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Abstract: The objective of this research was to examine a 12-week exercise program and its impact
on the motor proficiency and cognitive abilities of preschool children with overweight and normal
weight. The study involved a total of 71 participants who were preschool children enrolled in a
longitudinal study. Body mass index (BMI) was determined by measuring body height and weight,
and the nutritional status of the children was assessed using the World Health Organization’s
(WHO) criteria. Motor proficiency encompasses both motor abilities and motor skills, and the
assessment of motor abilities was conducted using subtests from the Bruininks-Oseretsky Test
of Motor Proficiency (BOT-2). These subtests measured fine motor integration, manual dexterity,
balance, and bilateral coordination. The evaluation of motor skills involved the utilization of the Test
of Gross Motor Development (TGMD-2), which examines both locomotor skills and manipulative
skills. Cognitive abilities were assessed using the School Maturity Test (TZS). All participants,
regardless of weight status, took part in a 12-week physical exercise program. According to the World
Health Organization’s criteria, 52 children (73.2%) were categorized as having a normal weight, while
19 children (26.8%) were classified as overweight. These findings indicate that every fourth child in the
study was overweight. Using a statistical analysis called SPANOVA (2 x 2, group x time), differences
were observed in three out of eleven variables. Specifically, there were significant differences in
two motor skill variables: manipulative skills (p = 0.006) and total movement skills (p = 0.014).
Additionally, there was a significant difference in one cognitive ability variable: visual memory
(p = 0.010). No significant differences were found in the remaining variables. The findings of this
study aimed to contribute to the understanding of the potential benefits of regular exercise on motor
and cognitive development in preschool children, specifically examining the differences between
overweight and normal-weight children. By investigating these effects, the study could provide
valuable insights for educators, parents, and health professionals involved in promoting the overall
well-being of preschool-aged children. Regular physical exercise has been found to have positive
effects on motor and cognitive abilities in both overweight and normal-weight preschool children.

Keywords: preschoolers; obesity; motor abilities; cognitive functions; BMI; TGMD-2; BOT-2

1. Introduction

The influence of modern lifestyle has led to children spending increasingly more time
sitting while playing video games or surfing the internet and having less time for physical
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activities. According to Colley et al. [1], children today spend up to half of their waking
hours in a seated position. A lack of physical activity (hypokinesia), combined with a
sedentary lifestyle and malnutrition, contributes to childhood obesity [2,3]. This condition
is linked to various health complications, including type 2 diabetes, asthma, hypertension,
early atherosclerosis, and psychosocial challenges [4].

Childhood obesity has become increasingly prevalent, emerging as a significant epi-
demiological problem and a major challenge to public health [5]. Recent studies involving
large samples of children have demonstrated a notable trend of increased rates of over-
weight and obesity over the past two decades [6-10].

The World Health Organization (WHO) points out that the prevalence of overweight
and obesity in the world has dramatically risen in recent decades, highlighting that in
1975, the prevalence of obesity among children was only 4%, whereas according to recent
data, it has reached as high as 18%. Additionally, it is estimated that today, the number of
obese children and adolescents between the ages of 5 and 19 has surpassed 340 million [11].
Research by Spiotta and Luma [12] confirms previous information on the prevalence of
obesity, highlighting that every third child is overweight. These recent trends in childhood
obesity are indeed alarming, prompting active involvement from the World Health Organi-
zation (WHO) in addressing this issue. In response, WHO has adopted a strategy called
the Global Strategy on Diet, Physical Activity, and Health [13].

A particular challenge lies in the high body weight and excess weight among preschool
children, as this period lays the foundation for the development and prediction of obesity
in later years (6-19 years) [12]. The body mass index (BMI) in children during the preschool
period is linked to markers of cardiovascular disease risk [13] and has been recognized
as a contributing element to increased BMI during childhood and adolescence, leading
to a higher risk of health problems [12,13]. High body weight and excess weight among
preschool children have become a growing global concern [14,15]. This is particularly
worrisome as early childhood is well known for its crucial role in predicting obesity
in adolescence [16,17]. BMI in preschool children is linked to cardiovascular disease
risk markers [18] and serves as an indicator for higher BMI during childhood and later
adolescence, posing a risk factor for health issues [16,19]. Therefore, it is crucial to recognize
and address the issue of obesity in a timely manner to ensure healthier childhoods and
futures for all generations. This requires integrating physical activities into children’s daily
lives, as well as promoting healthy eating habits and limiting screen time, in line with the
WHO strategy [13].

At the preschool age, the proper motor and cognitive functioning of children is very
important, so there are increasingly more studies addressing this area [20-22]. Motor
proficiency includes both motor abilities and motor skills. Motor abilities represent the
latent abilities of a person involved in performing motor activities [23], while motor skills
refer to the manner of performing locomotor and manipulative motor tasks [24]. On the
other hand, cognitive abilities are understood as mental actions or processes of acquiring
knowledge and understanding through thought, experience, and senses [25].

Researchers have identified a negative impact of high body mass percentage and
obesity on motor skills [26,27]. Recent studies have shown a negative correlation be-
tween excessive BMI and basic motor abilities [28,29]. It is believed that children with
excess weight develop motor skills at a slower pace in comparison to their normal-weight
peers [30]. A key concern is that obese children frequently abstain from physical activities,
which can exacerbate the deterioration of their motor skills and contribute to further weight
gain [26].

Some authors have highlighted a negative connection between obesity and cognitive
functions [31], and there is evidence of a potential link between overweight and poor
cognitive function [32]. Recent studies have demonstrated a connection between exces-
sive weight and intelligence or the general impairment of cognitive abilities, as well as
associations with various cognitive domains [32-34].
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Some research on preschool-aged children indicates that the physical exercise pro-
gram influences motor abilities, primarily coordination and speed-strength abilities [35,36].
Meanwhile, some authors also point out the positive effects of physical education interven-
tion on certain cognitive abilities of children [37]. Although to our knowledge there are no
studies examining the impact of physical exercise intervention on obese preschool-aged
children, studies of this type at a slightly older age in children and adolescents should still
be considered. It should be noted that exercise programs can lead to significant improve-
ments in body composition [38], as well as psychological and motor qualities in children
and adolescents [39]. On the other hand, there have been extensive studies exploring the
motor and cognitive domains and differences between normally nourished and obese chil-
dren [34,40], but there is a lack of longitudinal research examining whether specific exercise
programs have differential effects on the motor and cognitive status of normally nourished
and obese children. In this regard, the aim of this study was to examine how a 12-week
exercise program impacts the motor proficiency and cognitive abilities of preschoolers
with overweight and normal weight. Based on this aim, the following hypothesis was
formulated: there is a significant difference in the effects of physical exercise programs
on motor and cognitive status between normally nourished and overweight preschool
children. This research can contribute to a deeper understanding of the impact of physical
exercise programs on key components of motor development, such as motor and cognitive
abilities, in children of that age group. Additionally, its significance lies in being one of
the rare studies examining intervention programs for obese preschool children, which can
provide significant findings.

2. Materials and Methods
2.1. Participants

A longitudinal study was conducted with a sample of 71 children, aged 5 and
6, who were selected randomly from the preschool institution in Pozarevac (Serbia).
The children were divided according to BMI into two groups: normal weight (n = 52,
age 6.09 £ 0.39 years) and overweight (n = 19, age 6.30 £ 0.36 years). For each participant,
their age in years and months (decimal values) was calculated. In order to participate in
the study, the children had to fulfill specific requirements: they had to be in good health,
free from any illnesses or disorders, of both genders, between the ages of five and six years,
and not engaged in any sports activities outside the scope of the preschool curriculum.

All parents of the participants are informed about the aim of the research and have
provided written consent, confirming that their children can participate in this study. The
research was conducted in accordance with the principles of the Helsinki Declaration and
approved by the Ethics Committee of the Faculty of Sport and Physical Education in Ni$§
(Ref. No. 04-1186/2).

2.2. Anthropometric Characteristics

Anthropometric characteristics were assessed using standardized anthropometric
instruments following established international protocols [41]. BMI, as a measure of
nutritional status, was calculated using the standard formula: BMI = BM (kg)/BH (m)?,
where BM represents body mass and BH represents body height. BMI serves as a reliable
indicator of weight status in children, as it shows a strong correlation with body fat
content [42].

Based on their BMI status, the children were classified into two groups: Healthy
(normal) weight and overweight, as presented in Table 1. Children are classified accord-
ing to WHO cutoff points, which are determined according to gender and age, divided
into 3-month intervals [43]. So, for each child, their BMI is measured according to their
exact chronological age and gender, and based on that, the group to which they belong
is determined.
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Table 1. Descriptive statistics (Mean + SD).
Healthy (n = 52) Overweight (n = 19)
Age 6.09 £ 0.39 6.30 £ 0.36
Body weight (kg) 21.39 £2.44 27.78 £ 5.64
Body height (m) 1.18 £ 0.05 1.21 £0.07
BMI (kg/m?) 15.28 + 1.07 18.83 +2.56

Note: mean =+ standard deviation.

2.3. Motor Abilities (BOT-2)

The assessment of motor abilities was conducted using specific subtests from the
Bruininks—Oseretsky Test (BOT-2). The BOT-2 test consists of eight subtests that assess
motor abilities such as fine motor precision, fine motor integration, manual dexterity,
bilateral coordination, balance, running speed and agility, upper-limb coordination, and
strength. This test is a widely recognized standardized tool for evaluating the motor ability
levels of children [44]. Previous research in this field has demonstrated the validity of the
BOT-2 test in a sample of children aged 4 to 21 years [45].

For the purpose of this study, four specific subtests from the BOT-2 test battery were
utilized. Through 29 motor tasks, the following motor abilities were examined: fine motor
integration (consisting of 8 motor tasks), manual dexterity (5 tasks), balance (9 tasks), and
bilateral coordination (7 tasks). The last two subtests, balance and bilateral coordination,
contributed to the assessment of overall body coordination, providing additional insights
into the examinee’s coordination ability.

2.4. Motor Skills (TGMD-2)

In order to assess basic motor skills, the Test of Gross Motor Development-2 (TGMD-2)
was utilized. This test employs an observational technique to evaluate children’s motor
skills. The TGMD-2 has been validated in a sample of children aged from 3 to 12 years,
thus encompassing the preschool age range [46]. It consists of 12 motor tasks divided into
two subtests: locomotor and manipulative movement skills. Locomotor skills are assessed
based on six motor tasks such as running, jumping, and so on, while manipulative skills
involve six object control tasks such as throwing a ball, catching, kicking with the foot, etc.
Locomotor and manipulative skills collectively contribute to a total gross motor score. This
total score represents the overall level of motor skills in children.

2.5. Cognitive Abilities (TZS)

Children’s cognitive abilities were assessed using the School Maturity Test (ser. Test
Zrelosti za Skolu—TZS). This test battery was designed to allow psychologists to examine
children’s cognitive functioning before they start school. Specifically, through five subtests,
the SMT covers cognitive abilities such as memory, attention, visual-motor coordination,
planning ability, perceptual organization, and others [47]. In a study [48] that examined
the metric characteristics of the SMT on children aged five to seven years, the test showed
high reliability and validity. It is also worth noting that the SMT demonstrated a strong
correlation with the TIP-1 tests and Raven’s Coloured Progressive Matrices [48].

In this particular study, three subtests were used. Each test assesses several cognitive
abilities. The Visual Memory Test evaluates children’s memory and attention through
15 cognitive tasks. Using the Stacking Cubes Test (15 tasks), psychologists assess the visual—
motor coordination, planning ability, and perceptual organization of the participants.
Meanwhile, the Codes Test (8 tasks) evaluates cognitive capacities related to learning from
experience, concentration, and visual-motor coordination.

The obtained results from all three tests were then converted using standardized SMT
tables with cutoff values. The authors of this test provide an SMT table that is standardized
according to the participants’ gender and their decimal age in 3-month increments. Upon
the completion of conversion, the standardized final values underwent further analysis in
this study.
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2.6. Variables

The total score for each subtest was recorded and subsequently converted based on
the standardized tables provided by the authors of the BOT-2 [49], TGMD-2 [46], and TZS
tests [47]. As a result, the standardized data were entered for subsequent analysis, resulting
in six variables related to motor abilities, three variables related to motor skills, and four
variables associated with cognitive abilities.

2.7. Experimental Program

The program was developed according to the guidelines provided by the National
Association for Sport and Physical Education (NASPE; USA), which recommends a combi-
nation of aerobic and strength exercises for children in this age group [50]. The Physical
Education Intervention (PEI) consisted of aerobic and strength exercises and was imple-
mented three times a week for a duration of 30 min over a period of 12 weeks. Each session
comprised three components: a 5 min warm-up phase, a 20 min main phase, and a 5 min
cool-down phase.

During the main phase, typically, 8 to 10 exercise complexes were included, focusing
on bodyweight exercises adapted for children. The cool-down phase lasted approximately
5 min and involved stretching exercises. The PEI sessions were conducted by trained
Physical Education (PE) teachers.

2.8. Procedure

All the testing in this longitudinal study, both initial and final, was conducted at the
main kindergarten facility in PoZarevac. Motor proficiency tests were carried out in the
kindergarten’s hall. The tests were conducted simultaneously (at 11 a.m.) to exclude daily
variations in measurements. The room temperature during testing ranged from 22 °C
to 26 °C. Motor proficiency was assessed by two researchers (authors B.K. and A.A.V),
holding doctoral degrees in physical education and sports, and experienced in conducting
and evaluating motor tasks. Children were assessed together, with any discrepancies
resolved by consensus. It took approximately 30 min per participant to assess motor tasks.
The initial testing was conducted in November 2021, and the final testing took place in
January 2022, i.e., after 12 weeks of intervention.

Cognitive ability tests were conducted on the premises of the preschool institution.
Measures were taken to ensure that participants entered the psychologist’s office one by
one, affording each child better attention while solving tasks and preventing other children
from observing the solution of cognitive tasks. Cognitive tests were administered by
two psychologists holding doctoral and master’s degrees in psychological sciences. Both
psychologists have extensive experience in testing children. They conducted cognitive tests
and interpreted the results, in accordance with Article 10 of the Regulations on the use of
psychological measurement instruments [51].

2.9. Statistics

Basic central and distribution parameters were calculated for all data obtained through
testing, including the mean and standard deviation. To evaluate the effects of the exper-
imental program, a mixed-design ANOVA 2 x 2 model (SPANOVA group x time) was
employed. This statistical analysis allowed for the examination of both between-group
(group factor) and within-group (time factor) differences. A significance level of p < 0.05
was adopted for the study. All data analysis procedures were performed using IBM SPSS
Statistics 26 software, which is used in social sciences (SPSS v26.0, SPSS Inc., Chicago,
IL, USA).

3. Results

Table 2 displays the distribution of the sample according to gender and BMI, revealing
that there are 52 (73.2%) children classified as normally nourished and 19 (26.8%) children
classified as obese. A similar proportion of normally nourished and obese children is
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observed for both girls and boys. This indicates that approximately one in every four
participants is obese.

Table 2. Distribution of the sample according to gender and BMI.

Boys (33) (46.5%)

24 (72.7%)
9 (27.3%)

Girls (38) (53.5%)

28 (73.7%)
10 (26.3%)

Total (71) (100%)

52 (73.2%)
19 (26.8%)

Healthy weight
Overweight

Table 3 presents the results of all motor and cognitive tests at the initial and fi-
nal measurements for both groups of participants. Using mixed ANOVA (SPANOVA,
group X time), significant differences were found in three out of the thirteen variables.
Specifically, significant differences were observed in two motor skill variables: manipu-
lative skills (p = 0.006) and total movement skills (p = 0.014), as well as in one cognitive
ability variable: visual memory (p = 0.010). No significant differences were found in the
remaining variables.

Table 3. Motor and Cognitive Test Results at Baseline and After Intervention.

Healthy Weight Overweight
Variables — - — - 14 11p2
Initial Final Initial Final
Fine motor integration 13.42 +4.09 13.44 + 2.88 13.79 + 4.42 12.95 + 3.98 0.423 0.009
Manual dexterity 12.13 £ 4.17 15.29 +5.52 11.58 =+ 4.60 12.58 4+ 5.57 0.153 0.029
Fine motor skills 25.56 + 6.35 28.73 + 6.98 25.37 +7.53 25.53 + 8.47 0.079 0.044
Bilateral coordination 14.44 +2.93 17.65 + 2.86 15.05 4+ 2.55 17.21 + 2.86 0.155 0.029
Balance 14.02 £ 4.41 15.69 4+ 4.76 12.42 £+ 4.59 14.53 £+ 5.08 0.681 0.002
Body coordination 28.46 + 6.19 33.35 + 5.85 27.47 + 6.16 31.74 £ 7.50 0.639 0.003
Locomotor skills 6.88 + 1.61 7.77 + 1.86 6.21 + 1.58 7.58 +1.57 0.240 0.020
Manipulative skills 7.65 +1.74 7.92 +2.01 6.42 +1.12 8.16 + 2.06 0.006 * 0.106
Total movement skills 14.54 £+ 3.02 15.69 + 3.63 12.63 224 15.74 + 3.35 0.014 * 0.085
Visual memory 3.10 £ 0.57 3.14 +0.49 3.42 + 0.60 3.00 + 0.00 0.010* 0.093
Stacking cubes 4.23 +0.85 4.29 +0.75 4.05 + 0.97 4.05 +0.78 0.803 0.001
Code 3.31 £ 0.81 3.79 +0.80 3.00 4+ 1.00 3.74 + 0.56 0.278 0.017
Total cognitive abilities 3.55 + 0.57 3.74 + 0.54 3.49 + 0.57 3.60 + 0.39 0.490 0.007

Note: mean + standard deviation; p-coefficient of the significance of the differences; * at the p < 0.05 level;
np2-partial Eta squared.

4. Discussion

The aim of the present study was to explore how a twelve-week exercise intervention
impacts the motor proficiency and cognitive abilities of preschool children with overweight
and normal weight. Descriptive statistics revealed that there are 52 (73.2%) children
classified as normally nourished and 19 (26.8%) children classified as obese, and ANOVA
results showed significant differences between these groups in two motor skill variables:
manipulative skills (p = 0.006) and total movement skills (p = 0.014), as well as in one
cognitive ability variable: visual memory (p = 0.010). No significant differences were found
in the remaining variables. The values of n? did not reach Cohen’s [52] limit of practical
significance (n? = 0.14); this means that a strong relationship between the given variables
was not achieved.

We have hypothesized that there is a significant difference in the effects of physical
exercise programs on motor and cognitive status between normal-weight and overweight
preschool children, but the program did not have statistically significant differences in
effects between groups on fine motor integration, manual dexterity, and body coordination.
The results of descriptive statistics showed that obese children had lower results on the
final measurement compared to the initial. Another variable in which the results after
12 weeks of practice in the overweight group were lower is visual memory. It is certain
that further research is needed on a larger sample of respondents in order to establish the
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reasons for such results. Although there was no difference in effects between the groups, it
is evident that in other variables based on descriptive statistics, there was progress in both
groups and that the program was effective. Increasing the duration of the experimental
treatment in future research could be a valid approach to exploration. A longer period
of time might provide a prospect for participants to fully engage with the intervention,
leading to greater effects on the primary outcome or other variables of interest. However,
it is essential to consider potential factors such as participant compliance, feasibility, and
potential dropout rates over an extended period. Although, it should be noted that in a
large number of studies, when cognitive abilities were observed through a single variable
representing the overall factor of cognitive abilities, positive effects were achieved in the
majority of studies [53-56]. Contrary to this, there were studies in which physical exercise
interventions did not yield significant effects on cognitive abilities [57,58]. A review study
by Zeng et al. [59] also indicates the need for more research, as well as research on a
larger sample of preschool children. The aim of the research was to consolidate studies
on the effects of physical activity on motor skills and cognitive development in healthy
preschool children, as well as to provide a synthesis of current evidence regarding their
association and effects. Fifteen studies were included in the analysis, concluding that
increased physical activity has significant beneficial effects in 80% of studies evaluating
motor skills and cognitive development. Importantly, there are no studies where the
increased duration or frequency of physical activity had significant harmful effects on
motor skills and cognitive development in young children.

Venetsanou and Kambas [60] emphasized that children with lower scores on motor
proficiency should be provided with plenty of opportunities to access developmentally ap-
propriate movement interventions that could help them overcome or minimize their motor
development delays by targeting specific areas of improvement. The authors recommended
that programs should be designed to meet the individual requirements of each child and
provide them with appropriate challenges and support, so we tried to fulfill those criteria
in our study. The collected data indicate that the implementation of intervention programs
can have a positive impact on improving motor competence [61] as well as psychomotor
profiles [62] in preschoolers. Battaglia et al. [63] reported that the physical education pro-
gram that they conducted showed effectiveness in improving motor and pre-literacy skills
in preschool children regardless of their age and gender. They also observed that weight
status did not influence these skills, suggesting that the program can be equally applied
to children with different weight categories. Therefore, taking into account our results,
the conclusion is that the program can be successful in both cases in enhancing motor and
cognitive development in preschool children and achieving positive outcomes.

Roberts et al. [64] noticed conflicting findings in previous studies when it comes to
the relationship between motor skills and weight status in preschool-aged children and
this is because it is complex and may be influenced by various factors, but we did not
find a single study that aimed to investigate the impact of the program on overweight and
normal-weight children. It is possible that individual differences, sample characteristics,
measurement methods, or other contextual factors contribute to these discrepancies [64].
Their study results indicated a connection between obesity and gross motor skills, where
preschoolers with poorer gross motor skills struggle with tasks related to locomotion and
body stabilization. So, we tried to include all necessary variables that can be important
for the proper motor development of children involved in our study. In accordance with
earlier studies, 12 weeks of intervention has a positive effect on the transformation of motor
and cognitive abilities [65], and those authors stated that physical education teachers and
other educators working with children should engage them, with a particular emphasis on
the type and frequency of physical activities that would enable children to develop motor
skills and, thus, enhance the motor development of preschoolers.

The biggest limitation of our study is the small sample, so the children were divided
into only two categories. Earlier studies showed children who were classified as over-
weight jumped further and hopped longer than children in the obese category [64], but in
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ours, there was no possibility for such comparisons, or for the examination of differences
between the sexes that were studied in the majority of earlier studies [60,64]. Another
limitation concerns the fact that BMI is an indicator of weight status, but not an indicator
of body composition. For future research, it would be advisable to include, in addition to
anthropometric parameters, an analysis of body composition that will provide additional
information about the distribution of fat and muscle mass in preschool children. This will
provide more precise information about the percentage of body fat in each child. Based on
reference values for body fat according to children’s age, more accurate information about
the child’s weight status will be obtained. Consequently, the groups will be more precisely
categorized accordingly.

Despite the mentioned limitations, this study is highly significant as it is one of
the few to compare the effects of a 12-week training program on motor and cognitive
abilities between obese and normally nourished preschool children. This is especially true
considering the scarcity of studies addressing the treatment of obese preschoolers, and
moreovet, it is very rare for a study in this age group to encompass both the motor and
cognitive domains of children. Therefore, this study can be highly valuable and provide
guidance that will assist researchers in further investigations.

5. Conclusions

The aim of this research was to examine how a twelve-week exercise program affects
the motor and cognitive abilities of preschoolers with overweight and normal weight.
Based on the results, significant differences were observed in two motor skill variables: ma-
nipulative skills and overall motor skills, as well as in one cognitive ability variable: visual
memory. However, there were no differences among groups in the effects of intervention in
other motor and cognitive variables.

The findings of this study aimed to contribute to the understanding of the potential
benefits of regular exercise on motor and cognitive development in preschool children, by
specifically examining the differences between overweight and normal-weight children. By
investigating these effects, the study could provide valuable insights for educators, parents,
and health professionals involved in promoting the overall well-being of preschool-aged
children. Regular physical exercise has been found to have positive effects on motor and
cognitive abilities in both overweight and normal-weight preschool children. Therefore,
these findings indicate the need for interventions in early childhood physical exercise as a
key factor in promoting health and development in preschool children. Additionally, these
findings can serve as a basis for the development of public policies aimed at enhancing
physical activity among preschool children.
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