
TST and different characteristics of participants at BL
and T2.

Tracking was examined using Generalized Estimating
Equations (GEE), one of the latest statistical methods
used for this purpose. GEE analysis has several advan-
tages: it allows for all longitudinal data to be used to cal-
culate a single stability coefficient, taking into account
that repeated measurements within an individual are cor-
related; it also allows for adjustment for both time depen-
dent and time independent covariates [18]. In this
method of analysis, the value of the initial measurement
of the outcome variable at time 1 is regressed on the
longitudinal development of the outcome variable from
time 2 to time m (where m = number of measurements),
adjusting for covariates. This allows for the assessment of
the relationship between the first measurement and sub-
sequent measurements, yielding one single regression
coefficient, the standardized value of which can be inter-
preted as a longitudinal correlation coefficient [18]. In
this study, adjustment for ethnicity, parental education,
family status and weight status was done. Correlation
coefficients of < 0.30 were classified as low, 0.30 to 0.60
as moderate, and > 0.60 as moderately high [33]. Then,
to measure level of agreement between tertile member-
ship at BL and T2, Cohen’s weighted kappa was com-
puted. According to Landis and Koch [34], values of 0.01
to 0.2 indicate slight agreement, 0.21 to 0.40 fair agree-
ment, 0.41 to 0.60 moderate agreement, 0.61 to 0.80 sub-
stantial agreement and 0.81 to 1.00 almost perfect
agreement. Direct weighted Kappa calculation is not pos-
sible on SPSS, thus syntax from the IBM website [35] was
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used. Data for imputation into the syntax was obtained
from cross-tabulation.

Linear regression analysis was conducted to assess fac-
tors associated with change in TST between BL and T2,
after correcting for baseline TST. The BL variables
included in the regression analysis were perceived par-
ental regulation of screen time, self-efficacy related to
barriers for PA, BMI category, pubertal stage, ethnicity,
living status and parental education.

Multinomial logistic regression analysis was then used
to assess whether these BL characteristics of participants
could be predictors of tracking high (vs low) TST. Sub-
group analysis was done for this purpose including
those in the lower and upper tertile at BL (low and high
users). Then, three tracking patterns were identified:
tracking high TST (those in the upper tertile for TST at
BL who remained there at T2, or high-risk group),
tracking low TST (those in the lower tertile for TST at
BL who remained there at T2, or low-risk group) and
no tracking of TST (increase or decrease).

Both univariate and multivariate analyses were con-
ducted. Selection of variables for inclusion in the multi-
variate models was based on the results of univariate
analysis (p < 0.25). Results of the final adjusted models
(unadjusted regression coefficients or odds ratios and
95% CI) are presented in text.

TST was used as an outcome variable instead of TV/
DVD and computer/game use separately in the regres-
sion analyses. A review study has indicated that corre-
lates of separate screen time behaviours are similar to
those of overall screen viewing in younger children, with
few exceptions [36], and separate analysis (data not
shown) showed that it was the case in this study as well.
In addition, interventions are most likely to target over-
all screen time behaviours and not separate ones.

Attrition analysis was performed using independent
samples t-test and chi-squared test of proportions to
determine differences in baseline characteristics between
participants and drop-outs (n = 90).

All statistical analyses were performed by IBM® SPSS®
Statistics, version 18.0 (IBM Corp., Somers, New York,
USA).

Results

Descriptives and change

A total of 885 students (47% female and 53% male) who
participated at all three time points were included in the
analysis. The mean age at baseline was 11.2 (0.3).

The mean weekly hours spent on TV/DVD use, compu-
ter/game use, and TST at BL, T1 and T2 for boys, girls
and the total sample are presented in Table 1. The
increases in time spent weekly on these behaviours
between BL and T2 were statistically significant (p < 0.01).
There was also a significant increase in the screen time

Page 4 of 9

behaviours between the different time points, except for
computer/game use among males between BL and T1
(p = 0.174) and TV viewing for males between T1 and T2
(p = 0.312).

There was no significant difference in TV/DVD
watching between boys and girls at any time point, but
there was a significant difference in computer/game use
at all time points, with boys spending more time on
computer/game use than girls There was a significant
difference between boys and girls in TST at BL and T1
(p < 0.001), but not at T2 (p = 0.226).

The mean change in TST between BL and T2 was
4.98 hrs/week for girls and 2.73 hrs/week for boys (p =
0.007).

The proportion of children with a daily TST of over 2
hours increased from 50.7% at BL to 67.1% at T1 to
72.7% at T2 among girls, and from 65.9% at BL to
73.9% at T1 to 73.4% at T2 among boys.

The attrition analysis showed that there was no signif-
icant difference in the outcome measures and the inde-
pendent variables at BL between participants and drop-
outs.

Tracking

Stability coefficients based on GEE analysis showed sta-
tistically significant (p < 0.001) moderate correlations.
For females, coefficients of 0.48, 0.38 and 0.48 were

Table 1 Sedentary behaviors, mean values and
proportions at baseline, 1 and 2 year follow-up among
Norwegian children

BL T1 T2
Mean SD Mean SD Mean SD
TV/DVD use Female 1104 652 1236 662 1345 686
Male 1190 677 1294 725 1328 737
Total 1150 666 1266 69 1336 7.13
Computer/ Female 731%* 581 800* 555 988" 682
electronic game
use
Male 980* 663 10.19%* 684 11.01" 737
Total 861 637 915 636 1047 714
Total screen time ~ Female 1844* 1091 2034* 988 2331 1134
Male 21.68* 11.83 23.14* 1205 2430 1273
Total 2015 1151 2181 1105 2383 1210
% % %
Total screen time ~ Female 50.7 67.1 72.7
> 2 hrs/day
Male 659 739 734
Total 587 706 73.1

*, *statistically significant difference between boys and girls, *: p < 0.001, *:
p < 0.05

N = 419 for girls and 466 for boys and varies slightly between variables
Statistically significant changes between BL and T2 for all variables
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obtained for TV/DVD use, computer/game use and
TST. The respective coefficients for males were 0.47,
0.49 and 0.51 (Table 2). Tracking coefficients for TST
and TV/DVD use were similar between genders. Track-
ing of computer/electronic games was slightly higher in
boys than girls.

The weighted kappa values also indicate the presence
of fair to moderate tracking within tertiles. Results are
presented in Table 3.

Factors associated with an increase in TST between BL
and T2

Table 4 shows factors associated with TST at BL and T2
in both genders. Analysis was done to assess whether
these factors would be associated with changes in screen
time between these two time points. In females, the
only variable found to be associated with an increase in
TST between BL and T2 in the multivariate analysis
was high parental education (inverse) (B = -2.67 (-5.17,-
0.18)), indicating an increase in TST of around 2.7
hours for those with low parental education. Among
males, living with married or cohabitating parents (B =
-3.09 (-5.69.-0.50)) and self-efficacy related to barriers to
PA (B = -2.16 (-3.60,-0.73)) were inversely related to an
increase in TST, indicating an increase in TST of
around 3 hours per week for those not living with mar-
ried or cohabitating parents and a decrease of around
2.2 hours per week per unit increase in self-efficacy
score.

Predictors of tracking of high TST

Results of the multinomial regression analysis show that,
among girls, children with low self-efficacy related to bar-
riers to PA were more likely to track high TST (OR =
2.30, C.I. = 1.13-4.69) compared to children with high
self-efficacy; whereas girls who are ethnic Norwegian
were less likely to track high TST (OR = 0.23, CI = 0.06-
0.91) than the group of ethnic minority (Table 5). Among
males, overweight/obese children were more likely to
track high TST (OR = 4.58, CI = 1.49-14.03) compared
to those not overweight. Similarly, boys who did not live
with married or cohabitating parents were more likely to
track high TST (OR = 3.10, CI = 1.32-7.30) compared to

Table 2 Stability coefficients for sedentary behaviors
among Norwegian 11-13 year-old children

Girls Boys
TV/DVD 048 (041-0.55) 047 (0.38-0.55)
Electronic game/computer 0.38 (0.30-0.47) 049 (041-0.57)
Total screen time 048 (0.38-0.54) 0.51 (044-061)

Stability coefficients computed from GEE analysis
All coefficients are significant at the 0.001 level

Coefficients were adjusted for ethnicity, parental education, family status and
weight status
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the group covering others. Boys with low self-efficacy
related to barriers to PA were also more likely to track
high TST (OR = 6.83, CI = 3.22-14.45) than the group
with high self-efficacy.

Discussion

This study investigated stability and changes in screen-
based sedentary behaviours in a group of Norwegian
children in a transition phase between childhood and
adolescence, and factors associated with stability and
change in total screen time.

Findings based on both absolute and rank measures
indicate that the SB investigated had fair to moderate
tracking between the beginning of 6th and the end of 7th
grade. The tracking patterns identified in this study are
similar to those reported for children in similar age
groups and over similar periods [10], although compar-
ability between tracking studies is complicated among
other things by the duration of follow-up and by the
method used to assess tracking including whether adjust-
ment for potential covariates has been done or not.
Tracking patterns were largely similar between boys and
girls, except for a small difference in the tracking coeffi-
cients of electronic games/computer use. A review con-
cluded that there seemed to be little evidence for any
gender differences in tracking of SB [10], and our study
supports this. The findings that boys and girls watch the
same amount of TV and that boys use more electronic
games/computers than girls have similarly been docu-
mented in the literature previously [19,37,38].

There was an increase in time spent on both SB dur-
ing the studied period, but TV viewing seemed to start
levelling off in boys. Similarly, over 70% of both boys
and girls exceed the recommendations in some coun-
tries for a maximum daily total daily electronic media
use time of 2 hours or less [31,32]. These findings are in
line with the reported increases in SB and in particular
electronic media use that occurs in childhood and early
adolescence [1,2]. Accessibility to SB seems to be easier
than that to PA in most people [11], and this accessibil-
ity might increase as the children grow older because
they spend more time alone at home and may also have
TVs and computers in their own rooms. These factors
might further increase screen time.

Higher screen time at BL and higher odds of tracking
high TST among girls with an ethnic minority back-
ground compared to ethnic Norwegian girls might be
due to factors such as low integration as well as cultural
differences which might make other recreational activ-
ities less common among ethnic minority girls. A study
among adolescents has previously shown that girls with
an ethnic minority background are likely to be more
inactive than ethnic Norwegian girls, whereas no differ-
ence was found in boys [39]. Parental education was also
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Table 3 Tracking patterns of sedentary behaviors between baseline and 2 year follow-up among Norwegian children

Proportion of tracking*

Tertile 1** Tertile2 Tertile3 Overall proportion of tracking*** Weighted X
TV/DVD use
Girls 60 35 51 49 0.40
Boys 64 30 41 45 0.36
Electonic game/computer use
Girls 47 40 52 46 0.28
Boys 51 40 61 50 0.39
Total screen time
Girls 55 43 59 52 041
Boys 55 42 55 50 041

N = 419 girls and 466 boys, and varies slightly between variables

*Proportion of children who were in lower, middle and upper tertile at T2 who were there at baseline
**Lower tertile

**#*Qr percentage of agreement

found to be inversely associated with TST among girls. Not living with married/cohabitating parents was posi-
The inverse relationship between parental education and  tively associated with an increase in TST, and with
use of electronic media has previously been documented  tracking high TST among males. A review of correlates
[19,40,41]. of TV viewing among youth concluded that young

Table 4 Association between socio-demographic, psycho-social and biological characteristics of Norwegian children
and total screen time

Characteristics of participants Total screen time at baseline Total screen time at T2
Girls Boys Girls Boys
m* SD* p m* SD* p m* SD* p Mm* SD* p
Self-efficacy related to barriers to physical activity
Low 1956 11.10 0.02 2446 1207 <0001 2501 11.68 0001 2739 1317 < 0.001
High 1696 1039 17.19 9.50 2113 1058 2082 1119
Parental regulation of screen time
Low 1989  11.71 0.13 22.31 12.01 0.32 2449  11.99 0.24 2633 1367 0.02
High 1796 1057 2110 1146 2294 1111 2338 1225
BMI status
Non-overweight 1788 1030 0.04 20.81 1118 <0001 2284 11.09 0.08 2388 1241 0.07
Overweight/obese 2093 1279 27.01 14.25 2582 1220 2740 1413
Pubertal stage
Pre-pubertal 1647 1030 040 21.61 10.30 0.74 2088  10.29 0.29 2268 1222 032
Early pupertal 1930 1149 21.07 1157 2415 1140 2474 1256
Mid/late/post-pubertal 1844 1065 2028 1246 2356 11.50 2417 1246
Ethnicity
Norwegian 1779 1010 <0001 2165 11.78 087 2310  11.14 0.25 2437 1276 0.78
Ethnic Minority 2643 1477 2204 1221 2560  13.62 2365 1271
Parental education
Low 1888 1216 0.51 2285 1344 0.23 2518 1171 0.03 2574 1370 0.20
Medium 1898 1002 2059 1060 2342 111 24.01 12.03
High 1759 1072 21.05 1084 2152 1043 2306 1254
Living status
Married or cohabitating parents 1872 1074 0.26 2083  11.56 0.003 2317 1132 0.62 2326 1213 0.001
Other 1713 11.64 2497 1245 2389 1147 2815 1430

*Values presented as Mean (M) and Standard Deviations (SD), n = 419 girls and 466 boys, and varies slightly between variables
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Table 5 Factors associated with tracking high Total
Screen Time (TV/DVD and electronic game/computer)
among Norwegian children

Tracking high total screen time

Baseline characteristics OR Cl. p

Females

Self-efficacy related to barriers to PA
Low 2.30
High 1
Pubertal stage
Pre-pubertal 0.36

1.13-4.69 0.022

0.10-1.32
0.53-3.68

0.123
0491

Early pubertal 140

Mid/late/post-pubertal 1

Parental education
Low 143
Medium 149
High 1
Ethnicity

0.58-3.52
0.63-3.50

0430
0.364

Ethnic Norwegian 0.23 0.06-0.91 0.036

Ethnic Minority 1
Males
Self-efficacy related to barriers to PA

Low 6.83

High 1
BMI status

3.22-1445 < 0.001

Overweight/obese 4.58 1.49-14.03 0.008

Not overweight 1

Parental education
Low 1.66
Medium 1.03
High 1
Living status
Other 3.10

Married or cohabitating Parents

0.70-3.96
043-245

0.251
0943

1.32-7.30 0.010

Variables entered in the final model of the multinomial logistic regression for
both genders are shown
Tracking low TST was treated as the outcome reference category

people in single-parent/guardian families consistently
watch more TV than those from two parent/guardian
families [19]. Overweight/obese boys in the study were
also more likely to tracking high TST compared to
those not overweight. This might indicate a bi-direc-
tional relationship: high TST might influence children’s
BMI and high BMI might lead to children reverting to
more SBs. As mentioned earlier, several studies have
shown an association between screen time behaviours
and in particular TV use and being overweight [2-8].
One possible explanation for the presence of this asso-
ciation in boys only in this study might be the fact that
boys engage in leisure time PA more often than girls
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and they also tend to engage in more strenuous exer-
cises and focus more on achievement [42]. Thus, over-
weight/obese boys might want to withdraw from such
PA and instead revert to sedentary leisure time activities
such as screen time activities because of potential physi-
cal limitations as well as psychological fears of lack of
competence to engage in such PAs. Other studies have
similarly found an association in male adolescents and
none among their female counterparts [43], in line with
the findings from this study.

A variable consistently inversely associated with TST in
both genders was self-efficacy related to barriers to PA,
one barrier being screen time itself. Self-efficacy related
to barriers to PA was investigated for its association with
SB in this study because it is the strongest and most con-
sistent correlate of PA in this age group [44,45], also
found previously in the HEIA study [46]. The displace-
ment hypothesis suggests that SB can displace time that
could otherwise have been used for PA [47]. Findings
from several studies do not support this hypothesis, as
indicated by a large meta-analysis [5]. Negative associa-
tions between SB and PA have nevertheless been docu-
mented [12,16,47]. Self-efficacy related to barriers to PA,
by positively influencing levels of PA, can consequently
potentially lead to decreased time spent on SB, which
appears to be the case in this study. It has been suggested
that targeting self-efficacy should have a prominent posi-
tion in efforts to promote PA [45]. The results of this
paper suggest that such efforts might also be successful
in lowering time spent on electronic media use.

It has been suggested that SB might be more strongly
associated with socio-demographic factors than modifi-
able factors such as psychosocial or behavioural variables
[19,40]. It is nevertheless possible that variables from the
psychological and behavioural domains play a greater
role in influencing TST in this age group of children, and
even mask the importance of socio-demographic factors.
There is thus a need to look into such correlates of TST
in children in this age group.

It is not likely that there was any difference in tracking
and change patterns between participants and drop-outs
as the attrition analyses did not show any difference in
baseline characteristics between these two groups.

Strengths and weaknesses

This was a longitudinal study with a relatively large
sample size. In addition, the rate of retention in this
study was very high. The study also provides much
needed information about screen time patterns in a
Norwegian context. It is also one of a few studies look-
ing at factors associated with tracking patterns of TST.
Different screen time behaviours were included. Gen-
der-related differences as well as similarities were also
reflected.
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The use of self-reported measures is associated with pro-
blems of validity and reliability, in particular in younger
children. Nevertheless, there was a good test-retest relia-
bility of the outcome measures. In addition, the trends in
screen time obtained in this study were found to be in line
with those found in other studies, including the gender
differences noted [19,37,38]. The study looked at stability
and change in screen time behaviours, as well as asso-
ciated factors and comparisons between genders, and we
believe that the measures used are reasonably reliable and
valid for such purposes. In general, the more unreliable
the measures, the higher the chance of Type II errors; that
is not finding differences and associations that in fact
exist. Therefore, differences and associations in the study
were probably underestimated rather than overestimated.

Finally, the study is restricted to a single geographical
area, therefore generalizability is limited.

Conclusion

In a period of rapid behavioural, psychological and biolo-
gical development, the sedentary behaviours investigated
in this study were found to have fair to moderate track-
ing. With few exceptions, tracking patterns appear to be
similar between boys and girls. Since interventions are
likely to be more successful if implemented in develop-
mental periods during which stability of behaviour is
relatively low [16], younger age groups need to be tar-
geted for interventions aimed at lowering electronic
media use in this setting. Such interventions, if successful
are also likely to have long-lasting effects.

The identified modifiable correlates of TST and track-
ing of high TST, self-efficacy related to barriers to physi-
cal activity in both genders and weight status in males,
need to be directly targeted. The non-modifiable corre-
lates comprising ethnicity and parental education in
females and living status in males, give a hint as to which
groups should be particularly targeted for intervention,
whenever feasible.
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