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1 | INTRODUCTION

Abstract

Over the last few years, numerous studies have proclaimed a negative trend in
the motor performance of children and adolescents. Drawing from the online
Fitness Olympiad database, the data of 8239 children and adolescents from
Germany were analyzed by age, sex, and motor performance measured using
the Dordel-Koch-test (DKT). Results were compared from the 2010-2012 and
2018-2020 cohorts. The results of the 2010-2012 and 2018-2020 cohorts were then
compared regarding the general and sex-specific changes in the development of
motor performance. A negative trend was shown for three of five motor perfor-
mance test items, with decreases of 0.9%-4.8% in abdominal and leg strength and
coordination under time pressure, respectively, being found. In contrast, endur-
ance improved by 0.4% and arm and trunk muscle strength by 3.1%. The negative
development can be seen as a correlate of exercise deficit disorder (EDD) due to
increasing sedentarism. Therefore, the correlation between motor performance
and health indicates a clear motivation to appropriately promote the main forms

of motor activity.
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of 60 minutes of moderate-to high-intensity physical
activity per day.” Krug et al’> showed, in their Motorik-

The positive role of physical activity is now undisputed.
Physical benefits resulting from physical activity include
body weight regulation, better bone health, and improved
muscle strength and function, whereas psychological ben-
efits include improved brain function, academic perfor-
mance, and mental health.! However, it is concerning that
three out of four adolescents aged 11-17 years worldwide
do not meet the WHO’s physical activity recommendations

Modul study,4 that almost 85% of children and adoles-
cents in Germany do not achieve these recommendations.
In addition to the possible health consequences of a lack
of physical activity, there are also signs of a decline in
motor skills associated with this lack. Better physical fit-
ness is also associated with a better state of physical health
in children and adolescents.” Analogously, a decrease in
physical fitness and motor performance and an increase
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in sedentary behavior in children and adolescents seem
to be associated with increased health risk factors, such
as overweight/obesity, cardiovascular disease, orthopedic
problems, or mental illness,® and can be seen as clinical
correlates of exercise deficit disorder (EDD).’ Adequate
assessment of motor performance and its negative devel-
opment is therefore the basis for designing effective and
sustainable countermeasures. However, the assessment
of physical fitness and motor performance is a method-
ological challenge since the variety of test procedures and
definitions makes interpretation difficult. Thus, motor
performance is one of the various terms used in the liter-
ature to encompass multiple aspects of movement skills
(ie, motor skills, motor abilities, etc). This discussion will
not be deepened here, but it is worth noting that studies
on children’'s motor performance must always be read in
light of the underlying definition. For example, Caspersen
et al® distinguished health-oriented (cardiorespiratory
endurance, muscle strength, etc) from skill-related com-
ponents (speed, power, etc) of physical fitness or motor
performance, respectively. For this analysis, we used the
definition of Bés,” in which motor performance was differ-
entiated into energetically determined conditioning and
information-oriented coordinative abilities (see Table 1).
In recent years, many reviews have been published on the
various facets of motor performance. The central point
thereof will be briefly presented below.

Based on shuttle-run tests, Tomkinson and Olds!°
demonstrated an annual decline in aerobic performance
of 0.36%, while a recent systematic review showed a 7.3%
decrease in cardiorespiratory fitness from 1981 to 2014."
In contrast, there was a 38.4% improvement in sit-ups from
1964 to 2017,"* a 19.4% improvement in hand strength
from 1967 to 2017,"* and a 1.73 cm improvement in stand-
ing long jumps per decade.'* On the other hand, Albon
et al® analyzed studies on strength ability and showed
a decrease in speed of about 0.3% on the agility test per
year and in standing long jump scores of roughly 0.25%
per year.

In a recent systematic review, Fiihner et al'® presented
the secular trend of the various main forms of motor stress
between 1972 and 2015. Regarding the cardiorespiratory
endurance, there was an initial increase and a subsequent
decrease between 1986 and 2010-12. In addition, measure-
ments of relative muscle strength tended to show a slight
increase, and regarding the speed, a slight to moderate in-
crease was observed since 2002. Therefore, the changes did
not show a linear increase or decrease; improvements were
mostly seen until the beginning of the 21st century, after
which a stabilization or decrease of the individual facets
was noticed. Duric et al,'’ in Slovenian cohorts, showed
that the largest negative changes (30.1%) were observed
from 1993/94 to 2003/04 and the smallest negative changes

(4.2%) from 2003/04 to 2013/14. Moreover, Masanovic
et al'® demonstrated a continuous decline in endurance
and strength ability between 1969 and 2017. In general,
the changes described were similar for girls and boys, and
the improvements were more evident in younger children
aged between 9 and 12 years than in adolescents aged be-
tween 13 and 17 years. Independent of the secular trend,
boys performed substantially better than girls in terms of
muscular strength, muscular power, muscular endurance,
speed-agility, and cardiorespiratory fitness (CRF) tests but
worse on the flexibility test.'’

However, the assessment of motor competence is rele-
vant for designing targeted countermeasures for EDD. So
far, only the data of the motor module are available for
Germany, in which the physical fitness or motor perfor-
mance is based on the definition of Bos’ as examined in
three waves between 2003 and 2017.%° The results showed
a slight increase between 2003 and 2006 (baseline) and
2009 and 2012 (wave 1), then stagnation until wave 2
(2014-2017). However, to date, there are no further data,
including real-world data or data integrated up to 2020.

Therefore, this study aimed to analyze the develop-
mental course of motor performance in children and ad-
olescents aged between 6 and 16 years from 2010 to 2020
using the online Fitness Olympiad database (www.fitne
ssolympiade.de).

2 | MATERIALS AND METHODS

The Fitness Olympiad database, with the results of the
Dordel-Koch-test (DKT),?! formed the basis of this study.
Complete data sets on age, sex, and the five selected test
items, namely, lateral jumping, standing long jump, sit-
ups, push-ups, and 6-minute run, from 2010 to 2012 and
2018 to 2020 were compared.

21 | Subjects
After cleaning the data of 21 648 children and adoles-
cents, the dataset for analysis comprised complete infor-
mation on the studied test items, age, and sex of N = 8239
(My010-2012 = 3893, Nyyg.0020 = 4346) children and adoles-
cents. The age range was 6.0-16.4 years (M = 9.8 + 2.6),
and 50.2% of the participants were male. When age was
taken into account, 6978 subjects (Nyg;10.2012 = 3405, Ny
2020 = 3573) were classified as children aged between six
and 12.9 years, and 1261 subjects (002012 = 488, Nyo1s.
2020 = 773) aged between 13 and 16.4 years were classified
as adolescents.

The data of the children and adolescents were checked
for plausibility. For this purpose, cut-off values were set
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10% above the norm values of Jouck?” for each test item
and served as exclusion criteria. In addition, results with a
value of 0 and a value of 1 for the test item lateral jumping,
were excluded.

2.2 | Fitness Olympiad

The basis of the DKT battery was the model of Bés.” It
differentiates motor performance into energetically de-
termined conditioning and information-oriented coordi-
native abilities. The basic level consists of the fundamental
abilities of aerobic endurance, strength, speed, coordina-
tion/agility, and flexibility (see Table 1).

The Fitness Olympiad is based on the DKT battery,
which consists of seven test items: lateral jumping,
standing long jump, sit-and-reach, sit-ups, one-legged
stand, push-ups, and 6-minute run (see Table 1). A
manual for performing the exercises is freely avail-
able on the website (www.fitnessolympiade.de). All
tests should be performed barefoot, in sportswear
and in a sufficiently large hall. The exception is the
6-minute run, which should be performed with shoes.
There are no instructions for motivational support in
the manual.

In this analysis, those test items less prone to error were
integrated. The items of this test battery were chosen based
on literature research and represented the core domains of
the theoretical framework of motor performance: agility,
coordination, power, endurance, and speed.9 The selected
items are standardized, valid tests for testing motor perfor-
mance.” For statements about objectivity, reliability and va-
lidity, values were taken from the work of Jouck*? and Bos*
(see Table 1).

The test items sit-and-reach and single-legged stand
were not evaluated in this article because they are dif-
ficult for inexperienced test administrators to perform
and document and may, therefore, not be compara-
ble. For example, administrators may have problems
counting ground contact occurrences. The age and
(foot) size of children can also play a role, that is, the
larger the sole, the easier it is to perform the exercise.
Furthermore, it could be difficult for inexperienced test
administrators to consistently ensure that the children's
legs are extended during sit-and-reach. In addition, the
brief holding time often makes it difficult to read the
achieved value.

2.3 | Statistical analysis

The analysis was carried out using IBM SPSS Statistics 27.
The years of interest—2010-2012 and 2018-2020—were

extracted via filtering, and data were checked for plausi-
bility. The significance level for all tests was 5%.

First, the arithmetic means, 95% confidence intervals
(CI), and changes in percentages were determined as part
of the descriptive statistics. The means of the independent
variable (annual cluster) with two characteristic values
were compared using a -test for independent samples.

To be able to make statements about the development
of motor performance of children and adolescents, the
statistical procedure was again applied to the extracted
annual clusters. A filter was placed over age, and partic-
ipants were divided into children aged 6 to 13 years and
adolescents aged 13-16 years. Further steps for statistical
analysis were carried out as previously described.

To be able to make sex-specific statements, the data of
the two annual clusters were then subdivided into boys
and girls according to sex, and the mean values, 95% Cls,
and changes in percentages were once again determined.

To determine the influence of different covariates, such
as age and sex on the dependent variable (test item), a uni-
variate analysis of variance (ANCOVA) was performed.
Here, the respective test item was used as the dependent
variable, and age and sex were used as covariates.

The corrected coefficient of determination, R? was
used to interpret the ANCOVA results and the proportion
of variance of the dependent variable that each factor ex-
plained. To be able to define the influence of all covariates,
parameter estimation was carried out by taking the regres-
sion coefficient b into account.

3 | RESULTS

3.1 | Fitness test scores

3.1.1 | Lateral jumping

Boys and girls in the 2010-2012 annual cluster (n = 3774)
achieved an average of 53.9 jumps (95% CI: 53.33-54.51).
Jumps ranged from 2 to 106. For the 2018-2020 annual
cluster (n = 4147), the average number of jumps was 53.4
(95% CI: 52.86-53.98; P = .182), with a range of 2-113. The
percentage decrease in the number of jumps between an-
nual clusters was 0.9%.

3.1.2 | Standing long jump

On average, children and adolescents in the 2010-2012
annual cluster jumped 121.8 cm (n = 3773; 95% CI:
120.91-122.70), with a range of 23.0-240.0 cm. For the
2018-2020 annual cluster, the mean distance was 117.6 cm
(n = 4184; 95% CI: 116.70-118.47; P < .001), with a range
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of 8.0-240.0 cm. Thus, the distance decreased by 3.4% be-
tween the two annual clusters.

3.1.3 | Sit-ups

The mean number of repetitions of sit-ups achieved for the
2010-2012 annual cluster was 16.8 (n = 3482; 95% CI: 16.54-
16.97), with a range of 1-44. For the 2018-2020 annual cluster,
the mean was 16.0 repetitions (n = 3910; 95% CI: 15.79-16.20;
P < .001), with a range of 1-40. Overall, the number of repeti-
tions decreased by 4.8% between the two annual clusters.

3.1.4 | Push-ups

Children and adolescents in the 2010-2012 annual cluster
achieved an average of 9.6 push-ups (n = 2853; 95% CI:
9.43-9.80), with a range of 1-26. Children and adolescents
in the 2018-2020 annual cluster achieved 9.9 repetitions
(n = 3262; 95% CI: 9.71-10.02; P = .045), with a range of
1-22. A percentage increase in repetitions of 3.1% between
the annual clusters was detected.

3.1.5 | Six-minute run

The average distance achieved for the 2010-2012 annual
cluster was 852.2 m (n = 3566; 95% CI: 845.8-858.6), with a
range of 320.0-1539.0 m. For the 2018-2020 annual cluster,
the mean distance was 856.9 m (n = 3986; 95% CI: 851.5-
862.3; P = .270), with a range of 320.0-1552.0. Overall, the
distance increased by 0.4% between the annual clusters.

3.2 | The proportion of variance
explained by age and sex

The proportion of variance explained by age and sex was
calculated. The percentage of variance explained (R2),

Proportion of

explained variance Age P-value
of MW differences [regression
by R? [%]. coefficient b]
Lateral jumping 16 <.001 [b 2.9]
[number of jumps]
Standing long jump 6.6 <.001 [b 2.2]
[cm]
Sit-ups [repetitions] 6.4 <.001 [b 0.6]
Push-ups [repetitions] 2.2 <.001 [b 0.2]
Six-minute run [m] 2.7 .129 [b 1.20]

significance, and regression coefficient b are presented in
Table 2.

3.3 | The development of mean values
for children and adolescents

For children aged between 6 and 13 years, a significant
decline was detected for four of the five items measuring
motor performance. Highly significant decreases were
found for the test items lateral jumping (3.3%), standing
long jump (4.7%), sit-ups (6.4%), and 6-minute run (2.2%).
A tendency toward improvement could be seen for the test
item push-ups, with an increase in the number of repeti-
tions of 1.9%. A detailed presentation of the children's re-
sults is shown in Table 3.

For adolescents (Table 4) aged between 13 and 16 years,
the results of all five test items examined showed a ten-
dency toward improvement. The mean difference of the
test item lateral jumping (4.8%) was significant (P = .014),
and the test item 6-minute run showed a highly significant
improvement (23.1%). For the test items standing long
jump (2.0%), sit-ups (1.8%), and push-ups (7.2%), a ten-
dency toward improvement was recognized.

3.4 | Comparison of mean values by sex
For boys (Table 5), a negative change was found in two
of the five test items examined, which was highly signifi-
cant for the test item standing long jump (3.4%), while for
the test item sit-up (2.3%), only a tendency of deteriora-
tion was evident. Two test items (lateral jumping and
6-minute run) showed a tendency to improve, while the
improvement of the test item push-ups could be classified
as significant. For this test item, the largest and positive
percentage change (4.0%) could also be calculated.

For girls (Table 6), a negative change was found for
three of the five test items examined. The decrease in the
distance of the test item standing long jump (3.8%) and

TABLE 2 Presentation of the
Sex P-value p‘roportion of ;I?e variance of the}) mean
- differences [R” in %] to be explained by
[regression d N d
srRE | age an se)f as we .aS.t e significance an
the regression coefficient b
428 [b —0.3]
<.001 [b —8.8]
<.001 [b —1.5]
<.001 [b —0.7]

<.001 [b —60.6]
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TABLE 3 Presentation of mean
2010-2012 2018-2020 Change differences with CI-interval, P-value and
wi - , P-valu
(95% CI) (95% CI) P-value [%] . .
change in percent for children (6-13 years)
Lateral jumping n = 3315 n = 3411 <.001 -3.3
[number of  53.1(52.51-53.75) 51.4 (50.79-52.00)
jumps]
Standing long n = 3302 n = 3465 <.001 —4.7
jump [cm] 121.6 (120.71-122.52)  115.9 (115.02-116.80)
Sit-ups n = 3055 n = 3175 <.001 —6.4
[repetitions]  16.7 (16.46-16.90) 15.6 (15.40-15.83)
Push-ups n = 2513 n = 2589 184 +1.9
[repetitions] 9.7 (9.47-9.86) 9.8 (9.67-10.01)
Six-minute run n = 3130 n=3313 <.001 2.2
[m] 870.6 (864.16-877.12) 851.1 (845.5-856.3)
TABLE 4 Presentation of mean
2010-2012 2018-2020 Change differences with CI-interval, P-value and
(95% CI) (95% CI) P-value [%] . ’
change in percent for teens (13-16 years)
Lateral jumping  n =459 n =736 .014 +4.8
[number of 59.6 (57.79-61.45) 62.5(61.07-63.87)
jumps]
Standing long n =470 n =719 .262 +2.0
jump [cm] 123.2(119.81-126.53)  125.7 (122.90-128.42)
Sit-ups n =427 n =735 496 +1.8
[repetitions] ~ 17.3 (16.57-18.06) 17.6 (17.10-18.15)
Push-ups n = 340 n =673 .054 +7.2
[repetitions] 9.3 (8.72-9.88) 10.0 (9.61-10.32)
Six-minute run n =436 n=~673 <.001 +23.1
[m] 719.7 (700.17-739.17) 885.5(869.11-901.95)
ST ch TABLE 5 Presentation of mean
H ange . . .
differences with CI-interval, P-value and
(95% CI) 20182020 (95% CI)  P-value  [%] HHerences with Ln vatuean
change in percent for boys
Lateral jumping n = 1869 n = 2098 .533 +0.7
[number of 53.8 (52.94-54.61) 54.2 (53.32-54.99)
jumps]
Standing long n=1871 n =2121 <.001 —34
jump [cm] 126.4 (125.12-127.70)  122.1 (120.78-123.41)
Sit-ups n=1751 n = 1989 .059 =23
[repetitions] ~ 17.3 (17.02-17.65) 16.9 (16.63-17.22)
Push-ups n = 1458 n = 1683 .036 +4.0
[repetitions] 9.9 (9.64-10.17) 10.3 (10.05-10.51)
Six-minute run n=1774 n = 2027 .899 +0.1
[m] 884.4 (874.9-893.9) 885.2 (877.1-893.3)
the number of repetitions of the test item sit-ups (7.4%) 4 DISCUSSION

are to be considered highly significant. The deterioration

of the test item lateral jumping was very significant with
a percentage change of 2.8%. A tendency of improvement
could be shown for the test items push-ups (1.1%) as well as
6-minute run (0.9%), but both changes were not significant.

We aimed to analyze the secular trend in the development
of the motor performance of children and adolescents be-
tween 2010 and 2020. In addition, the influence of age and
sex on the development course of motor performance, as
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TABLE 6 Presentation of mean
differences with CI-interval, P-value and Change
) o 2010-2012 (95% CI) 2018-2020 (95% CI) P-value [%]
change in percent for girls
Lateral jumping ~ n = 1905 n = 2049 .009 -2.8
[number of 54.1 (53.23-54.90) 52.6 (51.77-53.33)
jumps]
Standing long n = 1901 n = 2063 <.001 -3.8
jump [cm] 117.3(116.08-118.48)  112.9 (111.80-114.09)
Sit-ups n=1731 n =1921 <.001 -7.4
[repetitions] ~ 16.2 (15.88-16.47) 15.0 (14.76-15.30)
Push-ups n = 1395 n=1579 .539 +1.1
[repetitions] 9.3 (9.06-9.58) 9.4 (9.22-9.62)
Six-minute run n=1792 n =1959 185 +0.9

[m]

well as the sex-specific course of changes in motor perfor-
mance, was investigated.

The results partially confirmed the negative trend
proclaimed in other studies. Two strength tests, sit-ups
(4.8%) and standing long jump (3.4%), showed a signif-
icant decline over the years. These findings are also re-
flected in the review by Eberhardt et al** who found a
decrease in the number of sit-ups in 10 of the 18 subsa-
mples examined from seven studies. Kaster et al'* also
identified a decline (4.1%) in repetition among more
than 9 million 9-17-year-old children between 2010
and 2017. Furthermore, for the test item standing long
jump, Fraser et al*®> examined the data on performance
in the standing long jump of 11-12-year-old Australian
children (N = 3732) between 1985 and 2015, finding a
11.2% decline in performance within the study period.
Contrary to these findings, the results of the push-ups
test item showed a significant improvement in per-
formance (3.1%), which can be confirmed by studies
conducted by Albrecht et al*® between 2003-2006 and
2009-2012.

These results should be viewed cautiously because
there may be deviations between the specified execution
and the practical procedure. Specifically, younger children
may have had problems with correct execution due to the
complexity of the exercise and their lower muscle mass.*

In our study, endurance performance improved
slightly by 0.4% over 10 years, but not significantly.
Tomkinson et al'' examined 20 m shuttle-run test re-
sults from 137 studies involving 965 264 children and
adolescents between 1981 and 2014. Overall, cardiore-
spiratory fitness decreased by 7.3%. However, a slow
stagnation of the decline could be detected since 2000.
The reasons given for the constant general trend since
2000 were a stabilization in the level of physical activ-
ity and increased awareness of sedentary behavior, for
example, through an increase in social marketing cam-
paigns and political interventions.

820.3 (812.0-828.6)

827.6 (820.7-834.5)

Regarding to the influences of age and sex, it was con-
firmed that the investigated motor skills of strength, en-
durance, and coordination under time pressure increased
with increasing age.””*® This increase can be attributed
to biological development and maturation processes,
hormonal changes, and social interactions.” With in-
creasing age, there is also harmonization of movement
sequences and an increase in intra- and intermuscular
coordination.?”*°

In addition, differences were found between boys and
girls, confirming the findings of previous studies. Boys
achieved significantly better results in all test items with
strength and endurance components, which may be ex-
plained, on the one hand, by the hormonal conditions fa-
voring the build-up of strength, and on the other hand,
by the higher proportion of muscle in boys. However, the
scope of everyday/leisure activities can also be seen as a
reason for the boys’ better motor performance. Krug et al*!
found a higher level of physical activity in boys than in
girls (53.9% and 31.4% of girls did 90 and 180 hours of
sport per week, respectively, compared with 62.8% and
45.0% of boys).

Furthermore, only two out of five test items for boys in-
dicated a decline in motor performance over the period ex-
amined, while three test items showed a decline for girls.
What was particularly striking was the decline of test item
sit-ups of 7.4% in girls. For boys, on the other hand, the im-
provement for the test item push-ups of 4.0% represented
the largest positive percentage change. Although the pres-
ent study also found a decline in the performance of the
test item sit-ups for boys (2.3%), this was smaller than for
girls. For the test item push-ups, a significant improve-
ment could be shown for both boys (4.0%) and girls (1.1%).
Hanssen-Doose et al*’ were also able to confirm a slight
tendency toward improvement for boys, but the results for
girls showed a slight tendency toward decline. Endurance
performance tends to improve in both boys (0.1%) and girls
(0.9%), reflecting a stagnation. Comparable findings were
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described by Tomkinson et al*! They described an increas-

ingly weakening decline in aerobic performance for both
boys (1.7%) and girls (0.6%) since 2000. The sex difference
may also be explained by the increasing athletic participa-
tion of girls and the comparatively higher increase in body
fat of boys.”*

Overall, real-world data, as well as the results of the
international literature, show a heterogeneous picture: A
reduction in motor competence or physical fitness, or stag-
nation at a lower level, may reflect an EDD.” Knowledge
regarding the need for support in specific areas, such
as endurance or strength, etc, as well as specific target
groups, such as age or sex groups, allows for the develop-
ment of targeted countermeasures against EDD in differ-
ent settings, for example, schools, kindergartens, etc

Our study has some strengths and limitations. To begin
with, the Fitness Olympiad provides the present real-world
data in an enormous, large cohort. Furthermore, the DKT
battery consists of validated, reliable, and objective test
items (see Table 1). Therefore, the DKT is a standardized
test that addresses a wide range of fundamental move-
ment skills. Further, its simple handling, organization,
and evaluation, as well as the free access to the manual,
also indicate its high levels of usefulness and economy. On
the other hand, the same general methodological criticism
applies to the DKT as to other tests/test batteries when it
comes representing such a complex construct as “motor
performance.” Additionally, due to its implementation
via an online platform, no statements can be made about
the framework conditions for the implementation of the
Fitness Olympiad. Although standardized information on
the test procedure and environment can be found in the
manual, it is unclear to what extent this information was
implemented. Implementation by non-explicitly trained
test teams, therefore, represents a weakness of the study
design because this approach did not ensure standardized
implementation. This issue should be considered, particu-
larly for the results of the test items sit-ups and push-ups,
because the excluded results with a value of 0 may have
corresponded with valid data, especially for younger, over-
weight, and obese children.

5 | CONCLUSIONS

In summary, the present article's results partially con-
firm the proclaimed negative secular trend of the motor
performance of children and adolescents in a newer
timeframe. The decrease in fitness, which can be used as
a surrogate parameter for EDD and a predictor of mor-
bidity and mortality in adulthood, underlines the urgent
need for the promotion of physical activity. Particularly
in public institutions, such as kindergartens or schools,

which are ideally suited for the acquisition of a healthy
and sporty lifestyle due to the young age of the children,
the focus should be on movement and physical activity
because these factors positively affect motor performance.
This focus should also be considered in discussions about
changes to (school) policy.
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