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Abstract: Strategies to early develop and implement motor skill promotion in preschoolers
are lacking. Thus, we examined the effects of a card-based exercise promotion program in a
kindergarten setting. 214 preschool children (5.5 £ 0.6 y, range 4.2—6.7 y) were examined in
the present intervention study. Body mass index (BMI) and waist circumference were
measured. Children were randomly assigned to the KIDZ-Box® physical activity intervention
program (INT: n = 107) or the control group (CON: n = 107). Children were trained daily
for 15 min over 7 month at the preschool for agility, balance, endurance and jump performance,
employing the card-based KIDZ-Box® media package. At pre- and post-testing, dynamic
balance, jump and agility performance were tested. Cross-sectionally, agility testing differed
between sexes (p = 0.01) and BMI (p = 0.02). Trends towards a significant association were
found between BMI and side-to-side jumping (p = 0.1) and beam balancing (p = 0.05).
Relevant interventional effects favoring the intervention group were slightly found for agility
(p = 0.04, np? = 0.02) and moderately for side-to-side jumping (p < 0.001, np> = 0.08).
Balance performance did not relevantly improve. As jumping cards have been used frequently
by the teachers, jumping improvements are plausible. The activity cards are feasibly
applicable but should be employed with more structure during longer training sessions.
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1. Introduction

Childhood obesity increased within the last decades all over the world [1]. Although a current
stabilization of childhood overweight (around 12.5%) and obesity (4% to 6%) has been reported for
Switzerland, the prevention of childhood obesity still remains an important public health issue [2]. It has
been shown that childhood overweight and obesity tracks into adulthood [3,4]. Therefore, further
reductions of childhood obesity levels through physical activity (PA) are mandatorily required [5].

Recent PA guidelines recommend that preschool children should accumulate at least 3 h of PA spread
throughout the day [6]. The Canadian guidelines additionally recommend accumulation of at least 1 h
of moderate to vigorous PA (MVPA) daily [7]. Only half of the preschoolers have been reported to meet
60 min of PA a day [8]. As low competence in fundamental motor skills (FMS) is associated with lower
physical activity [9], and given the early childhood years are critical to learning FMS, there is a need for
specific FMS programs in preschools. A couple of studies revealed evidence that appropriate amounts
of physical activity lead to adequate motor skills development during the preschool years [10—12]. These
studies, however, also emphasized the bidirectional or reciprocal interrelation between FMS and PA
since higher levels of FMS can lead to higher PA-levels. But specific requirements, such as PA, need to
be specifically trained. This is of even greater importance, since comparatively low motor skill abilities
are linked to higher body fat [13] probably caused by lower amounts of PA in general and health-related
PA in particular [14].

Preschool years are regarded as a critical period in developing children’s physical activity
habits [15] and, in turn, to achieve well-developed FMS. This is of more interest, since higher levels of
physical activity and motor skill levels seem to increase future sports club participation and
self-efficacy [16]. As shown in a previous meta-analysis interventions are improving motor skills in
children [17]. Therefore intervention tools to improve motor skills are highly recommended.

Against this background, the present study mainly focused on examining the influence of a daily
15 min lasting physical activity program on BMI and motor skills, such as agility, balance, and jump
performance. Thus, we aimed at evaluating a motor skill enhancing media tool within an interventional
training program for preschoolers. Thereby, the employed physical activity cards may serve as an
appropriate tool box (KIDZ-Box®, Health Promotion Switzerland, Bern, Switzerland) to support
kindergarten’s, teacher’s and children’s motivation to maintain physically active during everyday life.

2. Methods
2.1. Study Design

The present study was planned as a randomized control trial (RCT). Two cantons of the German
speaking part of Switzerland took part in the study. 14 preschool classes from the canton Zug served as
the intervention group and 7 classes from the canton Schwyz served as the control group. Due to ethical
reasons, a randomization was not possible. Therefore, interval matching was applied. Interval matching
has been performed on the basis of the covariates age, gender and BMI (continuous) using the full
dataset. After fitting the values, every subject has been assigned to one of ten similar intervals. The same
number of subject of every group was randomly assigned to these intervals. Finally 107 children per
group have been matched for analysis.
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The study was approved by the ethics committee of the University of Basel (EKBB, Basel,
Switzerland) and all children, as well as their parents, signed an informed written consent to participate
in the study. Teachers and parents were a priori informed about the study context (promoting children’s
health), but did not receive detailed information on the specific objectives of the study.

2.2. Participants

378 preschool children (N = 246, canton Zug; N = 132, canton Schwyz) between 4 and 6 years of age
were initially recruited for the present study. In total, 354 children were allowed by their parents to join
the study (94%). Due to inclusion criteria (healthy children, no pulmonic, cardiac or neurological disease),
321 children (171 girls, 150 boys) were included (Zug N = 206, Schwyz N = 115). Only children of the
Ist and 2nd preschool year from public full-time preschools with a signed parental informed consent were
examined. Exclusion criteria were acute illness, injury, cognitive and physical disability. Out of this
sample, the 115 children from the canton Zug served as control sample (CON). The remaining children
(N =204) were assigned to our KIDZ-Box® physical activity intervention program (INT). Dropouts from
the study occurred due to removal, illness, injury and holiday (N = 5). After interval matching adjusted
for age, gender and BMI a total of 214 children were finally analyzed in the study (Zug N = 107, Schwyz
N=107; (5.5+ 0.6 y, range 4.2-6.7 y). The flow chart of the recruitment process is provided in Figure 1.

Figure 1. Flow chart of the study according to CONSORT.

Intervention Control
(canton “Zug”) (canton “Schwyz”)
N =149 classes N =141 classes
N =42 did not N =46 did not
meet eligibility meet eligibility
y A4
N =107 classes N =95 classes
consented consented
N =14 classes were N =7 classes were
randomly selected randomly selected
v v
N =246 children N =132 children
N =16 children N = 8 children refused
refused participation participation
Y Y
N =230 children N =124 children
N =12 children gotiill N =4 children got ill
Y Y
N = 218 children N =120 children Pretesting
N = 14 children gotiill N = 8 children got ill
A4 A4
N = 204 children N =112 children Posttesting
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2.3. Anthropometrics

Body height was measured without shoes to the nearest 0.2 cm using a mounted stadiometer (Seca,
Basel, Switzerland). Body mass was assessed in light clothing and without shoes to the nearest 50 g with
an electronic scale (Seca, Basel, Switzerland). BMI was calculated using body mass divided by height
in meters squared, and children were graded as either non-overweight or overweight/obese based on the
International Obesity Taskforce (IOTF) reference for children [18].

2.4. KIDZ-Box® Intervention

The children of the INT were instructed to train for agility, balance, endurance and jump performance
using the KIDZ-Box® at the preschool. This teaching material was specifically developed for
preschoolers based on typical preschool movement patterns by the Department of Sport, Exercise and
Health of the University of Basel (Basel, Switzerland) in cooperation with Health Promotion Switzerland
and consisted of different cards providing 20 task and information cards for cardiac function (3 cards:
running), strength (3 cards), dexterity (7 cards), playing (4 cards), nutrition (4 cards), bone health
(3 cards) (Figure 2, for more information see: http://gesundheitsfoerderung.ch/bevoelkerung/produkte-
und-dienstleistungen/ernaehrung-und-bewegung/kidz-box.html). The exercises with special emphasize
on jumping, muscle strength, agility and balance (dexterity) as well as endurance were used. In order to
provide training progressions and to avoid underchallanges, exercise modifications were also provided
for each exercise on the cards. Prior to the start of the intervention period, all preschool teachers were
instructed in detail by research assistants. Within a total time frame of 7 months, the KIDZ-Box® activity
cards were employed daily for 15 min. At the end of the intervention period, all cards should have been
used. Card changes and emphasizes were accomplished by the teachers.

Figure 2. The KIDZ-Box® exercise toolbox including 20 exercise cards (A), with illustrative
exercise description (B) and explanations and task variations (C), respectively.

2.5. Motor Skill Testing

Pre- and post-testing were conducted by an experienced test team at the preschool. Before testing, all
children performed a short 5-min warm-up including gymnastic, plyometrics, agility and balance
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exercises. Testing consisted of complex agility testing, repetitive side-to-side jumping and dynamic
beam balancing.

2.5.1. Agility

Agility performance was assessed by employing an obstacle course. This test has been previously
used and is described in detail elsewhere [19]. Children were asked to run 1 m from a cone to a bench,
jumping over it (26 cm height, 28 cm width), turning around, under-passing the bench and running back
to the cone three times in a row. The test was assessed by the time needed to complete the obstacle
course. Time was measured in seconds using a stopwatch. This task had to be performed two times as
fast as possible. The fastest trial was included into further analysis. One practice trial was conducted
prior to testing.

2.5.2. Jumping Performance

Repetitive jumping performance was measured by alternating side-to-side jumping. During jumping,
both legs had to be kept together. Jump counts within 15 s was assessed [19]. Prior to testing, children
were allowed to perform five test jumps. This task had to be performed two times as fast as possible.
The sum of the two counts was used for further analysis.

2.5.3. Balance

Dynamic balance performance was tested by barefoot forward balancing using a 3 m long and 3 cm
wide bar [20]. Total step count until the foot touched the ground was counted. Prior to testing, one test
trial was allowed. Then, three test trials were performed. The sum (step counts) of the best trial was
included into further analysis. A good reliability has been reported elsewhere [21].

3. Statistics

The power analysis provided an 80% power (1-f error) to detect small effect sizes with an alpha
significance level of 5% when including a total sample size of 200 subjects.

Motor skill parameters were tested applying repeated measures analyses of variance (rANOVA).
For each parameter (balance step count, jumping counts and agility course time) a separate two (group:
INT vs. CON) x 2 (time: pre vs. post) rANOVA were conducted, adjusted for age, sex and BMI. In case
of a significant time % group interaction, Tukey’s HSD post-hoc testing was conducted. The significance
level was set at * p <0.05, ** p <0.01, and *** p <0.001. To estimate ANOVA effect sizes, partial eta
squared (np?) was computed with 1> > 0.01 indicating small, >0.059 medium and >0.138 large effects [22].

4. Results

Anthropometrical characteristics of the analyzed sample are presented in Table 1.
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Table 1. Anthropometrical data of intervention (INT) and control group (CON).

INT (N=107) CON (N=107)
Gender (n, female/male) 64/43 64/43
Age (years) 5.5+0.6 54+0.6
Height (m) 1.13£0.06 1.14£0.06
Weight (kg) 20.0£2.7 20.6 3.7
BMI (kg m?) 155+1.2 157 +2.1
Obese N (%) 0(0) 5(4.7)
Overweight N (%) 5@4.7) 5@4.7)

Card use has been evaluated after the intervention [23]. Each of the 20 activity cards was used by the
teachers between 31% and 92%. Jumping cards were used most frequently.

4.1. Cross-Sectional Association between Motor Skills, Sex and Overweight

At baseline differences for agility testing were observed between sexes (boys: 17.0 s (SD 3.0) vs.
girls: 184 s (4.1), p = 0.01; np? = 0.03) as well as between overweight and non-overweight
(non-overweight: 17.7 (3.7) vs. overweight: 20.1 (4.2), p = 0.01, n,*> = 0.03). No sex differences were
found in side-to-side jumping repetitions (boys: 33.2 (12.1) vs. gitls: 32.6 (10.7), p = 0.7, np> < 0.001).
But differences were found between overweight and non-overweight (non-overweight: 33.3 (11.2) vs.
overweight: 27.0 (10.5), p = 0.04, 1> = 0.02) for side-to-side jumping. Summed up steps during beam
balancing did not reveal differences between sexes (boys: 5.6 (3.6) vs. girls: 6.4 (3.8), p = 0.1, np> = 0.01)
but a tendency towards differences in BMI (non-overweight: 6.3 (3.8) vs. overweight: 4.3 (2.7),
p =0.05, np% = 0.02) was observed.

4.2. Interventional Changes of Anthropometry and Motor Skill Parameters

Means and standard deviations in BMI and motor skill abilities for INT and CON during pre and post
testing are provided in Table 2.

Table 2. Mean and standard deviation of anthropometrics and motor skill parameters before
and after intervention.

INT (N =107) CON (N=107) p
Parameter Pretest Posttest Pretest Posttest (time) s (treatment e’
ime
Mean (SD) Mean (SD) Mean (SD) Mean (SD) x time)
BMI (kg'm?) * 15.5(1.2) 15.6 (1.3) 15.7 (2.1) 15.7(2.1) 0.3 0.005 0.5 0.002
Agility (s) 172 (3.2) 15.0 (2.4) 18.5(4.1) 17.1 (2.6) <0.001 0.3 0.03 0.02
Side-to-side jumping
. 35.1(109) 45.8(10.0) 32.0(3.5) 38.3(10.0) <0.001 0.6 <0.001 0.09
(jump count)
Balancing
8.1(@3.7) 82 (4.5) 6.2 (3.8) 82@4.7) <0.001 02 0.9 <0.001

(sum of step count)

Adjusted for age, sex and BMI; * adjustment was done without children’s BMI.

A time-effect (F = 94.82, p < 0.001, np> = 0.3) and a group x time interaction effect were found for
agility testing (F = 5.12, p = 0.03, np> = 0.02) between pre- and post-testing (Figure 3A). However, post
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hoc testing did not reveal difference for either group (p > 0.2). Side-to-side jumping also revealed a small
time-effect (F = 330.77, p < 0.001, ny> = 0.6) and a moderate group X time interaction
(F =21.58, p < 0.001, np> = 0.09) (Figure 3B). Post-hoc testing revealed differences between pre- and
post-testing for INT and CON as well. However, the improvement was higher for INT. No group X time
interaction was found for balance testing (F = 0.03, p = 0.9, np> < 0.001) between pre- and
post-testing. A significant and large time effect has been observed for balance testing (F = 49.86,
p <0.001, 0> = 0.2) (Figure 3C).

Figure 3. Agility (A), jump (B) and balance (C) performance for the control group (CON)
and intervention group (INT) before (grey) and after (white) the intervention period.
*p <0.05; *** p <0.001.
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5. Discussion
5.1. Main Results

The present cross-sectional data showed that overweight children demonstrate a lower performance
in motor skill tests than normal weighted children. The KIDZ-Box® intervention has the potential to
improve agility performance, however, repetitive side-to-side jumping, specific balance performance,
and anthropometrics were not affected in this study.

5.2. Associations of Motor Skills with Overweight and Sex

Concerning motor skill abilities, we found that agility performance is affected by overweight.
Side-to-side jumping performance also seemed to be negatively altered in overweight children. In both
tasks, increased body mass adversely affected total time needed to complete the agility course and
total jump counts. These findings have been recently highlighted in a large sample of obese US
preschoolers that also showed decreased hopping and jumping performance, compared to their
non-obese counterparts [24]. In line with these findings, a large Swiss study corroboratively found an
impaired performance of overweight children in agility testing [25]. Other studies corroboratively found
similar associations between motor skill ability and overweight status in this age group [26-28]. Graf
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and co-workers additionally found a link between overweight and endurance performance [29]. Since
overweight children also frequently develop impaired musculoskeletal function, it seems likely that
motor tasks requiring high-energy expenditures are difficult to perform and maintain for these children.
Studies about balancing skills in preschoolers are in line with our results, as impaired balance skills were
shown in overweight children [27,30]. Differences in motor skills depending on overweight are
alarming, especially since differences present in this young age group might be more pronounced in
older children.

Furthermore, we found significant better results in boys during agility testing. According to
a meta-analysis about sex differences in motor performance [31] in this age group, boys are significantly
better in strength, speed and endurance testing, but no sex differences were present in coordination
testing until 11 years of age. No sex differences were found in side-to-side jumping. This finding was
unexpected, but could occur because the side-to-side jumping test does not only require endurance and
strength but also coordination. In coordination skills, as balancing, no sex differences have been expected.

5.3. Interventional Changes in Motor Skills and Anthropometry

In all motor skill testing, time-effects were observed. This may be because of the on-going maturation
of several functional systems within this age group or because of the familiarization with the test
conditions at the post-test [31,32]. A slightly relevant interaction effect was found for
side-to-side jumping. Although both groups increased the agility skills between pre- and post-testing,
the effect size was small. For side-to-side jumping, the effect size was medium with a difference between
the groups favoring the intervention group. With regard to the jumping improvements, preschool teacher
reported that jumping and hopping cards were preferably used [23]. Jumping and hopping require less
space and have been reported as feasible and favored by the children. This observation might be in line
with findings that preschool physical activity are often spontaneous, short and intermittent task with a
large component of jumping and hopping activity patterns [33,34]. Regarding jumping and hopping,
they have a high-energy expenditure and a beneficial impact on bone-health [35]; the value of repetitive
jumping and hopping, combined with (agility) running should be highlighted. Balancing showed no
significant differences between groups but an improvement over time in both groups. These findings
agree with the fact that only few KIDZ-Box® cards are intended to improve balancing skills [23].

It has been shown that being physically active positively influences motor skill performance of
preschoolers [10,36]. Therefore physical activity should be promoted. Also, adequate physical activity
levels seem to improve motor performance that may enhance the participation of recreational sports
participation during later childhood years [37]. In turn, children who practiced sports in a club environment
seem to show better motor skills abilities [38,39]. Thus, higher amounts of suitable and appealing physical
activity for overweight children should be increased in school- and club-settings.

As most of the studies revealed differences in endurance testing between overweight and
non-overweight children and to meet required health-related total energy expenditures, it might be
reasonable to provide less repetition of hopping tasks or running distances for obese children for each
set and to provide more sets with more breaks in between. Thereby, higher amount of cumulative
exercise bouts of shorter durations should be provided to achieve appropriate health-related energy
expenditures. Since every KIDZ-Box® card always provides three exercise variations, the instructor can
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easily individualize the exercises for every child. Therefore, the motivation might stay high for
every preschooler.

5.4. Strengths and Limitations

Some limitations need to be addressed. The sample of the present study does not represent the
numbers of overweight and obese children reported in the whole Swiss population [2]. This could be
explained by the fact that the two cantons Zug and Schwyz are two of the richest cantons of Switzerland
with a comparatively high level of socio-economic status [40]. As shown in previous research,
overweight and obesity in children is significantly associated with low socio-economic status of their
parents [41]. The choice of exercises was made on an individual basis. Since the applicability and
exercise choice of the Kids Box® has been evaluated very positive by teachers and parents (18), we
would recommend a disseminating use of the KIDZ box® across the preschool sector. The exercise
emphasize per session, however, was set by the preschool teachers themselves. However, the chosen
exercises were well documented. Due to organizational reasons, testing was performed at the preschool,
not in our laboratory. Despite sufficient test-retest reliability of the applied tests, together with our
school-setting approach, elevated baseline variability was found. Nevertheless, the KIDZ-Box®
intervention led to slight improvements of agility and side-to-side jumping with a small and medium
effect, respectively. The study approach (e.g., self-selected card use, no exercise professional for the
intervention) provides a high external (ecological) validity. Thereby, the employed physical activity cards
can serve as an assisting tool box (KIDZ-Box®) to support the motivation of kindergartens, teachers, parents,
and children to stay physically active using various stimulating exercise cards with respective variations.

6. Conclusions and Perspectives

In conclusion, being overweight affected all motor skills, not only those that require high-energy
expenditure tasks (hopping, agility), but also balancing. Small interventional changes of motor skills
were found for agility and side-to-side jumping. Frequently applied jumping cards seem to account for
the moderate effects in side-to-side jumping improvements. Balancing remained unchanged. Future
research should focus on task-specific motor skill improvement and should include measure of
endurance capacity (such as 20 m shuttle run). Moreover, future interventional exercise studies in this
age group should be in a more structured fashion and supervised over longer session durations. The
contents and progression levels should be more systematically employed. Thereby, the KIDZ-box® card
might be helpful to explain and illustrate motor skill tasks.
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