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Abstract

Purpose

The displacement hypothesis predicts that physical activity and media use compete in ado-

lescents; however, findings are inconsistent. A more differentiated approach at determining

the co-occurrence of physical activity and media use behaviors within subjects may be war-

ranted. The aim of this study was to determine the co-occurrence of physical activity and

media use by identifying clusters of adolescents with specific behavior patterns including

physical activity in various settings (school, sports club, leisure time) and different types of

media use (watching TV, playing console games, using PC / Internet).

Methods

Cross-sectional data of 2,083 adolescents (11–17 years) from all over Germany were col-

lected between 2009 and 2012 in the Motorik-Modul Study. Physical activity and media use

were self-reported. Cluster analyses (Ward’s method and K-means analysis) were used to

identify behavior patterns of boys and girls separately.

Results

Eight clusters were identified for boys and seven for girls. The clusters demonstrated that a

high proportion of boys (33%) as well as girls (42%) show low engagement in both physical

activity and media use, irrespective of setting or type of media. Other adolescents are

engaged in both behaviors, but either physical activity (35% of boys, 27% of girls) or media

use (31% of boys and girls) predominates. These adolescents belong to different clusters,

whereat in most clusters either one specific setting of physical activity or a specific combina-

tion of different types of media predominates.

Conclusion

The results of this study support to some extent the hypothesis that media use and physical

activity compete: Very high media use occurred with low physical activity behavior, but very

high activity levels co-occurred with considerable amounts of time using any media. There
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was no evidence that type of used media was related to physical activity levels, neither set-

ting of physical activity was related to amount of media use in any pattern.

Introduction
Being physically active is an established protecting factor for chronic diseases. For instance,
regular physical activity (PA) in young people has been associated with lower risk of over-
weight and cardiovascular disease risk factors and shown to influence health in adulthood [1,
2]. In contrast, high media use increases the risk of overweight in children and adolescents [3–
5]. Further, PA and media use in young people are associated with adult behavior because
physical activity and (media-based) inactivity track from adolescence into later life [1, 6]. How-
ever, to date it is not yet clear if and how PA and media use in adolescents are related to each
other, or to what extent they are [7].

The displacement hypothesis [5, 8, 9] predicts that PA and media use compete in adoles-
cents; however, to date findings are inconsistent. A review [10] reported no evidence to suggest
that sedentary behavior (playing digital games, using a computer and watching TV) competes
with physical activity in children and adolescents. A meta-analysis including 52 studies on chil-
dren and adolescents [5] observed weak inverse relationships between PA and watching TV as
well as between PA and playing computer or video games. The authors concluded that “claims
that TV viewing, playing video games or using computers displace physical activity receive
very limited empirical support” [5]. Conversely, other studies reported relevant moderate
inverse relationships between PA and media use in adolescents [11–13], and one of these stud-
ies included a representative sample of adolescents in Germany [13]. In addition, some studies
focusing on the relationship between PA, media use and health outcomes indicate that espe-
cially PA in sports clubs may counteract the adverse effect of sedentary behavior on certain
health parameters [14, 15], whereas another study [16] showed that PA did not attenuate the
obesity risk of TV viewing in youth. Overall, results on the interdependence of PA and media
use in adolescents are inconsistent.

A more differentiated approach at determining the co-occurrence of PA and media use
within subjects may be warranted. One possible approach is to not only look at correlations
over the entire sample but to focus on different groups of adolescents who have specific pat-
terns of behaviors. In this context a pattern represents a specific constellation of PA and media
use within one subject. Moreover, considering different settings of PA and different media
rather than using measures of overall PA and media use may be promising. Adolescent PA
includes a complex combination of school-based PA, organized PA in sports clubs and leisure
time PA [5, 17]. Especially in Germany—where sports clubs have a long tradition and are a
popular place for being regularly physically active [18]—considering different settings of PA
may be important. Further, total amount of media use comprises individually different
amounts of time spent on watching TV, playing console games or using the PC / internet. For
instance, in a recent study [19] using the computer clustered with high sports level at school
and in clubs, while watching TV clustered with low sports participation, suggesting that assess-
ing the use of different media separately is important [19]. However, complex analyses consid-
ering different settings of PA and / or types of media use are scarce.

A review from 2014 identified eight studies explicitly examining the clustering of PA and
sedentary behavior / media use in children and adolescents by using empirical data-driven
methodologies [20]. In addition, we identified another study [21] not included in the review.
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Five of these studies generated patterns for boys and girls separately [9, 21–24]. Operationaliza-
tion of PA and sedentary behavior and the number of included variables differed between stud-
ies. A current representative study for Germany [13] provided data on the association between
PA and media use in adolescents and authors concluded, that specific patterns should be exam-
ined with analytic statistical methods like cluster analysis. Furthermore, because the prevalence
of PA and media use differs between boys and girls [18, 25], patterns should be examined for
each sex. To the best of our knowledge, to date there is no study examining specific patterns of
PA and media use in German children and adolescents.

The aim of this study was to determine the co-occurrence of PA and media use within sub-
jects in adolescent boys and girls by identifying clusters with specific behavior patterns includ-
ing PA in the settings school, sports club and leisure time and media use including watching
TV, playing console games and using PC / Internet. Furthermore, the aim was to examine age
and socio-economic status (SES) of the clusters.

Methods

Study design and participants
Data were collected between 2009 and 2012 at 167 study locations in all of Germany. They
were part of the first data collection wave of the MoMo Study (Motorik-Modul) [26], which is
a sub-study of the KiGGS Survey (German Health Interview and Examination Survey for Chil-
dren and Adolescents) [27]. The KiGGS Survey as well as the MoMo Study are longitudinal
studies that started in 2003 and will continue through 2020. Participants of the MoMo Study
were randomly recruited from the KiGGS sample, allowing for the inclusion of data assessed in
the KiGGS Survey. Cross-sectional data for the current study were taken from the first data col-
lection wave. Study procedures were approved by the Federal Office for Data Protection and by
the ethics committee of the University of Konstanz, Germany. Each parent and participant
gave informed written consent before enrolment into the survey. The survey was conducted in
accordance with the Declaration of Helsinki. Further details on the concept of the KiGGS Sur-
vey and the MoMo Study can be found elsewhere [26, 28]. For the current study data of 2,247
adolescents from the MoMo sample aged 11 to 17 were used. Subjects with missing data on rel-
evant variables, i.e. PA at school, in sports clubs or leisure time and use of TV, console games
or PC / internet were excluded. As the cases with missing data were completely at random
(MCAR), their exclusion was allowed. Furthermore, three outliers were identified with single
linkage cluster analysis and were excluded due to implausible data. Hence, 2,083 subjects
remained for further analyses. 49.5% were male and the overall mean age was 13.8±1.9 years.

Measures
PA and media use. The MoMo physical activity questionnaire (MoMo-PAQ) [18] cap-

tures weekly duration of PA in each of the following settings: elective PA at school (excluding
compulsive physical education lessons), PA at sports clubs and leisure time PA outside of
sports clubs. Participants could mention up to four different types of sports in each setting with
an open answer format. For example in the sports club setting, if a participant engaged in a ten-
nis club, a soccer club and a skiing club, he was asked to mention weekly duration of each of
these types of sports. Further, for leisure time and sports clubs PA the months were recorded in
which specific PA was performed to consider that some types of sports might not be performed
the entire year, e.g. skiing. Using this information, PA indices for each of the three settings
were calculated reflecting the time spent on PA in each setting in hours per week (dura-
tion�months performed/12 for each type of sport; sum score was built for each setting). Every-
day PA, e.g. walking for transport, housework, gardening, was assessed separately. It was not
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included, as we decided to especially focus on voluntary PA assuming that voluntary PA
depends on interests / priorities of the adolescents, rather than on duties and / or habits. There-
fore the clusters rather represent adolescents’ choices. Further, validity and reliability of the
questions asked towards everyday PA are quite low [29]. Reliability of the MoMo-PAQ ranges
from low (k = 0.54 for everyday PA) to very good (k = 0.81 for sports club and leisure time PA)
on item level. Validity is low with a significant correlation of r = 0.29 between overall activity
index and accelerometer Actigraph GT1X data (Actigraph LLC, Pensacola, FL, USA). Thus,
reliability and validity of the MoMo-PAQ are similar to those of other PA questionnaires for
adolescents [29].

Media use was assessed by telephone interview in the KiGGS survey by asking adolescents
about the daily amount of time they normally spend on watching TV or video, using a com-
puter and playing console games. Answers were coded according to Lampert et al. [30]:
“never” = 0 “up to 1 hour” = 0.5; “up to 2 hours” = 1.5; “up to 3 hours” = 2.5; “up to 4 hours” =
3.5; “5 or more hours” = 5. While PA was specified in hours per week, media use was specified
in hours per day as these are the respective established dimensions of the two measures.

Age and socioeconomic status. Based on information on adolescents’ date of birth and
date of the interview, age of adolescents was calculated. For the examinations we built two age
groups: younger adolescents aged 11 to 13 years and older adolescents aged 14 to 17 years.

Information on parental education, professional status and net household income formed
the basis of classification into low, medium and high SES groups. In each dimension, the high-
est available score of parental information was included and adolescents were classified accord-
ing to their household’s status [31].

Data analyses
All statistical tests were conducted using SPSS statistical software for Windows Version 22.0
(IBM Corporation, Armonk, NY, USA). Descriptive statistics were used to summarize socio-
demographic variables, physical activity and media use. Socio-demographic differences were
examined using Mann-Whitney tests for sex, and age group and Kruskal-Wallis tests for SES.

Patterns of PA and media use were identified using cluster analyses. The six variables
“hours of PA at school per week”, “hours of PA in sports clubs per week” “hours of PA in lei-
sure time per week”, “hours watching TV per day”, “hours playing console games per day” and
“hours using a computer per day” were included in the analyses. Separate analyses were carried
out for the entire sample and for each sex. Sex-specific analyses partly identified unique sex-
specific clusters and further revealed several differences between clusters of boys and girls.
Before clustering, data were standardized with z-scores. First, a single-linkage cluster analysis
based on squared Euclidean distances was performed to identify outliers [32]. As a next step
Ward’s method based on squared Euclidean distances was conducted. The empirically funded
decision on optimal number of clusters was reached by visual inspection of the dendogram,
investigating the increase of error sum of squares and comparing explained variance of the var-
iables between different cluster solutions. Based on these considerations, content interpretation
was taken into account for the final decision which is requested for cluster analyses [32]. The
chosen cluster solution was taken as starting partition for K-means analysis, which optimizes
the classification. Reliability and stability of the solution was tested by repeating these analyses
with a randomly selected subsample of 50%. Homogeneity was assessed as the percentage of
consistently allocated participants in K-means analysis and by comparing mean distances of
one element of a cluster to its center with distance of the center to the other cluster centers and
comparing variance of an item within clusters with variance of the item within the entire sam-
ple. Chi-square tests were used to identify differences in age and SES between clusters. The
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significance level for all statistical tests was set a priori to α = .05 and adjusted using Bonferroni
correction for the multiple Chi-square tests.

Results

Description of PA and media use
The mean time spent on different PA per week and media use per day is listed in Table 1. Sig-
nificant differences (p< .01) between sexes were observed in all behaviors except in PC / Inter-
net use, with boys having higher values than girls. All behaviors differed significantly between
age groups (p< .05). Adolescents aged 14–17 years had higher values than adolescents aged
11–13 on all variables except voluntary PA at school. Further, values of PA in sports clubs did
not differ relevantly between age groups. In addition, with regard to voluntary PA at school dif-
ferences between age groups and sexes were in fact significant but too small to be relevant. No
significant differences in voluntary PA at school and PC / Internet use were observed between
SES groups. All other behaviors differed significantly between SES groups (p< .01), whereat
the high SES group had higher values in PA and lower values in media use.

Identification of clusters
Eight clusters were identified for boys (Fig 1) and seven clusters for girls (Fig 2). Stability tests
of the solutions showed excellent to moderate agreement (Kappa = .88 in boys; Kappa = .67 in
girls). Overall, homogeneity was achieved: 73.8% of boys and 83.9% of girls were consistently
allocated to the same cluster. For both sexes, mean distances to cluster centers in each cluster
were smaller than distances of the respective center to the other cluster centers. The variance of
the items within clusters was satisfactorily small in most cases for boys and girls.

To describe the PA levels of the clusters in the three settings and the amount of time using
TV, console games and PC / Internet, we used the labels “low” (lower than mean), “medium”
(between mean and mean + 1 SD), “high” (higher than mean + 1 SD but not exceeding mean
+ 1.5 SD) and “very high” (exceeding mean + 1.5 SD), which are related to the mean of each
variable of the total sample (see Table 1).

In boys, one cluster was identified with low PA as well as low media use. One third of all
boys belong to this cluster (M1) (Table 2). Three other clusters (M2, M3, M4) have high values
in overall media use and low overall PA levels, but the type of media they use is different. M2
has medium values in watching TV and very high values in playing console games and a rather
low level of PC / internet use combined with low PA levels. M3 has high values in watching TV
and PC / internet use but low values in playing console games combined with low PA levels,
while in M4 all three media are used on a very high level and PA levels are again low. M5, M6
and M7 have high PA levels and a medium media use, compared to the other clusters. In these
three high PA clusters the setting of PA differs. M5 has very high PA levels in leisure time, but
low PA levels in the other two settings combined with medium values in all three types of
media. M6 has very high levels of voluntary PA in the school setting, medium values in the
sports clubs setting and low PA levels in leisure time. Also in this cluster values in each type of
media are medium. M7 has a very high level of PA in the sports clubs setting, a low level of PA
in the school setting, a medium level in the leisure time setting and medium values in each type
of media. M8 is a cluster with rather high sports club PA, a low PA level in school, a medium
PA level in leisure time and rather low overall media use. Table 2 shows the z-scores of the
final cluster solution in boys as well as socio-demographic correlates.

In girls, similar to the boys, one cluster (F1) with low levels of both PA and media use was
identified. The proportion of girls belonging to this cluster is 42.1% (Table 3). Another three
clusters (F2, F3, F4) have low overall PA levels and high media use, while the use of the three
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types of media again differs between clusters. F2 has high values in watching TV, low values in
playing console games and using PC / internet combined with low overall PA levels. F3 has
medium values in watching TV and very high values in using PC / internet, but low values in
playing console games, again combined with low overall PA levels. In F4 values in all media are
medium to high combined with low overall PA levels. In contrast, clusters F5, F6 and F7 have
high PA levels and low overall media use. F5 has very high PA levels in the leisure time setting,
low PA levels in the school and sports clubs settings combined with low overall media use. F6
has very high levels of voluntary PA at school, medium levels of PA in sports clubs and low PA
levels in leisure time, again combined with low overall media use. In F7 the sports club setting
for PA predominates, levels of PA at school and in leisure time are low as well as media use is
low. Table 3 shows the z-scores of girls’ final cluster solution and their socio-demographic
correlates.

Discussion
In this study, we investigated the co-occurrence of adolescents’ PA and media use by identify-
ing specific behavior patterns including PA in the settings school, sports club and leisure time
as well as media use including watching TV, playing console games and using PC / Internet.
Patterns were identified separately for each sex.

In general, boys spent more time on both PA and media use than girls, which is in agree-
ment with previous studies [24, 33]. Moreover, in line with the results of Lampert et al. [30]
older adolescents spent more time on PC / internet. Adolescents with a low SES spent more
time on media use and less on PA than adolescents in the higher status groups, which confirms
results of other studies [13, 25]. Our cluster analyses resulted in an 8 cluster solution for boys
and a 7 cluster solution for girls. In this study solutions with higher numbers of clusters were
preferred because these solutions reflected finely graduated patterns considering different set-
tings of PA and the use of different media. The results showed that a high proportion of adoles-
cents show low engagement in both physical activity and media use, irrespective of setting or
type of media. Other adolescents are engaged in both behaviors, but either physical activity or
media use predominates. Here, specific patterns of boys and girls will be discussed separately

Table 1. Mean ± SD number of hours per week (PA) / day (media) spent on different leisure activities separated by socio-demographic variables.

N Voluntary PA
school (h /
week) ±SD

PA sports
club (h /

week) ±SD

PA leisure
time (h /

week) ±SD

TV (h / day)
±SD

Console
games (h /
day) ±SD

PC / Internet
(h / day) ±SD

Sex a Male 1031 0.4±1.0 ** 2.1±2.2 ** 1.4±2.4 ** 1.7±1.2 ** 0.8±1.0 ** 1.3±1.3

Female 1052 0.3±0.8 1.5±2.0 0.9±1.7 1.4±1.1 0.2±0.5 1.3±1.2

Age group a 11–13y 953 0.4±0.9 ** 1.8±1.9 * 1.0±1.9 ** 1.4±1.1 ** 0.5±0.7 ** 0.9±1.0 **

14–17y 1130 0.3±0.9 1.8±2.3 1.2±2.2 1.7±1.2 0.7±0.9 1.7±1.4

SES b Low 196 0.4±0.9 1.3±2.1 ** 1.0±2.5 ** 1.9±1.3 ** 0.7±1.0 ** 1.5±1.5

Medium 1362 0.4±0.9 1.7±2.0 1.1±2.1 1.6±1.2 0.5±0.9 1.3±1.3

High 523 0.4±1.0 2.3±2.3 1.2±1.8 1.3±1.0 0.3±0.7 1.2±1.1

Total 2083 0.4±0.9 1.8±2.1 1.1±2.1 1.6±1.2 0.5±0.8 1.3±1.3

SES = socio-economic status
a significance level examined using Mann-Whitney tests
b significance level examined using Kruskal-Wallis tests

* p < .05

** p < .01

doi:10.1371/journal.pone.0142544.t001
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and compared with each other. We will focus on indications with regard to a possible competi-
tion of media use and PA and discuss notable results regarding single patterns and socio-demo-
graphic correlates.

In boys, we identified eight patterns. Every single pattern has its own characteristics. Except
fromM1, where both PA and media use are low, each pattern is predominated by either PA or
media use. Three patterns can be summarized as high media use patterns (M2, M3, M4). Boys
in these three high media use clusters all had low PA levels, irrespective of the types of media
they preferred. This fact indicates that in boys no interdependence exists between the use of
special types of media and the level of PA. These high media use clusters (M2, M3, M4)

Fig 1. Mean hours of PA per week andmedia use (per day in boys’ clusters.

doi:10.1371/journal.pone.0142544.g001

DoMedia Use and Physical Activity Compete in Adolescents?

PLOS ONE | DOI:10.1371/journal.pone.0142544 December 2, 2015 7 / 14



combined contain 31.3% of boys, which confirms results of Manz et al. [13] who reported that
around 30% of boys use any type of media for more than five hours per day (N = 4,941; aged
11–17).

Three patterns in boys can be summarized as high PA patterns (M5, M6, M7). Each of the
three clusters is predominated by PA in one specific setting, but the choice of PA setting is not
associated with media use in boys, as media use was similar in all of the three clusters. These
are particularly small clusters (4.8–6.3%) and contain combined 16.2% of boys. Comparable
results have been reported by Gorely et al. [23], where 15.4% of boys belonged to a cluster
which was dominated by high sports levels (N = 1,371; age 13–16). Only one other study iden-
tifying patterns [34] distinguished between different PA settings; however in that study a three
cluster solution was preferred and therefore their cluster solution did not differentiate possible
setting-specific patterns.

Fig 2. Mean hours of PA per week andmedia use per day in girls’ clusters.

doi:10.1371/journal.pone.0142544.g002
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The largest boys’ cluster in our study (33%) was M1 which included boys with low PA and
low media use. Such a cluster was also identified in previous studies with comparable cluster
sizes [21, 22]. 19.1% of boys belonged to M8 showing a pattern of higher sports club PA com-
pared to M1 and low media use. M1 and M8 had similar characteristics except that boys in M1
had a low overall PA level and boys in M8 had a rather high sports club PA level. Interestingly,
M1 did not show a noteworthy SES distribution, but M8 had a high prevalence of boys with a
high SES. Thus, M8 seems to represent a very typical pattern for boys with a high SES.

The identified clusters for boys revealed that patterns with lowest media use (2 hours / day)
also include low / moderate PA behavior (M1 / M8). Patterns with rather high—compared to
current recommendations of two hours per day [35]–media use (3.5–3.8 hours / day) include
high PA behavior (M5, M6, M7). Finally, in patterns with very high media use (>5 hours /
day) low PA behavior co-occurred (M2, M3, M4). Similar results have been reported in another
study [21] using accelerometers for measuring PA and sedentary time (N = 766; age 10–12).
With regard to a possible competition of media use and PA these results let assume that high
PA—regardless of setting—does not compete with media use but that very high media use—
regardless of type of media—competes with PA. It is feasible that because time with high PA

Table 2. Z-scores of the final cluster solution in boys and socio-demographic correlates.

M1 M2 M3 M4 M5 M6 M7 M8 Total Sig.

N (%) 343
(33.3)

126 (12.2) 147 (14.3) 50 (4.8) 53 (5.1) 65 (6.3) 50 (4.8) 197 (19.1) 1031 (100)

Z-score: PA at school -.22 -.21 -.29 -.05 -.12 3.06 -.02 -.22 0

Z-score: PA at sports
club

-.54 -.46 -.39 -.35 -.31 .39 2.78 .87 0

Z-score: PA at leisure
time

-.20 -.30 -.14 -.19 3.18 -.04 -.05 -.13 0

Z-score: TV use -.53 .42 .97 1.57 -.16 0 .19 -.46 0

Z-score: console
games playing

-.42 1.15 -.39 2.98 -.12 .04 -.35 -.35 0

Z-score: PC / Internet
use

-.52 -.21 1.32 1.63 .08 -.14 .18 -.38 0

Socio-demographics
(%)

Age group 11–13y 60.9 41.3 22.4 26.0 45.3 49.2 24.0 51.3 46.2 **

14–17y 39.1 58.7 77.6 74.0 54.7 50.8 76.0 48.7 53.8
bcdf ac abeg ag c ag cdf

SES Low 8.2 14.3 13.6 12.0 7.7 6.2 12.0 6.6 9.6 **

Medium 65.2 71.4 61.9 78.0 71.2 67.7 58.0 56.9 64.6

High 26.6 14.3 24.5 10.0 21.2 26.2 30.0 36.5 25.8
g g bd

SES = socio-economic status

** p < .01
a significantly different to M1 (p<0.0017)
b significantly different to M2 (p<0.0017)
c significantly different to M3 (p<0.0017)
d significantly different to M4 (p<0.0017)
e significantly different to M6 (p<0.0017)
f significantly different to M7 (p<0.0017)
g significantly different to M8 (p<0.0017)

doi:10.1371/journal.pone.0142544.t002
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levels is possibly limited by physical exhaustion, there is still considerable time for using any
media. In contrast, spending a lot of time on media—as in M4—in addition to time spent at
school and time spent sleeping leaves none to little time left for any PA [5]. Moreover, our
results suggest that boys are involved in other leisure activities, e.g. music, arts, socializing
behaviors, or further PA and media use behaviors which weren’t included in the analysis (e.g.
housework, gardening, talking on the phone, listening to music) because almost one third of
boys was neither highly engaged in PA nor in media use in our study. In a study by Gorely
et al. [23], boys who were less engaged in PA and media use showed high levels of homework,
which may be another concurring leisure activity for boys in M1. In comparison, clusters M2
to M8 indicate that while many adolescents engage in both PA and media use, one behavior
predominates. A study including computer use, working, socializing behavior, TV / video view-
ing, homework and sports / exercise in their cluster analysis also reported the predominance of
one behavior [23]. A closer look on boys’ particular patterns showed that boys tended to have
either a high sports club PA level or a high leisure time PA level. Hence, also within PA behav-
iors one behavior (i.e. setting) may predominate. One possible reason may be that the decision
to participate in a sports club / voluntary PA at school or to be physically active in leisure time
might depend on special preferences concerning content and social environment of PA in each

Table 3. Z-scores of the final cluster solution in girls and socio-demographic correlates.

F1 F2 F3 F4 F5 F6 F7 Total Sig.

N (%) 443 (42.1) 97 (9.2) 164 (15.6) 65 (6.2) 54 (5.1) 105 (10.0) 124 (11.8) 1052 (100)

Z-score: PA at school -.32 -.30 -.23 -.13 -.01 2.34 -.22 0

Z-score: PA at sports
club

-.37 -.37 -.32 -.23 -.11 .30 1.94 0

Z-score: PA at leisure
time

-.20 -.04 -.25 -.24 3.10 -.02 -.14 0

Z-score: TV use -.53 1.45 .76 .73 -.11 -.28 -.22 0

Z-score: console
games playing

-.23 -.13 -.24 3.18 -.27 -.12 -.22 0

Z-score: PC / Internet
use

-.44 -.37 1.62 .64 -.19 -.35 -.21 0

Socio-demographics
(%)

Age group 11–13y 49.0 45.4 25.0 49.2 38.9 54.3 52.4 45.3 **

14–17y 51.0 54.6 75.0 50.8 61.1 45.7 47.6 54.7
c c abdef c c c

SES Low 6.8 17.5 11.6 16.9 11.1 7.6 4.8 9.2 **

Medium 64.8 69.1 72.0 72.3 63.0 67.6 58.9 66.3

High 28.4 13.4 16.5 10.8 25.9 24.8 35.3 24.5
bd af f af bcd

SES = socio-economic status

** p < .01
a significantly different to F1 (p<0.0023)
b significantly different to F2 (p<0.0023)
c significantly different to F3 (p<0.0023)
d significantly different to F4 (p<0.0023)
e significantly different to F6 (p<0.0023)
f significantly different to F7 (p<0.0023)

doi:10.1371/journal.pone.0142544.t003
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setting. Further, referring to the different motives of participating in PA [36], the level of inter-
est in performance and competition may guide the decision of the PA setting.

In girls, we identified seven behavior patterns. Similar to those in boys, the patterns are
either predominated by PA or media use or none of the included behaviors dominates. Three
patterns can be summarized as media use patterns (F2, F3, F4) with smaller amounts of media
use than in boys. This result is in line with our descriptive data (Table 1) and with results of
previous national and international studies [13, 25, 37]. Within these media use patterns, we
observed a classic pattern of TV watching behavior: girls in F2 spent three of four hours per
day spent on media on watching TV. In this cluster, girls with low SES were overrepresented. A
comparable cluster was not observed in boys because media-oriented boys seem to be inter-
ested in at least one other media besides TV. However, although watching TV predominated
media use in F2, PA behavior was similar as in F3 and F4, indicating that also in girls no inter-
dependence exists between the use of special types of media and the level of PA.

Three patterns in girls can be summarized as high PA patterns (F5, F6, F7) in relation to the
other girls’ patterns, with fewer hours of PA than in corresponding patterns in boys. Girls in
these three patterns all had low media use levels. This fact indicates again that an interdepen-
dence of the choice of specific PA settings and media use doesn’t exist.

The percentage of girls with a high PA pattern was higher than in previous studies (26.9%
vs. 14.5% and 20.9%) [21, 23]. This discrepancy may have been caused by the different assess-
ment methods used in these studies. In our study, girls with moderate activity levels were allo-
cated to the PA-oriented clusters by the cluster analyses which may also explain the different
percentages compared to boys’ high PA clusters (16.2%) where boys who were moderately
physically active—related to other boys—were allocated to the additional cluster M8.

F1 was characterized by a pattern of low PA levels and low media use which has also been
reported in the literature [9, 21–23]. Gorely et al. [23] showed that girls in this cluster were
highly engaged in socializing activities which may have also been the case for girls in cluster F1
in our study. Furthermore, these girls might have been also engaged in activities such as music
or arts. We observed a similar cluster in boys (M1). However, time spent on PA and on media
in F1 was even lower than in M1.

In the context of a possible competition of media use and PA, occurrence of PA levels and
media use in girls showed the same tendency as in boys: lowest media use occurred with low
PA levels; low to moderate media use (compared to the other girls’ clusters) occurred with high
PA levels; high media use occurred with low PA levels. However, overall levels of both PA and
media use were lower in girls than in boys. Hence, in contrast to boys, girls with high media
use should still have time for PA but seem to spend this time on other leisure activities than
PA, e.g. music, arts, socializing activities. Overall, in girls other leisure activities seem to play an
important role, as the proportion of girls in F1 (neither high PA nor high media use) was fairly
high and overall PA and media use was lower than in boys.

This study was the first study in Germany using analytic statistical methods to determine
the co-occurrence of PA behavior in various settings and the use of different types of media
and hence contributes to understanding the interdependence among these behaviors in adoles-
cents. However, results were based on questionnaire data and adolescents are known to tend to
overestimate time spent on PA and some might underestimate time using any media because
of desirability. Further, cluster analyses are explorative methods, and results are in part based
on the investigators’ decisions. In addition, it is a subject-centered and date-driven approach
and thus generalization of findings to other populations is limited. Hence, further studies are
needed to augment evidence on the existence of the identified clusters. In addition, including
other leisure activities into the analyses may provide a more comprehensive picture of leisure
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activity patterns and further elucidate the co-occurrence and interdependence of different lei-
sure activity behaviors.

In summary, about two thirds of adolescents in Germany seem to be engaged in both PA
and media use but either PA or media use appears to predominate. There was no evidence that
type of used media was related to PA levels, neither setting of PA was related to amount of
media use in any pattern. Furthermore, a considerable number of adolescents—both boys and
girls—in Germany seem to be neither highly engaged in PA nor in media use indicating that
other leisure activities are at least as important as PA or media use. The results of this study
support to some extent the hypothesis that media use and PA compete: Very high media use—
regardless of type of media—occurred with low PA behavior, but very high PA levels—regard-
less of setting—co-occurred with considerable amounts of time using any media, particularly
in boys. For public health programs these results indicate the importance of addressing both
media use and PA, as in two thirds of adolescents no interrelationship seems to exist. For future
studies on a possible competition of media use and PA, the clusters of adolescents who com-
bine very high media use with low PA would be of special interest. However, longitudinal stud-
ies are needed to give a final answer to the question of displacement.

Supporting Information
S1 Dataset. MoMo Study dataset.
(XLSX)

Acknowledgments
The authors thank PD Dr. Annegret Mündermann for copy-editing the manuscript.

Author Contributions
Conceived and designed the experiments: AW FM. Performed the experiments: AW FM. Ana-
lyzed the data: SS. Contributed reagents/materials/analysis tools: SS FM AW. Wrote the paper:
SS. Provided comments and edited the manuscript: FM.

References
1. Hallal PC, Victora CG, Azevedo MR, Wells JC. Adolescent physical activity and health: a systematic

review. Sports Med. 2006; 36(12): 1019–30. PMID: 17123326

2. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. Can Med Assoc
J. 2006; 174(6): 801–9.

3. Hancox RJ, Poulton R. Watching television is associated with childhood obesity: but is it clinically
important? Int J Obes. 2006; 30(1): 171–5.

4. Spengler S, Mess F, Schmocker E, Woll A. Longitudinal associations of health-related behavior pat-
terns in adolescence with change of weight status and self-rated health over a period of 6 years: results
of the MoMo longitudinal study. BMC Pediatr. 2014; 14(1): 242.

5. Marshall SJ, Biddle SJ, Gorely T, Cameron N, Murdey I. Relationships between media use, body fat-
ness and physical activity in children and youth: a meta-analysis. Int J Obes Relat Metab Disord. 2004;
28(10): 1238–46. PMID: 15314635

6. Craigie AM, Lake AA, Kelly SA, Adamson AJ, Mathers JC. Tracking of obesity-related behaviours from
childhood to adulthood: a systematic review. Maturitas. 2011; 70(3): 266–84. doi: 10.1016/j.maturitas.
2011.08.005 PMID: 21920682

7. Sisson SB, Broyles ST, Baker BL, Katzmarzyk PT. Screen time, physical activity, and overweight in U.
S. youth: national survey of children's health 2003. J Adolesc Health. 2010; 47(3): 309–11. doi: 10.
1016/j.jadohealth.2010.02.016 PMID: 20708572

8. Mutz DC, Roberts DF, Vuuren DP. reconsidering the displacement hypothesis: television's influence on
children's time use. CommRes. 1993; 20(1): 51–75.

Do Media Use and Physical Activity Compete in Adolescents?

PLOS ONE | DOI:10.1371/journal.pone.0142544 December 2, 2015 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0142544.s001
http://www.ncbi.nlm.nih.gov/pubmed/17123326
http://www.ncbi.nlm.nih.gov/pubmed/15314635
http://dx.doi.org/10.1016/j.maturitas.2011.08.005
http://dx.doi.org/10.1016/j.maturitas.2011.08.005
http://www.ncbi.nlm.nih.gov/pubmed/21920682
http://dx.doi.org/10.1016/j.jadohealth.2010.02.016
http://dx.doi.org/10.1016/j.jadohealth.2010.02.016
http://www.ncbi.nlm.nih.gov/pubmed/20708572


9. te Velde SJ, de Bourdeaudhuij I, Thorsdottir I, Rasmussen M, Hagstromer M, Klepp KI, et al. Patterns
in sedentary and exercise behaviors and associations with overweight in 9–14-year-old boys and girls
—a cross-sectional study. BMC Public Health. 2007; 7: 16. PMID: 17266745

10. Rey-Lopez JP, Vicente-Rodriguez G, Biosca M, Moreno LA. Sedentary behaviour and obesity develop-
ment in children and adolescents. Nutr Metab Cardiovasc Dis. 2008; 18(3): 242–51. PMID: 18083016

11. Vella SA, Cliff DP, Okely AD, Scully ML, Morley BC. Associations between sports participation, adipos-
ity and obesity-related health behaviors in Australian adolescents. Int J Behav Nutr Phys Act. 2013; 10:
113. doi: 10.1186/1479-5868-10-113 PMID: 24088327

12. Romer D, Bagdasarov Z, More E. Older versus newer media and the well-being of United States youth:
results from a national longitudinal panel. J Adolesc Health. 2013; 52(5): 613–9. doi: 10.1016/j.
jadohealth.2012.11.012 PMID: 23375827

13. Manz K, Schlack R, Poethko-Muller C, Mensink G, Finger J, Lampert T, et al. Körperlich-sportliche Akti-
vität und Nutzung elektronischer Medien im Kindes- und Jugendalter. Ergebnisse der KiGGS-Studie:
Erste Folgebefragung (KiGGSWelle 1) [Physical activity and electronic media use in children and ado-
lescents: results of the KiGGS study: first follow-up (KiGGS wave 1)]. Bundesgesundheitsbl Gesund-
heitsforsch Gesundheitsschutz. 2014; 57(7): 840–8.

14. Ekelund U, Luan J, Sherar LB, Esliger DW, Griew P, Cooper A, et al. Moderate to vigorous physical
activity and sedentary time and cardiometabolic risk factors in children and adolescents. JAMA. 2012;
307(7): 704–12. doi: 10.1001/jama.2012.156 PMID: 22337681

15. Gracia-Marco L, Rey-Lopez JP, Santaliestra-Pasias AM, Jimenez-Pavon D, Diaz LE, Moreno LA, et al.
Sedentary behaviours and its association with bone mass in adolescents: the HELENA Cross-Sec-
tional Study. BMC Public Health. 2012; 12: 971. doi: 10.1186/1471-2458-12-971 PMID: 23148760

16. Rey-Lopez JP, Ruiz JR, Vicente-Rodriguez G, Gracia-Marco L, Manios Y, Sjostrom M, et al. Physical
activity does not attenuate the obesity risk of TV viewing in youth. Pediatr Obes. 2012; 7(3): 240–50.
doi: 10.1111/j.2047-6310.2011.00021.x PMID: 22434777

17. Biddle SJ, Gorely T, Marshall SJ, Murdey I, Cameron N. Physical activity and sedentary behaviours in
youth: issues and controversies. J R Soc Promot Health. 2004; 124(1): 29–33. PMID: 14971190

18. Bös K, Worth A, Opper E, Oberger J, Woll A. Motorik-Modul. Eine Studie zur motorischen Leistungsfä-
higkeit und körperlich-sportlichen Aktivität von Kindern und Jugendlichen in Deutschland. Abschluss-
bericht zum Forschungsprojekt [Motorik-Modul. A Study of Motor Performance and Physical Activity in
Children and Adolescents. Final Report on the Research Project]. Baden-Baden: Nomos; 2009.

19. Gubbels JS, Kremers SP, Stafleu A, GoldbohmRA, de Vries NK, Thijs C. Clustering of energy balance-
related behaviors in 5-year-old children: lifestyle patterns and their longitudinal association with weight
status development in early childhood. Int J Behav Nutr Phys Act. 2012; 9: 77. doi: 10.1186/1479-5868-
9-77 PMID: 22721567

20. Leech RM, McNaughton SA, Timperio A. The clustering of diet, physical activity and sedentary behav-
ior in children and adolescents: a review. Int J Behav Nutr Phys Act. 2014; 11: 4. doi: 10.1186/1479-
5868-11-4 PMID: 24450617

21. De Bourdeaudhuij I, Verloigne M, Maes L, Van LippeveldeW, Chinapaw MJ, Te Velde SJ, et al. Associ-
ations of physical activity and sedentary time with weight and weight status among 10- to 12-year-old
boys and girls in Europe: a cluster analysis within the ENERGY project. Pediatr Obes. 2013; 8(5): 367–
75. doi: 10.1111/j.2047-6310.2012.00117.x PMID: 23239600

22. Liu J, Kim J, Colabianchi N, Ortaglia A, Pate RR. Co-varying patterns of physical activity and sedentary
behaviors and their long-termmaintenance among adolescents. J Phys Act Health. 2010; 7(4): 465–
74. PMID: 20683088

23. Gorely T, Marshall SJ, Biddle SJ, Cameron N. Patterns of sedentary behaviour and physical activity
among adolescents in the United Kingdom: Project STIL. J Behav Med. 2007; 30(6): 521–31. PMID:
17712619

24. Marshall SJ, Biddle SJH, Sallis JF, McKenzie TL, Conway TL. Clustering of sedentary behaviors and
physical activity among youth: a cross-national study. Pediatr Exerc Sci. 2002; 14: 401–17.

25. Van Der Horst K, Paw MJ, Twisk JW, Van Mechelen W. A brief review on correlates of physical activity
and sedentariness in youth. Med Sci Sports Exerc. 2007; 39(8): 1241–50. PMID: 17762356

26. Wagner MO, Bos K, Jekauc D, Karger C, Mewes N, Oberger J, et al. Cohort Profile: The Motorik-Modul
Longitudinal Study: physical fitness and physical activity as determinants of health development in Ger-
man children and adolescents. Int J Epidemiol. 2013; 43(5): 1410–6. doi: 10.1093/ije/dyt098 PMID:
23847291

27. Lange M, Butschalowsky HG, Jentsch F, Kuhnert R, Schaffrath Rosario A, Schlaud M, et al. Die erste
KiGGS-Folgebefragung (KiGGSWelle 1): Studiendurchführung, Stichprobendesign und Response
[The first KiGGS follow-up (KiGGSWave 1): study conduct, sample design, and response]. Bundesge-
sundheitsbl Gesundheitsforsch Gesundheitsschutz. 2014; 57(7): 747–61.

Do Media Use and Physical Activity Compete in Adolescents?

PLOS ONE | DOI:10.1371/journal.pone.0142544 December 2, 2015 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/17266745
http://www.ncbi.nlm.nih.gov/pubmed/18083016
http://dx.doi.org/10.1186/1479-5868-10-113
http://www.ncbi.nlm.nih.gov/pubmed/24088327
http://dx.doi.org/10.1016/j.jadohealth.2012.11.012
http://dx.doi.org/10.1016/j.jadohealth.2012.11.012
http://www.ncbi.nlm.nih.gov/pubmed/23375827
http://dx.doi.org/10.1001/jama.2012.156
http://www.ncbi.nlm.nih.gov/pubmed/22337681
http://dx.doi.org/10.1186/1471-2458-12-971
http://www.ncbi.nlm.nih.gov/pubmed/23148760
http://dx.doi.org/10.1111/j.2047-6310.2011.00021.x
http://www.ncbi.nlm.nih.gov/pubmed/22434777
http://www.ncbi.nlm.nih.gov/pubmed/14971190
http://dx.doi.org/10.1186/1479-5868-9-77
http://dx.doi.org/10.1186/1479-5868-9-77
http://www.ncbi.nlm.nih.gov/pubmed/22721567
http://dx.doi.org/10.1186/1479-5868-11-4
http://dx.doi.org/10.1186/1479-5868-11-4
http://www.ncbi.nlm.nih.gov/pubmed/24450617
http://dx.doi.org/10.1111/j.2047-6310.2012.00117.x
http://www.ncbi.nlm.nih.gov/pubmed/23239600
http://www.ncbi.nlm.nih.gov/pubmed/20683088
http://www.ncbi.nlm.nih.gov/pubmed/17712619
http://www.ncbi.nlm.nih.gov/pubmed/17762356
http://dx.doi.org/10.1093/ije/dyt098
http://www.ncbi.nlm.nih.gov/pubmed/23847291


28. Kurth BM, Kamtsiuris P, Holling H, Schlaud M, Dolle R, Ellert U, et al. The challenge of comprehen-
sively mapping children's health in a nation-wide health survey: design of the German KiGGS-Study.
BMC Public Health. 2008; 8: 196. doi: 10.1186/1471-2458-8-196 PMID: 18533019

29. Jekauc D, Wagner MO, Kahlert D, Woll A. Reliabilität und Validität des MoMo-Aktivitätsfragebogens für
Jugendliche (MoMo-AFB) [Reliability and validity of MoMo-physical activity questionnaire for adoles-
cents (MoMo-PAQ)]. Diagnostica. 2013; 59(2): 100–11.

30. Lampert T, Sygusch R, Schlack R. Nutzung elektronischer Medien im Jugendalter. Ergebnisse des Kin-
der- und Jugendgesundheitssurveys (KiGGS) [Use of electronic media in adolescence. Results of the
German Health Interview and Examination Survey for Children and Adolescents (KiGGS)]. Bundesge-
sundheitsbl Gesundheitsforsch Gesundheitsschutz. 2007; 50(5–6): 643–52.

31. Lampert T, Muters S, Stolzenberg H, Kroll LE, KiGGS Study Group. Messung des sozioökonomischen
Status in der KiGGS-Studie: erste Folgebefragung (KiGGSWelle 1) [Measurement of socioeconomic
status in the KiGGS study: first follow-up (KiGGSWave 1)]. Bundesgesundheitsbl Gesundheitsforsch
Gesundheitsschutz. 2014; 57(7): 762–70.

32. Backhaus K. Multivariate Analysemethoden. Eine anwendungsorientierte Einführung [Multivariate
analysis. An application-oriented introduction]. 13 ed. Heidelberg: Springer; 2011.

33. Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of physical activity of children and adoles-
cents. Med Sci Sports Exerc. 2000; 32(5): 963–75. PMID: 10795788

34. Jago R, Fox KR, Page AS, Brockman R, Thompson JL. Physical activity and sedentary behaviour
typologies of 10–11 year olds. Int J Behav Nutr Phys Act. 2010; 7: 59. doi: 10.1186/1479-5868-7-59
PMID: 20663226

35. American Academy of Pediatrics. Children, adolescents, and television. Pediatrics. 2001; 107(2): 423–
6. PMID: 11158483

36. Kilpatrick M, Hebert E, Bartholomew J. College students' motivation for physical activity: differentiating
men's and women's motives for sport participation and exercise. J Am Coll Health. 2005; 54(2): 87–94.
PMID: 16255320

37. Pate RR, Mitchell JA, ByunW, Dowda M. Sedentary behaviour in youth. Br J Sports Med. 2011; 45(11):
906–13. doi: 10.1136/bjsports-2011-090192 PMID: 21836174

DoMedia Use and Physical Activity Compete in Adolescents?

PLOS ONE | DOI:10.1371/journal.pone.0142544 December 2, 2015 14 / 14

http://dx.doi.org/10.1186/1471-2458-8-196
http://www.ncbi.nlm.nih.gov/pubmed/18533019
http://www.ncbi.nlm.nih.gov/pubmed/10795788
http://dx.doi.org/10.1186/1479-5868-7-59
http://www.ncbi.nlm.nih.gov/pubmed/20663226
http://www.ncbi.nlm.nih.gov/pubmed/11158483
http://www.ncbi.nlm.nih.gov/pubmed/16255320
http://dx.doi.org/10.1136/bjsports-2011-090192
http://www.ncbi.nlm.nih.gov/pubmed/21836174

