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Abstract: The educational-instructional process, specific to the preschool age of 4–5 years, is 

oriented towards the formation of children’s motor and cognitive skills. As part of physical 

activities in preschool education, various exercises are performed to strengthen motor and 

verbal responses. Light physical exercises and movement games are used to improve motor 

skills and verbal ability. The present research was carried out on a group of 20 preschoolers, 

using an experimental methodology, with the help of One-Group Pre-test and Post Test 

Design. Based on the statistical analysis of the data obtained from the motor skills evaluation 

tests and the cognitive skills evaluation tests, the value p < 0.001 indicates a positive 

statistical significance between the pre-test and the post-test. The values of Cohen’s D 

coefficient by which the effect size was evaluated indicate its great influence (D = 0.893). In 

conclusion, the differences between the pre-test and post-test values show significant 

progress, which underlines the effectiveness of the intervention aimed at improving motor 

and cognitive skills in preschoolers. 
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1. Introduction 

Motor and cognitive development constitute two of the five interrelated 

domains of school readiness skill development: physical health and motor 

development, general knowledge, approaches to learning, language development, 

and socioemotional development (Duncan et al., 2017). Cognitive development does 

not occur in isolation, but is linked to the stimulation of motor skills (Cheung et al., 

2019). Motor development and cognitive development are aimed to be performed 

simultaneously in pre-school children in order to build their practical ability to use 

information. Stimulating and varied motor activities have a significant impact on 

children’s intellectual development (Čoh, 2020). According to Gizzonio et al. 

(2022), effective interventions in early education in terms of cognitive and motor 

development represent a major challenge for psychologists and preschool teachers. 

In the educational-instructional process, designed for 4–5-year-old children, the 

primary objective is to help them develop according to their individual peculiarities. 

In the framework of the lessons of practical movement activities, by conducting and 

organising exercises, simple games, application paths, which ensure the learning of 

basic motor skills (walking, running, jumping, catching and throwing) and the 

integration of children in group activities, the aim is to develop motor and cognitive 

skills. Practical physical activities, carried out repeatedly, contribute to the 

development of cognitive skills and of human behaviour. The effects of physical 

activity on motor skills and cognitive development in preschool children have major 

implications on their physical and mental health (Zeng et al., 2017). The variety of 

exercises performed with multiple repetitions allow children to retain information 
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and improve their motor ability and their well-being. Children do the exercises until 

they learn them, constantly becoming skilled at facing different challenges or 

situations. The motor and cognitive development of pre-school children is influenced 

by the use of methods, means and forms of organising activities and actions in 

lessons. Messerli-Bürgy et al. (2021) point out that the late onset of walking was 

related to weaker motor skills (fine motor skills, static and dynamic balance (all p < 

0.003)) and weaker cognitive skills (selective attention and visual perception (all p = 

0.001)) in late preschool age, or delayed inclusion in motor activities has negative 

effects on motor and cognitive development. At the preschool level, practical 

physical activities, together with the other activities set out in the curriculum, make a 

considerable contribution to the child’s all-round education, with beneficial effects 

on motor, biological, social and psychological development. The introduction of 

breaks in the form of movement into the school curriculum, above a minimum 

threshold, stimulates cognitively and brings benefits in children’s behaviour (Ureña 

et al., 2020). This research is important and is justified by the special attention to be 

paid to education and training at this age, and emphasises the relationship between 

the mind and the body (Albu et al., 2006). Since children’s somatic development and 

improvement of expression of their motor and cognitive skills play a determining 

role in the evolution of human behaviour, we consider that the topic addressed is 

relevant for early education. The aim of this study is to highlight the relation 

between motor and cognitive development in preschoolers through physical 

exercises. 

In physical activities, from the simplest to the most complex, there is a close 

connection between the motor ability to perform and the cognitive ability 

represented by the verbal responses of children which represent the information 

understood, retained and with which the child operates. Motor development is 

defined as a process of continuous change in motor behavior throughout life, 

determined by the interaction between the biological structure of the individual, the 

demands of the motor task and environmental conditions (Gallahue and Ozman, 

2022). Cognitive development is “a psycho-socio-biological process of human 

mental growth and development” (Jena and Paul, 2016). Within the physical 

activities from the simplest to the most complex, an indestructible connection is 

made between the motor capacity of execution and the cognitive capacity 

represented by the children’s verbal responses, responses that represent information 

understood, retained and with which the child operates. At the level of preschool 

education, practical physical activities, together with the other activities provided for 

in the current education plan, have a considerable contribution to the integral 

education of the child, producing beneficial effects on motor, biological, social, 

psychological development, etc. 

Researchers have observed that preschoolers who have the fundamental motor 

skills needed to participate in play and motor activities also have increased 

opportunities to develop cognitive skills (Iverson, 2010). Studies in the field 

highlight bidirectional and reciprocal associations between motor and cognitive 

development for preschool children (Cameron et al., 2016; van der Fels et al., 2015; 

Westendorp et al., 2011). There are studies focused on examining the relationship 

between motor skills and cognitive development in preschoolers (Cheung et al., 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ure%26%23x000f1%3Ba%20N%5BAuthor%5D&cauthor=true&cauthor_uid=33322157
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2019; Djordjic et al., 2016; Geng et al., 2015; Houwen et al., 2016; Invernizzi et al., 

2018; Magallón et al., 2016; Martzog et al., 2019; Messerli-Bürgy et al., 2021; 

Nugroho et al., 2021; Tortella et al., 2020; Veldman et al., 2019). A recent study 

(Ansuya et al., 2023) examined the effect of a nutrition-focused intervention on 

cognitive development among malnourished preschool children aged between 3 and 

5 years. Tramontano et al. (2024) compared the impact of dynamic motor cognitive 

training versus computer-based cognitive training on general cognitive efficiency. 

The element of novelty that the current study brings is the creative integration 

of the exercise for the motor and cognitive development of preschoolers. It was 

found that individuals with better cognitive development in early childhood appeared 

to be better prepared for learning and had stronger academic skills throughout the 

educational process (Bryant et al., 2020), and children with cognitive abilities older 

ones showed a stronger physical form (Latorre Román et al., 2015; Martel et al., 

2021) emphasize the need for a thorough investigation of body representations in 

order to plan and implement subsequent strategies for the development and 

remediation of children’s activities. Riso et al. (2019) state that verbal conceptual 

skills are better in children from families with higher education and who participated 

in activities in sports clubs. According to Pesce et al. (2021), the thorough 

investigation of bodily representations is important for establishing action strategies 

and conducting research oriented in three directions: tracking the acquisition of 

motor skills, improving cognition, the role of physical education in cognitive 

development, especially executive function and highlighting the role of motor skills 

in physical, mental and socio-emotional health. 

The benefits of exercise are easily perceived in strengthening muscles and 

joints, educating attention, health, communication and socialization. A number of 

authors emphasize the positive influence of physical exercise on physical 

development and academic performance. Tomporowski et al. (2015) believe that 

exercise and physical training alter children’s cognition. Alesi et al. (2016) argue that 

planning structured sports activity is a natural and enjoyable way to improve 

cognitive skills. Bryant et al. (2020) associate overall sports participation with 

cognitive flexibility. Williams et al. (2020) highlight that high levels of fitness are 

beneficial for cognitive function. According to Jia et al. (2021), the diverse exercise 

performed has a beneficial role in the cognitive development of the 5–6 year old 

child. The findings of specialists who have undertaken research in this direction 

show that a low-dose activity program is an effective means of promoting cognitive 

efficiency in overweight children (Crova et al., 2014). Increased participation in 

physical activity influences cognitive functions in children, namely working 

memory, cognitive flexibility and brain health (Fisher et al., 2011; Howie and Pate, 

2012; Kamijo et al., 2011; Kwak et al., 2009). Relationships between objectively and 

subjectively measured physical activity increase indicators of health status in the first 

years of life (Carson et al., 2017). Therefore, physical activity and traditional sports 

should not be replaced by interactive video games, which specialists can use to 

promote physical activity (Gao et al., 2013). A positive correlation between exercise 

and academic performance has also been observed among children, likely due to 

cognitive changes including executive function, memory, and fluid intelligence 

(Tomporowski et al., 2015). Physical exercises have an immediate cognitive effect, 
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and a single intervention based on the use of exercise can generate benefits in terms 

of cognitive development (Tomporowski, 2003). Also, some studies (Sánchez-López 

et al., 2019; Sember et al., 2020) focused on the positive effects of physical exercise 

on the prefrontal cortex and the hippocampus, emphasizing an increased activation in 

the prefrontal cortex, involved in cognitive control after exercise interventions. 

Teachers can improve the results of preschool children if they design teaching 

activities that simultaneously contribute to the formation of motor and cognitive 

skills in the preschool curriculum. In the curriculum for early education, more and 

more emphasis are placed on the involvement of preschoolers in nature activities 

through practical interaction with the materials (Yiğit-Gençten and Aydemir, 2023; 

Yiğit-Gençten et al., 2024). Insufficient preparation in terms of early motor 

development, limited time has led pre-school teachers to search for ideas on the 

simultaneous teaching of motor and cognitive skills (Cheung et al., 2019). Øksendal 

et al. (2021) draw the attention of parents and teachers to the fact that they should be 

aware that children who struggle with their age-appropriate motor achievements may 

also be at risk of experiencing peer victimisation, socialising and automatically 

facing their own shortcomings. It is important to create an engaging environment to 

provide children with meaningful opportunities to deepen their understanding of 

basic relational concepts while simultaneously developing basic motor skills. 

In carrying out this research, we started from the premise that exercise at the 

age of 4–5 years contributes to the improvement of motor ability, which is an 

objective that influences the process of training and formation of human behaviour, 

which is particularly important for each child. 

The main objective of our study consists in the improvement of motor and 

cognitive skills in physical activity lessons with physical exercises. In order to 

demonstrate improved motor and cognitive skills, we have established two 

hypotheses:  

⚫ The first hypothesis assumes that performing a set of exercises and games 

during 24 lessons of physical activity aiming at learning movement actions 

leads to an improvement of children’s motor skills.  

⚫ The second hypothesis that performing a set of exercises and games during 24 

lessons of physical activity aiming at learning movement actions in parallel 

with learning specific information leads to an improvement of children’s 

cognitive skills. 

2. Materials and methods 

2.1. Participants 

20 children, aged 4–5 years, in Bacău County, from Romania, were involved in 

this study. The criteria for including the children in the research were the parents’ 

consent and child’s medical condition. The group of 20 preschoolers was selected 

mainly according to the criterion of health status. All children presented a level of 

psychomotor development within the parameters specific to preschool age. 

https://onlinelibrary.wiley.com/authored-by/S%C3%A1nchez%E2%80%90L%C3%B3pez/Mairena
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2.2. Methods and instruments 

The research methodology is based on a quasi-experiment, which controls the 

additional variable less strictly and which makes it possible to obtain non-

randomized samples (Masuda et al., 2021). The experimental design uses One-Group 

Pre-test—Post Test Design (Tarnoto et al., 2019; Vicol et al., 2024). The pre-test was 

given before training and the post-test was conducted after the last training session. 

In the pre-test and post-test stage, different research instruments were administered 

to measure the physical, motor and cognitive development of pre-schoolers. 

Regarding the assessment of motor development, there were used two 

measurements for physical development (height with a stadiometer and weight with 

an electronic scale. For the assessment of motor skills, there were chosen 4 physical 

events: 5m running starting from a line, throwing a 0.50 kg medicine ball at a 

distance with 2 hands from the ground, walking on a 5 m line placing foot soles on 

the line, labyrinth test, in which we used the tape measure and the stopwatch. 

Referring to the evaluation of the verbal component of cognitive ability, there 

were applied two tests (Table 1). The first test “Say the opposite word” involves 

assessing each child separately. The child is asked to give an answer within 15 

seconds. For each word, 1 point is scored for an answer requiring teacher’s help for 

up to 4 words, 2 points for an answer requiring teacher’s help for up to 2 words and 

3 points for an answer not requiring teacher’s help. In the second test “Finish the 

sentence starting from the given word” the child is asked to give an answer and 

scored 1 point for an answer requiring teacher’s help for up to 4 sentences, 2 points 

for an answer requiring teacher’s help for up to 2 sentences and 3 points for an 

answer not requiring teacher’s help. 

Table 1. Cognitive ability tests. 

Test 1 “Say the opposite word” Test 2 “Finish the sentence starting from the given word” 

I say You say I say You say. 

Up Down Walk And swing your arms back and forth. 

To the right To the left Run And lift our feet off the ground. 

In front Behind Roll Your arms in circles next to your ears. 

Ahead Backwards Jump Like a rabbit. 

Stretch Bend Throw As far as possible. 

Motor ability is assessed both by the level of mastery of motor skills and by the 

level of development of psychomotor skills or motor qualities. Its progress is 

determined by individual predispositions, by the amount of movement, by the 

motivation and interest of each individual in carrying out practical activities, by the 

emotional and social states which are felt and manifested. Cognitive skills are 

determined by the ability to understand the meanings of words and their logical 

combinations. In the psychomotor education lessons, specific to pre-school 

education, the achievement of cognitive and motor operational objectives, which 

lead to the development of cognitive and motor skills, is a priority. In the present 

research, the development of children’s cognitive ability was assessed through their 

verbal responses and the development of motor ability through their motor 
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performance following the execution of practical tests. 

2.3. Research procedure 

It was established a programme through which physical exercises were 

conducted in the period September 2021–January 2022. In order to achieve the 

objectives of the 4-month research, each week there were 2 lessons of practical 

activity, lasting for 30 minutes, in which the children learned the general basics of 

movement. At the end of each lesson the children had to repeat some of the 

information used during the lessons all at once after the teacher. During the 

activities, walking and running exercises were performed, with various movements 

or games that contained dynamic and static movements. The teaching approach of 

physical education to preschoolers followed the national curriculum, but we mainly 

focused on the observation, monitoring and stimulation of children’s activity, 

beneficiaries of cognitive and motor education, starting from the idea that the two 

influence each other. During the practical movement activity lessons, by organising 

and carrying out exercises, simple games and application paths ensuring the learning 

of basic motor skills and the integration of the children in group activities, we also 

focused on movement and cognitive training. The research investigated how the 

practical activities included verbal repetition of subject-related words in order to 

learn, understand and use them. The teacher aimed for the young children to 

memorise and grasp the words learnt in the practical activities. The knowledge and 

understanding of the meaning of words and sentences, lesson by lesson, requires and 

determines the involvement of the teacher in their solving and expresses the extent to 

which the children included in the research assimilate the correct meaning of the 

words and accommodate to the requirements of the educational-instructional process. 

The assessment of the motor and cognitive progress recorded after a period of 4 

months of training and integration into the educational system highlights the 

improvements achieved by the group of children and the activity efficiency at an 

early age. 

2.4. Data analysis 

For data interpretation, there were used arithmetic mean, standard deviation, 

maximum and minimum value, T-Student test and Cohen’s D coefficient. According 

to Mishra et al. (2019), the student’s t test is used to compare the means between two 

groups. Cohen (1988, pp. 77–82), pointed to effect sizes of the correlation 

coefficient; he explained that the effect size was small when (0 ≤ r ≤ 0.29) and 

medium when (0.30 ≤ r ≤ 0.49), and large when (0.50 ≤ r ≤ 1.00). 

2.5. Research ethics 

The study was conducted in accordance with the Declaration of Helsinki, and 

approved by the Ethics Committee of Vasile Alecsandri University of Bacău (No. 

39/ 10.10.2023). The informed consent of the families and the verbal consent of the 

children were requested to ensure the conduct of the research. Also, the agreement of 

the management of the school institution was obtained.  
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3. Results and discussion 

3.1. Assessment of the physical development of preschoolers 

The improved motor ability has positive effects on the somatic development 

and mainly on weight and height, and the assessment indicators were calculated 

initially and for the pre-test and post-test evaluations. In terms of somatic 

development (Table 2) the following aspects were observed. Regarding height, the 

children recorded an arithmetic mean of 1.08 m on the pre-test and 1.14 m on post-

test, thus an increase of 6 cm; a standard deviation with pre-test value of 1.36 and a 

postest value of 1.67, highlighting a slight decrease in the homogeneity of the group 

of children. A maximum value of 1.20 m on pre-test and 1.25 m on post-test 

assessment, therefore an increase of 5 cm and a minimum value of 0.98 m on pre-test 

and 1.06 m on post-test, hence an increase of 8 cm. 

Table 2. Results of the somatic development and cognitive skills of 4–5-year-old children. 

Crt. No. In. 

Somatic development indicators Cognitive development tests 

Height (m) Weight (kg) T1 T2 

PR PO Diff. PR PO Diff. PR PO Diff. PR PO Diff. 

1 IP 1.00 1.06 0.06 16.20 18.30 2.10 1 2 1 1 2 1 

2 TA 1.07 1.10 0.03 18.20 19.80 1.60 2 3 1 2 3 1 

3 PS 1.12 1.19 0.07 22.80 27.00 4.20 1 2 1 1 2 1 

4 PS 1.07 1.13 0.06 16.30 17.50 1.20 1 3 2 1 2 1 

5 FI 1.10 1.16 0.06 23.00 26.70 3.70 2 3 1 2 3 1 

6 ID 1.00 1.06 0.06 17.50 19.70 2.20 2 2 0 2 2 0 

7 LM 1.10 1.15 0.15 21.30 23.50 2.20 1 2 1 1 2 1 

8 GB 1.00 1.05 0.05 21.00 23.00 2.00 2 3 1 2 3 1 

9 IA 1.20 1.25 0.05 20.00 22.00 2.00 3 3 0 2 3 1 

10 PD 1.20 1.24 0.04 19.50 22.00 2.50 2 3 1 2 3 1 

11 BL 1.10 1.13 0.03 18.60 20.50 1.90 1 2 1 1 2 1 

12 DA 1.03 1.08 0.05 15.00 17.00 2.00 2 3 1 2 3 1 

13 DM 1.03 1.07 0.04 15.70 18.00 2.30 1 3 2 1 3 2 

14 DG 1.14 1.16 0.02 18.00 19.00 1.00 2 2 0 2 2 0 

15 IC 1.07 1.08 0.01 17.50 19.00 1.50 3 3 0 3 3 0 

16 BS 1.05 1.15 0.10 23.00 25.00 2.00 1 2 1 1 2 1 

17 AS 0.98 1.08 0.10 20.00 24.00 4.00 2 3 1 2 3 1 

18 TA 1.10 1.25 0.15 19.00 22.00 3.00 3 3 0 2 3 1 

19 ZI 1.15 1.24 0.09 20.50 22.00 1.50 2 3 1 2 3 1 

20 SC 1.13 1.20 0.07 22.30 27.20 4.90 1 2 1 2 2 0 

M. 1.08 1.14 0.06 19.27 21.66 2.39 1.75 2.60 0.85 1.70 2.55 0.85 

V. max. 1.20 1.25 0.15 23 27.2 4.9 3 3 2 3 3 2 

V. min. 0.98 1.06 0.01 15.00 17.00 1.00 1 2 0 1 2 0 

St. dev. 1.36 1.67 0.52 0.65 0.98 0.41 1.92 2.05 1.01 2.73 2.61 1.58 

Crt. no. = current number, In = initials, H = subjects’ height, W = weight, T1 = “Say the opposite word” 

Test, T2 = “Finish the sentence starting from the given word” Test, PR = pre-test, PO = post-test, Diff. 

= difference, M = mean, V. max. = maximum value, V. min. = minimum value, St. dev. = standard 

deviation. 
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Referring to weight, the children had an arithmetic mean of 19.27 kg on pre-test 

and 21.66 kg at the post-test, thus an increase of 2.39 kg. A standard deviation with 

an initial value of 0.65 and a final value of 0.98 suggesting a slight decrease in the 

homogeneity of the group of children. A maximum value of 23 kg on pre-test and 

27.2 kg at post-test assessment, therefore an increase of 4.9 kg and a minimum value 

of 15 kg on the pre-test and 17.00 kg on the post-test, therefore an increase of 2 kg. 

After the age of 4 the annual height growth rate is 5 cm–7 cm per year”, and the 

weight increase registered an average of 2.29 kg, valeus between which the evolution 

of the analyzed children’s rezultats also falls. 

According to the results recorded in the T-Student test regarding height, it can 

be seen that the results from the pre-test indicate a value of M = 1.082 and SD = 

0.064, and the data from the post-test show a value of M = 1.141 and SD= 0.068 

(Table 3), with. The values of t = −8.370 and p < 0.001, indicate a good statistical 

significance of the results, and the values of the Cohen’s D coefficient (D = 0.893) 

show a large effect of the evolution over the time period. 

The statistical data from the T-Student test, with reference to weight (Table 3), 

it is observed that in the pre-test stage, M = 19.27, SD = 2.421 and in the post-test 

phase, M = 21.66, SD = 3.120. The results indicate a good statistical significance of 

the results (t = 10.206, p < 0.001). Cohen’s D coefficient values (D = −0.835) 

indicate a major effect of the intervention. 

Table 3. Results of the T-Student test and Cohen’s D coefficient regarding the 

physical development. 

Statistical indicators 
Height Weight 

H_PR H_PO W_PR W_PO 

Mean 1.082 1.141 19.27 21.66 

Standard deviation 0.064 0.068 2.491 3.190 

Student’s test T = −8.370 T = −10.206 

P* value P < 0.001 P < 0.001 

Cohen’s D D = −0.893 D = −0.835 

* Results pre-test and post testing by applying the student’s dependent t-test. A significant difference 

exists between the two tests if p < 0.05. 

Legend: CDT1_PR = pre-test value for cognitive development test 1, CDT1_PO = post-test value for 

cognitive development test 1, CDT2_PR = pre-test value for cognitive development test 2, CDT2_PO = 

post-test value for cognitive development test 2. 

3.2. Measuring the cognitive development of preschoolers 

The results presented in Table 2 show that the arithmetic mean recorded a value 

of 1.75 points in pre-test and 2.60 points in post-test, thus an improvement of 0.85 

points. A standard deviation with a pre-test value of 1.95 and post-test of 2.05, 

highlighting a slight decrease in the homogeneity of the group. The maximum value 

is 3 points in both the pre-test and post-tests, and the minimum value is 1 point in 

pre-test and 2 points in post-test assessment. 

The results from Table 4 show that in pre-test, 8 children out of 20 require 

support for at most 4 words, 9 children out of 20 require support for at most 2 words 

and 3 children out of 20 do not require support for at most 5 words, and in post-test, 

no child out of 20 does not require support for at most 4 words, 8 children out of 20 
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require support for at most 2 words and 12 children out of 20 do not require support 

for at most 5 words. As it can be seen in Table 4 and Figure 1, at the end of the 

experiment, the children improved their cognitive ability. 

Table 4. Results of the development of cognitive ability of 4–5-year-old children. 

Assessment requirements 

Cognitive development assessment tests 

Test 1 Test 2 

PR % PO % PR % PO % 

Requires support for up to 4 words/4 sentences. 8 40 0 0 7 35 0 0 

Requires support at most 2 words/2 sentences. 9 45 8 40 12 60 9 45 

No help with pronunciation 5 words/5 sentences 3 15 12 60 1 5 11 55 

Total answers 20 100% 20 100% 20 100% 20 100% 

*T1 = “Say the opposite word” test, T2 = “Finish the sentence starting from the given word” test, PR = 

pre-test, PO = post-test, % = percentage. 

 

Figure 1. Graphical representation of children’s answers to Test 1 “Say the opposite 

word”. 

The results obtained in “Finish the sentence starting from the given word” test 

(Table 2) show that the arithmetic mean recorded a value of 1.75 points in pre-test 

and 2.60 points in postest stage, therefore an improvement of 0.85 points. A standard 

deviation with a pre-test value of 1.95 and a post-test value of 2.05, suggesting a 

good homogeneity of the group. The maximum value is 3 points in both pre-test and 

post-test; the minimum value is 1 point in the pre-test and 2 points in the post-test. 

In the pre-test, 7 children out of 20 children require support for at most 4 

sentences, 12 children out of 20 require support for at most 2 sentences and 1 child 

out of 20 children does not require support for all 5 sentences (Table 4). In post-test, 

no child out of 20 does not require support for at most 4 sentences, 9 children out of 

20 require support for at most 2 sentences and 11 children out of 20 children do not 

require support for all 5 sentences. As it can be seen in Figure 2, the children had 

improved their cognitive ability at the end of the experiment. 

 

Figure 2. Graphical representation of the answers to Test 2—”Finish the sentence 

starting from the given word”. 



Journal of Infrastructure, Policy and Development 2024, 8(13), 9462.  

10 

The results obtained with the help of the T-Student test in “Say the opposite 

word” Test (Table 5) indicate a good statistical significance (t = −6.474, p < 0.001). 

In pre-test, M = 1.75, and SD = 0.716 and in post-test M = 2.60, and SD = 0.502. 

Cohen’s D coefficient values (D = −1.374) indicate a large effect of the intervention. 

Table 5. Results of the T-Student test and Cohen’s D coefficient regarding the 

cognitive development. 

Statistical indicators 
Cognitive development test 1 Cognitive development test 2 

CDT1_PR CDT1_PO CDT2_PR CDT2_PO 

Mean 1.75 2.60 1.70 2.55 

Standard deviation 0.716 0.502 0.571 0.510 

Student’s test T = −6.474 T = −7.768 

P* value P < 0.001 P < 0.001 

Cohen’s D D = −1.374 D = −1.570 

* Results in pre-test and post-test assessment by applying the student’s dependent t-test. A significant 

difference exists between the two tests if p < 0.05. 

Legend: CDT1_PR = pre-test value for cognitive development test 1, CDT1_PO = post-test value for 

cognitive development test 1, CDT2_PR = pre-test value for cognitive development test 2, CDT2_PO = 

post-test value for cognitive development test 2. 

The data obtained for the test “Finish the sentence starting from the given 

word” (Table 5) with the help of the T-Student show that in the pre-test stage, M = 

1.70, SD = 0.571, and in the post-test phase, M = 2.55, SD = 0.510. Therefore, there 

was a positive statistical significance of the results (t = −7.768, p < 0.001). Cohen’s 

D coefficient values (D = −1.570) highlight a large effect of the intervention. 

3.3. Assessment of motor skills of preschoolers 

The development of motor skills (Table 6) was assessed by 4 tests: 5 m running 

with a standing start; throwing a 0.50 kg medicine ball at a distance; walking on a 5 

m line and the labyrinth. Concerning the development of motor ability, the following 

aspects were observed. 

In the 5 m running with a standing start, the children recorded an arithmetic 

mean of 6.24 s in pre-test and 4.74 s in post-test, an increase of 1.50 s; a standard 

deviation with an initial value of 6.24 and a final value of 4.74, suggesting a slight 

improvement in the homogeneity of the group of children; a maximum value of 8.4 s 

in pre-test and 7.6 s in post-test, so an improvement of 0.70 s and a minimum value 

of 4.0 s in pre-test and 2.0 s in post-test, thus an increase of 2 s. The data obtained 

for the “5m(s) run” test (Table 5), with the T-Student test, show that in the pre-test, 

M= 6.238, SD = 1.321 and in the post-test, M= 4.735, SD = 1.670. Therefore, the 

results indicate a positive statistical significance of the results (t = 12.08, p < 0.001). 

Cohen’s D coefficient values (D = 0.984) indicate a large effect of the intervention. 

Related to their distance throwing of a 0.50 kg medicine ball, the children had 

an arithmetic mean of 2.40 m at baseline and 3.15 m at post-test, thus an increase of 

0.77 m; a standard deviation with a baseline value of 2.20 and a final value of 3.14, 

suggesting a slight regression in the homogeneity of the group of children; a 

maximum value of 3.20 m at pre-test and 5.00 m at post-test, thus an improvement of 

1.80 m, and a minimum value of 1.30 m at pre-test and 1.80 m at post-test, thus an 
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increase of 0.50 m. The results obtained in the test “Throwing the ball (m)” (Table 

5), with the help of the T-Student test, demonstrate that in the pre-test stage, M = 

2.395, SD = 0.650, and in the post-test phase, M = 3.135, SD = 0.980). There was a 

positive statistical significance of the results (t = 6.620, p < 0.001). Cohen’s D 

coefficient values (D = −0.889) show a large effect of the intervention. 

Table 6. Results of the evaluation of motor skills of 4–5-year-old children. 

No. In. 
5 m running (s) 0.50 kg ball throwing (m) Walking on a 5 m line(s) Labyrinth (s) 

PR PO Diff. PR PO Diff. PR PO Diff. PR PO Diff. 

1 IP 6.00 4.00 2.00 1.50 2.00 0.50 10.00 7.00 3.00 15.00 12.00 3.00 

2 TA 4.56 2.00 2.00 3.00 5.00 2.00 9.00 5.00 4.00 12.00 10.00 2.00 

3 PS 6.11 4.80 1.20 2.20 2.90 0.70 11.00 10.00 1.00 11.50 10.50 0.50 

4 PS 6.50 4.50 2.00 2.00 1.80 0.20 9.90 9.50 0.40 16.00 10.00 6.00 

5 FI 5.00 3.90 1.10 3.20 3.90 0.70 11.50 9.00 2.00 13.30 11.30 2.00 

6 ID 7.90 6.90 1.00 2.40 2.90 0.50 8.20 7.00 0.80 12.00 10.50 1.50 

7 LM 5.00 3.50 1.50 2.30 3.00 0.70 12.00 10.00 2.00 12.00 11.00 1.00 

8 GB 5.50 3.50 2.00 3.20 3.80 0.60 9.00 7.00 2.00 11.90 9.90 2.00 

9 IA 8.20 7.20 1.00 1.50 2.00 0.50 13.00 10.00 3.00 18.50 17.00 1.00 

10 PD 5.00 4.00 1.00 2.90 3.50 0.60 12.00 10.00 2.00 15.00 13.50 1.50 

11 BL 7.80 5.80 2.00 3.10 4.20 1.10 10.00 7.00 3.00 16.00 14.00 2.00 

12 DA 4.50 3.50 1.00 3.00 4.00 1.00 8.00 7.50 0.50 10.00 9.00 1.00 

13 DM 8.00 7.00 1.00 1.90 2.90 1.00 13.00 11.50 1.50 19.00 17.00 2.00 

14 DG 4.50 2.50 2.00 3.00 4.50 1.50 7.00 5.00 2.00 11.00 9.00 2.00 

15 IC 6.00 4.00 2.00 2.70 3.70 1.00 9.00 8.00 1.00 14.00 13.00 1.00 

16 BS 8.40 7.60 0.80 1.30 1.90 0.60 14.00 13.00 1.00 17.00 12.00 5.00 

17 AS 5.70 4.70 1.00 2.00 2.90 0.90 10.00 9.00 1.00 16.00 13.00 3.00 

18 TA 5.60 3.40 2.20 3.10 3.90 0.80 9.10 7.00 1.90 11.70 9.70 2.00 

19 ZI 8.10 7.30 0.80 1.50 2.10 0.60 12.90 10.10 2.80 18.30 17.10 1.20 

20 SC 6.40 4.60 1.80 2.10 1.80 0.30 9.90 9.40 0.50 15.90 10.10 5.80 

M 6.24 4.74 1.47 2.40 3.14 0.79 10.43 8.60 1.77 14.31 11.98 2.28 

V. max. 8.40 7.60 2.20 3.20 5.00 2.00 14.00 13.00 4.00 19.00 17.10 6.00 

V. min. 4.00 2.00 0.80 1.30 1.80 0.20 7.00 5.00 0.40 10.00 9.00 1.00 

St. Dev. 1.36 1.67 0.52 0.65 0.98 0.41 1.92 2.05 1.01 2.73 2.61 1.58 

Legend: Crt. no. = current number, 5 m running, ball throwing, walking on a 5 m line, labyrinth, In = 

initials, PR = pre-test, PO = post test, Diff. = difference, M = mean, V. max. = maximum value, V. min. 

= minimum value, St. dev.= standard deviation. 

The children walked on a 5 m line with an arithmetic mean of 10.43 s in pre-test 

and 8.60 s in post-test, an increase of 1.83 s. A standard deviation with an initial 

value of 1.92 and a final value of 2.05 suggesting a slight decrease in the 

homogeneity of the group of children. Also, a maximum value of 14.00 s in pre-test 

and 13.00 s in post-test. Thus, an improvement of 1.00 s and a minimum value of 

7.00 s in pre-test assessment and 5.00 s in postest assessment, an increase of 2.00 s. 

The results obtained with the help of the T-Student test in “Walking on a 5 m (m) 

line” (Table 5), with the T-Student test indicate a positive statistical significance (t = 
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8.11, p < 0.001). In pre-test stage, M = 10.42, SD = 1.921 and in postest stage, M = 

8.60, SD = 2.050. The Cohen’s D coefficient values (D = −0.868) highlight a large 

effect of the instructive-educational intervention. 

Related to the labyrinth, the children recorded an arithmetic mean of 14.31 s at 

pre-test and 11.98 s at post-test, thus an increase of 2.13 s. A standard deviation with 

a pre-test value of 2.73 and a postest value of 2.61 indicate a slight improvement in 

the homogeneity of the group of children. A maximum value of 19.00 s in pre-test 

test and 17.10 s in postest test, thus an improvement of 1.9 s and a minimum value of 

10.00 s in the pre-test assessment and 9.00 s in postest assessment, therefore an 

increase of 1.00 s. 

The results obtained with the help of the the T-Student test in the “Labyrinth 

(s)” (Table 7), indicate a positive statistical significance of the results, (t = 6.77, p < 

0.001). It is observed that in pre-test stage M = 14.30, SD= 2.733 and in post-test 

stage, M = 11.98, SD = 2.611. The Cohen’s D coefficient values (D = −0.916) 

highlight a large effect of the intervention. 

Table 7. Results of the T-Student test and Cohen’s D coefficient regarding the motor development. 

 
5m running (s) 0.50 kg ball throwing (m) Walking on a 5m line (s) Labyrinth (s) 

R5_PR R5_PO TB_PR TB_PO W5_PR W51_PO L_PR L_PO 

Mean 6.238 4.735 2.395 3.135 10.42 8.60 14.30 11.98 

Standard deviation 1.361 1.670 0.650 0.980 1.921 2.050 2.733 2.611 

Student’s test 12.08 −6.620 8.11 6.77 

P* value P < 0.001 P < 0.001 P < 0.001 P < 0.001 

Cohen’s D D = 0.984 D = −0.889 D = 0.916 D = 0.868 

* Results in the pre-test and postest testing by applying the student’s dependent t-test. A significant 

difference exists between the two tests if p < 0.05. 

Legend: R5_PR = 5m running pre-test values, R5_F = 5m running post-test values, TB_PR = ball 

throwing pre-test values, TB_PO = ball throwing postest values, W5_PR = walking on a 5 m line pre-

test values, W5_PO = walking on a 5 m line postest values, L_PR = labyrinth pre-test values, L_PO = 

labyrinth postest values. 

4. Discussion 

Based on the analysis related to motor skill assessment, the arithmetic means of 

the four events improved as follows: by 1.47 s in the 5 m running, by 0.79 m in the 

distance throwing of a 0.50 kg medicine ball, by 1.77 s in the 5 m line walking and 

by 2.28 s in the labyrinth. According to the research conducted by Roth et al. (2015), 

it is shown that an intervention with appropriate physical activity in preschool 

children can improve motor performance. Escolano-Pérez et al. (2020) point out that 

fine motor skills are quite flexible in early childhood, which allows physical 

education teachers to intervene in this direction. Carrying out practical physical 

education activities contributes to the development of motor ability, which is 

influenced by the increase in strength, about which (Mačak et al., 2022), following 

an experiment, say that after 6 months of a daily exercise programme, an 

improvement in muscle strength was found in preschool children compared to those 

peers allocated in the control group. No significant differences were found between 

the groups in the other fitness components analysed. Taking into consideration that 

the educational-instructional process at the preschool level is the basis for shaping 

https://www.tandfonline.com/author/Ma%C4%8Dak%2C+Dra%C5%BEenka
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human personality and this part of the child’s development requires special attention, 

we believe that in parallel with learning different ways of movement, emphasis 

should be placed on retaining specific information, thus on the cognitive aspects of 

learning. The use of two simple tests, by means of which we assessed the children’s 

ability to memorise and communicate theoretical information, is a real technique to 

emphasise the efficiency of practising physical exercises from an early age in the 

cognitive development of students. 

“Increased physical activity has significant beneficial effects on motor skills 

and cognitive process (Zeng et al., 2017), functionality judged by the motor and 

verbal responses. The fact that in the “Say the opposite word” Test and in the “Finish 

the sentence starting from the given word” Test, in pre-test phase, the percentage of 

children who did not need any help was 15% and 5% respectively, and in post-test 

evaluation it reached 60% and 55% respectively, justifies us to consider that at the 

end of the experiment the children improved their cognitive ability. This idea was 

also emphasised by Timmons et al. (2007), claiming that in the early years “the 

nature of the physical activity required causes healthy physical, cognitive, emotional 

and social development if particular emphasis is placed on the interaction between 

physical activity and the acquisition of motor skills”. “Practising physical exercise 

contributes to the ideal shaping of bone and muscle tissues, ensuring possible 

beneficial effects throughout life” (Alves and Alves, 2019), when performed 

moderately from an early age. “Children’s success or failure can be explained by the 

nature and action of the factors involved in the organisation and management of the 

activity” (Rață and Rață, 2018, p. 31) of training but also by the hereditary 

predispositions. 

After analysing and interpreting the recorded results, it was found that a well-

organised activity in which well-specified aspects are followed up improves 

children’s behaviour. The first hypothesis according to which the implementation 

during the 24 lessons of physical activity of a set of exercises and games aiming at 

teaching movement actions leads to an improvement of the children’s motor skills 

was confirmed. The confirmation of this hypothesis is supported by the fact that in 

the four tests of motor ability assessment the p-values < 0.001 calculated by the 

student’s test show a positive statistical significance. The Cohen’s D coefficient 

values by which we assessed the size effect ranging from 0.868 to 0.984 show a 

great influence. The second hypothesis according to which the performance during 

24 lessons of physical activity of a set of exercises and games aiming at learning 

movement actions in parallel with the learning of specific information produces an 

improvement of children’s cognitive abilities was confirmed. The confirmation of 

this hypothesis is supported by the fact that in the two tests of cognitive ability 

assessment the values of p < 0.001 calculated by Student’s test show a positive 

statistical significance. The values of Cohen’s D coefficient by which we assessed 

the size effect ranging from 0.868 to 0.984, demonstrate a great influence. These 

values demonstrate a great influence, but also a concordance between the motor and 

cognitive development in pre-schoolers resulting from practicing physical exercises, 

games and using in parallel with practicing the answers given by the children to the 

teacher’s questions. The results of the experimental research reinforce the findings of 

the systematic analysis carried out by Jylänki et al. (2022), as the majority (71%) of 



Journal of Infrastructure, Policy and Development 2024, 8(13), 9462.  

14 

the included studies demonstrated the beneficial effects of the intervention on the 

development of cognitive skills. 

5. Conclusion 

The progress in all four motor ability assessment tests and in the cognitive 

ability assessment tests supports the efficiency of performing motor activities at the 

age of 4–5 years. After analysing and interpreting the recorded results, it was found 

that a well-organised activity in which well specified steps are followed can improve 

children’s behaviour. We believe that at the pre-school age of 4–5 years it is very 

important to develop the children’s motor skills, to get them used to playing, to the 

need for movement and harmonious physical development, to the need for 

competition and affirmation, all requiring attention and organisation. Future studies 

on this topic may provide relevant information for the fostering and establishment of 

an objective assessment to highlight the connection between both motor and 

cognitive expression abilities in children in the pre-school education. 

Limitations and implications of the research 

The limitation of the research is given by the small number of children (20), as 

we wanted to carry out a confirmatory experiment, to verify the evaluation strategy, 

which is not found in the Curriculum documents for early education in Romania, nor 

in the assessment standards. Obviously, the sample could have been larger, but we 

would have had to have the same circumstances for performing the activities and 

strategies, methods and contents used by the teachers, which is difficult but not 

impossible. A larger study with a control group will be conducted to assess the 

specific impact of the intervention by comparing outcomes. 

In order to give consistency to early education regarding the motor and 

cognitive side, we intend to, together with the Bacău School Inspectorate, include 

this method of assessment in the entire county and extend it in an improved way to 

the age of 5–6. In the future, we consider it possible to expand to the entire country. 
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