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Abstract

The purpose of this study is to examine the reciprocal relationship between motor abilities
and physical activity and the mediation effects of physical self-concept in this relationship
using longitudinal data. We expect that the effects of motor abilities on physical activity are
rather indirect via physical self-concept and that the effects of physical activity on motor abil-
ities are rather direct without involvement of the motor ability self-concept. Data was
obtained from the Motorik-Modul (MoMo) Longitudinal Study in which 335 boys and 363
girls aged 11-17 years old at Baseline were examined twice in a period of six years. Physi-
cal activity was assessed by the MoMo Physical Activity Questionnaire for adolescents,
physical self-concept by Physical Self-Description Questionnaire and motor abilities by
MoMo Motor Test which comprised of the dimensions strength, endurance, coordination
and flexibility. Multiple regression analyses were used to analyse the direct and indirect
effects. The results of the multiple regression analyses show that the effects of motor abili-
ties on physical activity were only indirect for the dimensions strength, coordination, and
flexibility. For the dimension endurance, neither direct nor indirect effects were significant. In
the opposite direction, the effects of physical activity on motor abilities were partially medi-
ated by the self-concept of strength. For the dimensions endurance, coordination and flexi-
bility, only indirect were significant. The results of this study support the assumption that the
relationship between motor abilities and physical activity is mediated by physical self-con-
cept in both directions. Physical self-concept seems to be an important determinant of ado-
lescents” physical activity.
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Introduction

In adolescence, physical activity was shown to be inversely related to obesity and positively
associated with numerous health benefits as favourable cardiovascular and metabolic disease
risk profiles, enhanced bone health and reduced symptoms of depression in children and ado-
lescents [1-4]. Conversely, physical inactivity is associated with increased risks for health
impairments such as metabolic syndrome and cardiovascular diseases [5]. However, a large
part of the adolescent population is not sufficiently physically active to profit from these health
benefits. For example, in Germany only 8% of boys and 5% of girls aged between 14-17 years
comply with the recommendation of being moderately to vigorously physically active for at
least 60 minutes every day [6]. Similar results for adolescents were also found in other coun-
tries [7-11].

The problem of insufficient physical activity seems to exacerbate during adolescence as the
proportion of physical active adolescents decreases with increasing age [9,12]. This is not sur-
prising as during adolescence significant and obvious physical and psychological changes
occur [13,14]. An important physical activity correlate, during adolescence, is physical self-
concept that is also affected by changes in this turbulent life period. It is supposed that physical
self-concept during adolescence influences physical activity and sport participation. According
to Harter’s competence motivation theory, competence motivation increases when an individ-
ual successfully masters a task [15]. Successful mastering of tasks promotes the perception of
self-competence (as well as self-concept) which encourages the person to engage in further
activities. This theory has been applied in the context of adolescents’ sport participation and it
could be shown that physical self-concept is an important motivation factor for becoming and
maintaining being physically active [16].

Physical self-concept is assumed to mediate the relationship between physical activity and
motor abilities [17,18]. We assume that there is a circular relationship between motor abilities,
physical self-concept, and physical activity (see Fig 1). Motor abilities are a source for con-
structing the own physical self-concept concerning these motor abilities. Well-developed
motor abilities lead to good performance in sports and exercise. This implies master experi-
ences and positive feedback from significant others (e.g. trainer, parents, peers) which are
related to positive emotions and motivation for physical activity [19,20]. As a consequence, a
more positive physical self-concept concerning motor abilities develops. On the contrary, poor
developed motor abilities lead to poor performances which entail negative comparisons with
peers, lack of master experiences and no positive feedback. As a consequence, negative physical
self-concept regarding the motor abilities develops. In this respect, motor abilities represent a
source of information for constructing the physical self-concept. As described above, these
self-perceptions of motor abilities are the motivating factor for further sport activities. In this
regard, it can be assumed that actual motor abilities do not directly influence physical activity
and sport participation (dashed line in Fig 1). Instead we suppose that this relationship is
mediated by the physical self-concept (solid line in Fig 1). This relationship seems to become
stronger with increasing age during adolescence. The stabilization of the self-concept leads to a
solidification of this relationship [17]. However, engaging in physical activity and sports also
leads to improvements in motor abilities. This is especially true of physical activity occurring
in the setting of organised sports, where specific motor skills and abilities are systematically
trained, will lead to improvements in motor abilities. In this way, physical activity is a determi-
nant of motor development. Children and adolescents with higher levels of physical activity
and sport participation will develop better motor skills and abilities than children and adoles-
cents with low level of physical activity or no participation in sports. Therefore, we believe that
the effect of physical activity on motor abilities is rather direct (solid line in Fig 1) and not
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Fig 1. The circular relationship between motor abilities, self-concept and physical activity.
doi:10.1371/journal.pone.0168539.9001

mediated by the physical self-concept (dashed line in Fig 1). Therefore, we state that the rela-
tionship between motor abilities and physical activity is reciprocal and partially mediated by
the self-concept (see Fig 1).

According to this hypothesis, there is sound empirical evidence that motor skills [21-26]
and motor abilities [27] are related to physical activity. Although the effects are not strong, the
evidence is rather consistent [28]. Adolescents with higher levels of physical activity show bet-
ter performances in motor tests. Furthermore, sound empirical evidence as reported in two
reviews support the link between self-perceptions and physical activity [29,30]. Here again, the
effects are rather moderate to small. Adolescents with higher scores in self-perceptions are
more physically active than adolescents with lower scores. The link between motor skills and
abilities on one side and physical self-concept on the other side could also empirically be
shown. Evidence was provided that adolescents with better actual performances in motor tests
had higher perceptions of their motor abilities [31,32] and skills [33-35]. Adolescents with
motor learning disabilities such as developmental coordination disorder also showed lower
scores in self-perception of their own abilities than adolescents without developmental coordi-
nation disorder [36,37]. However, the mediational effect of self-concept was considerably less
the subject of research. To our knowledge only two publications from the same research group
explicitly addressed this research question. In a longitudinal study, Barnett et al. [35] found
that the perceived sport competence partially mediated the relationship between motor skill
proficiency and physical activity. These effects were found only for the object control skills but
not for locomotor skills. In another cross-sectional analysis of the same data, Barnett et al.
found that the partial mediation effect existed in both directions [18]. However, the reverse
pathways were not tested in a longitudinal analysis and a longitudinal analysis would be
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needed to test whether the mediational effect of self-concept in both directions really exists.
Furthermore, the mediational effects were only examined for the subdomain sport competence
whereas other subdomains of perceived motor abilities such as coordination, strength or
endurance were not examined.

The purpose of this study is to examine the reciprocal relationship between motor abilities
and physical activity and the mediation effects of physical self-concept in this relationship
using longitudinal data. We expect that the effects of motor abilities on physical activity are
rather indirect via physical self-concept and that the effects of physical activity on motor abili-
ties are rather direct without involvement of physical self-concept (see Fig 1).

Methods
Subjects and study design

Data was obtained from the Motorik-Modul (MoMo) Longitudinal Study which aims to exam-
ine the prevalence rates and development of physical activity and motor abilities in children,
adolescents and young adults in Germany [38]. The MoMo Longitudinal Study is a module of
the German Health Interview and Examination Survey (KiGGS) [39]. The baseline of the
MoMo Longitudinal Study was conducted between 2003 and 2006 using a nationwide repre-
sentative sample [40]. The follow-up of the MoMo Longitudinal Study began six years later in
September 2009 and ended in July 2012. Participants were recruited using a three step process
(see Fig 2). Firstly, a systematic sample of 167 primary sampling units was selected, from an
inventory of German communities stratified according to the BIK classification system [39]
that measures the level of urbanization and the geographic distribution. The probability of any
community being picked was proportional to the number of inhabitants younger than 18
years old. For communities with less than 350 inhabitants under 18 years old, the adjacent
community was added to the sample. Secondly, an age stratified sample of randomly selected
children and adolescents was drawn from the official registers of local residents for the KiGGS
with a total of 28,400 participants aged between 0 and 17 years old [41]. Out of these 28,400
selected participants, 17,641 children and adolescents aged between 0 and 17 years old took
part in the KiGGS for a response rate of 62.1%. Thirdly, 7,866 participants aged between 4 and
17 years old in the KiGGS-sample were randomly assigned to the sample of the MoMo-Study.
Of these 7,866 participants, 4,529 children and adolescents took part in the MoMo Study at
baseline (response rate = 57.6%). The longitudinal sample in the first follow-up included 2,178
participants aged 10-23 years old, which constitutes an overall response rate of 48.1%. For the
purposes of this work, only longitudinal data of 335 boys and 363 girls aged 11-17 years old at
baseline were included in the analysis (see Table 1). Younger participants were not included in
the analysis because a valid and reliable measurement of physical activity could not be ensured
for this age group. For the participants that were included, the same measurement procedure
was used on both measuring occasions. Detailed information on the data collection techniques
and quality of the sample are presented elsewhere [38]. Informed written consent was obtained
from the participants and their parents or guardians before the subjects entered into the study
according to the Helsinki Declaration. The study was approved by the ethics committee of the
Charité, Humboldt University of Berlin.

Measurement

Physical activity. Physical activity was assessed by the MoMo Physical Activity Question-
naire (MoMo-PAQ) for adolescents which measures physical activity in different settings
(sports clubs, leisure-time, school, daily activities and overall physical activity) [42]. For this
study, we considered only physical activity in sports clubs because we expected that the
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Fig 2. Flow diagram of recruitment.
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relationship between physical activity and motor abilities would be highest in this setting and
because in Germany a substantial proportion of children’s and adolescent’s physical activity
takes place in organised sports clubs [43]. Physical activity in sports clubs was assessed by four
items: type, duration, frequency and seasonality of physical activity. By combining these four
items, an index was constructed representing the amount of physical activity in sports clubs
(minutes of moderate to vigorous physical activity per week). The reliability and validity of the
questionnaire are shown elsewhere [42]. The test-retest reliability for one week distance was
0.93 for adolescents aged between 14 and 17 years. Furthermore, the index was significantly
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Table 1. Means and standard deviations at baseline and follow-up (N = 698).

Measurement occasion
Variable
Age (years)
PA (MVPA min/week)
Motor abilities
Strength
Push-up (in 40 sec)
Standing long-jump (cm)
Endurance
PWC 170 (watt)
Coordination
Jumping side-to-side (in 15 sec)
Single leg stance (contacts in 1 min)
Backward balancing (steps)
Flexibility
Forward bending (cm)
Self-concept of motor abilities
Strength
Endurance
Coordination
Flexibility

baseline follow-up t-test
M SD M SD t p

14.2 2.0 20.6 2.0
110.0 144.9 71.6 126.1 6.2 <.05
13.3 3.5 15.1 4.0 -10.7 <.05
166.0 29.8 181.7 37.4 -13.0 <.05
111.5 36.9 155.9 59.0 -20.8 <.05
34.2 6.2 39.9 6.8 -19.7 <.05
4.5 5.4 2.4 3.8 11.5 <.05
34.8 9.2 39.2 8.0 -13.2 <.05
-0.3 9.0 1.4 10.0 -6.2 <.05

16.9 4.1

16.1 4.7

17.8 3.3

17.4 3.7

Note: M = Mean; SD = Standard deviation; PA = Physical activity; MVPA = Moderate to vigorous physical activity;

doi:10.1371/journal.pone.0168539.t001

correlated with the accelerometer Actigraph GT1M (r = 0.35) and the physical activity diary
Previous Day Physical Activity Recall (r = 0.55) [42].

Physical self-concept. Physical self-concept was assessed by the German version [44] of
the Physical Self-Description Questionnaire [32]. The questionnaire consists of 36 items repre-
senting 6 dimensions: strength, endurance, speed, coordination, flexibility, and general athleti-
cism. For the purposes of this work, only strength, endurance, coordination and flexibility
were used in order to provide conceptual symmetry with the test of motor abilities. Each
dimension was represented by 6 items with a Likert scale ranging between 1 and 6. By sum-
ming up the items for each dimension, the range was between 6 and 36. For all dimensions,
internal consistency ranged between 0.78 and 0.94 in three different samples of adolescents
and young adults [44]. In this sample, internal consistencies were 0.91 for strength, 0.90 for
endurance, 0.87 for coordination and 0.88 for flexibility. The results of explorative and confir-
mative factor analyses provided evidence for the postulated construct validity of the question-
naire [44].

Motor abilities

Motor abilities were assessed by the physical-fitness test profile. Assessed dimensions were
strength (upper and lower limb), endurance (cardiorespiratory fitness), gross motor coordina-
tion (dynamic and static balance), and flexibility (trunk).

Strength. Dynamic strength of the upper extremities was assessed using the push-up test
[45]. Subjects were asked to do as many push-ups as possible within 40sec. Standing long-
jumps were used to assess leg power [46]. Maximum distance of a standing long-jump was
recorded. The internal consistency of the composite index for strength was 0.67.
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Endurance. Cardiorespiratory fitness was assessed with the Physical Working Capacity
170 (PWC170) cycle ergometry test (attained watts at 170 beats/min)on an ERG 9118 (Ergo-
sana, Bitz, Germany) bicycle [47,48]. Initial workload was calculated as 0.5 watts/kg body
mass. The workload was increased incrementally by 0.5 watts/kg body mass every 2 minutes.
Subjects continued this progressive protocol until their heart rate (HR) exceeded 190
beats/min for at least 15 seconds, or their pedalling rate was less than 50 revolutions per min-
ute for at least 20 seconds, or until they decided to stop because of exhaustion. HR was mea-
sured with a chest-strap T31 monitor (Polar Electro Oy, Kempele, Finland) immediately
before each increase in workload. The HR signal was transmitted to the bicycle ergometer. The
power in watts generated by a subject at a heart rate of 170 beats/min (PWC170) was obtained
by the monitoring investigator’s inter- or extrapolating the measured data in Microsoft Excel.

Gross motor coordination. The gross motor coordination was assessed by three items:
the jumping side-to-side test, the single leg stance, and the backward balancing. The jumping
side-to-side test was used to assess gross motor coordination under time constraint. Subjects
were asked to perform as many jumps from side-to-side as possible during two 15-sec intervals
within a defined boundary, and the numbers for the two intervals were averaged. Single leg
stance was used for assessing gross motor coordination during static precision tasks. Subjects
were asked to stand on their dominant leg for one minute with their eyes open, and the num-
ber of floor contacts with the contralateral limb was recorded. The backward balancing was
based on a body coordination test and allowed the assessment of gross motor coordination
during dynamic precision tasks. Subjects were asked to balance backwards on 6 cm, 4.5 cm
and 3 cm wide beams, respectively, with two trials per beam. The numbers of steps on each
beam were added. The test was terminated if one foot touched the ground. The internal consis-
tency of the composite gross motor coordination index was 0.73.

Flexibility. A singular forward bend was used for the assessment of trunk flexibility and
the flexibility of the sciatic crural muscle group. The lowest point reached by the fingertips
while standing on a box with legs extended was recorded.

Data analysis

Data was analysed using the Statistical Package for Social Science (SPSS) version 22 (IBM,
New York, USA). For bivariate correlations and dependent t-tests Holm-Bonferroni-correc-
tion was conducted to rule out the problem of multiple significance tests. The significance
level was set a priori at 5%. For motor abilities, raw data was used to calculate means and stan-
dard deviations. In order to rule out age and gender effects in regression analyses, all items
measuring motor abilities were transformed to standard scores with a mean of zero and stan-
dard deviation of one for each sex and age group at baseline. Based on these standard values in
each item, composite indices were built for all motor ability dimensions.

Mediation analyses were conducted according to the procedure proposed by Baron and
Kenny [49]. In this model, a mediator is a variable that accounts for the relation between the
predictor and the criterion. Baron and Kenny stated three conditions which have to be fulfilled
to show a mediation effect. Firstly, the independent and dependent variable should be signifi-
cantly correlated with each other. Secondly, the independent variable and mediator should be
significantly correlated. Thirdly, the mediator should be a significant predictor of the depen-
dent variable, whilst controlling for the independent variable. To analyse indirect effects path
analyses were conducted based on mediation analyses according to Hayes [50,51]. In each
regression analysis, the outcome variable was used from the second measurement occasion
(follow-up). Whereas, the initial status of the criterion variable at first measurement occasion
(baseline) was used as an additional predictor (covariate). In this way, the confounding effects
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of initial status according to the autoregression of dependent variable were ruled out. Variables
measured at baseline only were used as predictors.

In the first step of the mediation analysis, the initial status of physical activity and motor
ability at baseline were used as predictors of self-concept (measured at follow-up). The effects
of physical activity and motor ability on the mediator variable were assessed which was neces-
sary to calculate the indirect effects. In the second step, self-concept was included into the
regression analysis as an additional predictor (beside physical activity and motor ability at
baseline) to predict physical activity at follow-up. Consequently direct effect of motor ability
and the effect of mediator variable on physical activity were assessed. In the third step, the out-
come variable was motor ability at follow-up, predicted by the same variables as in the second
step. Accordingly, the direct effect of physical activity and the effect of the mediator variable
could be assessed. In the fourth and fifth step, direct and indirect effects in both directions
were analysed. The magnitude of the mediation effect was calculated as the product of both
indirect effects. As a result of confidence limits based on the normal distribution for the indi-
rect effects often being found to be inaccurate [52], bootstrap estimation according to Preacher
and Hayes was used [53]. In this approach, 1000 bootstrap samples were drawn for the calcula-
tion. Based on the bootstrap estimation, 95% confidence intervals for the indirect effects were
calculated.

Results
Descriptive statistics

Table 1 presents the descriptive statistics for the sample at baseline and follow-up. The results
show that the amount of physical activity decreased significantly by 38.4 minutes of moderate-
to-vigorous physical activity per week during the period of six years. On the contrary, the per-
formance in motor ability tests for strength, endurance and coordination significantly
increased over the same period of time. The strongest increase in performance was observed
in the dimension endurance. The performance in flexibility significantly decreased over the
period of time. Six years after the first measurement participants of this study were found to be
1.7 cm less flexible. The ratings of self-concept were assessed only at follow-up and mean val-
ues vary in the mid-range.

Strength

The results of the multiple regressions are presented in Table 2. A simplified visualization of
the results is presented in Fig 3 in Model A. In the first step, physical activity and motor ability
strength at baseline were used as predictors of self-concept of strength at follow-up. Both vari-
ables could explain 7.4% variance of self-concept of strength. Physical activity (B = 0.225) as
well as motor ability strength (B = 0.107) had significant effects on self-concept. In the second
step, self-concept was included into the regression analysis as an additional predictor whereas
physical activity at follow-up was used as criterion variable. 20.2% of the variance of physical
activity at follow-up could be explained by the three variables. Physical activity at baseline ( =
0.356) and self-concept (B = 0.191) had significant unique effects. Motor ability strength did
not have a significant effect. In the third step, the outcome variable was motor ability strength
at follow-up predicted by the same variables as in the second step. In this regression, 42.2% of
the variance of motor ability strength at follow-up could be explained. Motor ability at baseline
had the strongest effect (B = 0.567) followed by the self-concept of strength (B = 0.170) and
physical activity at baseline (8 = 0.088). In the fourth step, it could be shown that the indirect
effect of motor ability strength on physical activity via self-concept significantly deviated from
zero (B = 0.021) whereas the direct effect was not significant (8 = 0.016). In the fifth step, the
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Table 2. Mediation analysis for the dimension strength.

Regression coefficients Model summary
B SE B t p R R? F df, df, P
Step 1. Criterion: SC (T2) 0.272 0.074 21.7 2 542 0.000
Intercept 15.871 0.206 77.0 0.000
PA (T1) 0.006 0.001 0.225 5.3 0.000
MA (T1) 0.517 0.206 0.107 25 0.012
Step 2. Criterion: PA (T2) 0.449 0.202 45.5 3 541 0.000
Intercept -57.832 20.515 -2.8 0.005
SC (T2) 5.926 1.237 0.191 4.8 0.000
MA (T1) 2.441 5.955 0.016 0.4 0.682
PA (T1) 0.285 0.323 0.356 8.7 0.000
Step 3. Criterion: MA (T2) 0.649 0.422 131.5 3 541 0.000
Intercept -0.757 0.121 6.3 0.000
SC (T2) 0.037 0.007 0.170 5.0 0.000
PA (T1) 0.005 0.002 0.088 2.5 0.012
MA (TT1) 0.585 0.035 0.567 16.8 0.000
Estimation of direct and indirect effects
B SE LLCI ULCI B
Step 4. Effect MA on PA
Direct effect 2.441 5.955 -9.257 14.140 0.016
Indirect effect 3.061 1.346 0.959 6.238 0.021
Step 5. Effect PA on MA
Direct effect 0.005 0.002 0.001 0.009 0.088
Indirect effect 0.002 0.001 0.001 0.003 0.038

Note: SC = Self-concept of strength; MA = Motor ability strength; PA = Physical activity; T1 = baseline; T2 = follow-up; B = unstandardized regression
coefficient; SE = standard error; 8 = standardized coefficient; df; = degrees of freedom of the numerator; df, = degrees of freedom of the denominator;
LLCI = lower limit of the 95% confidence interval; ULCI = upper limit of the 95% confidence interval.

doi:10.1371/journal.pone.0168539.t002

indirect effect of physical activity on motor ability strength via self-concept also significantly
deviated from zero (B = 0.038). However, the direct effect of physical activity on motor ability
strength was also significant (B = 0.088).

Endurance

The results of the multiple regressions for endurance are presented in Table 3 and Fig 3 in
Model B. In the first regression, 8.5% of the variance of self-concept endurance could be
explained. It could be shown that physical activity (f = 0.296) but not motor ability endurance
(B = 0.020) was significantly associated with self-concept of endurance. In the second step,
23.1% of variance of physical activity at follow-up could be explained. Self-concept of endur-
ance (B = 0.155) and physical activity (§ = 0.400) but not motor ability endurance (§ = 0.039)
significantly contributed to the regression. In the third step, 20.7% of the variance of motor
ability endurance could be explained. Self-concept (B = 0.177) and motor ability ( = 0.428)
had significant unique effects but physical activity (B = -0.006) did not. The results of the
fourth step indicated that neither direct (B = 0.039) nor indirect effect (8 = 0.003) of motor
ability endurance on physical activity was significant. In the fifth step, the results indicated that
only the indirect (B = 0.052) but not direct effect (B = -0.006) of physical activity on motor abil-
ity endurance was significant.
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Coordination

The results of the multiple regressions for coordination are presented in Table 4 and Fig 3 in
Model C. In the first step, 13.8% of the variance of self-concept for coordination was explained.
Physical activity (§ = 0.212) as well as motor ability coordination (B = 0.261) had significant
effects on self-concept. In the second step, 19.7% of the variance of physical activity at follow-
up could be explained. Self-concept of coordination (B = 0.178) and physical activity (§ =
0.368) but not motor ability coordination (p = -0.021) had significant effects. In the third step,
the regression explained 19.2% of the variance of motor ability coordination at follow-up. Self-
concept of coordination (B = 0.114) and motor ability at baseline ( = 0.366) but not physical
activity (B = 0.065) significantly contributed to the regression. In the fourth step, it could be
shown that only the indirect (§ = 0.046) but not the direct effect (f = 0.021) of motor ability
coordination on physical activity was significant. In the fifth step, the results revealed that
again only the indirect (B = 0.024) but not the direct (§ = 0.065) effect significantly deviated
from zero.

Flexibility

The results of the multiple regressions for flexibility are presented in Table 5 and Fig 3 in
Model D. In the first step, 18.5% of the variance of self-concept flexibility was explained.
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Table 3. Mediation analysis for the dimension endurance.

Step 1. Criterion: SC (T2)
Intercept
PA (T1)
MA (T1)
Step 2. Criterion: PA (T2)
Intercept
SC (T2)
PA (T1)
MA (T1)
Step 3. Criterion: MA (T2)
Intercept
SC (T2)
MA (TT1)
PA (T1)

Step 4. Effect MA on PA
Direct effect
Indirect effect

Step 5. Effect PA on MA
Direct effect
Indirect effect

14.713
0.009
0.087

-27.225
4.262
0.330
4.628

-0.583
0.037
0.376
-0.004

4.628
0.370

-0.004
0.003

Regression coefficients Model summary

SE B t p R R? F df, df, p

0.292 0.085 10.1 2 418 0.000

0.377 39.0 0.000

0.002 0.296 4.4 0.000

0.286 0.020 0.3 0.761
0.480 0.231 21.7 3 417 0.000

26.998 -1.0 0.314

1.716 0.155 2.5 0.014

0.053 0.400 6.2 0.000

7.238 0.039 0.6 0.523
0.455 0.207 18.9 3 417 0.000

0.205 -2.8 0.005

0.013 0.177 2.8 0.006

0.055 0.428 6.8 0.000

0.004 -0.006 -0.9 0.369

Estimation of direct and indirect effects
SE LLCI ULCI B

7.238 -9.637 18.193 0.039

1.163 -1.848 3.006 0.003

0.004 -0.012 0.004 -0.006

0.001 0.001 0.007 0.052

Note: SC = Self-conc ept of strength; MA = Motor ability strength; PA = Physical activity; T1 = baseline; T2 = follow-up; B = unstandardized regression
coefficient; SE = standard error; 8 = standardized coefficient; df; = degrees of freedom of the numerator; df, = degrees of freedom of the denominator;
LLCI = lower limit of the 95% confidence interval; ULCI = upper limit of the 95% confidence interval.

doi:10.1371/journal.pone.0168539.t003

Physical activity (B = 0.111) as well as motor ability flexibility (8 = 0.391) had a significant
unique effect on self-concept of flexibility. In the second step, 17.2% of the variance of physical
activity at follow-up could be explained. Self-concept of flexibility (§ = 0.106) and physical
activity at baseline (B = 0.394) but not motor ability flexibility (§ = -0.054) significantly con-
tributed to the regression. In the third step, 56.6% of the variance of motor ability flexibility at
follow-up was explained. Self-concept (B = 0.254) and motor ability at baseline (§ = 0.612) but
not physical activity (B = -0.008) had significant unique effects. In the fourth step, it could be
shown that only the indirect (B = 0.042) but not the direct (B = -0.054) effect of motor ability
flexibility on physical activity significantly deviated from zero. Again in the fifth step, the indi-
rect (B = 0.028) but not the direct (B = -0.008) effect of physical activity on motor ability flexi-
bility significantly deviated from zero.

Discussion

The main assumption of this study was that the effects of motor abilities on physical activity
would be mediated by self-concept and would not be direct (see Fig 1). In the opposite direc-
tion, we assumed that the effects of physical activity on motor abilities would be rather direct
and not mediated by physical self-concept. This research question was examined in four spe-
cific domains: strength, endurance, coordination, and flexibility.
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Table 4. Mediation analysis for the dimension coordination.

Step 1. Criterion: SC (T2)
Intercept
PA (T1)
MA (T1)
Step 2. Criterion: PA (T2)
Intercept
SC (T2)
PA (T1)
MA (T1)
Step 3. Criterion: MA (T2)
Intercept
SC (T2)
MA (TT1)
PA (T1)

Step 4. Effect MA on PA
Direct effect
Indirect effect

Step 5. Effect PA on MA
Direct effect
Indirect effect

16.962
0.005
1.110

-74.742
6.497
0.288
-3.271

-0.318
0.016
0.221

0.020

-3.271
7.213

0.020
0.007

Regression coefficients Model summary
SE B t p R R? F df, df, P
0.371 0.138 43.6 2 547 0.000

0.165 102.6 0.000
0.001 0.212 5.2 0.000
0.174 0.261 6.4 0.000
0.444 0.197 44.7 3 546 0.000
26.234 -2.8 0.005
1.508 0.178 4.3 0.000
0.032 0.368 9.1 0.000
6.346 -0.021 -0.5 0.606
0.438 0.192 43.1 3 546 0.000
0.102 -3.1 0.002
0.006 0.114 2.7 0.006
0.025 0.366 8.9 0.000
0.012 0.065 1.6 0.110
Estimation of direct and indirect effects
SE LLCI ULCI B
6.346 -15.736 9.193 0.021
2.037 3.973 12.211 0.046
0.012 -0.004 0.044 0.065
0.003 0.002 0.014 0.024

Note: SC = Self-concept of strength; MA = Motor ability strength; PA = Physical activity; T1 = baseline; T2 = follow-up; B = unstandardized regression
coefficient; SE = standard error; 8 = standardized coefficient; df; = degrees of freedom of the numerator; df, = degrees of freedom of the denominator;
LLCI = lower limit of the 95% confidence interval; ULCI = upper limit of the 95% confidence interval.

doi:10.1371/journal.pone.0168539.t004

Strength

In the domain strength, the mediation effects of self-concept could be found in both directions.
The effect of the motor ability strength on physical activity was only indirect. This indicates
that well developed strength is associated with a more positive self-concept which leads to
increased physical activity. The direct effect of motor ability is, however, not significant mean-
ing that strength in our study does not per se influence the development of physical ability.
Contrary to our assumption, the mediation effect was also found in the opposite direction.
However, the direct effect of physical activity on motor ability was also significant and stronger
than the indirect effect. This result indicates that physical activity primarily has a direct impact
on strength but there also exists an indirect effect via self-concept.

Endurance

In the domain endurance, the effect of motor ability on physical activity is neither direct nor
indirect. This result is not in accordance with our hypothesis as it would mean that motor abil-
ity endurance is not important for future physical activity. However, the self-concept of endur-
ance is significantly associated with physical activity indicating that self-concept of endurance
might be an important determinant of physical activity. Furthermore, the self-concept of
endurance mediates the effects of physical activity on motor ability endurance. This finding
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Table 5. Mediation analysis for the dimension flexibility.

Regression coefficients Model summary
B SE B t p R R? F df, df, p
Step 1. Criterion: SC (T2) 0.430 0.185 64.2 2 566 0.000
Intercept 16.763 0.184 91.297 0.000
PA (T1) 0.003 0.001 0.111 2.9 0.004
MA (T1) 1.466 0.146 0.391 10.0 0.000
Step 2. Criterion: PA (T2) 0.414 0.172 39.1 3 565 0.000
Intercept -21.640 24.485 -0.9 0.377
SC (T2) 3.532 1.413 0.106 25 0.013
PA (T1) 0.325 0.033 0.394 10.0 0.000
MA (T1) -6.787 5.333 -0.054 -1.3 0.204
Step 3. Criterion: MA (T2) 0.752 0.566 245.4 3 565 0.000
Intercept -1.147 0.139 8.2 0.000
SC (T2) 0.067 0.008 0.254 8.3 0.000
MA (TT1) 0.602 0.030 0.612 19.8 0.000
PA (T1) -0.005 0.018 -0.008 -0.3 0.775
Estimation of direct and indirect effects
B SE LLCI ULCI B
Step 4. Effect MA on PA
Direct effect -6.787 5.333 -17.267 3.689 -0.054
Indirect effect 5.179 2.238 1.073 9.888 0.042
Step 5. Effect PA on MA
Direct effect -0.005 0.018 -0.042 0.031 -0.008
Indirect effect 0.018 0.007 0.005 0.033 0.028

Note: SC = Self-concept of strength; MA = Motor ability strength; PA = Physical activity; T1 = baseline; T2 = follow-up; B = unstandardized regression
coefficient; SE = standard error; 8 = standardized coefficient; df; = degrees of freedom of the numerator; df, = degrees of freedom of the denominator;
LLCI = lower limit of the 95% confidence interval; ULCI = upper limit of the 95% confidence interval

doi:10.1371/journal.pone.0168539.t005

does not correspond with our initial hypothesis but can be logically explained when consider-
ing that the level of physical activity decreases in the period of transition from adolescence to
young adulthood. This reduction in physical activity does not necessarily lead to a deteriora-
tion of motor ability endurance because the physical development in this period of life strongly
influences motor ability endurance and compensates for the effects of reduced physical activ-
ity. The performance in the motor test for endurance increases from baseline to follow-up by
circa one standard deviation. This development of motor ability endurance is larger than the
development of other motor abilities in this period of life. Therefore, the relationship between
motor ability endurance and physical activity might be attenuated. However, physical activity
influences the self-concept of endurance which in turn is related to the motor ability endur-
ance. This shows how, the indirect effect of physical activity on motor ability endurance via
the self-concept can be explained.

Coordination

In the domain coordination, the indirect effect of the motor ability coordination on physical
activity is significant whereas the direct effect is not. These results comply with our hypothesis
meaning that well developed coordination positively influences the future self-concept of coor-
dination. Furthermore, the self-concept of coordination seems to be important for future
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physical activity. Accordingly, the effect of the motor ability coordination on future physical
activity is mediated by the self-concept of coordination. Motor ability coordination does not
per se influence physical activity but only indirectly via self-concept. However, the indirect
effect in the contrary direction is also significant and the direct effect is not. This fact is not in
accordance with our assumption. We expected that the effect of physical activity on motor
ability coordination would not be mediated but rather direct. It seems that physical activity is
an important source for a positive self-concept of coordination and self-concept of coordina-
tion is related to motor ability coordination.

Flexibility

In the domain flexibility, the constellation of results is the same as in the domain coordination.
The indirect effects are significant in both directions and direct effects are not. These findings
also partially support our assumptions. The indirect effect of motor ability flexibility on physi-
cal activity is in accordance with our theoretical position. Having a flexible body leads to a pos-
itive self-concept of flexibility which in turn influences future physical activity. Contrary to
our assumptions, being physical active in a sports club leads to a positive self-concept of flexi-
bility which in turn influences motor ability flexibility.

General discussion

The results of our study partially support our assumptions. In three domains, the effects of
motor abilities on physical activity were mediated by self-concept whereas the direct effects
were not significant meaning that there was a full mediation. Similar results were found by
Barnett and colleagues [18] who found that the effects of locomotor skills on physical activity
were fully mediated by perceived sport competence. These findings are congruent with the the-
oretical positions of Harter, Weiss, and colleagues [15,54,55]. According to these theories, the
mastery experiences lead to a positive self-concept, which is an essential component for main-
taining physical activity in children and adolescents. These positive experiences and the related
positive self-concept seem to be especially important in the period of transition from adoles-
cence to young adulthood as in this period the amount of physical activity decreases and many
individuals stop being physically active in sports clubs [43]. In this developmental period,
changes in self-concept occur which are important for future psychological development of
the individual. Motivational strategies to increase positive perceptions of self could be impor-
tant to increase the maintenance of physical activity in the transition from adolescence to
young adulthood.

However, results from the analysis in the opposite direction contradict our assumptions.
We expected to find only direct but not indirect effects of physical activity on motor abilities.
Instead, we found significant indirect effects in all four domains and the direct effect was only
significant in the domain of strength. However, these results are congruent with the findings
of the study conducted by Barnett and colleagues [18]. In this study, the researchers found that
the effects of physical activity on locomotor skills are also fully mediated by perceived sport
competence. These results mean that physical activity is an important source of information
for shaping the physical self-concept. Adolescents seem to use the experiences made during
physical activity to form their self-concept. Furthermore, this self-concept is positively related
to motor abilities. This finding can only be explained by an expectation effect in which a posi-
tive self-concept is associated with elevated expectations which in turn positively influence per-
formance in motor tests. However, the direct effects of physical activity on motor abilities
might be attenuated over a period of six years as in this stage of life great developments in
motor abilities occur and the stability of physical activity is rather low [56].
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In general, it can be stated that the effects in both directions were rather small. For a shorter
period of time, greater effects could be expected. It is possible that in our model some
unknown theoretical mechanisms or methodological issues (e.g. long distance between mea-
surement occasions) exist which could explain these findings. Therefore, further studies are
needed to clarify these theoretical and methodological issues.

This study has several merits and limitations. It is based on a nationwide representative
sample of adolescents and young adults in Germany. The sample is sufficiently large to detect
even small effects. The longitudinal data used in this work provide stronger evidence for causal
effects than cross-sectional data. Direct as well as indirect effects were controlled for the stabil-
ity of the predicted variable. In this way, spuriousness could be reduced. However, self-concept
was measured only at follow-up but not at baseline. Therefore, the changes of self-concept
over time cannot be evaluated. An analysis of the differences in self-concept would provide an
even deeper understanding of the developmental issues. Furthermore, the measurement of
endurance based on PWC170 might not be the most reliable and valid measurement method
of endurance to date. Therefore, the findings in the domain endurance should be considered
with caution. The lag between the measurement occasions might have been too long to
soundly investigate the mechanisms of mediations. Therefore, further studies with closer time
frames between measurements would increase the accuracy of the investigation. Finally, physi-
cal activity was measured by subjective measurement methods which were shown to have lim-
ited reliability and validity [57]. It is possible that objective measurement methods of physical
activity would yield larger effects than found in this study.

Conclusions

This study provides insights about role the physical self-concept as a predictor and mediator in
the relationship between physical activity and motor abilities. The results of this study support
the assumption that the effects of motor abilities on physical activity are not direct but rather
mediated by self-concept. Self-concept seems to be an important determinant of adolescents’
physical activity. Especially in the transition period between adolescence and young adulthood,
interventions aiming to increase positive self-concept are promising. However, the effects of
physical activity on motor abilities are also partially indirect and mediated by self-concept and
that is not compatible with our theoretical considerations. Further studies are needed to
resolve theoretical and methodological issues.

Acknowledgments

We would like to thank all of the children and adolescents who participated in the study. This
work has been developed within the Motorik-Modul-Study (MoMo) (2009-2021): Physical fit-
ness and physical activity as determinants of health development in children and adolescents.
MoMo is funded by the Federal Ministry of Education and Research (funding reference num-
ber: 01ER1503) within the research program ‘long-term studies‘in public health research.

Author Contributions
Conceptualization: D] MW AW.
Formal analysis: D] CH MW.
Funding acquisition: AW.
Investigation: AW.
Methodology: DJ CH.

PLOS ONE | DOI:10.1371/journal.pone.0168539 January 3, 2017 15/18



@° PLOS | ONE

Physical Self-Concept, Motor Abilities and Physical Activity

Project administration: AW.

Resources: AW.

Software: D].

Supervision: D] MW CH.

Visualization: D] KH.

Writing - original draft: D] MW CH KH.

Writing - review & editing: D].

References

1.

10.

11.

12

13.

14.

15.

16.

Janssen |, LeBlanc AG (2010) Review Systematic review of the health benefits of physical activity and
fitness in school-aged children and youth. International Journal of Behavioral Nutrition and Physical
Activity 7: 1-16.

Ahn S, Fedewa AL (2011) A meta-analysis of the relationship between children’s physical activity and
mental health. Journal of Pediatric Psychology 36: 385—-397. doi: 10.1093/jpepsy/jsq107 PMID:
21227908

Larun L, Nordheim L, Ekeland E, Hagen K, Heian F (2006) Exercise in prevention and treatment of anxi-
ety and de-pression among children and young people. Cochrane Database of Systematic Reviews 4.

Rauner A, Mess F, Woll A (2013) The relationship between physical activity, physical fitness and over-
weight in adolescents: a systematic review of studies published in or after 2000. BMC Pediatrics 13: 19.
doi: 10.1186/1471-2431-13-19 PMID: 23375072

Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, et al. (2011) Systematic review of sed-
entary behaviour and health indicators in school-aged children and youth. International Journal of
Behavioral Nutrition and Physical Activity 8: 98. doi: 10.1186/1479-5868-8-98 PMID: 21936895

Jekauc D, Reimers A, Wagner M, Woll A (2012) Prevalence and socio-demographic correlates of the
compliance with the physical activity guidelines in children and adolescents in Germany. BMC Public
Health 12: 714. doi: 10.1186/1471-2458-12-714 PMID: 22935245

Jago R, Anderson CB, Baranowski T, Watson K (2005) Adolescent patterns of physical activity: Differ-
ences by gender, day, and time of day. American Journal of Preventive Medicine 28: 447—-452. doi: 10.
1016/j.amepre.2005.02.007 PMID: 15894148

Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, et al. (2008) Physical activity in the United States
measured by accelerometer. Medicine & Science in Sports & Exercise 40: 181.

Pate RR, Freedson PS, Sallis JF, Taylor WC, Sirard J, et al. (2002) Compliance with physical activity
guidelines: prevalence in a population of children and youth. Annals of Epidemiology 12: 303—-308.
PMID: 12062916

Spinks AB, Macpherson AK, Bain C, McClure RJ (2007) Compliance with the Australian national physi-
cal activity guidelines for children: relationship to overweight status. Journal of science and medicine in
sport / Sports Medicine Australia 10: 156—163.

Dumith SC, Domingues MR, Gigante DP, Hallal PC, Menezes AMB, et al. (2010) Prevalence and corre-
lates of physical activity among adolescents from Southern Brazil. Revista De Saude Publica 44: 457—
467. PMID: 20549018

Butcher K, Sallis JF, Mayer JA, Woodruff S (2008) Correlates of physical activity guideline compliance
for adolescents in 100 US cities. Journal of Adolescent Health 42: 360—-368. doi: 10.1016/j.jadohealth.
2007.09.025 PMID: 18346661

Eccles JS, Midgley C (1989) Stage-environment fit: Developmentally appropriate classrooms for young
adolescents. In: Ames R, Ames C, editors. Research on motivation in education. pp. 139—186.

Lord SE, Eccles JS, McCarthy KA (1994) Surviving the junior high school transition family processes
and self-perceptions as protective and risk factors. Journal of Early Adolescence 14: 162—-199.

Harter S (1987) The determinants and mediational role of global self-worth in children. In: Eisenberg N,
editor. Contemporary topics in developmental psychology. New York: Wiley. pp. 219-242.

Jackson SA, Marsh HW (1986) Athletic or antisocial? The female sport experience. Journal of Sport
Psychology 8: 198-211.

PLOS ONE | DOI:10.1371/journal.pone.0168539 January 3, 2017 16/18


http://dx.doi.org/10.1093/jpepsy/jsq107
http://www.ncbi.nlm.nih.gov/pubmed/21227908
http://dx.doi.org/10.1186/1471-2431-13-19
http://www.ncbi.nlm.nih.gov/pubmed/23375072
http://dx.doi.org/10.1186/1479-5868-8-98
http://www.ncbi.nlm.nih.gov/pubmed/21936895
http://dx.doi.org/10.1186/1471-2458-12-714
http://www.ncbi.nlm.nih.gov/pubmed/22935245
http://dx.doi.org/10.1016/j.amepre.2005.02.007
http://dx.doi.org/10.1016/j.amepre.2005.02.007
http://www.ncbi.nlm.nih.gov/pubmed/15894148
http://www.ncbi.nlm.nih.gov/pubmed/12062916
http://www.ncbi.nlm.nih.gov/pubmed/20549018
http://dx.doi.org/10.1016/j.jadohealth.2007.09.025
http://dx.doi.org/10.1016/j.jadohealth.2007.09.025
http://www.ncbi.nlm.nih.gov/pubmed/18346661

@° PLOS | ONE

Physical Self-Concept, Motor Abilities and Physical Activity

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rudisill ME, et al. (2008) A developmental
perspective on the role of motor skill competence in physical activity: An emergent relationship. Quest
60: 290-306.

Barnett LM, Morgan PJ, Van Beurden E, Ball K, Lubans DR (2011) A reverse pathway? Actual and per-
ceived skill proficiency and physical activity. Medicine & Sciences in Sports & Exercise 43: 898-904.

Wienke B, Jekauc D (2016) A Qualitative Analysis of Emotional Facilitators in Exercise. Frontiers in
Psychology 7.

Jekauc D (2015) Enjoyment during Exercise Mediates the Effects of an Intervention on Exercise Adher-
ence. Psychology 6: 48-54.

Barnett LM, Van Beurden E, Morgan PJ, Brooks LO, Beard JR (2009) Childhood motor skill proficiency
as a predictor of adolescent physical activity. Journal of Adolescent Health 44: 252—259. doi: 10.1016/j.
jadohealth.2008.07.004 PMID: 19237111

Okely AD, Booth ML, Patterson JW (2001) Relationship of physical activity to fundamental movement
skills among adolescents. Medicine & Science in Sports & Exercise 33: 1899-1904.

Wrotniak BH, Epstein LH, Dorn JM, Jones KE, Kondilis VA (2006) The relationship between motor profi-
ciency and physical activity in children. Pediatrics 118: e1758-e1765. doi: 10.1542/peds.2006-0742
PMID: 17142498

Jones RA, Okely AD, Caputi P, Cliff DP (2010) Perceived and actual competence among overweight
and non-overweight children. Journal of Science and Medicine in Sport 13: 589-596. doi: 10.1016/j.
jsams.2010.04.002 PMID: 20580314

Erwin HE, Castelli DM (2008) National physical education standards: A summary of student perfor-
mance and its correlates. Research Quarterly for Exercise and Sport 79: 495-505. doi: 10.1080/
02701367.2008.10599516 PMID: 19177951

Castelli DM, Valley JA (2007) The relationship of physical fithess and motor competence to physical
activity. Journal of Teaching in Physical Education 26: 358-374.

Graf C, Koch B, Kretschmann-Kandel E, Falkowski G, Christ H, et al. (2003) Correlation between BMI,
leisure habits and motor abilities in childhood (CHILT-project). International Journal of Obesity 28: 22—
26.

Lubans DR, Morgan PJ, Cliff DP, Barnett LM, Okely AD (2010) Fundamental movement skills in chil-
dren and adolescents. Sports Medicine 40: 1019-1035. doi: 10.2165/11536850-000000000-00000
PMID: 21058749

Van der Horst K, Paw M, Twisk JWR, Van Mechelen W (2007) A brief review on correlates of physical
activity and sedentariness in youth. Medicine and Science in Sports and Exercise 39: 1241-1250. doi:
10.1249/mss.0b013e318059bf35 PMID: 17762356

Sallis JF, Prochaska JJ, Taylor WC (2000) A review of correlates of physical activity of children and ado-
lescents. Medicine and Science in Sports and Sxercise 32: 963-975.

Marsh HW, Gerlach E, Trautwein U, Ludtke O, Brettschneider WD (2007) Longitudinal Study of Preado-
lescent Sport Self-Concept and Performance: Reciprocal Effects and Causal Ordering. Child Develop-
ment 78: 1640-1656. doi: 10.1111/j.1467-8624.2007.01094.x PMID: 17988312

Marsh HW, Sutherland Redmayne R (1994) A multidimensional physical self-concept and its relations
to multiple components of physical fitness. Journal of Sport & Exercise Psychology 16: 43-55.

Rudisill ME, Mahar MT, Meaney KS (1993) The relationship between children’s perceived and actual
motor competence. Perceptual and Motor Skills 76: 895-906. doi: 10.2466/pms.1993.76.3.895 PMID:
8321605

Southall J, Okely AD, Steele J (2004) Actual and Perceived Physical Competence in Overweight and
Nonoverweight Children. Pediatric Exercise Science 16: 15-24.

Barnett LM, Morgan PJ, van Beurden E, Beard JR (2008) Perceived sports competence mediates the
relationship between childhood motor skill proficiency and adolescent physical activity and fitness: a
longitudinal assessment. International Journal of Behavioral Nutrition and Physical Activity 5: 40. doi:
10.1186/1479-5868-5-40 PMID: 18687148

Skinner RA, Piek JP (2001) Psychosocial implications of poor motor coordination in children and ado-
lescents. Human Movement Science 20: 73-94. PMID: 11471399

Piek JP, Baynam GB, Barrett NC (2006) The relationship between fine and gross motor ability, self-per-
ceptions and self-worth in children and adolescents. Human Movement Science 25: 65-75. doi: 10.
1016/j.humov.2005.10.011 PMID: 16442171

Wagner MO, Bés K, Jekauc D, Karger C, Mewes N, et al. (2013) Cohort Profile: The Motorik-Modul Lon-
gitudinal Study: physical fithess and physical activity as determinants of health development in German
children and adolescents. International Journal of Epidemiology: 1-7.

PLOS ONE | DOI:10.1371/journal.pone.0168539 January 3, 2017 17/18


http://dx.doi.org/10.1016/j.jadohealth.2008.07.004
http://dx.doi.org/10.1016/j.jadohealth.2008.07.004
http://www.ncbi.nlm.nih.gov/pubmed/19237111
http://dx.doi.org/10.1542/peds.2006-0742
http://www.ncbi.nlm.nih.gov/pubmed/17142498
http://dx.doi.org/10.1016/j.jsams.2010.04.002
http://dx.doi.org/10.1016/j.jsams.2010.04.002
http://www.ncbi.nlm.nih.gov/pubmed/20580314
http://dx.doi.org/10.1080/02701367.2008.10599516
http://dx.doi.org/10.1080/02701367.2008.10599516
http://www.ncbi.nlm.nih.gov/pubmed/19177951
http://dx.doi.org/10.2165/11536850-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21058749
http://dx.doi.org/10.1249/mss.0b013e318059bf35
http://www.ncbi.nlm.nih.gov/pubmed/17762356
http://dx.doi.org/10.1111/j.1467-8624.2007.01094.x
http://www.ncbi.nlm.nih.gov/pubmed/17988312
http://dx.doi.org/10.2466/pms.1993.76.3.895
http://www.ncbi.nlm.nih.gov/pubmed/8321605
http://dx.doi.org/10.1186/1479-5868-5-40
http://www.ncbi.nlm.nih.gov/pubmed/18687148
http://www.ncbi.nlm.nih.gov/pubmed/11471399
http://dx.doi.org/10.1016/j.humov.2005.10.011
http://dx.doi.org/10.1016/j.humov.2005.10.011
http://www.ncbi.nlm.nih.gov/pubmed/16442171

@° PLOS | ONE

Physical Self-Concept, Motor Abilities and Physical Activity

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

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

Woll A, Kurth BM, Opper E, Worth A, Bés K (2011) The "Motorik-Modul’ (MoMo): physical fithess and
physical activity in German children and adolescents. European Journal of Pediatrics 170: 1129—-1142.
doi: 10.1007/s00431-010-1391-4 PMID: 21318230

Kamtsiuris P, Lange M, Schaffrath Rosario A (2007) Der Kinder- und Jugendgesundheitssurvey
(KiGGS): Stichprobendesign, Response und Nonresponse-Analyse. Bundesgesundheitsblatt Gesund-
heitsforschung Gesundheitsschutz 50: 547-556. doi: 10.1007/s00103-007-0215-9

Jekauc D, Wagner MO, Kahlert D, Woll A (2013) Reliabilitat und Validitdt des MoMo-Aktivitatsfragebo-
gens fur Jugendliche (MoMo-AFB). Diagnostica 59: 100—111.

Jekauc D, Reimers AK, Wagner MO, Woll A (2013) Physical activity in sports clubs of children and ado-
lescents in Germany: Results from a nationwide representative survey. Journal of Public Health 21:
505-513.

Stiller J, Alfermann D (2007) Die deutsche Ubersetzung des Physical Self-Description Questionnaire
(PSDQ). Zeitschrift fir Sportpsychologie 14: 149-161.

Beck J, Bos K, Heil C (1995) Normwerte motorischer Leistungsfahigkeit. Kéln: Sport und Buch Strauss
Koln.

Kirsch A (1968) Standard Fitnesstest. Lehrhilfen Leibeserziehung 17: 133—-140.

Sjostrand T (1960) Functional capacity and exercise tolerance in patients with impaired cardiovascular
function. In: Gordon BL, Kory RC, editors. Clinical cardiopulmonary physiology. New York: Grune and
Stratton. pp. 201-219.

Boutellier U, Kundig T, Gomez U, Pietsch P, Koller E (1987) Respiratory phase detection and delay
determination for breath-by-breath analysis. Journal of Applied Physiology 62: 837—-843. PMID:
3104300

Baron RM, Kenny DA (1986) The moderator—-mediator variable distinction in social psychological
research: Conceptual, strategic, and statistical considerations. Journal of Personality and Social Psy-
chology 51: 1173-1182. PMID: 3806354

Hayes AF (2013) Introduction to mediation, moderation, and conditional process analysis: A regres-
sion-based approach. New York, NY: Guilford Press.

Preacher KJ, Hayes AF (2008) Asymptotic and resampling strategies for assessing and comparing indi-
rect effects in multiple mediator models. Behavior research methods 40: 879-891. PMID: 18697684

MacKinnon DP, Fairchild AJ, Fritz MS (2007) Mediation Analysis. Annual Review of Psychology 58:
593-614. doi: 10.1146/annurev.psych.58.110405.085542 PMID: 16968208

Preacher KJ, Hayes AF (2004) SPSS and SAS procedures for estimating indirect effects in simple
mediation models. Behavior research methods, instruments, & computers 36: 717-731.

Weiss MR, Ferrer-Caja E (2002) Motivational orientations and sport behavior. In: Horn TS, editor.
Advances in sport psychology. Champaign, IL: Human Kinetics. pp. 101-183.

Weiss M, Williams L (2004) The why of youth sport involvement: A developmental perspective on moti-
vational processes. In: Weiss M, editor. Developmental sport and exercise psychology: A lifespan per-
spective. Morgantown, WV: Fitness Information Technology. pp. 223-268.

Rauner A, Jekauc D, Mess F, Schmidt S, Woll A (2015) Tracking physical activity in different settings
from late childhood to early adulthood in Germany: the MoMo longitudinal study. BMC Public Health
15:391. doi: 10.1186/s12889-015-1731-4 PMID: 25887314

Jekauc D, Reimers AK, Woll A (2014) Methoden der Aktivitatsmessung bei Kindern und Jugendlichen.
Bewegungstherapie und Gesundheitssport 30: 74-77.

PLOS ONE | DOI:10.1371/journal.pone.0168539 January 3, 2017 18/18


http://dx.doi.org/10.1186/1471-2458-8-196
http://www.ncbi.nlm.nih.gov/pubmed/18533019
http://dx.doi.org/10.1007/s00431-010-1391-4
http://www.ncbi.nlm.nih.gov/pubmed/21318230
http://dx.doi.org/10.1007/s00103-007-0215-9
http://www.ncbi.nlm.nih.gov/pubmed/3104300
http://www.ncbi.nlm.nih.gov/pubmed/3806354
http://www.ncbi.nlm.nih.gov/pubmed/18697684
http://dx.doi.org/10.1146/annurev.psych.58.110405.085542
http://www.ncbi.nlm.nih.gov/pubmed/16968208
http://dx.doi.org/10.1186/s12889-015-1731-4
http://www.ncbi.nlm.nih.gov/pubmed/25887314



