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Perceptual development which depends on ability of learning and maturity, is the most important process 
of mental development. It is commonly believed that the mental development of children is limited due to 
city life. Children can learn perceptual elements through movement participation. This improves the 
cognitive development, which triggers kinesthetic, vestibular, balance and tactile input stimuli that 
contribute to the integration processes in the central nervous system. Children become ready to learn 
when they develop perceptual and motor skills adequately during maturation and learning. The purpose 
of this study was to determine the effectiveness of the training program implemented with developed 
educational material (a maze-balance board) for perceptual and motor skills of preschool children. This 
study used a pre-post experimental design. Seventeen preschool children from a primary public school in 
the Middle Black Sea Region of Turkey participated in the study. Random assignment of preschool 
children to the intervention and control group was done. The children in the intervention group attended 
a perceptual-training program of 17 to 22 sessions implemented with the maze-balance board.  Denver 
Developmental Screening Test II (DDST II) was used to perform the developmental assessment of 
children. Mixed Model ANOVA was conducted for statistical analyses. A significant interaction was found 
in language development and gross motor development, showing that supporting perceptual motor skills 
in preschool children has significantly contributed to the development of language and gross motor skills 
in this study.     
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1. Introduction

Perception is based on learning and maturity. All the information received by the sensory organs is 
organized, interpreted and explained in the mind. Perceptual development is also considered to be 
the most important process of mental development (Arı & Atik, 1987; Bogdashina, 2003). In today's 
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world, the city life tends to restrict the development of children's perceptual motor skills 
(Tüfekçioğlu, 2008). An early theory proposed by Kephart (1971) emphasizes the importance of 
perceptual-motor training for all learning activities. Other researchers also hypothesized that 
movement activity and its correspondence of sensory feedback improve perceptual development, 
which is a key factor to be successful in other learning areas (Reynolds & Fletcher-Janzen, 2007). It 
is a known relation between executive functions and visual-motor maturity (Oliveira et al., 2016). 
Otoni and Rueda (2019) found correlations between the screening version and the Portuguese and 
mathematics classes, which indicated that well-developed percept motor maturity tends to be a 
facilitator to consolidate the contents proposed to school children. Sousa and Rueda (2017) have 
confirmed the existence of a relationship between perceptual motor skills and attention. Once the 
children have enough experience and opportunities to develop perceptual and motor abilities, they 
can be ready to acquire concepts for academic learning.  

The development of the perceptual elements also have some effects on cognitive development, 
with reflexes, kinesthetic, vestibular, balance and tactile input stimuli contributing to the 
integration processes in the central nervous system (Özer & Özer, 2016). Among the conditional 
and coordinative characteristics, agility and equilibrium affect the fluency and coherence of the 
movements (Erkmen et al., 2007). The quality and quantity of movement experiences of small 
children are related to the development of perceptual abilities. This perceptual development plays 
an important role in cognitive functions. The greatest development of perceptual developmental 
skills is believed to occur in the early years of preschool and primary school. Movement skills are 
considered an important factor that facilitates the perceptual development of small children (Özer 
& Özer, 2016).  In their study, Akçınlı Yurdakul et al. (2012) stated that movement education has 
positive effects on attention and memory. Some researchers emphasize that the application of 
programs that provide neuromotor maturation at an early age has positive contributions for the 
entire life (Mengütay, 1997; Özer & Özer, 2016).  

Rosenbaum et al. (2001) stated that intellectual development is associated with perceptual 
motor development, which is in accordance with Kephart’s (1971) stated understanding. The 
development of perceptual motor skills has a positive impact on reading skills as well (Lachmann, 
1960). The relationship between perceptual motor skills with verbal and non-verbal language 
development and reading skills has been demonstrated in previous studies (Tallal & Stark, 1982). 
Merzenich et al. (1966) suggested that motor development is directly related to cognitive 
development. Perceptual motor activities help to develop basic readiness and academic concepts 
(Dodson, 2000; Labinowicz, 1980; Schmidt, 1975). This indicates that children become ready to 
learn when they develop perceptual and motor skills adequately during maturation and learning 
(Özer & Özer, 2016). Through this phase, perceptual motor skills can be improved through 
movement training (Laszlo & Sainsbury, 1993). 

In Turkey, preschool curriculum (MoNE, 2013) has the following statement: "The aim of 
movement activities is to contribute to the physical, motor, cognitive, language, social and 
emotional development and self-care skills of the children by developing their basic movement 
skills. Thus, life-long participation of the children to the physical activities can be ensured. 
Movement training activities involve the development of physical and motor skills, perceptual 
motor development and movement skills of children, i.e. displacement, object control and balance 
skills." This basic education makes an important contribution to the child's physical fitness, 
perceptual motor development, social-emotional development, development of learning capacity, 
and the acquisition of good habits in using leisure time positively (Çamlıyer, 1999). As it can be 
seen from the previous studies, perceptual motor training activities are important to develop better 
concepts for academic learning. Unfortunately, supporting studies are limited in the literature, 
with some studies having been conducted almost 40 years ago where children tended to spend 
time outside and had more playground opportunities. Today children do not have the same 
expectations and opportunities to participate in movement activities. The current study is intended 
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to investigate the effect of a training program implemented with new educational material, the 
maze-balance board on the developmental areas of preschool children.   

In this study, the maze-balance board was designed in accordance with the movement training 
objectives of the Turkish National Education System. The maze-balance board supports the 
components of perceptual motor development, specifically the vestibular, proprioceptive, and 
visual systems. The vestibular system is a structure that perceives our linear and angular 
movements. The proprioceptive system consists of receptors sensitive to gravity, positions, and 
velocities of body segments, and their contacts to other objects. The visual system is the first 
system that plans our movements (Deliagina et al., 2007; Winter, 1995). Sensory information from 
visual, vestibular and proprioceptive systems is used as input (Rothwell, 1994). The maze-balance 
board is designed so that the participants will perform active and passive movements for this 
study. The participating children were asked to exhibit passive movements by controlling the 
balance board, which is a part of the training material. This is accomplished by standing in balance 
on the balance board, changing the position of the body in order to comply with the oscillations of 
the balance board. They are also tasked with exhibiting active movements containing different 
target behaviors independent of the balance board, such as placing a marble in a maze and guiding 
it to the target point. Such activities help children gain basic motor control skills (Schmidt & Lee, 
2005). Moreover, it is very essential to implement different kind of applications in the fundamental 
movement phase of the motor development which is considered to be between the 2-6 years old 
(Gallahue, Ozmun & Goodway, 2012). Activities including perceptual and motor skills 
improvement can help children to develop better fundamental movements. We think that the 
maze-balance board will help to support and improve the components of perceptual motor 
development. Therefore, the main objective here was to facilitate the active movement of children 
(5 years old) and to create different opportunities for them to acquire advanced motor skills. This 
is intended to develop kinesthetic, proprioceptive, and vestibular inputs (Snider et al., 2007).    

1.1. The Aim 

The purpose of this study was to determine the effectiveness of the training program implemented 
with developed educational material for perceptual and motor skills of preschool children. To 
achieve this purpose, answers to the following hypothesis will be sought: 

Hypothesis 1 (H1) 
There is significant difference in the pre-test and post-test language scores of the experimental 

and control groups. 
Hypothesis 2 (H2) 
There is significant difference in the pre-test and post-test fine-motor development scores of the 

experimental and control groups. 
Hypothesis 3 (H3) 

There is significant difference in the pre-test and post-test personal -social development scores 
of the experimental and control groups. 

Hypothesis 4 (H4) 
There is significant difference in the pre-test and post-test gross- motor development scores of 

the experimental and control groups. 

2. Method 

2.1. Research Design 

This research was carried out with a pre-post experimental design. In the study, the effect of 
training program was measured by pre- and post-tests with experimental and control groups. As 
this is an experimental study, we hypothesized that the training program implemented with the 
maze-balance board will improve perceptual and motor skills of kindergarten children.    
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2.2. Participants 

A total of 16 children participated in the study. The participants were students in the kindergarten 
of a primary public school in the Middle Black Sea Region of Turkey. The participants were 
randomly divided into experimental and control groups. The experimental group consisted of 9 
children (Mage= 61 ± 2 months - 5 boys and Mage= 61.25 ± 1.71 months - 4 girls), and the control 
group consisted of 8 children (Mage= 61.75 ± 1.5 months - 4 boys and Mage= 60.5 ± 1.29 months - 4 
girls).  Please note that one of the participants in the control group joined the pre-test at the 
beginning of the study, but moved to another school during the study and is excluded from the 
study. None of the participants had a chronic illness, any traumatic experience, or a history of 
inflammatory disease. 

2.3. Instruments 

2.3.1. Personal information form 

We used a personal information form that included questions on the gender of the participants, the 
monthly income of their families, presence of chronic diseases, traumatic experience in their past, 
and inflammatory disease history. This form was filled out by the parents. Parents of the 
participants were informed about the study and their permissions were obtained. The children’s 
assent to participate in the study were also obtained. 

2.3.2. Denver developmental screening test II (DDST II) 

DDST II is a screening test used for developmental assessment of children from birth to age six. It 
was developed in 1990 through the revision of the first Denver test (Frankenburg et al., 1992). The 
adaptation of the DDST II into Turkish was carried out by Anlar and Yalaz in 1996, and it was 
revised by Yalaz et al. (2011). The Turkish version of DDST II was found as valid and reliable to 
perform the developmental assessment the children. The test includes four main sub-scales with 
134 items: fine motor, gross motor, language development, and personal-social development. The 
age of the child to be tested is calculated using year, month, and day, and the age line is drawn. 
The test is conducted using the resulting items: pass, remain, are considered impossible, and 
rejection.  Interpretation of the items is done by scoring as advanced, normal, warning, delay and 
impossible items. The developmental months of children are presented in terms of total score and 
each sub-scale score in the test. To be able to use the test, it is necessary to have the test training, so 
the first, third and fifth authors received this training. Please note that DDST II was used in the 
pre- and post-tests for both control and experimental groups.  

2.4. Educational Material 

The maze-balance board consists of two different parts as shown in Table 1, the maze and the 
balance board. Both maze and balance board were made of wood. The maze is designed in an oval 
shape and has a horizontal width of 50 cm and vertical width of 30 cm. The balance board is also 
designed in an oval shape and has a horizontal width of 70 cm and vertical width of 50 cm. It has 
two ropes on the horizontal sides to be held by the participant to control the balance during the 
training. There is also a 40 cm diameter area for placing the maze in the middle of the balance 
board. There is a 20 cm wide and 10 cm radius piece under the balance board located at its 
midpoint, which allows testing dynamic balance. While training was completed for each item 
separately, the end goal was the use of the two pieces at the same time.  

2.5. Procedures 

Before conducting the study, permission from the Ethical Committee was obtained in accordance 
with the Declaration of Helsinki as amended by the World Medical Association Declaration of 
Helsinki (World Medical Association, 2013).  Once permission was granted, the maze-balance 
board was developed to support perceptual and motor development of children. Following this, 
the experimental and control groups were randomly formed from the kindergarten children. A 
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seven-stage training program was applied to the experimental group using the maze-balance 
board. The program was completed in a period of 17 to 22 sessions according to the individual 
characteristics of the participants. The program was applied to each participant individually as 
two course-hours per week. No training program was applied to the control group, and the control 
group attended to its regular training. The pre-test was applied to both groups before starting the 
program, and the post-test was applied one week after the end of the program. The same program 
was later applied to the control group so that the control group could benefit from the program. 

2.6. Training Program 

Teaching practices with participants were conducted in a one-on-one training environment. Based 
on the training environment, a seven-stage training program was prepared by the main 
researchers. Beginning with the first stage, participants proceeded to each subsequent stage as they 
accomplished that stage they were in. Each step was studied starting from the first stage. For 
example, a participant in the third stage repeated the first and second stage before performing the 
third stage activity. From the fourth stage, the previous stages were randomly repeated and 
studied. In this way, potential monotony was eliminated. At the end of the program, each 
participant was able to accomplish all seven stages. The stages are presented in Table 1. 

Table 1 
Stages of Applied Training Program 

Stages  Stage Explanations Stage Pictures 

Stage 1: Rotating 
marble with hands 

All participants start with rotating 
marble in hand. At this stage, the 
marble is placed into the maze. The 
participant continues to rotate the 
marble randomly in the maze. The 
elbows are upright and the arms are 
parallel to the ground for 30 sec. The 
exercise continues until he/she is 
able to perform the activity for 2 
consecutive days. 

 
 
 
 
 

 
 

Stage 2: Playing 
maze with hands 

Participants try to place the marble 
in the maze, with the elbows upright 
and the arms parallel to the ground. 
Each participant was allowed two 
minutes to put the marble in place. 
The participant who can successfully 
place the marble 3 times in a row 
and can repeat it in two consecutive 
days can proceed to the next stage 

Stage 3: Standing 
in balance 

Participant learns to stand in balance 
on the balance board with the 
support from ropes attached both 
ends of the balance board, without 
the maze section. The participant 
who stays in balance without ropes 
for 2 consecutive days can proceed 
to the next stage. 
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Table 1 continued 

Stage 4: Rotating 
around in full 

The participant is rotated on the 
balance board without a rope. The 
participant who can take 2 full 
rounds consecutively for 2 days 
without falling proceeds to the next 
stage. 

 

Stage 5: Rotating 
marble with feet 

The maze is attached to the center of 
the balance board and the marble is 
placed in the maze. With the help of 
the ropes, participants need to rotate 
the marble randomly on the balance 
board. Then, the participant, who 
succeeds the same action 5 times for 
30 sec without the ropes for 2 
consecutive days, proceeds to the 
next stage. 

 

Stage 6: Playing 
maze with feet 

The participant tries to place the 
marble in the maze with the help of 
the ropes. Then, the participant who 
can place the marble in the maze for 
2 consecutive days without ropes, 
proceeds to the next stage. 

 

Stage 7: 
Standing in 
balancing with 
the maze at 
hand 

The participant tries to place the 
marble in the maze without 
disrupting his/her balance on the 
balance board while holding the 
maze. The process continues until 
the participant places the marble in 
the maze without disrupting his/her 
balance three times a day for 2 days. 

 

 
The participant tries to place the marble in the maze without disrupting his/her balance on the 

balance board while holding the maze. The process continues until the participant places the 
marble in the maze without disrupting his/her balance three times a day for 2 days. 

2.7. Data Analysis 

Skewness and Kurtosis values range from -2 to + 2 for all measures. These values indicate that the 
data are distributed normally (George & Mallery, 2010). According to Levene test results, all 
variants are equal in all measurements except the personal-social test. Data were analyzed using a 
two-way mixed model ANOVA with group (experimental or control) as a between- subjects factor 
and measurements (pre- and post-tests) as within-subjects factor.       was accepted as the level 
of significance in the analysis. The dependent variables were sub-scale scores of the DDST II; 
language, fine-motor, personal-social, and gross-motor development tests scores. The eta squared 
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is reported to describe the effect size. Post-hoc analysis was conducted using Bonferroni 
adjustment. 

3. Findings 

Participants' pre-test and post-test sub-scale scores in the DDST II are provided in Table 2. While 
both groups showed an increase on the subscales of DDST II as seen in Table 2, the ratio of 
improvement from pre- to post-test was substantially higher for the experimental group. 

 

Table 2  
Results of Pre-test, Post-test Sub-Scale Scores in The DDST II 
Language Development Test 

Group Pre-test Post-test 

 N Mean SD N Mean SD 

Experimental 9 56.66 5.89 9 70.00 8.48 

Control 8 56.57 4.72 8 58.28 10.79 
Fine-Motor Development Test 

Group Pre-test Post-test 

 N Mean SD N Mean SD 

Experimental 9 56.66 4.09 9 68.00 3.96 

Control 8 58.28 6.44 8 66.57 10.69 
Personal -Social Development Test 

Group Pre-test Post-test 

 N Mean SD N Mean SD 

Experimental 9 57.33 4.09 9 71.00 3.00 

Control 8 52.85 9.65 8 62.71 13.02 
Gross-Motor Development Test 

Group Pre-test Post-test 

 N Mean SD N Mean SD 

Experimental 9 60.66 5.55 9 69.00 3.35 

Control 8 65.57 2.07 8 70.00 6.48 

 
Figure 1 represents the change in children’s gross-motor and fine-motor test scores. With a 

similar approach, the change in personal-social and language test scores is given in Figure 2. 
 

Figure 1 
Gross-Motor Development Test and Fine-Motor Development Test Scores 

 
                            Gross-Motor                                                       Fine-Motor 

Experimental Control Experimental Control 
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Figure 2 
Personal-Social Development Test and Language Development Test Scores 

 Personal-Social   Language 

We conducted 4 different two-way mixed model ANOVAs for each sub-scales of DDST II (see 
Table 3). Analyses address the main effect tests of the groups and measurements. Regarding the 
main effect of the measurement, it can be said that there is a significant difference between the pre- 
and post-test developmental area score averages of the individuals included in the research, 
regardless of the groups. Interaction between the group and the measurement factors was 
emphasized since the focus of the research was to test the effectiveness of the training program in 
increasing the level of development.  

Table 3 
Repeated Measures ANOVA Results 

Language Development Test (H1) 

Sum of Squares Mean Square       

Between Subjects 
Group(Experiment/Control) 274.57 274.57 3.48 .08 .20 
Error 1102.43 78.75 
Within Subjests 
Measure(PreTest-PostTest) 445.78 445.78 10.67 .00 .43 
Group*Measure 265.78 265.78 6.36 .02 .33 
Error 584.71 41.76 

Fine-Motor Development Test (H2) 

Sum of Squares Mean Square       

Between Subjects 
Group(Experiment/Control) .07 .07 .001 .97 .00 
Error 1024.43 73.17 
Within Subjests 
Measure(PreTest-PostTest) 757.79 757.79 62.14 .00 .82 
Group*Measure 18.28 18.29 1.50 .24 .10 
Error 170.7 12.19 

Experimental Control 
Experimental Control 
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Table 3 continued 
Personal -Social Development Test (H3) 

Sum of Squares Mean Square       

Between Subjects 
Group(Experiment/Control) 272.36 272.36 2.43 .14 .15 
Error 1566.86 111.92 
Within Subjests 
Measure(PreTest-PostTest) 998.79 998.79 64.90 .00 .82 
Group*Measure 15.54 15.54 1.01 .33 .07 
Error 215.43 15.39 

Gross-Motor Development Test (H4) 

Sum of Squares Mean Square       

Between Subjects 
Group(Experiment/Control) 68.64 68.64 1.81 .19 .115 
Error 529.00 37.85 
Within Subjests 
Measure(PreTest-PostTest) 320.64 320.64 52.28 .00 .79 
Group*Measure 30.02 30.02 4.89 .04 .26 
Error 85.86 6.13 

The statistical analysis for the language development test ( (    )                      ) 
and gross motor development test ( (    )                    ) displayed a significant 
interaction between group and measurement, which accepted the H1 and H4. Please note that even 
though both groups improved their gross motor development from pre- to post-test, the 
experimental group’s improvement was substantially more in comparison to the control group. 
The experimental group had 9 units increase, but control group had only 5 units increase from pre- 
to post-test. There were no significant interaction in fine motor development ( (    )       
     ), and personal-social development (F(1,15)=1.01, p>.05), which rejected the H2 and H3. 
These findings indicated that the training program implemented with the maze-balance board for 
development of perceptual and motor skills has a significant effect on language development and 
gross motor development. 

4. Discussion and Conclusion

The objective of this study was to investigate the effect of a training program implemented with 
the maze-balance board on the developmental areas of preschool children. A significant difference 
was found between the experimental and control groups in terms of language development and 
gross motor development. Supporting perceptual motor skills in preschool children has 
significantly contributed to the development of language and gross motor skills. Previous 
perceptual-motor training programs revealed similar benefits of the perceptual motor training on 
the gross motor skills of children. Sajedi and Barati (2014) examined the effects of a two-month 
long perceptual motor training on motor skills of preschool children and concluded that 
perceptual-motor activities were effective to support the gross motor skills of typical preschool 
children. Walters (2005) found similar findings showing that children with developmental 
coordination disorders (ages 6 to 9) in a perceptual motor development program improved their 
motor skill competency. It is obvious that perceptual and motor skills are directly related to gross 
motor skills and perceptual-motor development could be improved through movement training 
(Laszlo & Sainsbury, 1993).  

It should be noted that a significant increase in the language development of the experimental 
group compared to the control group should be considered as an interesting finding in this study. 
This finding is also supported by the related literature. Tallal and Stark (1982) stated that 
perceptual and motor skills affect verbal and non-verbal language development, and that language 
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development is an important predictor of cognitive development. In this context, cognitive 
development is linked to language development.  

There are many studies on the relationship of perceptual motor skills with cognitive 
development. Rosenbaum et al. (2001) stated that cognitive development is associated with 
perceptual motor development. Merzenich et al. (1966) suggests that motor development is 
directly related to cognitive development. The development of perceptual and motor skills has a 
positive impact on reading skills as well (Lachmann, 1960). Perceptual and motor activities help to 
develop basic readiness and academic concepts (Dodson, 2000; Labinowicz, 1980; Schmidt, 1975). 
This can be summarized by saying that children become ready to learn when they develop 
perceptual and motor skills adequately during the maturation and learning (Özer & Özer, 2016).  

It was previously stated that training specific locomotor tasks may have effects on different 
centers in the brain and other related functions controlled by this center. Physical activity may 
improve speech and other sensory functions (Reynolds & Fletcher-Janzen, 2007). The result of the 
current study about the effect of the training program on the language development is consistent 
with the previous studies.  

This study also revealed that there were no significant differences in the fine motor skills in the 
intervention group as parallel to the findings of the research made by Taverna et al. (2020). One 
possible reason might be that the activities performed with the maze-balance board may not 
related to fine motor skills. In addition to this there weren’t any change in personal-social 
development of children in the intervention group in this study. Logically any change in personal 
social development would not be predicted before the study because the children performed the 
activities individually, not in a group of children. As defined Hersen and Eisler (1976) social skills 
are the ability to successfully interact with others at school, home and work. As its clear in the 
definition, in order to improve social skills, the individual must interact with the people around 
her but in our study the activities performed with maze-balance board individually. So that, If 
there was an development in social skills in intervention group, we could say that this is not 
related to the variables of our study. 

This study was the first study to design a perceptual-motor program with the maze-balance 
board in Turkey, and having done so can be seen as a stepping stone in perceptual-motor studies. 
Further research is warranted in this area, with the number of studies on perceptual-motor 
development of children should be increased.These findings indicate that increasing the number of 
programs for the development of perceptual and motor skills in preschool education will 
contribute positively to the development of children. It is very important in the early education to 
improve the children’s development in different domains. Educators and parents should offer 
wide range of opportunities to the children to increase their perceptual and motor development. 
As these domains are very essential to be able to have a healthy life in the following 
developmental stages, implementing this kind of activities will help children to gain those skills at 
the suggested developmental period. Thus, we suggest to kindergarten teachers to use materials 
like developed in this current study to increase children’s gross-motor and language development. 
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