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ABSTRACT 

 Generally, parents expect their children to get the best academic achievements. 

Around, 75% of all classroom learning is visual-motor integration, visual-motor integration is 

a basic development which is used for executive function. In Thailand, it has also been 

reported by the National Council for Child and Youth Development (NCYD) during the years 

2004 – 2006, that of 23 million children and youths, 1.7 million of them has been found to 

have writing disabilities. Mostly in the northeastern region of Thailand, this phenomenon may 

lead to cognitive performance deficits later on. Previous studies have developed the 

assessment program to evaluate visual-motor integration and executive function in children. 

Keith Beery developed VMI as a standardized instrument for evaluating the extent to which 

individuals could integrate their vision and motor abilities. In the meantime, the assessment 

tool for using to measure executive functions has also been developed. The Task of Executive 

Control (TEC) is another computer administered instrument measuring two fundamental 

aspects of executive functions, such as working memory and inhibitory control. However, the 

visual-motor integration performance is fundamental based on the development of executive 

functions but there have not yet been any studies on the correlation between VMI and TEC. 

Therefore this study aimed to investigate the correlation between the visual-motor integration 

(VMI) and the task of executive control (TEC) in school-aged children  

 Correlation research design with multistage sampling method was applied in this 

exploratory research. The total sample was 123 children who were aged 7 to 9 years. The 

sample also rated the child's visual-motor integration skills, using the The Beery-Buktenica 

Developmental Test of Visual-Motor Integration (VMI) 6thedition. The sample also rated the 

child's EF skills, using the Task of Executive Control, a standardized instrument for measuring 

the working memory and inhibitory control skills of school-aged children. The results showed 

significantly positive correlations among the two sets of subscale data. 

 The results showed that the Visual-Motor Integration had a significantly positive 

correlation with the Task of Executive Control (p < .01). These findings indicated some 

predictive correlation between the visual-motor integration, working memory and inhibitory 

control.  The implications, limitation and suggestions are discussed. 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Background and Rationale 

Generally, parents expect their children get the best academic 

achievements. Therefore several interventions had been developed to improve 

children’s academic performance, the children in each country around the world could 

attend special training programs for visual-motor integration from teachers and 

parents. To be considered that 75% of classroom learning requires visual-motor 

integration performance. Consequently, the rest of a child who has either poor or mild 

visual-perceptual becomes to struggle with learning ability in the classroom (20, 37). 

Noteworthy, the handwriting skill is one of most to support learning skills in the 

elementary years. Children need visual-motor integration to acquire writing, visual 

perception for processing visual information, motor coordination for organizing, 

remembering, and recognition of information for moving hands to write (4). In 

addition, the ability of visual-motor integration is essential for daily life or functioning 

and acting in coordination with visual perception and body motion. Visual-Motor 

Integration is a milestone of early childhood development by age. In young children, 

visual-motor integration is beginning from simple skills such as holding the spoon 

capability further to more complex skills such as cycling in older children. (1). It has 

also been reported  that the ability of visual-motor integration skills shown the positive 

relation to academic skills and development in the next grade levels (2), school 

achievement including learning readiness, reading, and mathematics skill (3).  

As the mention of above, visual-motor integration is correlated with 

academic skills and development in the next grade levels. Writing skill is one essential 

academic skill for academic achievements. So in Thailand, It has also been reported by 

the National Council for Child and Youth Development (NCYD) during Year 2004 – 

2006, in 23 million children and youths, 1.7 million  of them has been found writing 

disabilities, that mostly in the northeastern region of Thailand (17). However, the 
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handwriting ability in children is actually performed by the achievement of visual-

motor integration. Considering,  that  vision is a primary sensory modality (5). The 

lineage of Visual development is goes through first two years after birth and rapidly 

develops in early 6 months. This development is using for attention, tracking, and 

visual perception. Visual perception is the ability to attention in both eyes onto an 

object for perceived vision. It has been developed by age and full development at the 

age of 7 (6). During those period, motor has also developed simultaneously, motor 

development is a gradual process by children using for their move to motion, and the 

coordination of motor skills (7). The motor coordination capability is defined with 

speed and accuracy (8). Older children achieve a great deal of coordination in their 

activities. They represent better speed motors and control accuracy than young 

children, which means that children’s motor integration becomes to mature by age of 

five or six (9). (As shown in Figure 1.1)  

 

 

 

Figure 1.1  Motor Development 

This figure presents the development of motor. The arrow shows windows 

of opportunity for motor development. Vision is a primary sensory established in birth 

and will be completed in 2 years. Gross motor will be fully development at 5 years 

old. Fine motor is a complex skill and fully developed at 9 years old (9). 

Visual-motor integration is basis development which using for cognitive 

process of executive function, which means that an ability to transform visual inputs 
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into movement plans and motor-executive skills (10), especially working memory and 

inhibitory control are responsible for maintaining the stimulus of the action plan and 

regulating themselves (11,12). Working memory and inhibitory control tasks are 

gradually developed during infancy and increase during childhood and preadolescence. 

The studied of age-related executive  function in the normative sample, showed that 

working memory and inhibitory control was highest in the 7 to 9 year olds (6). Similar 

findings has also been reported that the high level of memory and inhibition tasks, 

executives function, found in age between 3 to 6 years (13). However, preschool 

children are normally incomplete of management control (14) until they becomes at 

ages between 8 and 9 years old. Children shows a significantly increase in task of 

working memory and response inhibition (15). (As shown in Figure 1.2)  

 

 

 

Figure 1.2  Critical periods of brain development and function. This figure represents 

the development of brain. The line shows critical periods of cognition between 4 to 6 

years, after binocular vision, emotional control, and habitual ways of responding are 

complete (15). 

 

From several studies may concluded that three domains of working 

memory and inhibitory control, which include attention, speed, and accuracy. These 

domains involve the processing systems in the brain to respond, pay attention, and 

remember details in situations that require children to manage speed, and conduct and 
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inhibit themselves for accuracy behaviors (9). Memory and inhibition directly result to 

handwriting. A research showed that handwriting performance significantly had 

impacts on children’s memory and inhibition. Children who have more working 

memory and inhibitory control are able to manage their eyes and hand movement tends 

to have higher ability to control their handwriting (5, 7)  

 Previous studies have developed the assessment program for visual-motor 

integration, working memory, and inhibitory control in children. In 1994, Keith Beery 

developed a standardized instrument for evaluating the extent to which individuals 

could integrate their vision and motor abilities (eye-hand coordination). Four of the 

geometric forms been selected to assign and included in the final 30 items. Each 

subscale included visual perception and motor coordination. Likewise, the previous 

research also focused on the Visual-Motor Integration and included visual perception 

and motor coordination. In addition,  the Visual-Motor Integration (VMI) has been 

done in Thai children for evaluating visual-motor integration (16). Previously, the 

relationship between VMI and others instruments had been studied, but most studies 

focused on the visual and motor performance (51). In the meantime, the assessment 

tool for using to  measure  the executive function had also been developed. The Task 

of Executive Control (TEC) is another computer administered instrument measuring 

two fundamental aspects of executive functions such as working memory and 

inhibitory control. The previous studies on the relationship of TEC and other 

instruments showed that TEC emphasized the relationship with many cognition 

instruments (52). However, the visual-motor integration leads to the development of 

executive function there have not yet been studies on the relationship between VMI 

and TEC. 

 

 

1.2 Research Questions 

 The research question of this study was: 

- Are there any statistically significant correlations between each subscale 

of Visual-Motor Integration, as measured by the Visual-Motor Integration (VMI) and 

each subscale of Executive Control, as measured by the Task of Executive Control 

(TEC) in school-aged children ? 
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1.3 Research Hypothesis 

       The hypotheses of this study were: 

-  H0: There were no statistically significant correlations between the 

subscales of Visual-Motor Integration as measured by the Visual-Motor Integration 

(VMI) and the subscales of Executive Control as measured by the Task of Executive 

Control (TEC) in school-aged children  

-  H1: There were statistically significant correlations between the 

subscales of Visual-Motor Integration as measured by the Visual-Motor Integration 

(VMI) and the subscales of Executive Control as measured by the Task of Executive 

Control (TEC) in school-aged children  

 

 

1.4  Objective of the Study 

- To investigate the correlations between each subscale of Visual-Motor 

Integration, as measured by the Visual-Motor Integration (VMI) and each subscale of 

Executive Control, as measured by the Task of Executive Control (TEC) in school-

aged children. 

 

 

1.5  Conceptual Framework 

This research examines the correlations between the subscales of Visual-

Motor Integration (VMI) and the subscales of Task of Executive Control (TEC) in 

Thailand. 

 

 

 

 

 

 



Krittiyanee  Thammasarn   Introduction / 6 

                 Visual-Motor Integration         Working memory and 

                                 Inhibitory control 

 

 

 

 

 

 

 

 

Figure 1.3  Conceptual framework 

 

 

1.6 Scope of the Study 

This study focuses on the correlations between the Visual-Motor 

Integration (VMI) and the Task of Executive Control (TEC). The subjects were the 

school-aged children, who were studying in the primary school level, educational year 

of 2013 in the supervision of Education Service Area Office, Nakornratchasima, 

Thailand. Each subscale of Visual-Motor Integration and the Task of Executive 

Control was indicated by the standardized instruments such as Visual-Motor 

Integration (VMI) and Task of Executive Control (TEC) respectively. 

 

 

1.7  Expected Benefits 

- To actually learn about the correlation between the Visual-Motor 

Integration (VMI) and the Task of Executive Control (TEC). 

- To support parents and teachers for planning for intervention and special 

training programs for school-aged children with visual-motor integration deficit. 

 

 

Visual-Motor Integration 

Visual Perception 

Motor coordination 

Attention 

Speed 

Accuracy 
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1.8 Definitions and Abbreviations 

 To understand key concepts throughout this study, it is important to 

highlight a few key terms. 

 

1.8.1 The Visual-Motor Integration (VMI) 

 Visual Motor Integration (VMI) is the ability of eyes and hands to work 

together in a smooth, efficient format. It involves visual perception and motor 

coordination. Visual-Motor integration requires the ability to recognize visual 

translated into the motors and associated with motor control, motor accuracy, motor 

coordination and speed. 

1.8.1.1 Visual perception is the ability to interpret the 

environment by processing information contained invisible light perception occurs is 

known as the sight or vision. 

1.8.1.2 Motor coordination is a combination of body 

movements created with the kinematic and movement (force) parameters that result in 

intended actions.  

 

 1.8.2 Executive Control (EC) 

Executive Control (EC) is higher-order cognitive process carried out by 

prefrontal areas of the frontal lobe. These processes control and regulate thought and 

behaviors. There are including inhibition, shifting, and emotional control, working 

memory and planning/organization.  

1.8.2.1 Working memory is the ability to maintain and 

manage information on the period of time. The incoming information must be in an 

accessible state temporarily and can be replacement by newly incoming information. 

Important component of working memory is monitoring and coding of incoming 

information to manipulate it. 

1.8.2.2 Inhibitory control is the ability to suppress the 

automatic response or before the stimulation and control potential interference. 

Including motor control and emotional control. 
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1.8.3 School age children 

 School-aged children means children at age of 7-9 whom studying at the 

primary school, Education Year 2013 under the supervision of Education Service Area 

Office, Region 7, Nakornratchasima Province, Thailand. 

 In the next chapter, a substantial amount of research in each subscale field 

was reviewed. The review of literature related to visual-motor integration, 

development of brain functions and executive function skills, subscales of visual-motor 

integration, subscales of working memory and inhibitory control, and instrument for 

measuring the visual-motor integration and the task of executive control are presented. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

This research investigated the relationships between Visual-Motor 

Integration (VMI) and Task of Executive Control (TEC). Since the previous studies on 

children’s executive control were still limited and the research studies on the 

relationships between Visual-Motor Integration and children’s Executive Control were 

also rare. Therefore this study purposed to study the correlation  between VMI and 

TEC in school-aged children. 

This chapter probides the review of relevant literature which composed of 

3 sections. First, a substantial amount of research in visual-motor integration and brain 

development was reviewed to point out the aged-appropriate development of brain 

functions and executive function skills. Second, the studies in the subscales of visual-

motor integration, working memory, and inhibitory control were reviewed to explain 

the important components of the visual-motor integration, working memory, and 

inhibitory control. Finally, the third section reviewed the instruments for measuring 

the Visual-Motor Integration and Executive Control. 

 

 

2.1 Visual-motor integration, brain cognitive development and executive 

function in school-aged children 

 Visual-Motor Integration (VMI) is the ability to match its motor output 

with visual input. It refers to the complex process of integrating information from 

visual and motor system to achieve the best movement patterns with the most accurate 

and cost-effective in terms of energy and time (10). Sensory integration research has 

shown the relationship between children’s brain development and visual-motor 

integration.The brain function is basically superior to control and organize the motor 

output to sensory processing. Cerebral cortex areas are significantly authorize to 



Krittiyanee  Thammasarn Literature Review / 10 

human being because these areas are related to the part of sensory involved with 

visual-motor integration processing.  

 

 

 

Figure 2.1  Ventral and dorsal stream 

 

 This figure shows the ventral and dorsal stream. The pink arrow shows the 

dorsal stream into the parietal lobe and is involved with processing the object location, 

in order to program behaviors. The yellow arrow shows the ventral stream sent to the 

temporal lobe and is involved with object identification and recognition in order to 

plan behaviors (20). 

Visual-motor integration process consists of two main pathways, or 

streams for visual perception and motor action. Process of visual system in humans at 

occipital lobe involves certain two distinct. Goodale & Humphrey conducted a 

research study on the objects of action and perception. The findings showed that the 

difference between visual perception and visual action was reflected in the 

organization of the visual pathways in primate cerebral cortex. Figure 2.1 

demonstrates the ventral and dorsal stream by Goodale & Humphrey (1998). The 

dorsal stream into the parietal lobe involves the processing of object location in order 

to program behaviors and the ventral stream sent to the temporal lobe involves the 

object identification and recognition in order to plan behaviors (20). Teresa Farroni 

and Enrica Menon (2008) conducted a research study on the processes of brain 

development and visual motor functioning. The findings showed that the children aged 
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between 5 and 7 years old completed their development of basic functions of early 

sensory areas of the cortex, and the functional development of brain in 8 to 9 years can 

recognize the complex sense of visual and motor integration (24). Visual motor 

processes may be detected in young children, which are likely to be fundamental to the 

development in different behaviors later (25). Human behaviors relate many brains 

areas and functions. The first 6 years of children afterbirth is the  critical period of 

frontal cortex development (15), the neural density of the frontal lobes begins about   

7-9 years of age and gradually declines at 10-15 years of age (14). Figure 2.2 

demonstrates the critical period of brain development. 

 

 

 

Figure 2.2  Human brain development 

 

This figure shows the development of brain. The yellow line shows the 

sensory development period and more fully development after birth until 6 months. 

The blue line shows the language development period and more fully development in 

the range of 6 months to 1 year. The red line shows higher cognitive function 

development period and more fully development in the range of 1-6 years though the 

neural density of the frontal lobes begins to decline at 7-14 years of age (14). 

Visual Motor Integration task depends on the maturation and integration of 

perceptual-motor skills, plays an important role in mental representation of motion, 

which have been linked to motor planning and the development of motor skills in 

general (21). The ability of visual motor integration is the visual perception, the 
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process responsible for the reception and cognition of visual stimuli, and finger-hand 

movements are well coordinated (22, 23). Shumway-Cook and Woollacott. (2002) 

found that the Visual-Motor Integration contains sensory processes, including visual 

perception and motor processes, and motor coordination (10). All of these advanced 

developments have occurred from infancy to adolescence. Previous studies revealed 

the most rapid growth or the critical period of the VMI  begins to occur during 

children age at 5-6 years old (5, 6) the more developed has found at age of 7-9 years 

old. Taylor Kulp M (1999) found that the Visual-Motor Integration was significantly 

correlated with only reading achievement rating in 7-year old, but the Visual-Motor 

Integration was significantly correlated with reading, writing, spelling, and math 

achievement rating in 8-, and 9-year olds, but in the 5-, 6-years old. Thus, the rating of 

achievements is not so precise as the kindergarten children as they were in other 

grades (53). This could be concluded that the core development of Visual-Motor 

Integration starts from infancy to age of 5-6 years when Visual-Motor Integration 

reaches the full development. The previous studies supported that the children aged 

between 7-9 years would have the advanced development of Visual-Motor Integration. 

It was obvious that the children aged 7 years old would have the development so close 

to adults while the children aged 8-9 years old had the same development of Visual-

Motor Integration like adults. 

Visual-Motor Integration requires the normal executive function, an ability 

to transform visual inputs into movement plans (10). The cognitive processes are the 

components of executive function. The prefrontal cortex plays a major role in the 

processes of executive function, cognitive control, memory and inhibition behavior. 

Executive function is functioning in the frontal lobe areas and prefrontal cortex. It was 

found that this area controls the abilities in planning and organization, control and 

shifting, working memory, problem solving, abstract thinking, response inhibition, and 

reasoning.  Based on the research in neuroscience, Figure 2.2 demonstrates the 

executive brain functions by Gilbert et al. (2006). It shows none of the coordinates of 

these executive and memory functions are located in the medial prefrontal cortex, 

except for a small part of the multitasking and attention studies that tend to be located 

at a frontal part of the medial prefrontal cortex, and extend to the lateral prefrontal 

cortex (26). 
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Figure 2.3  The lateral prefrontal cortex 

 

 This figure shows the development of the lateral prefrontal cortex. The 

spots show the lateral prefrontal cortex involved in causal learning and executive 

functions, right and left lateral view. Black spots response to conflicts and physical 

causality, which are found most at the lateral border area in prefrontal cortex. The blue 

and violet spots relate to attention, multitasking, episodic retrieval, and working 

memory, which are most found at anteromedial area in prefrontal cortex (26). 

 Executive function develops during the ages of 2 to 5 years with dramatic 

increases of neuronal growth in dorsolateral prefrontal cortex and it is mature later in 

adolescence. Development of executive function, children’s working memory and 

inhibitory control had significantly increased by ages. Children start to display 

performance of the executive function, usually between 3 to 5 years (13, 27). During 

early childhood, from 5 to 7 years, it is particularly an essential milestone for memory 

and inhibition (28). Nevertheless, preschool children do not have the full maturity of 

executive function until children reach the ages of 8 to 9 years. They display major 

increases in verbal working memory and response inhibition, and then, after the age of 

10 years or pre-adolescent, the synaptic begins pruning, and it makes a change of 

executive function, especially working memory and inhibitory control (14, 15).  

 Working memory refers to a brain system that provides temporary storage 

and manipulation of information necessary for cognitive tasks such as understanding 

complex language, learning, and reasoning (29). For school-aged children, the 

functioning of working memory is the center of the executive function because 
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children use the working memory for thinking and learning (28). For example, 

working memory focuses on how learners actively manage their information and 

memory to learn. Strong working memory can be improved with attention and 

previous experiences in order to build a strong memory and strategies that promote 

learning simultaneous processing of information (30). According to previous research 

in working memory, some studies found the positive correlations with the components 

of working memory and school achievements. For example, the researchers found that 

working memory relates to the components of school achievement, including writing, 

reading, and mathematics skill (3).  The research that was conducted by Anderson RJ. 

(1995) found that children’s working memory and their ability in school subjects were 

significantly correlated (31). The findings indicated that working memory is 

associated with school achievements. 

 Inhibitory control is a key component of the executive function. Inhibitory 

control is a selective attention and control behavior (32). For school-aged children, 

inhibitory control enables the children to control their impulses and think before acting 

based on the guided behaviors and setting limits. According to previous research in 

inhibitory control, it was positively correlated with the components of inhibitory 

control and externalizing behavior. For example, the result from the research  

conducted by Gerstadt, Hong, & Diamond (1994) found that children’s inhibitory 

control and their ability to regulate externalizing behavior were significantly correlated 

(33). Specifically, the emotion regulation plays an important role in inhibitory control 

(34). In conclusion, regarding the key development of executive function in childhood, 

the executive function will be continuously developed and it is on peak at the age of 6 

years. At the age of 7 years, the development of working memory and inhibitory 

control will start, and these will be greatly developed between 8-9 years old. But, after 

the age of 10 years, the brain pruning will re-occur. The change of executive function, 

especially working memory and inhibitory control, will appear.  

 Previous studies have shown that VMI subscales composed of visual 

perception and motor coordination (23), and working memory and inhibitory control 

subscales are attention (8), speed (35), and accuracy (36). The next section described 

the research in the subscales of visual-motor integration, working memory and 

inhibitory control. 
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2.2 The subscales of VMI, working memory, and inhibitory control 

 VMI is the ability to perceive visually translated into motor and related 

motor control, motor accuracy, motor coordination, and mental speed (35), that causes 

coordination. For example, the result from the research conducted by Teresa Farroni 

and Enrica Menon, 2008 found that the Visual-Motor Integration contains visual 

perception and motor coordination, perceived mobility and function of fingers visible 

coordination (24). This study is consistent with Frostig, M., D. W. Lefever, et al., 1961 

who found that important components of the VMI are the visual perception and motor 

coordination (37). As mentioned above, VMI consists of 2 components. First, visual 

perception is the ability to interpret the environment by processing information 

contained in invisible light perception, which is known as the sight or vision (38). 

School-aged children requires the integration of all part of the body’s sensory 

experiences for school readiness. Because vision and motor were required for 

approximately 75% of learners in classroom. The children with weak vision 

represented to struggle with learning in the classroom and throughout the life span (20, 37).  

Second, motor coordination is an ability to control the body, and coordinate the 

implementation of eyes and hands for manipulative movements (38). Motor 

coordination emerging during the school age provides a substantial part of the motor 

skill foundation upon which more complex motor programs are formed, and motor 

coordination is gradually processed by which school-age children use and develop 

their strength, posture control, balance, and perceptual skill (7, 39). Both Visual 

perception and motor coordination are referred to VMI. In school-age children, VMI 

including visual perception and motor coordination are important for children’s 

learning skills, especially handwriting skills. Handwriting skill is one of most support 

learning skills in the elementary years. Children need visual perception for processing 

their visual information. They need motor coordination for organizing and 

remembering information to control hands for writing (4).Visual perception and motor 

coordination require the executive function in normal cognition to transform visual 

inputs into action movement. Executive function is responsible for maintaining the 

stimulus and response action plan (10, 11).  

 Executive function is a higher-order cognitive process carried out by 

prefrontal areas of the frontal lobe. Children use it to control activities such as plan 
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and organization, working memory, inhibition, emotional control, and shifting. 

Working memory and inhibitory control is center of executive function (28). Working 

memory and inhibitory control are the elements that children used to learn on a daily 

basis. Many studies found subscales of working memory and inhibitory control that 

made working memory and inhibitory control strong. Baddeley, 1986, found that the 

attention was necessary for manipulating information in working memory of human 

cognitive capacities (29).  This study was consistent with Daryl Fougniev, 2008, who 

found that attention authorized the processing efficiency of new data during multi-

stages of processing including early sensory and post perceptual processes. At the 

same time, working memory can be functionally dissociated, depending on the type of 

data to be stored in the system. (8). Furthermore, speed and accuracy are the subscales 

of working memory. In 2008, Nash Unsworth and Randall W. Engle conducted the 

research designed to evaluate speed and accuracy of accessing information in working 

memory (36) The results showed that the individual differences in short-term or 

working memory were correlated with speed. This research was consistent with the 

study of Astrid F. Fry, Sandra Hale, 2000, who examined the association among 

processing speed and working memory. They found that speed information processing 

was correlated with working memory, and it was different at each different age. 

Information speed processing in working memory of young adults was higher than 

children. The different speed for information coding in memory span could largely be 

explained by age-related in processing speed (35).  

 In addition, the result from the research conducted by Carin C.E., 2002, 

found that the attention is important to help children inhibit themselves (40). This 

study examined children attention with deficit hyperactivity disorder. The results 

showed children with lower attention were correlated with lower emotional and motor 

inhibition. In the previous research as mentioned above, it suggested that the attention 

was considered as one subscale that helped organize the information and maintain the 

working memory and inhibitory control. Furthermore, speed and accuracy were the 

subscales of Inhibitory control. In 1997, Ridderinkhof KR conducted research on the 

relationship between speed and accuracy and ages and performance of inhibition. The 

results showed that the ages and performance of inhibition related changes in 

processing speed and accuracy in children (41).  
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 In summary, VMI and executive function are necessary to children, 

especially school-aged children as they are windows of opportunity for developing. 

Subscales are most important to function synergistically for VMI and executive 

function, particularly working memory and inhibitory control works well. From the 

previous research, it can be concluded that the subscales of VMI are visual perception 

and motor coordination (37, 38), and subscales of the working memory and inhibitory 

control are attention, speed, and accuracy (35, 41). Therefore, each assessment 

subscale to view the performance of visual-motor integration and working memory 

and inhibitory control is important and necessary for school-aged children. Next 

section would describe the instrument for measuring visual-motor integration and 

executive function in school-aged children. 

 

 

2.3 The instrument for measuring VMI and executive function in 

school-aged children 

There are many research studies used to evaluate visual-motor integration. 

For example, Mei Hui Tseng and Susanna M. K. Chow, 2000, used Visual-Perceptual 

Skills (TVPS) for assessing visual-perceptual strengths and weaknesses on 

handwriting skills in 35 school-aged children. The finding suggested that TVPS could 

assess the performance of children’s visual memory, visual sequential memory, and 

sustained attention, but this tool did not focus on motor coordination and visual-motor 

integration in any previous research. A limitation of the research on the use of this tool 

was that the children wanted good receptive language skills to complete the 

assessment (42). In addition, Po Wah Chan, 2000, studied the association between 

visual and motor and academic performance in 748 children in middle class, 4 to 8 

years from Hong Kong, who were given the Bender-Gestalt test. A limitation of the 

research on the use of this test was that it measured children’s visual motor 

development rather than the visual and motor integration (43). Moreover, the Beery-

Buktenica Developmental Test of Visual-Motor Integration, Sixth Edition, the 

BEERY
™

 VMI is one of the most important tasks for measuring the visual-motor 

integration. It assesses whether or not the children can integrate their visual and motor 

abilities. Jitpanut Makchoay (2010) examined the association between musical 
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expertise and visual-motor integration given by VMI. The result showed that the 

development of visual-motor integration were correlated with learning skills for 

children applied in their daily activities (44). The advantage of this tool is commonly 

used to identify children who have the significant difficulty in visual-motor 

integration. 

 

Table 2.1  Test Overview: Major Performance Domains Assessed by Each test 

Tools Assessment 

of visual 

skill 

Assessment of 

motor skill 

 

Assessment of 

visual-motor 

integration 

skill 

Age range 

tested 

Visual-Perceptual 

Skills (TVPS) 
√ - - 4-18 years 

Bender-Gestalt 

test 
√ √ - 4-85 years 

BEERY
™

 VMI √ √ √ 2-100 years 

 

 Several instruments were used to evaluate the executive function in 

school-aged children such as working memory, inhibition, plan and organization, 

shifting, and emotional control. For example, Marilyn C. Welsh, 1991, assessed the 

normative‐developmental of executive function in school-aged children. The 

measurement was developed from clinical neuropsychology used by Wisconsin Card 

Sorting Task (WCST) to assess perseveration and abstract reasoning, and used by 

Tower of Hanoi (TOH) to evaluate the executive planning. The result showed that the 

children aged 6-10 years had the performance of executive function similar to adults (45). 

In addition, Seidman LJ et al., 1995 used Rey-Osterrieth Complex Figure (ROCF) to 

assess performance of 65 school-aged boys with ADHD. The ROCF can be used to 

evaluate visuospatial abilities, memory, attention, planning, and working memory. The 

result showed that the performance of working memory and planning were necessary 

to assess the school-aged children. Specifically, the learning of children with ADHD 

could be observed (46). Moreover, Task of Executive Control (TEC) is computer task 
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used to measure working memory and inhibitory control (47). Krivitzky LS., 2011 

applied the Task of Executive Control (TEC) to assess working memory and response 

inhibition in children with mild traumatic brain injury. The result showed the 

performance of working memory and inhibitory control of these children were similar 

to normal children (50).  

 

Table 2.2  Test Overview: Major Performance Domains Assessed by Each test  

Tools Plan and 

organization 

Shifting Working 

memory 

Inhibition Age 

range 

tested 

Wisconsin Card 

Sorting Task 

(WCST) 

√ √ - - 
7-89 

years 

Tower of Hanoi 

(TOH) 

√ √ √ - 
7-15 

years 

Rey-Osterrieth 

Complex Figure 

(ROCF) 

√ - √ - 
6-89 

years 

Task of Executive 

Control (TEC) 
- - √ √ 

5-18 

years 

 

 The previous study showed that VMI had strong correlations with many 

instruments. For example, Michael J. Breen., 1985, found that VMI was correlated 

with WISC-R, and Bender Gestalt (51). In addition, Beery, K.E., & Beery NA., 2004, 

found that VMI was correlated with WISC-R (Revised Wechsler Intelligence Scale for 

Children), DTVP-2 (Developmental Test of Visual Perception), WRAVMA (Wide 

Range Assessment of Visual Motor Abilities), Visual Motor test, and CTBS 

(Comprehensive Test of Basic Skills) (1), but no one has studied the correlation with 

TEC.  Several studies investigated correlations between TEC and other instruments. 

Peter K. Isquith, Robert M. Roth, and Gerard A. Gioia, 2007, found that TEC was 

correlated with WISC-R (Revised Wechsler Intelligence Scale for Children), CPRS-R:L  
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(The Conners’ Parent Rating Scales-Revised Ling Form), CBCL  (The Child Behavior 

Checklist), PCSI  (Parents and teachers and developmentally specific self-report 

forms), ESS  (Everyday Situation Survey), FAD (Family Assessment Device), and 

Performance-Based Neuropsychological Measures, respectively (52).  Interesting, no 

studies investigated the correlation with VMI. Human development must go on step by 

step. Visual-Motor Integration is one of developmental basis to reach the strong 

executive function. Thus, the present study aimed to examine correlations between 

VMI and TEC. 

 In conclusion, all of above mention that Visual-Motor Integration is fully 

developed at ages between 7to 9 years old. At 7 years old, the development of VMI 

will be close to adults. At 8 to 9 years, the children’s VMI is not different from adults. 

Regarding the important development of executive function, children at 7 years old 

will develop their working memory and inhibitory control. The great development 

occurs at the age of 8 to 9 years. However, after 10 years old, the pruning in brain will 

re-occur. There will be some changes in the executive function, especially working 

memory and inhibitory control. 

  According to review of the literature, the children at 6 years old and under 

have not yet acquired the completed development of Visual-Motor Integration, 

working memory and inhibitory control. After 10 years, when the children enter into 

pre-adolescence, their brain will have the pruning again. They will have some changes 

in the Executive Function, especially working memory and inhibitory control. 

Therefore, this study aimed to study children at aged between 7 to 9 years old. 

Instruments used to measure and assess the Visual-Motor Integration and Executive 

Function covering ages in this study were VMI and TEC. There were some studies 

examining the relationship between VMI and visual and motor performance 

assessment instruments. There were some studies examining the relationship between 

TEC and cognitive measurement instruments. Hence, we found some important gaps. 

If considering the development, Visual-Motor Integration was the basis to the 

development of Executive Function, but no studies were conducted to examine the 

relationship of both instruments or between VMI and TEC. Therefore, this study 

aimed at investigating the relationship between VMI and TEC in school-aged children 

at ages of 7-9 years. 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Human Development) / 21 

 Next chapter describes the research design, research questions and 

hypotheses as well as research methods and procedures. The chapter ends with the 

research analysis. 
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CHAPTER III 

METHODOLOGY 

 

 

3.1 Introduction 

 This chapter contains the research methodology and procedures of this 

research. The topics are as follows: research questions and hypotheses, population, 

variables, measurement, data collection, ethical issues and data analysis. 

 

 

3.2 Research Question and Hypotheses 

The research question of this study was: 

-  Are there any statistically significant correlations between each 

subscale of Visual-Motor Integration, as measured by Visual-Motor Integration (VMI) 

and each subscale of Executive Control, as measured by Task of Executive Control 

(TEC) in school-aged children? 

The hypotheses of this study are; 

- H0: There are not any statistically significant correlations between the 

subscale of Visual-Motor Integration as measured by Visual-Motor Integration (VMI) 

and the subscale of Executive Control as measured by Task of Executive Control 

(TEC) in school-aged children. 

- H1: There are some any statistically significant correlations between the 

subscale of Visual-Motor Integration as measured by Visual-Motor Integration (VMI) 

and the subscale of Executive Control as measured by Task of Executive Control 

(TEC) in school-aged children. 
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3.3 Population and Sample Group 

 

 3.3.1 Population of the research 

 The population of this study was the primary school children aged between 

7-9 years studying in the educational year of 2013 under the Nakhonratchsima 

Education Service Area Office in Thailand. 

 

 3.3.2  Sample group 

The sample groups of this research were 123 primary school children at 

ages of 7-9 who were studying in schools, in the educational year of 2013 under the 

Nakhonratchsima Education Service Area Office. The sample group was selected by 

the Multistage Random Sampling as per the following steps: 

 3.3.2.1 Thailand consists of 6 regions. One of six regions was 

selected by the simple random sampling. The northeastern region was selected. 

 3.3.2.2 The northeastern region consists of 20 provinces. One 

of twenty provinces was selected by the simple random sampling. Nakhonratchasima 

province was selected. 

 3.3.2.3 Nakhonratchasima Province consists of 7 education 

regions. One of seven regions was selected by the simple random sampling. The 

Education Service Area Office, Region7 was selected.  

 3.3.2.4 The researcher utilized the systematic random 

sampling to select certain participating schools by sending e-mail messages and 

making phone calls to 228 primary schools in the list of primary schools in the 

Education Service Area Office, Region7. The sample primary schools were those 

agreed to participate in this study (i.e., Bantoeykraton School). Thus, the sample of 

study consisted of 123 school-aged children aged between seven to nine years-old who 

enrolled in primary schools in May 2013. 

 3.3.2.5 The sample size of this study was based on the sample 

size principle suggested by Fleiss J (1973) who recommended the sample of 100-120 

cases. For correlations purpose, the number of samples should not be less than 80 

cases, depending on research design. Therefore, the sample size of the study met the 

requirement. (48). 
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 There were the inclusion and exclusion criteria for the sample 

group. The factors affecting visual-motor integration and executive control were 

evaluated to control confounding variables. Therefore questionnaire was developed for 

evaluate the inclusion and exclusion criteria as follows: 

 

Inclusion criteria 

Parents 

- The parents answered the questionnaires and showed their agreement in 

consent forms signed by them. 

School-aged children  

- Students at ages of 7-9 who were studying in schools in the educational 

year of 2013. 

- Gender:  Boys and Girls. 

- Agreed to participate in this study and their parents signed the consent 

forms. 

Exclusion criteria 

Parents 

- The parents answered the questionnaires and disagreed to sign the 

consent forms. 

School-aged children  

- Having cognitive difficulties or attention problem, which were 

diagnosed by neurological specialists 

- Physical impairments 

- Learning Disabilities included agraphia. 

- Visual Impairments included color blindness and strabismus. 

- Disagreed to participate in this study and their parents did not sign the 

consent forms. 

 

 

3.4 Instruments 

 In this research, a questionnaire and 2 standardized instruments were 

applied: 
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3.4.1 Questionnaire         

The questionnaire was completed by the school-aged children’s parents for 

general information about parents and children: 

- Part 1: Parents: this involved the family background comprising 8 items 

including caregivers, status of parents, parents’ level of education, parents’ career and 

average monthly family income, parents-children relationship, number of children and 

total family members. 

- Part 2: School-aged children: this part was gather information of children 

background comprising 21 items including gender, age, level of education, health 

background, nutrition, activities of fine motor and visual perception at school and home, 

favorite activities, frequency of playing toys beneficial to fine motor development, 

duration of plays each time, frequency of playing computer games and activities, 

duration of playing computer game each time, frequency of doing activities with the 

parents and duration in each activity, activities of the children done at home. 

 

 3.4.2 Standardized Instruments 

   3.4.2.1 The Beery-Buktenica Developmental Test of Visual-

Motor Integration (VMI) 6
th

edition 

 

 

 

Figure 3.1  The Beery-Buktenica Developmental Test of  

Visual-Motor Integration (VMI) 6
th

edition 
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The Beery-Buktenica Developmental Test of Visual-Motor Integration 

(VMI) assesses the extent to which individuals can integrate their visual and motor 

abilities (eye-hand coordination), The Beery VMI can be validly administered as either 

a group screening test or for individual assessment purposes with children at age of 2 

up to adult 100 years of age. There are two supplemental standardized tests, Visual 

Perception and Motor coordination. The Beery-Buktenica Developmental Test of VMI 

is accepted for its internal, interjudge and test-retest reliability. The Beery VMI 

provides such reliabilities at high levels. In terms of validity, the Beery VMI measures 

up at very high levels between .80 and .95. 

- The Beery VMI is a developmental sequence of geometric forms to be 

imitated or copied with paper and pencil. The 30-item Beery VMI Full Form for ages 2 

through 100 can be in group or individually administered in 10-15 minutes. The 21-item 

Short Form is available for ages 2 through 7.This form is usually administered 

individually in less than 10 minutes. The Beery VMI is designed to assess the extent to 

which individuals can integrate their visual and motor abilities.  If a child performs 

poorly on the Beery VMI, it could be because he or she has adequate visual-perceptual 

and/or motor coordination abilities. Scoring of the Beery VMI is one point for each 

imitated or copied item up to three consecutive failures. To obtain a raw score, the 

number of items that are not successfully completed prior to this ceiling of three 

consecutive failures is subtracted from the ceiling. These scoring criteria and 

procedures apply to both Beery VMI test forms, the Full and Short forms. Scoring of 

the Beery VMI is one point for each imitated or copied item up to three consecutive 

failures. To obtain a raw score, the number of items that are not successfully 

completed prior to this ceiling of three consecutive failures is subtracted from the 

ceiling. These scoring criteria and procedures apply to both Beery VMI test forms, the 

Full and Short forms. 

- Visual Perception test: the first three items require very young children 

to identify parts of their own bodies, picture outlines, and parts of a picture. For the 

remaining 27 items, one geometric form that is the same as each stimulus is to be 

chosen from among others that are not exactly the same as the stimulus. During a 

three-minute period, the task is to identify the exact match for any of the 27 stimuli as 

possible. Scoring of the Visual Perception, just one point is awarded for each correct 
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item until three consecutive incorrect items are scored or the 3-minute time limit 

expires. 

- Motor coordination test: the first three items require very young 

children to climb on the chair, hold a pencil with their thumb and fingers, and hold the 

paper as they mark it. For the remaining 27 items, the task is to simply trace the 

stimulus forms with a pencil without going outside double-lined paths. The Motor 

Coordination test takes about 5 minutes to administer. An item is scored one point if 

meets all three of the following criteria (a.) There are pencil marks within all parts of 

the roads and between all dots and the marks do not have to be complete. (b.) No mark 

clearly goes over a road line. And (c.) There must be at overlap and one over/ 

underlap. 

 Scoring of the VMI is essential, one point for each imitated or copied item 

up to three consecutive failures. To obtain a raw score, the number of items that are 

not successfully completed prior to this ceiling of three consecutive failures is 

subtracted from the ceiling. Scores are then summed within each task. The high scores 

indicate greater visual-motor integration, and the poor scores mean children who need 

appropriate intervention to help integrate their visual and motor abilities. VMI scoring 

is based on Score and No Score criteria. The criteria of VMI scores were shown in 

Appendix. For score interpretation for data analysis, the test involves 3 sets. The first 

VIM set involves 30 items with 30 scores. The second set is the visual perception 

comprising 30 items with 30 scores. The third set is the motor coordination comprising 

30 items with 30 scores. The test scores were the children’s raw scores, which will be 

compared as standard scores. Then, such standard scores will be compared to be scale 

scores to be used in the statistical correlation analysis. Scale scores are used for the 

SPSS analysis. Scale scores are divided into 3 ranges: Range “1” means “above 

average. Range “2” means “average”. Range “3” means “below average”. Here, if the 

children are in the same range; this means that they have no different abilities, as 

describe in table 3.1. 
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Table 3.1 This table contains the information VMI, Visual perception and Motor 

coordination scores 

Instrument/scores standard 

scores 

scale scores range 

VMI 123-155+ 15-20+ 
“1” represents “above 

average” 

Visual perception 
78-122 6-14 “2” represents “average” 

Motor coordination 45-77 -1-5 
“3” represents “below 

average” 

 

 3.4.2.2  Task of Executive Control (TEC) 

 

 

 

Figure 3.2  The Task of Executive Control (TEC) 

 

 The Task of Executive Control (TEC) is standardized as computer-

administered measure of working memory and inhibitory control. It is designed for 

children and adolescents between ages of 5 and 18 years, including those with a wide 

variety of development and neurological disorders. An N-Back paradigm that 

parametrically increases working memory load and a go/no-go task to manipulate 

inhibitory control demand. This combination of methods yields four sequential tasks 

for 5 to 7 year old children and six tasks for older children and adolescents. 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Human Development) / 29 

- N-Back task is widely used with adults and children to evaluate working 

memory. In this paradigm, an individual is presented with a series of stimuli, one 

stimuli at a time and press a particular button each time he or she sees a frequent, or 

standard, stimulus but a different button when he or she sees an infrequent, or target, 

stimulus. Separate 0-back, 1-back, 2-backc conditions often are administered, increase 

with age. 

- Go/No-Go task is a relatively simple measure of inhibitory control that 

presents go and no go stimuli serially overtime. The go stimuli require a rapid motor 

response, he or she pressing a button on the keyboard. In contrast, responding must be 

withheld, or inhibited, when the no-go stimulus appears. In the TEC, the no-go is a 

box surrounding any pictured object, he or she are not to respond when the box is 

present. 

TEC score available for typically developing children were subjected to 

principal factor analysis with oblique rotation, yielding a three factor for the 5 to 18 

year-old-age. Factor analyses and calculation of factor scores are TEC software for 

saving or modifying reports, and printing reports.  

The TEC calculates multiple performance accuracy, speed, and attention 

scores within each task condition (Task scores) and across the instrument as a whole 

(Factor and Summary scores) that are compared to normative values. Scores are then 

summed within each tasks presented individual’s performance as working memory 

load and inhibitory control demand. The scores interpreted by the Program might be 

divided into ranges, and each range was represented for the SPSS computation. This 

also means that the children in the same range would have no different abilities, as 

describe in table 3.2. 

 

Table 3.2  This table explains the factor and range of TEC evaluation 

Factors/Range Elevated = “1” Typical = “2” Below = “3” 

Accuracy 61-100 41-60 1-40 

Attention 61-100 41-60 1-40 

Speed 61-100 41-60 1-40 
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3.5 Data collection 

3.5.1 The letter was sent to the Faculty of Graduate Studies to get a Letter 

of Recommendation and permission for data collection. Then, the letter of 

recommendation and permission for data collection was submitted to school directors 

of targeted schools of this research. The letter indicated objectives, expected benefits 

and data collection process of this research. Then, the Researcher contacted those 

schools, introduced herself and explained objectives, expected benefits and data 

collection process of this research to directors of the targeted schools again. 

3.5.2 Meet the parent’s subjects and introduced herself to parents, 

explained the research objectives and asked for participation in research data 

collection including the subject’s protection in affirmation of rejection of the request 

to participate in this research. 

3.5.3 The consent forms, questionnaires, The Beery VMI 6
th

 edition, and 

The Task of Executive Control (TEC) were distributed to the students’ parents who 

signed consent forms, which had to be completed within 2 days, and screened subjects 

by using questionnaires (parents answered the questionnaires). Screening subjects was 

completed within 1 day. 

3.5.4 Questionnaires, The Beery VMI 6
th

 edition, and The Task of 

Executive Control (TEC) were completed within 2 weeks. 

3.5.5 These scores were analyzed by using descriptive statistics and 

correlation. 

3.5.6 The results and discussion were written by November 2013 

 

Table 3.3  This table represents the time of research period (TOR) 
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3.6 Data Analysis 

 In this research, the statistic computer program was applied to analyze the 

obtained data. Both descriptive and inferential methods were employed. The 

descriptive statistics (mean and Standard Deviation) were utilized to explain the 

sample’s background characteristics whereas the inferential methods were performed 

by using bivariate-correlation to investigate the significant correlations among the 

subscales of Visual-Motor Integration (VMI) and Task of Executive Control (TEC). 

 

 

3.7 Ethics 

This research proposal was approved by the Committee on Human Rights 

Research Involving Human subjects of the Mahidol University. The participants were 

approached and asked to participate in this research. The researcher explained the 

objectives, method, instruments and expected benefits of this research to participants. 

The protection of human rights was given to the participants and indicated their 

willingness to participate by signing a consent form. The participants could ask for any 

additional information and could stop or withdraw from this study at any time without 

any effect. 

 Next chapter will present the data analysis results. Tables relating to those 

results will be also demonstrate and explain. The results conclusion of this current 

study will appear at the summarize section at the end of the next chapter. 
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CHAPTER IV 

RESULTS 

 

 

 This study examined the significant correlations of each subscale of 

Visual-Motor Integration, as measured by the Visual-Motor Integration (VMI) and 

each subscale of Executive Control, as measured by the Task of Executive Control 

(TEC) in school aged children  

 This chapter presents the results of the study, which is divided into 2 

sections. First section describes the demographic data and background of the sample 

(see appendix: Questionnaires). The results of the analysis, using descriptive statistics, 

present the mean, and frequency of the demographic data and background. Next, 

second section includes 2 subsections. Each subsection presents the results of the 

analyses focusing on the significant correlation between the subscales of children’s 

visual-motor integration, as measured by the VMI and the subscales of children’s 

executive function, as measured by TEC. 

 

 

4.1 Section I: Results of descriptive statistic analysis for the 

demographic data and background of the sample 

 In this section, descriptive statistic analysis is explained in three 

dimensions; including family background, child background, and child activities and 

school age children background. The sample of this study is selected by using the 

multistage random sampling represented the population in Prathai district, 

Nakornratchasima. The total sample was 123 children school aged from Bantaoykraton 

School in Prathai district, Nakornratchasima. 

  

 First dimension is family background describing the demographic data 

and background of the parent sample, relationship with the child, who raises the child, 

number of family members, father’s level of education, mother’s level of education, 
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parent’s level of education, father’s career, mother’s career, parent’s career, and 

family income. For the 7-year-old (N=39), The results showed in Table 4.1.For 

relationship with the child 59% of the sample was mother, 38.5% was father, and 2.5% 

was aunts. For the main caregiver, approximately 35.9% of the parents were the father 

and mother of the participants. For the parent’s educational degree, the fathers of the 

sample had educational degree senior high school degree for 38.5%, elementary 

education degree for 30.8%, junior high school degree for 28.2%, and bachelor degree 

for 2.6%. The mothers of the sample had educational degree junior high school degree 

for 35.9%, elementary education degree for 33.3%, and senior high school degree for 

30.8%. For the parent’s career, the results showed that the fathers of the sample had 

freelance for 76.9%, own business for 12.8%, and private employee for 7.7%. The 

mothers of the sample had freelance for 46.2%, own business for 30.8% and being 

house wife for 15.4%. The majority of the sample group (74.4%) earned monthly 

income in the range of <10,000 baths, while 25.6% earned monthly income in the 

range of 10,001-20,000 baths.  

 

Table 4.1 Number and Percentage of demographic characteristic of school age 

children 7 years (N=39) 

General Characteristic 
Number (%) 

N = 39 

Administer 

Mother 

Father 

Aunts 

Total 

 

23 (59) 

15 (38.5) 

  1 (2.5) 

39 (100) 

Father’s level education 

Elementary education degree 

junior high school degree 

Senior high school degree  

Bachelor degree 

Total 

 

12 (30.8) 

11 (28.2) 

15 (38.5) 

  1 (2.6) 

39 (100) 
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Table 4.1 Number and Percentage of demographic characteristic of school age 

children 7 years (N=39) (cont.) 

General Characteristic 
Number (%) 

N = 39 

Mother’s level education 

Elementary education degree 

junior high school degree 

Senior high school degree 

Total 

 

13 (33.3) 

14 (35.9) 

12 (30.8) 

39 (100) 

Father’s career 

Freelance 

Own business 

Private employee 

Etc. 

Total 

 

30 (76.9) 

5   (12.8) 

3   (7.7) 

1   (2.6) 

39 (100) 

Mother’s career 

Freelance 

Own business 

House wife 

Private employee 

Total 

 

18 (46.2) 

12 (30.8) 

  6 (15.4) 

  3 (7.7) 

39 (100) 

Family income (bath per month) 

< 10,000 

10,001 – 20,000 

Total 

 

29 (74.4) 

10 (25.6) 

39 (100) 
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 For the 8 to 9-year-old (N=84). The results showed in Table 4.2. For 

relationship with the child 60.7% of the sample was mother, 26.2% was father, and 

7.3% was grandparents. For the main caregiver, approximately 36.6% of the parents 

were the father and mother of the participants. For the parent’s educational degree, the 

fathers of the sample had educational degree elementary education degree for 64.3%, 

junior high school degree for 16.7%, and junior high school degree for 16.7%. The 

mothers of the sample had educational degree elementary education degree for 66.7%, 

junior high school degree for 15.5%, and senior high school degree for 17.9%. For the 

parent’s career, the results showed that the fathers of the sample had freelance for 

66.7%, private employee for 11.9%. The mothers of the sample had freelance for 

66.7%, own business for 17.9% and being house wife for 17.9%. The majority of the 

sample group (50%) earned monthly income in the range of <10,000 baths, while 

40.5% earned monthly income in the range of 10,001-20,000.  

 

Table 4.2 Number and Percentage of demographic characteristic of school age 

children 8 to 9 years (N=84) 

General Characteristic 
Number (%) 

N = 84 

Administer 

Father 

Mother 

Grandparents 

Aunts 

Total 

 

22 (26.2) 

51 (60.7) 

  9 (10.7) 

  2 (2.4) 

84 (100) 

Father’s level education 

Elementary education degree 

junior high school degree 

Senior high school degree  

Bachelor degree 

Total 

 

54 (64.3) 

16 (16.7) 

16 (16.7) 

  2 (2.4) 

84 (100) 
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Table 4.2 Number and Percentage of demographic characteristic of school age 

children 8 to 9 years (N=84) (cont.) 

General Characteristic 
Number (%) 

N = 84 

Mother’s level education 

Elementary education degree 

junior high school degree 

Senior high school degree 

Total 

 

56 (66.7) 

13 (15.5) 

15 (17.9) 

84 (100) 

Father’s career 

Government officer   

State owned enterprise 

Government  employee 

Freelance 

Own business 

Farmer 

Fisherman 

Private employee 

House husband 

Etc. 

Total 

 

3   (3.6) 

2  (2.4) 

3  (3.6) 

56  (66.7) 

3  (3.6) 

3  (3.6) 

1 (1.2) 

10 (11.9) 

2  (2.4) 

1  (1.2) 

84 (100) 

Mother’s career 

Government officer   

Government  employee 

Freelance 

Own business 

Farmer 

Private employee 

House wife 

Total 

 

1 (1.2) 

2 (2.4) 

40 (47.6) 

15 (17.9) 

4 (4.8) 

7 (8.3) 

15 (17.9) 

84 (100) 
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Table 4.2 Number and Percentage of demographic characteristic of school age 

children 8 to 9 years (N=84) (cont.) 

General Characteristic 
Number (%) 

N = 84 

Family income (bath per month) 

< 10,000 

10,001 – 20,000 

20,001 – 30,000 

30,001 – 40,000 

40,001 – 50,000 

Total 

 

42 (50.0) 

34 (40.5) 

5 (6.0) 

2 (2.4) 

1 (1.2) 

84 (100) 

 

 The second dimension is child background describing gender, age, 

grade, underlying disease, disability, eyesight, movement, balance, learning, behavior, 

health, seizure, accident, time use for sleeping, for example. In this dimension, the 

results of the disorder showed that most of the 7-year-old sample (N = 39) did not 

have any physical abnormal, disorder of Cognitive difficulties attention problems, 

which diagnosed by neurological specialists, and was not extracurricular learning such 

as sports or arts. For disability, 94.9% and over of the sample does not have disability, 

seizure, accident, time use for sleeping, but has normal eyesight, movement, balance, 

learning, behavior, and has healthy. However, the result also showed that some 

background variable of the sample were difference (see table 4.3). Table 4.3 showed 

that 64.1% of the sample is boys and 35.9% is girls. 100% of the simple is 7.0-7.11 

years old. 5.1% of the sample had underlying disease. 46.2% of sample has lower 10 

hours/days sleeping at night, and 53.8% of sample has 10 hours and over sleeping at 

night per day. Based on previous research, the results have suggested that age and 

gender may have an effected on cognitive development. Therefore, gender and age 

were applied as covariates in order to covariate out these confound variables in this 

study. 
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Table 4.3 Children background of 7 years old 

General Characteristic 
Number (%) 

N = 39 

Gender 

Male 

Female 

Total 

 

25 (64.1) 

14 (35.9) 

39 (100) 

Age 

7.0 -7.11 years 

Total 

 

39 (100) 

39 (100) 

Underlying disease 

Yes 

No 

Total 

 

  2 (5.1) 

37 (94.9) 

39 (100) 

Time use for sleeping (hours sleeping at night per day)  

< 10 

≥ 10 

Total 

18 (46.2) 

21 (53.8) 

39 (100) 

 

 For school-aged children 8 to 9 years background (N = 84). In this 

dimension, the results of the disorder showed that most of the sample did not have any 

physical abnormal, disorder of Cognitive difficulties attention problems, which 

diagnosed by neurological specialists, and was not extracurricular learning such as 

sports or arts. For disability, 94% and over of the sample does not have disability, 

seizure, accident, time use for sleeping, but has normal eyesight, movement, balance, 

learning, behavior, and has healthy. However, the result also showed that some 

background variable of the sample were difference (see table 4.4). Table 4.4 showed 

that 51.2% of the sample is boys and 48.8% is girls. 46.4% of the simple is 8.0-8.11 

years old, and 53.6% of the simple is 9.0-9.11 years old. 6% of the sample had 

underlying disease. 38.1% of sample has lower 10 hours/days sleeping at night, and 

61.9% of sample has 10 hours and over sleeping at night per day. Based on previous 
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research, the results have suggested that age and gender may have an effect on 

cognitive development. Therefore, gender and age were used as covariates in order to 

covariate out these confound variables in this study. 

 

Table 4.4 Children background of 8 to 9 years old 

General Characteristic 
Number (%) 

N = 84 

Gender 

Male 

Female 

Total 

 

43 (51.2) 

41 (48.8) 

84 (100) 

Age 

8.0 -8.11 years 

9.0 -9.11 years 

Total 

 

39 (46.4) 

45 (53.6) 

84 (100) 

Underlying disease 

Yes 

No 

Total 

 

  5 (6.0) 

79 (94.0) 

84 (100) 

Time use for sleeping (hours sleeping at night per day) 

< 10 

≥ 10 

Total 

32 (38.1) 

52 (61.9) 

84 (100) 

 

Third dimension is the child activities describing art, academic activity, 

sport activity, activity at home, watching television, playing computer game, and the 

most frequent activities of children. For 7-year-old the results of activities showed 

that 38.5% of the sample did housework activities, 33.3% played with friends 

activities, 12.8% did cycling activities, and 10.2% did homework activities. For 

sample watching television and playing computer game, 97.4% of the sample 

watching television, and 71.8% playing computer game. 63.1% of the sample    
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watching television, and 71.8% playing computer game. 63.1% of the sample watches 

television 1-2 hours per week, 13.2% for 4 hours and over per week, and 10.5% for 1 

hours and lower per week. 60.7% of the sample playing computer game for 1-2 hours 

per week, 25% for 1 hours and lower per week, and 10.7% for 2-3 hours per week. 

 

Table 4.5 Children activities of 7 years old 

General Characteristic 
Number (%) 

N = 39 

Activity at home 

Housework 

Play with friends 

Cycling 

Homework 

Draw/Paint 

Total 

 

15 (38.5) 

13 (33.3) 

  5 (12.8) 

  4 (10.2) 

  2 (5.2) 

39 (100) 

Watches television 

Do not watching television  

Watching television 

Total 

    -  Hour watching television 

- 1 hour and lower per week 

- 1-2 hour/week 

- 2-3 hour/week 

- 3-4 hour/week 

- 4 hour and over per week 

Total 

 

  1 (2.6) 

38 (97.4) 

39 (100) 

 

  4 (10.5) 

24 (63.1) 

  3 (7.9) 

  2 (5.3) 

  5 (13.2) 

38 (100) 
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Table 4.5 Children activities of 7 years old (cont.) 

General Characteristic 
Number (%) 

N = 39 

Play computer game 

Do not playing computer game 

Playing computer game 

Total 

     -  Hour playing computer game 

- 1 hour and lower per week 

- 1-2 hour/week 

- 2-3 hour/week 

- 3-4 hour/week 

Total 

  

11 (28.2) 

28 (71.8) 

39 (100) 

 

7 (25) 

17 (60.7) 

  3 (10.7) 

  1 (3.6) 

28 (100) 

 

 For school-aged school 8 to 9 years (N = 84) the results of activities 

showed that 19% did cycling activities, 17.9% of the sample did housework activities, 

17.9% played with friends activities, and 13.1% did homework activities. For sample 

watching television and playing computer game, 98.8% of the sample watching 

television, and 75% playing computer game. 39.8% of the sample watches television 

1-2 hours per week, 25% for 1 hours and lower per week, and 19.3% for 2-3 hours per 

week. 55.6% of the sample playing computer game for 1-2 hours per week, 27% for    

1 hours and lower per week, and 11.1% for 2-3 hours per week. 
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Table 4.6 Children activities of 8 to 9 years old 

General Characteristic 
Number (%) 

N = 84 

Activity at home 

Draw/Paint 

Homework 

Housework 

Play with friends 

Play music 

Play sport 

Play doll/robot 

Cycling 

Do it yourself 

Etc. 

Total 

 

10 (11.9) 

11 (13.1) 

15 (17.9) 

15 (17.9) 

  1 (1.2) 

  9 (10.7) 

  1 (1.2) 

16 (19.0) 

  1 (1.2) 

  5 (6.0) 

84 (100) 

Watches television 

Do not watching television  

Watching television 

Total 

    -  Hour watching television 

- 1 hour and lower per week 

- 1-2 hour/week 

- 2-3 hour/week 

- 3-4 hour/week 

- 4 hour and over per week 

Total 

 

1 (1.2) 

83 (98.8) 

84 (100) 

 

21 (25.0) 

33 (39.8) 

16 (19.3) 

  6 (7.2) 

  7 (8.4) 

83 (100) 
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Table 4.6 Children activities (cont.) 

General Characteristic 
Number (%) 

N = 84 

Play computer game 

Do not playing computer game 

Playing computer game 

Total 

     -  Hour playing computer game 

- 1 hour and lower per week 

- 1-2 hour/week 

- 2-3 hour/week 

- 3-4 hour/week 

           -  4 hour and over per week 

Total 

 

21 (25.0) 

63 (75.0) 

84 (100) 

 

17 (27.0) 

35 (55.6) 

  7 (11.1) 

  2 (11.1) 

  2 (3.2) 

63 (100) 

 

 

4.2 Section II: The significant correlations between the Visual-Motor 

Integration (VMI) and the Task of Executive Control (TEC) 

For research question: Were there any statistically significant correlations 

between each subscale of Visual-Motor Integration, as measured by the Visual-Motor 

Integration (VMI) and each subscale of Executive Control, as measured by the Task of 

Executive Control (TEC) in school age children? 

This section showed the results of the correlation between each subscale of 

Visual-Motor Integration (VMI) (i.e., Visual-Motor Integration, Visual perception, 

and Motor Coordination) and each subscale of Task of Executive Control (TEC) (i.e., 

Accuracy, Attention, and Speed). Base on empirical evidence of age development, 

explain that school-aged children 7 year are final age in early childhood and school-

aged children 8-9 year are start age in school-aged children, which is divided into 2 

sections as follows. 
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4.2.1 Section I: The correlation between each subscale of Visual-

Motor Integration (VMI) and each subscale of Task of Executive Control (TEC) 

in children 7 year. 

  4.2.1.1 The correlation between Visual-Motor Integration 

and each subscales of Task of Executive Control (TEC) in children 7 year. 

 

Table 4.7  The correlation between Visual-Motor Integration and Accuracy 

 
Visual-Motor Integration Accuracy 

Visual-Motor Integration 1  

Accuracy .351* 1 

Note: * Correlation is significant as the 0.05 level (2-tailed). 

 

 The table 4.7 showed that the Visual-Motor Integration of children was 

significantly positive correlated to Accuracy (r= 0.35, p < 0.05). It was indicated that 

children with higher mean scores on Visual-Motor Integration tended to have higher 

mean scores on Accuracy. 

 

Table 4.8  The correlation between Visual-Motor Integration and Attention 

 
Visual-Motor Integration Attention 

Visual-Motor Integration 1  

Attention .378* 1 

Note: * Correlation is significant as the 0.05 level (2-tailed). 

 

The table 4.8 showed that the Visual-Motor Integration of children was 

significantly positive correlated to Attention (r= 0.38, p < 0.05). It was indicated that 

children with higher mean scores on Visual-Motor Integration tended to have higher 

mean scores on Attention. 
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Table 4.9  The correlation between Visual-Motor Integration and Speed 

 
Visual-Motor Integration Speed 

Visual-Motor Integration 1  

Speed .254* 1 

Note: * Correlation is significant as the 0.05 level (2-tailed). 

 

The table 4.9 showed that the Visual-Motor Integration of children was 

significantly positive correlated to Speed (r= 0.25, p < 0.05). It was indicated that 

children with higher mean scores on Visual-Motor Integration tended to have higher 

mean scores on Speed. 

 

  4.2.1.2 The correlation between Visual Perception and each 

subscales of Task of Executive Control (TEC) in children 7 year. 

 

Table 4.10 The correlation between Visual Perception and Accuracy 

 
Visual Perception Accuracy 

Visual Perception 1  

Accuracy .482** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.10 showed that the Visual Perception of children was 

significantly positive correlated to Accuracy (r= 0.48, p < 0.01). It was indicated that 

children with higher mean scores on Visual Perception tended to have higher mean 

scores on Accuracy. 
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Table 4.11 The correlation between Visual Perception and Attention 

 Visual Perception Attention 

Visual Perception 1  

Attention .804** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.11 showed that the Visual Perception of children was 

significantly positive correlated to Attention (r= 0.80, p < 0.01). It was indicated that 

children with higher mean scores on Visual Perception tended to have higher mean 

scores on Attention. 

 

Table 4.12 The correlation between Visual Perception and Speed 

 Visual Perception Speed 

Visual Perception 1  

Speed .203* 1 

Note: * Correlation is significant as the 0.05 level (2-tailed). 

 

The table 4.12 showed that the Visual Perception of children was 

significantly positive correlated to Speed (r= 0.20, p < 0.05). It was indicated that 

children with higher mean scores on Visual Perception tended to have higher mean 

scores on Speed. 
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   4.2.1.3 The correlation between Motor Coordination and 

each subscales of Task of Executive Control (TEC) in children 7 year. 

 

Table 4.13 The correlation between Motor Coordination and Accuracy 

 Motor Coordination Accuracy 

Motor Coordination 1  

Accuracy .252 1 

 

The table 4.13 showed that the Motor Coordination of children was not 

significantly correlated to Accuracy (r= 0.25, p > 0.05). It was indicated that children 

with scores on Motor Coordination was not correlated to scores on Accuracy. 

 

Table 4.14 The correlation between Motor Coordination and Attention 

 Motor Coordination Attention 

Motor Coordination 1  

Attention .695** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.14 showed that the Motor Coordination of children was 

significantly positive correlated to Attention (r= 0.70, p < 0.01). It was indicated that 

children with higher mean scores on Motor Coordination tended to have higher mean 

scores on Attention. 
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Table 4.15 The correlation between Motor Coordination and Speed 

 Motor Coordination Speed 

Motor Coordination 1  

Speed .397* 1 

Note: * Correlation is significant as the 0.05 level (2-tailed). 

 

The table 4.15 showed that the Motor Coordination of children was 

significantly positive correlated to Speed (r= 0.40, p < 0.05). It was indicated that 

children with higher mean scores on Motor Coordination tended to have higher mean 

scores on Speed. 

 

Table 4.16 The summary of the significantly correlation between the Visual-

Motor Integration (VMI) the Task of Executive Control (TEC) in 

children 7 year. 

Visual-Motor 

Integration (VMI) 

Task of Executive Control (TEC) 

Accuracy Attention Speed 

Visual-Motor Integration .351* .378* .254* 

Visual Perception .482** .804** .203* 

Motor Coordination .252 .695** .397* 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

* Correlation is significant as the 0.05 level (2-tailed). 

 

 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.   M.Sc. (Human Development) / 49 

4.2.2 Section II:  The correlation between each subscale of Visual-

Motor Integration (VMI) and each subscale of Task of Executive Control (TEC) 

in children 8-9 years. 

  4.2.2.1 The correlation between Visual-Motor Integration 

and each subscales of Task of Executive Control (TEC) in children 8-9 years. 

 

Table 4.17 The correlation between Visual-Motor Integration and Accuracy 

 
Visual-Motor Integration Accuracy 

Visual-Motor Integration 1  

Accuracy .388** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

 The table 4.17 showed that the Visual-Motor Integration of children was 

significantly positive correlated to Accuracy (r= 0.39, p < 0.01). It was indicated that 

children with higher mean scores on Visual-Motor Integration tended to have higher 

mean scores on Accuracy. 

 

Table 4.18 The correlation between Visual-Motor Integration and Attention 

 Visual-Motor Integration Attention 

Visual-Motor Integration 1  

Attention .248** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.18 showed that the Visual-Motor Integration of children was 

significantly positive correlated to Attention (r= 0.25, p < 0.01). It was indicated that 

children with higher mean scores on Visual-Motor Integration tended to have higher 

mean scores on Attention. 
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Table 4.19  The correlation between Visual-Motor Integration and Speed 

 
Visual-Motor Integration Speed 

Visual-Motor Integration 1  

Speed .204* 1 

Note: * Correlation is significant as the 0.05 level (2-tailed). 

 

The table 4.19 showed that the Visual-Motor Integration of children was 

significantly positive correlated to Speed (r= 0.20, p < 0.05). It was indicated that 

children with higher mean scores on Visual-Motor Integration tended to have higher 

mean scores on Speed. 

 

  4.2.2.2 The correlation between Visual Perception and each 

subscales of Task of Executive Control (TEC) children 8-9 years. 

 

Table 4.20 The correlation between Visual Perception and Accuracy 

 
Visual Perception Accuracy 

Visual Perception 1  

Accuracy .260** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.20 showed that the Visual Perception of children was 

significantly positive correlated to Accuracy (r= 0.26, p < 0.01). It was indicated that 

children with higher mean scores on Visual Perception tended to have higher mean 

scores on Accuracy. 
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Table 4.21 The correlation between Visual Perception and Attention 

 Visual Perception Attention 

Visual Perception 1  

Attention .521** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.21 showed that the Visual Perception of children was 

significantly positive correlated to Attention (r= 0.52, p < 0.01). It was indicated that 

children with higher mean scores on Visual Perception tended to have higher mean 

scores on Attention. 

 

Table 4.22  The correlation between Visual Perception and Speed 

 Visual Perception Speed 

Visual Perception 1  

Speed .418** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.22 showed that the Visual Perception of children was 

significantly positive correlated to Speed (r= 0.42, p < 0.01). It was indicated that 

children with higher mean scores on Visual Perception tended to have higher mean 

scores on Speed. 
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  4.2.2.3 The correlation between Motor Coordination and 

each subscales of Task of Executive Control (TEC) children 8-9 years. 

 

Table 4.23 The correlation between Motor Coordination and Accuracy 

 Motor Coordination Accuracy 

Motor Coordination 1  

Accuracy .503** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.23 showed that the Motor Coordination of children was 

significantly positive correlated to Accuracy (r= 0.50, p < 0.01). It was indicated that 

children with higher mean scores on Motor Coordination tended to have higher mean 

scores on Accuracy. 

 

Table 4.24 The correlation between Motor Coordination and Attention 

 Motor Coordination Attention 

Motor Coordination 1  

Attention .553** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.24 showed that the Motor Coordination of children was 

significantly positive correlated to Attention (r= 0.55, p < 0.01). It was indicated that 

children with higher mean scores on Motor Coordination tended to have higher mean 

scores on Attention. 
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Table 4.25 The correlation between Motor Coordination and Speed 

 Motor Coordination Speed 

Motor Coordination 1  

Speed .285** 1 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

 

The table 4.25 showed that the Motor Coordination of children was 

significantly positive correlated to Speed (r= 0.29, p < 0.01). It was indicated that 

children with higher mean scores on Motor Coordination tended to have higher mean 

scores on Speed. 

 

Table 4.26 The summary of the significantly correlation between the Visual-

Motor Integration (VMI) the Task of Executive Control (TEC) in 

children 8-9 years. 

Visual-Motor 

Integration (VMI) 

Task of Executive Control (TEC) 

Accuracy Attention Speed 

Visual-Motor Integration .388** .248** .204* 

Visual Perception .260** .521** .418** 

Motor Coordination .503** .553** .285** 

Note: ** Correlation is significant as the 0.01 level (2-tailed). 

* Correlation is significant as the 0.05 level (2-tailed). 

 

In summary, this chapter reported the results from data analyses using 

bivariate correlation statistic to investigate the significant correlations between the 

VMI and the TEC. The results showed the significantly positive correlations among 

the VMI subscales of the TEC subscales. In next chapter, a summary of certain 

findings and discussions for specific findings are provided. 
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CHAPTER V 

DISCUSSION 

 

 

This chapter is discussion in debt of result finding compare with several 

previously research and further to provide gap, limitation, impact and advantage of 

this finding study and last but far more least is suggestion for further study. This study 

aimed to investigate the significant correlations between Visual-Motor Integration 

(VMI) and Task of Executive Control (TEC) in school-aged children. The sample of 

this study was selected by the multistage random sampling represented the population 

in Prathai District, Nakornratchasima. The total sample included 123 school-aged 

children from Bantaoykraton School in Prathai District, Nakornratchasima. A bi-variate 

correlation was utilized to examine the significant correlations between VMI (i.e., 

Visual-Motor Integration, Visual Perception, and Motor Coordination) as measured by 

VMI and Executive Control (i.e., Accuracy, attention, and Speed) as measured by the 

TEC. The findings showed the significant correlations among the VMI subscales and 

the TEC subscales. The results showed that all VMI subscales (i.e., Visual-Motor 

Integration, Visual Perception, and Motor Coordination) were positively correlated 

with 3 subscales of the TEC; including accuracy, attention, and speed. The findings 

showed that the higher scores of Visual-Motor Integration skills, the higher scores of 

working memory and Inhibitory control skills as measured by attention, speed, and 

accuracy of TEC.  

This chapter provides summaries and discussions of certain findings. It 

contains 3 sections. The first section provides rich discussions of the critical role of 

visual-motor integration, working memory, and inhibitory control. The second section 

provides rich discussions of the findings in research question regarding the significant 

correlations between VMI and TEC in school-aged children between 7 to 9 years old. 

The implications and pertinent research-based evidence for this study in which the 

findings can be applied are presented. Finally, the third section was a discussion on 

limitations and suggestions for further research. 
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5.1 The critical role of visual-motor integration, working memory, 

and inhibitory control 

The findings of the research suggested that VMI contained visual 

perception and motor coordination. The results showed that VMI scores increased by 

ages. VMI scores were acquired by subscale scores of visual perception and motor 

coordination. VMI scores in 8-year-old children were better than those of 7-year-old 

children and VMI scores of 9-year old children were better than children at 7-8 years 

old. The findings of this research were consistent with the previous research regarding 

the brain development of VMI. Teresa Farroni and Enrica Menon, (2008) found that 

the children aged 5 to7 years old had completed their development of basic functions 

at primary sensory areas of the cortex, and the functional development of brain in 

school-aged children aged between 8-9 years can be recognized for their complex 

sense of visual and motor integration. Children acquired subscales, visual perception 

and motor coordination for functioning of fingers coordination (24, 25). The findings 

suggested that older children had more efficiency of brain for controlling their visual 

perception, motor coordination, and VMI than younger children. The performance of 

complex brain helped children control behaviors of visual perception and integrated 

perceived vision for actions to motor coordination as well. In other research studies, 

children used the visual-motor integration in their daily activities. The research 

conducted by Graham S. (1998) found that handwriting was a skill that children 

acquired to meet the common demands of classroom work that involved the combined 

visual perception, motor coordination, and VMI. This finding may concluded that 

older children could control handwriting based on the manipulate vision through the 

visual perception and control hand writing through the motor coordination, which is a 

function of the visual-motor integration than younger children (4). 

For the working memory and inhibitory control, the findings of this 

research also suggested that the ability of working memory and inhibitory control was 

based on the child’s development in 3 subscales including attention, speed, and 

accuracy. Children acquired attention for managing information and memory to learn 

and control speed and accuracy for controlling their impulses and thinking before 

acting. These would be more complicated by ages (27). The results showed that 

children at 9 years old had better scores on attention, speed, and accuracy than those 
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aged between 7-8 years old. The findings of this research were consistent with the 

previous research in the development of working memory and inhibitory control (12). 

Hitch, G, J. (1990) found that the trend of children’s working memory and inhibitory 

control had significantly increased by ages. Therefore older children are usually paid 

more attention to details, inhibited speed time, and controlled accuracy to learning in 

classroom than younger children (27).  

 In summary, the findings in this current research indicated that scores of 

VMI were evaluated by visual perception, motor coordination, and VMI. Working 

memory and Inhibitory control were evaluated by attention, speed, and accuracy in 

children aged 7-9 years, which would be developed by age. Children required these 

skills in classroom. The previous research gave some supportive findings as described 

in the literature review. 

 

 

5.2 The significant correlations between Visual Motor Integration 

Skills and Working Memory and Inhibitory Control 

The analysis results that 3 subscales of VMI, including VMI, Visual 

Perception, and Motor Coordination were significantly and positively correlated with 

Executive Control, working memory and inhibitory control, including Accuracy, 

Attention, and Speed. The finding confirmed the hypothesis of the study that there 

were some statistically significant correlations among VMI subscales and TEC 

subscales. The findings were consistent with the previous research in children’s visual-

motor integration development and children’s executive control development. 

For children at 7 years old, the results of this research also showed that 

VMI subscales, including VMI, Visual Perception, and Motor Coordination were 

significantly and positively correlated with TEC subscales, including Accuracy, 

Attention, and Speed. The finding confirmed the hypothesis of the study that there 

were some statistically significant correlations among VMI subscales and TEC 

subscales. These findings were consistent with the impact of visual-motor integration 

on children’s working memory, which focused on visual-motor integration and 

attention, and speed. The finding of this study was consistent with a previous research 

conducted by Taylor Kulp M. in 1999 with 191 children, 5 to 6 years and 7 to 9 years 
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to examine the correlations among visual-motor integration (using the Beery VMI test) 

and academic achievements. The results showed that the visual-motor integration was 

significantly correlated with only reading achievement rating in 7-year old children. 

The visual-motor integration was significantly correlated with reading, writing, 

spelling, and math achievement rating in children aged 8 to 9 years old, but not in the 

children aged 5 to 6 years old. The results suggested that children at 5 years old would 

acquire half of Visual-Motor Integration, which would be greatly developed when they 

were at 7 years old. It would become automatic and organized. VMI would be further 

developed when the children studied at Grade 3 (aged between 8 to 9 years) (53). The 

finding was consistent with a previous research conducted by Graham S, Berninger V, 

Weintraub N & Schafer W., 1998, who found that the handwriting when children 

studying at Grade 1 to 9 were correlated with speed of handwriting (4). The 

researchers suggested that the children’s control of handwriting was correlated with a 

control speed of writing (49). 

The results (children at 7 years old) showed that the motor coordination 

was not correlated with accuracy. For the motor coordination, the result was consistent 

with the results of the past research on childhood as conducted by Eva Michel, 2012, 

who found that the motor coordination performance predicted the executive 

functioning, which included attention, speed, and accuracy. It was also expected that 

the Executive Function could predict the motor performance because it has been 

known that the Executive Functions were done by cognitive processes responsible for 

cognitive and motor coordination (54). In addition, there were other factors relating to 

incorrect handwriting such as size and height of letters, variable slant and poor 

alignment, irregular spacing between words and letters, and poor coordination of the 

fine motor. The research suggested that children who could control motor coordination 

might play an important role in children’s development of writing accuracy (2). The 

result of this study was contrary to the previous research that may be explained by the 

small sample group of this research. 

For children at 8 to 9 years old, the results of this research also showed 

that VMI subscales, including VMI, Visual Perception, and Motor Coordination were 

significantly and positively correlated with TEC subscales, including Accuracy, 

Attention, and Speed. This finding confirmed the hypothesis of the study that there 
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were some statistically significant correlations among VMI subscales and TEC 

subscales. The findings were consistent with the impact of visual-motor integration on 

children’s working memory, which focused on visual-motor integration and attention, 

speed, and accuracy. The finding of this study was consistent with a previous research 

conducted by Graham S. (1998) with 900 children in Grade 1 to 9 to examine the 

relationships among visual-motor integration and handwriting skills. The results 

showed that the children who could control visual perception, motor coordination, and 

visual-motor integration showed significant contributions to the children’s speed and 

accuracy. Children with high visual-motor integration were more likely to faster and 

more precise writing when they become adults. The researchers suggested that the 

handwriting was smooth when children could control their visual perception and 

motor coordination as well (4). Likewise, the children with attention efficiency were 

more likely to visual-motor integration for selecting and visual information over space 

and over time on handwriting (49). In this research, the children who had low visual 

perception and low motor coordination tended to have lower speed, accuracy, and 

attention skills when compared with the children who had more visual perception and 

motor coordination. It could be explained that the children with low visual-motor 

integration could not organize and remember the information in working memory for 

writing. They generally had a problem of manipulating information for action motor 

(9, 36). 

In addition, visual perception, motor coordination, and visual-motor 

integration supported children’s learning because visual memory is essential task for 

all classroom learning (20, 37). As a result, it could be possible to explain that the 

visual-motor integration subscales were significantly correlated with working memory 

because children learnt how to monitor and code the incoming information to 

manipulate the motor action. Therefore the strong visual-motor integration task a 

tended to correlated with higher working memory skills. 

Regarding the children’s VMI and working memory scores, the children 

who had lower VMI scores, but have been encouraged for the visual-motor 

integration,  their visual-motor integration abilities would be built effectively and their 

working memory abilities would be increasing. This was consistent with the research 

conducted by Hitch, G, J. (1990) who found that children with high visual-motor 
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integration scores would make great recognition scores (27). It could be possibly 

explained that when the children’s visual-motor integration was supported, they would 

have the strong working memory. 

Moreover, the results of this research also showed that the visual-motor 

integration was significantly correlated with the inhibitory control. The findings were 

also consistent with the previous research regarding influences of motor coordination 

on school-aged children’s inhibitory control. The previous research suggested that 

motor coordination was one of the strongest influences on children’s inhibit (34). 

Regarding the quality of motor coordination and inhibitory control, the 

finding of this research was consistent with the previous research on the impact of 

motor coordination and children’s inhibitory control in 238 school-aged children. The 

results showed that the composite scores of motor coordination were related to 

children’s performance on inhibitory control tasks (11). Since the motor coordination 

was the children’ perception to control their body function that they have sufficiently 

inhibit emotional and motor action. It could be possibly explained that when the 

children had enough motor coordination, they were more likely to have better 

emotional and practical action. 

In addition, the finding from this study also showed the correlation 

between the visual-motor integration and the executive function including working 

memory and inhibitory control. The results of this study was consistent with a 

previous research conducted by Böhm et al. (2010) to examine longitudinal 

relationships among the visual-motor and executive function in 175 preterm children 

and 125 full-term children in Stockholm Neonatal Project to. The results showed that 

children’s visual-motor skill made significant contributions to the cognitive levels. 

Multiple Regression Analysis showed that hyperactive behavior, inattention, lower of 

speed movement and inaccuracy of movement increased the risk for visual-motor 

deficits were found in preterm children whereas there was no additional risk among 

hyperactive term children (7). The researchers suggested that low attention, speed, and 

accuracy of executive function were correlated with low visual-motor deficits in 

preterm children because they were unable to control the integration of visual 

perception and motor coordination. These children tended to have low executive 

function skills if compared with full-term children. 
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There was also evidence that visual-motor integration was another visual 

perception skill and motor coordination skills that children need to acquire to meet the 

common demands of executive function performance (3, 33). As a result, it could be 

possible to explain that the VMI subscales were significantly correlated with 

Executive Control. Since the children have never learned to control their own visual 

perception, motor coordination, and visual-motor integration, they tended to have 

more inattention and lack of inhibitory control that related to low Executive Control 

skills. 

In summary, the results of this research showed that VMI subscales, 

including Visual-Motor Integration, Visual Perception, and Motor Coordination were 

significantly and positively correlated with the Executive Control, especially working 

memory and inhibitory control. The finding confirmed the hypothesis of the study that 

there were some statistically significant correlations among VMI subscales and TEC 

subscales. It could be possible to explain that the children with high visual-motor 

integration would have strong working memory and maintain their inhibitory control.  

 

 

5.3 Limitations and Suggestions for Further Research 

In this study, there were several limitations that affected the findings. 

There were some threats regarding the external and internal validity. For the threats to 

external validity, the sample size was relatively small if compared with general 

population in the central region of Thailand. Thus, it might not represent all children’s 

visual-motor integration and children’s executive control in Bantoeykraton School, 

Nakornratcharima. Therefore, further research should involve larger sample size in 

schools from different districts and provinces to reduce the threat to external validity. 

For the threat to internal validity, the instruments were the limitation of 

this study. Due to the long processes of the instruments, including 3 levels of TEC, 6 

game tasks, and using 10 minutes for each game, the children difficultly paid attention 

and maintained concentration to finish the tasks. Therefore, for the future research, a 

short version of TEC for children should be developed.  

For the suggestion, the results of this study indicated the need to further 

investigate how all subscales of visual-motor integration are correlated with all 
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subscales of executive function. However, anyone who would like to develop some 

task programs for testing visual-motor integration, the focus should be on the 

correlation of subscales of executive function such as shifting, planning and 

organization, and emotional control between visual-motor integration and executive 

function. 
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CHAPTER VI 

CONCLUSION 

 

 

According to the findings from the data analyses, using a bi-variant 

correlation to investigate the significant correlations between the VMI and the TEC, 

the results of the current research provided the evidence that supported the hypothesis 

of the research study that there were some any statistically significant correlations 

between the subscales of visual-motor integration and the subscales of executive 

control.The results showed that there were significantly positive correlations among 

the two sets of subscale data. The results indicated that children’s with high level of 

the visual-motor integration skills had significantly positive correlations with the 

children’s with high level of the working memory and inhibitory control skills. These 

findings can explained that the children’s with high level of the visual-motor 

integration skills correlation with the children’s with high level of the attention, speed, 

and accuracy. 
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APPENDIX B 

INFORM CONSENT FOR PARENT 

 

 

 



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Human Development) / 71 

 

APPENDIX C 

INFORM CONSENT FOR CHILDREN 7 TO 9 YEARS 
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APPENDIX E 

PARENT AND CHILD’S INFORMATION QUESTION 
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APPENDIX F 

THE BEERY-BUKTENICA DEVELOPMENT TEST OF  

VISUAL-MOTOR INTEGRATION (VMI) 6
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APPENDIX G 

THE TASK OF EXECUTIVE CONTROL (TEC) 
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1-Back / Inhibit 

   

��"#,"��	  %	ก 1-Back / No Inhibit  �)� ก	
�(�!�ก	
 Inhibit �	����
ก	
��&�# �	�
� %���ก���� 2 ก����� *��

���� �)� ก����&���� ���ก����&�
�'	���
 �� ��4ก��!��&�#����ก��� +#�� �
��6���!ก'	�
���
ก����&���� �)� 
Shift �	�M�	  �����6���!ก'	�
���
ก����&�
�'	���
�)� Shift �	���	 ��
�ก
�ก'	�
�
*���!�
	กt#
�
�	%���ก

*� ���ก��� +#����
ก����&�
�'	���
 ����	ก
*�����!�
	กt#
�
�	%�M�'	ก"#
*�ก��
�
�	 ����ก��� +#����
ก����
&���� ���%��(�!�
*�ก����&�!����! � MC!��	ก
*�ก����&�!����! ��
	กt#
�
�	%� ��	 ,C���4ก������	�ก���6���; 

�"#����� 3    :   2-Back / No Inhibit  

   

  


��"#��! 3  �	�
� %���ก���� 2 ก����� *��
���� �)� ก����&���� ���ก����&�
�'	���
 �� ��4ก��!��&�#����ก��� +#�� 
�
��6���!ก'	�
���
ก����&���� �)� Shift �	�M�	  �����6���!ก'	�
���
ก����&�
�'	���
�)� Shift �	���	 
��
�ก
�ก'	�
�
*���!�
	กt#
�
�	%���ก
*� ���ก��� +#����
ก����&�
�'	���
 ����	ก
*�����!�
	กt#
�
�	%�
M�'	ก"#
*���!��	���ก��

*�ก��
�
�	 ����ก��� +#����
ก����&����  
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2-Back / Inhibit 

  

 


��"#��!,"��	 %	ก 2-Back / No Inhibit  �)� ก	
�(�!�ก	
 Inhibit �	����
ก	
��&�#  �	�
� %���ก���� 2 ก����� *�
�
���� �)� ก����&���� ���ก����&�
�'	���
 �� ��4ก��!��&�#����ก��� +#�� �
��6���!ก'	�
���
ก����&���� �)� 
Shift �	�M�	  �����6���!ก'	�
���
ก����&�
�'	���
�)� Shift �	���	 ��
�ก
�ก'	�
�
*���!�
	กt#
�
�	%���ก

*� ���ก��� +#����
ก����&�
�'	���
 ����	ก
*�����!�
	กt#
�
�	%�M�'	ก"#
*���!��	���ก��

*�ก��
�
�	 ����ก�
�� +#����
ก����&���� ���%��(�!�
*�ก����&�!����! � MC!��	ก
*�ก����&�!����! ��
	กt#
�
�	%� ��	 ,C���4ก
������	�ก���6���; 
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