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ABSTRACT 

 

 

THE ASSOCIATION BETWEEN MOTOR PROFICIENCY, COGNITIVE TEMPO, 
ACADEMIC SKILLS, BALANCE, AND VISUAL EFFICIENCY IN ELEMENTARY 

SCHOOL AGED CHILDREN 

 

Franklin R. Muntis 
 

April 26, 2017 

 

The purpose of this study was to investigate the association between motor 

proficiency, cognitive tempo, academic skills, balance and visual efficiency in 

elementary aged children at a local Spanish immersion school. Forty-nine students and 

their parents provided consent to participate in the study. Motor proficiency was 

measured using the Bruininks-Oseretsky Test of Motor Proficiency Second Edition 

(BOT-2), cognitive tempo and academic skills were assessed using the Child and 

Adolescent Behavior Inventory, Visual Efficiency was measured using Visual Efficiency 

Rating (VERA) and Balance was measured using a Neurocom® platform function for 

stability evaluation test to determine limits of stability. Significant correlations were 

found between academic skills and cognitive tempo, motor proficiency and academic 

skills and visual efficiency and balance. The findings of the study suggest children with 

greater motor skills tend to have greater academic skills, possibly due to greater 
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development in regions of the brain that are highly active during both motor and 

cognitive skills, providing support for the inclusion of physical activity in programs 

aimed to improve cognitive development in children.
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CHAPTER 1 

INTRODUCTION 

 

The contribution of physical activity to child development, both physically and 

cognitively, has been an area of great interest in research. In one study, Raspberry et al 

found 251 associations between physical activity and academic performance (Rasberry et 

al., 2011). In one of the studies reviewed, a bilateral coordinative exercise intervention 

improved cognitive performance, concentration and attention in adolescents (Budde, 

Voelcker-Rehage, Pietraßyk-Kendziorra, Ribeiro, & Tidow, 2008). The researchers 

hypothesized coordinative exercise may pre-activate of parts of the brain responsible for 

mediating cognitive functions. In another intervention study spanning over 3 years, the 

inclusion of physical activity and motor training every day led to greater academic 

performance over the 3 years study than those who only participated in the normal two 

day per week physical education program included in the school curriculum (Ericsson, 

2008). Furthermore, a strong association was found between physical activity and 

increased academic performance per unit of time (Trudeau & Shephard, 2008). The 

learning of new tasks, both motor and non-motor involve complex activation of several 

different regions of the brain including the basal ganglia (Middleton & Strick, 1994; 

Romo & Schultz, 1992), cerebellum (Leiner, Leiner, & Dow, 1986, 1991; Middleton & 

Strick, 1994) and dorsolateral prefrontal cortex (Raichle et al., 1994; Romo & Schultz, 

1992; Schlosser et al., 1998). The dorsolateral prefrontal cortex is believed vital to some 
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of the most complex cognitive tasks (Siddiqui, Chatterjee, Kumar, Siddiqui, & 

Goyal, 2008). The cerebellum is most noted for its role in the coordination of, and the 

learning of, novel motor skills (Thach, 1998). The basal ganglia refines, sequences and 

automates movement (Marsden & Obeso, 1994; Schwab, Chafetz, & Walker, 1954), 

inhibit competing movements (Hauber, 1998; Mink, 1996) and contributes to motor 

learning (Kimura, 1995). Recent research suggests all three regions may be more 

interrelated in motor and cognitive tasks than previously recognized (Diamond, 2000; 

Doya, 2000; Pelzer, Melzer, Timmermann, von Cramon, & Tittgemeyer, 2017).  

Individuals with cognitive impairments may also experience delayed or impaired 

motor development (Barkley, DuPaul, & McMurray, 1990; Denckla & Rudel, 1978; 

Denckla, Rudel, Chapman, & Krieger, 1985; Hellgren, Gillberg, Gillberg, & Enerskog, 

1993; Kadesjo & Gillberg, 1998). Berquin et al. (Berquin et al., 1998) studied 200 

children with and without ADHD and found children with ADHD had smaller 

cerebellums and problems with motor tasks such as balance, rapid alternating movements 

and consistently coordinate movements of the proper distance to correct timing. 

Furthermore, it was found children with dyslexia have difficulties with fine motor tasks 

such as continuous tapping (Geuze & Kalverboer, 1994). Wolff et al. (Peter H. Wolff, 

Michel, Ovrut, & Drake, 1990) observed children with dyslexia have difficulty with 

bimanual tapping tasks that require moving fingers in an asynchronous pattern and that 

the deficit is rate dependent. Similar deficits, however, were not seen when the fingers 

moved in unison. Timing control has inputs from numerous neural processes distributed 

through the primary and supplementary motor area, the cerebellum, extrapyramidal 

system and midbrain structures that include the basal ganglia. Likewise, Manjiviona et al. 
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(Manjiviona & Prior, 1995) found children with autism have clinically significant levels 

of motor impairment. These findings suggest a connection between the regions of the 

brain affected by cognitive disorders and the motor impairments that accompany them. 

In addition to motor impairments, individuals with cerebellar damage failed 

verbal fluency tasks (Appollonio, Grafman, Schwartz, & Massaquoi, 1993; Schmahmann 

& Sherman, 1998), verb generation (Fiez, 1996), planning (Leiner et al., 1986) and 

various learning and memory related tasks (Fiez, 1996; Schmahmann & Sherman, 1998; 

Tamagni et al., 2010). Not all cognitive measures were affected however, as individuals 

with cerebellar damage didn’t exhibit similar deficits in tasks such as the Wisconsin card 

sorting test, a test of set-shifting in which participants were asked to match cards, but not 

how to match them, only if their match is right or wrong. Those associations indicate a 

link between the dorsolateral prefrontal cortex and the cerebellum in cognitive tasks.  

Neuroimaging studies further indicate such a link between these brain 

structure(Bareš et al., 2014; Braver et al., 1997; Desmond, Gabrieli, Wagner, Ginier, & 

Glover, 1997; Durisko & Fiez, 2010). Those studies found when a cognitive task 

increases activation in the dorsolateral prefrontal cortex  it also increases activation in the 

contralateral cerebellum (Raichle et al., 1994). This coactivation was demonstrated in 

tasks of verb generation (Raichle et al., 1994), verbal fluency (Schlosser et al., 1998), the 

Wisconsin card sorting test (Berman et al., 1995) and other non-motor working memory 

tasks (Desmond et al., 1997). Furthermore, when the memory load of a task is increased, 

activation of both brain regions shows a concomitant increase (Braver et al., 1997; 

Desmond et al., 1997; Rypma, Prabhakaran, Desmond, Glover, & Gabrieli, 1999). In 

addition, the most coactivation occurred when tasks were difficult or new, the conditions 
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were changed, a quick response was required or when tasks required close attention 

(Braver et al., 1997; Desmond et al., 1997; Rypma et al., 1999). It was hypothesized by 

Fiez, Petersen, Cheney, and Rachiele that the cerebellum plays a role in detecting errors 

and learning from them (Fiez, Petersen, Cheney, & Raichle, 1992). The basal ganglia 

were also linked to the cerebellum during cognitive tasks (Albin, Young, & Penney, 

1989; Alexander, DeLong, & Strick, 1986; Caligiore et al., 2017; Pelzer et al., 2017). The 

basal ganglia, associated with the refinement of movement and the inhibition of 

unwanted movements during motor tasks, is thought to be connected to the cerebellum 

via the thalamus and shows coactivity during both motor and non-motor tasks (Pelzer et 

al., 2017).  

The basal ganglia and cerebellum play a role in fine motor control and 

performance. Kulp and Sorter found fine motor performance relies on both visual 

perception and motor coordination (Kulp & Sortor, 2003). Researchers identified the 

basal ganglia as having a role in memory-guided movement and more automated types of 

motor performance (Doya, 2000) and the cerebellum is associated with visual-guided 

movement and the integration of visual information and motor movements (Willingham, 

1999). Cameron et al., suggest the ability to match motor movement with an external 

visual stimulus is more predictive of children’s achievement than other motor skills 

(Cameron, Cottone, Murrah, & Grissmer, 2016). In addition, a study by Bouchard and 

Tetreault reported children with low vision have weaker gross motor skills, specifically 

balance (Bouchard & Tetreault, 2000).  

 Finally, fine motor performance was strongly associated with improved academic 

skills (Luo, Jose, Huntsinger, & Pigott, 2007; Son & Meisels, 2006). Children with strong 
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fine motor skills had better mathematics performance at kindergarten entry and make 

greater mathematics gains over the year.  Furthermore, by kindergarten, fine motor tasks 

are better predictors of reading achievement than gross motor tasks (P. H. Wolff, 

Gunnoe, & Cohen, 1985). Piaget et al. (Piaget, 1953) shared one theory on how 

movement contributes to cognitive development. The researchers postulated that, by 

placing increasingly more complex demands on the brain by increasing difficulty of the 

motor task, children develop the ability to combine multiple motor steps into a more 

organized framework. This same ability, they believe, allows for children to handle 

higher-order cognitive abilities.  

 

A. Summary and Rationale 

 There is evidence the cerebellum, basal ganglia and dorsolateral prefrontal cortex 

are all interconnected in the development and practice of motor and non-motor skills. 

Furthermore, each of these brain regions plays a role in vision, cognition and academic 

achievement. It is possible characteristics such as motor proficiency, visual efficiency, 

cognitive tempo, academic skills and balance may be similarly interconnected.  

B. Hypotheses and Specific Aims 

1) Overall Aim: 

To investigate the relationship between academic skills, cognitive tempo, motor 

proficiency, visual efficiency, and balance in elementary aged students. 

a) Specific Aim 1: To determine if a correlation exists between motor 

proficiency (BOT-2), academic skills (CADBI Subset 9) and cognitive tempo 

(CADBI Subset 1.) 
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i) Hypothesis 1.1: Motor proficiency shows a positive correlation with 

cognitive tempo. 

ii) Hypothesis 1.2: Motor proficiency shows a positive correlation with 

academic skills. 

b) Specific Aim 2: To determine if a correlation exists between motor proficiency 

and visual efficiency.  

i) Hypothesis 2: Motor proficiency scores show a positive correlation with 

visual efficiency scores.  

c) Specific Aim 3: To determine if a correlation exists between balance and 

visual efficiency.  

i) Hypothesis 3: Balance (as limit of stability scores) show a positive 

correlation with visual efficiency scores.  
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CHAPTER II 

RESEARCH DESIGN AND METHODS 

A. Ethical Approval for Human Studies 

This study was formally approved by the University of Louisville Institutional 

Review Board (University of Louisville IRB: 16.0134) and Jefferson County 

Public Schools Institutional Review Board in compliance with all the institutional 

and federal regulations concerning the ethical use of human volunteers for 

research studies. 

B. Experimental Procedures 

a. Facilities/Resources 

All testing was done at Hawthorne Elementary School, a Health Promotion 

School of Excellence and dual language school in Louisville, Kentucky that 

offers students the opportunity to be immersed in both the Spanish and 

English language.  

Participants 

Forty-nine children from Hawthorne Elementary School, a Spanish Immersion 

Public Elementary School in Louisville, Kentucky, participated in this study. 

Prior to consenting, parents and children were invited to several informational 

sessions held at Hawthorne elementary. In addition, they received written 

information via email and hard copies when they indicated interest in the research 

project. Parents provided consent and children were asked to sign an assent to 
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participate in a unique eight week exercise intervention known as Minds in 

Motion (Meyer & Martin, 2005). All participants participated in pre-training 

testing for balance, visual efficiency, motor proficiency, cognitive tempo and 

academic skills, which were use to run correlations for this study. Of the 49 

students who consented to participate, approximately 48% of participants are 

minority students (i.e. approximately 27% were African- American, 20% were 

students are Hispanic or Latino and 1% were Asian).  
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C. Equipment and Instrumentation 

a) Motor Proficiency 

The Bruinicks-Oseretsky Test of Motor Proficiency Second Edition (BOT-2) 

provided a measure of fine and gross motor control in subjects prior to the 

Minds in Motion Study. The BOT-2 test is a validated measure of motor 

proficiency utilizing a series of tasks designed to measure fine motor control 

and integration, coordination, balance, strength, running speed and agility of 

individuals between the ages of 4-21 years of age (Deitz, Kartin, & Kopp, 

2007) . The assessment requires participants to (a) jump and hop in place; (b) 

tap their feet and fingers simultaneously, (c) walk forward in a line marked 

with tape on the floor; (d) maintain their balance in an approximately 5-inch 

tall balance bean; (e) dribble, drop and catch a tennis ball; and, (f) run a short 

distance and do push-ups and sit-ups for 30 seconds. The test is individually 

administered and requires approximately 30 minutes to complete.  

b) Cognitive Tempo and Academic Skills 

The Child and Adolescent Disruptive Behavior Index was given to parents 

and teachers of the elementary aged students to provide a series of measures 

of disruptive school and home behavior (G. L.  Burns, Taylor, & Rusby, 

2001a; G. L. Burns, Taylor, & Rusby, 2001b). Parents and teachers completed 

the CADBI before beginning the program. The CADBI assessment was 

validated in both English and Spanish and both options were provided to 

parents and students. CADBI Subset 1 provided a measure of cognitive 

tempo, which offered information about how parents and teachers would rate 
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students amongst their age group on measures such as being easily confused, 

daydreaming, being easily tired or fatigued or losing train of thought among 

others. CADBI Subset 9 measured students academic skills. This portion of 

the assessment asks parents and teachers to rate students against their age 

group on their reading, writing and arithmetic abilities and their ability to 

complete and submit their homework on their own and in a timely manner.  

c) Visual Efficiency 

Visual acuity will be measured with the Visual Efficiency Rating (VERA) 

test, a software program designed for schools to detect routine vision and 

visual skill problems (Gallaway & Mitchell, 2010). The VERA consists of a 

saccadic test, two accommodative facility tests, and a variance facility test and 

was administered with a laptop computer. The instructional sets were 

standardized and appeared on the screen before each test. The assessment 

yields norm-referenced scores for each task based on a comparison of 

performance to an age-normed database of 1,500 children. Scores are reported 

as percentiles and cumulative percentiles with categories of pass, fail and 

borderline. Specifically, the saccadic test required students to examine 15 

empty boxes arranged on the screen, with numbers presented sequentially in 

each box in a pattern that mimics reading. The student was instructed to report 

the last number exposed. The tester then entered the number reported by the 

student. After a practice screen (or screens), the test consisted of nine trials. 

The accommodative facility test is a two-part biocular task. The student holds 

a lens holder with 1 side having a red filter and a 11.50 lens and the other side 



 

11 

having a green filter with a -2.00 lens. Each screen contains a box with three 

20/50 size numbers that are only seen by 1 eye at a time. The child is 

instructed to make the numbers clear as quickly as possible and read the 

numbers out loud. The tester enters “0” or “1” for incorrect or correct, and the 

next screen presents three new numbers seen by the opposite eye. The child 

must alternately stimulate and relax accommodation to clear the numbers. The 

test lasts 60 seconds. For the second part of the test, the lens is reversed so that 

the child is stimulating or relaxing accommodation with the opposite eye. The 

vergence facility test consists of a random dot stereogram with a total 

vergence demand of eight base out or four base in. When the stereogram is 

fused, the child is able to perceive a number from one to four. The child 

reports the number that is seen and the tester enters this number. The test 

alternately presents base in and base out stereograms and lasts 90 seconds. 

 

d) Balance 

A Neurocom® platform was utilized to measures student’s balance and limit 

of stability using the function for stability evaluation test (SET) designed to 

assess functional balance control based on postural saw velocity during six 

testing conditions over a 2-5 minute period. Students were instructed to stand 

on the Neurocom platform and lean forward, back, left and right a couple of 

times. Student’s balance is recorded and results presented in graphical form, 

with traces of the center of gravity. 
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CHAPTER III 

RESULTS 

Motor Proficiency, Cognitive Tempo and Academic Skills 

 A moderate correlation of -.471** was found between cognitive tempo and 

academic skills as assessed by teachers and -.488** as assessed by parents. Furthermore, 

a strong correlation of .710** was found between academic skills as measured by 

teachers and academic skills as measured by parents. A moderate correlation of .412** 

was found between motor proficiency as measured by BOT-2 and teacher assessed 

academic skills. No significant correlation was found between motor proficiency score 

and parent assessed academic skills nor motor proficiency scores and cognitive tempo as 

measured by either teachers or parents.  
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Motor Proficiency and Visual Efficiency 

No significant correlation was found between motor proficiency, visual efficiency, 

reading eye pattern movement, focus flexibility part one, focus flexibility part two or 

binocular integration. 

Visual Efficiency and Balance 

A weak but statistically significant correlation of  -.150* was found between visual 

efficiency and balance. A moderate correlation of .482* was found between visual 

efficiency and focus flexibility part two. A weak but statistically significant correlation of 

.085** between balance and binocular integration. No further significant correlations 

were found between visual efficiency. reading eye pattern movement, focus flexibility 

part one, focus flexibility part two, binocular integration and balance.  

Further Correlations: 

A moderate correlation of .382* was found between balance and academic skills as 

assessed by teachers. Weak correlations were found between focus flexibility part two 

and academic skills as assessed by teachers (-.087*), binocular integration and academic 

skills as assessed by teachers (-.05*), binocular integration and sluggish cognitive tempo 

as assessed by teachers (.074**). No further correlations were discovered between any of 

the measures collected.
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CHAPTER IV 

CONCLUSION 

Academic performance is a multidimensional measure influenced by many 

variables. In this study, it was hypothesized motor proficiency would correlate with both 

cognitive tempo and academic skills. While no correlation was identified between 

cognitive tempo and motor proficiency, the hypothesis that motor proficiency would 

correlate with academic skills was confirmed by the findings of this study. It was also 

hypothesized a correlation exists between visual efficiency and motor proficiency, 

however, no correlation was determined by this study, suggesting vision may not be a 

limiting factor to fine and gross motor performance, or that the sample size was too small 

to detect further associations. Finally, it was also hypothesized a positive correlation 

exists between visual efficiency and balance, however, the findings of this study indicate 

an inverse correlation between these variables. Though the correlation was not strong, it 

is possible that it indicates those with poorer visual efficiency may rely more heavily 

upon proprioception, or knowledge of their body in space, and therefore have greater 

balance. In addition to the hypothesized measures, a strong correlation was established 

between academic skills as measured by both parents and teachers indicating an 

agreement between teachers and parents as to the academic skills of the children being 

assessed. Furthermore, a moderate inverse correlation was found between academic skills 

and cognitive tempo as measured by both parents and teachers indicating children who 

have slower cognitive tempo, which is an indicator of being more easily fatigued, 
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confused or forgetful, show decreased academic skills. In addition to the moderate 

correlation found between motor proficiency and academic skills, a moderate correlation 

was found between balance with academic skills that suggest a cognitive benefit to 

greater motor skills. It is possible these correlations may be due to interrelationships 

between the dorsolateral prefrontal cortex, the cerebellum and the basal ganglia in motor 

and cognitive tasks. Those who participate in greater amounts of physical activity may 

gain greater development in the dorsolateral prefrontal cortex, cerebellum and basal 

ganglia and therefore show greater aptitude in cognitive tasks associated with these areas, 

such as academic skills. In addition, a moderate correlation was found between visual 

efficiency and focus flexibility part two confirming the ability of children to exert and 

relax their visual focus will contribute to greater visual efficiency. Significance was not 

found in correlations between visual efficiency, reading eye pattern movement, focus 

flexibility part I and binocular integration as would be expected, however, this is likely 

due to a small sample size. Weak, but significant, correlations were also determined for 

binocular integration with cognitive tempo as assessed by teachers, balance and academic 

skills as assessed by teachers as well as between focus flexibility part two and academic 

skills.  It is likely the small sample size of this study may have contributed to the lack of 

strength in the correlations between some of the variables assessed. The findings of this 

study provide seem to agree with previous findings of the benefits of the inclusion of 

physical activity into schools and programs aimed at improving the cognitive 

development of elementary aged children. Future studies should strive to investigate 

similar variables in different age groups and aim to incorporate larger sample sizes to 

better determine strength of correlations
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