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ABSTRACT 

 

The purpose of this study was to investigate posture control and gross motor 

performance of children with Attention Deficit Hyperactivity Disorder (ADHD) (N=13).  

Two groups of male participants were studied: younger (6-10 years of age) and older (11-

14 years) ages. The specific objectives were: a) to compare performance of children with 

ADHD without (OFF) and with (ON) medication, b) to compare ADHD participants to 

age-matched typically developing (TD) peers (N=12), and c) to examine the relationship 

between balance and motor skills in both groups. The variables derived from the Sensory 

Organization Test (Neurocom balance Master) were the following balance indices: 

equilibrium scores (EQ), sensory ratios (SOM, VIS, VEST), and peak anterior-posterior 

center of pressure (COP) velocities. The variables used from the Test of Gross Motor 

Development were locomotor (LOC) and object manipulation (OBJ) scores. The results 

indicated that regardless of age there was a significant difference between the ADHD 

OFF and ON conditions for the ADHD group, with higher EQ scores (better balance) 

obtained in the ON condition. No significant differences were found between the ADHD 

(OFF/ON) and the TD groups, however age main effects were observed for each of the 

dependent variables when the ADHD OFF condition was compared to the TD group. 

Regardless of group membership older participants had better balance indices compared 

to the younger participants, reflecting a developmental effect. This also indicates similar 

developmental profiles for both the ADHD and the TD groups. A moderate correlation 

was evident between balance and LOC motor skills in the TD group, but not in 

participants with ADHD (OFF condition). Overall, the results indicate: a) use of 
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medication improved the composite balance index (EQ), b) children with ADHD had 

comparable posture control and gross motor skills to their TD peers, and both groups 

followed the same developmental trajectory, and finally, c) that there is a moderate 

relationship between balance and LOC skills with the TD group, which was not evident 

in the ADHD group. 
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CHAPTER I 

INTRODUCTION 

 

It is estimated that between three to six percent of school-age children have 

Attention Deficit Hyperactivity Disorder (ADHD), with boys outnumbering girls three to 

one (Mostofsky, Reiss, Lockhart, & Denckla, 1997; Zang, Gu, Qian, Wang, 2002). 

Children with ADHD are not typically diagnosed in a timely manner (Kutcher, Aman, 

Brooks, Buirtelaar, van Daalem, & Fegert, 2004), and when they are, the use of 

pyschostimulants is the primary mode of treatment. These children tend to receive 

punitive treatment and are treated with disdain by society for inappropriate behavior 

(Zigler & Stevenson, 1993).  For over 50% of this population, the disorder does not 

disappear with age or maturity. With adult ADHD there is a higher than average job turn-

over rate, higher incidence of traffic accidents, marital difficulties and antisocial 

tendencies (Zigler & Stevenson, 1993).  

To facilitate earlier identification and treatment, international experts in child 

psychiatry have advocated a shift in the characterization of children with ADHD from 

being “bad and as having behavior problems” to being “handicapped” (Kutcher et al., 

2004, p.13). In a statement (via international consensus) on ADHD, the experts advocated 

the use of a multimodal approach for optimal treatment. The recommended multimodal 

approach comprised of psycho stimulant use combined with behavioral therapy. The 

focus was on alleviating classical cognitive and emotional symptoms associated with the 

condition -- hyperactivity, impulsivity and aggression, with the use of pyschostimulants, 

and the use of psychosocial intervention to promote acceptable behavior (Kutcher et al., 
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2004). The effects of pyschostimulants on physiological function have been investigated 

(i.e. heart rate, blood pressure etc., Harvey & Reid, 2005) but motor control mechanisms 

have not been examined within the ADHD population.  Drugs such as Ritalin are 

prescribed and typically over-used to calm children with disorderly behavior (Zigler & 

Stevenson, 1993). Pharmaceutical companies who promote the drug intervention, along 

with psychiatrists and physicians have made pharmacotherapy the first line of defense 

(Kutcher et al., 2004). Though psychosocial intervention was recommended to promote 

acceptable behavior effectively, drugs appear to be the intervention of choice. 

The use of pharmacological treatments requires serious consideration as the drugs 

need to be carefully titrated and medically monitored for side effects (Kutcher et al., 

2004). The side effects are numerous and include  interference with physical growth, 

diminished appetite, cardio vascular effects (Harvey & Reid, 2005), weight loss, 

possibility of drug dependency (Zigler & Stevenson, 1993), insomnia, stomach ache, 

head ache and mild and /or transient motor tics (Kutcher et al., 2004).  Strattera, a 

nonstimulant drugs used to combat ADHD has been linked to suicidal tendencies and 

actions, and hepatotoxicity among young children (Wooltorton, 2005). The efficacy of 

pharmacological treatments last the course of the dose, with a short half life and a quick 

wash out (Kutcher, 2004; NIH, 1994; Zigler & Stevenson, 1993). The symptoms of lack 

of attention, hyperactivity and aggression resurface after the drug is discontinued 

(Kutcher et al., 2004), and long term use of the drug could perpetuate drug dependency. 

In addition, pyschostimulants are only effective with approximately 75% of the ADHD 

population (Zigler & Stevenson, 1993). A diagnosis of ADHD consists of a large cluster 

of symptoms which includes problems with cognitive processing, motor control, and 
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attention regulation (Cohen, 1977). However, the primary emphasis is on calming a child 

and getting him/her to abide by society’s norms. The dysfunctional motor control and the 

cognitive processing problems exhibited by these children are identifiable but 

fundamentally ignored. 

There is a dearth of research on motor aspects of the ADHD population 

specifically on posture control skills (Harvey & Reid, 2003, 2005; Pitcher, Piek & Hay, 

2003). Understanding the motor dysfunction with the ADHD population is difficult partly 

due to the comorbidities or co-existing developmental disorders that abound.  

Comorbidity, which is more often the rule rather than the exception, with conduct 

disorder, learning disability (LD), developmental coordination disorder (DCD) and 

reading disorder, renders a more complex condition than previously believed (Dewey, 

Wilson, Crawford & Kaplan, 2000; Jongmans, Smits-Engelsman, Bouwien, Schoemaker, 

2003; Zang, et al., 2002).  However, there is a general acceptance that the ADHD 

population is at risk for motor dysfunction when compared to the typically developing 

(TD) population (Harvey & Reid, 2003; Harvey & Reid, 2005; Mulligan, 1996; Piek, 

Pitcher & Hay; 1999; Pitcher, Piek & Hay; 2003; Zigler & Stevenson, 1993). Medication 

temporarily addresses the problem, but the lack of self esteem and frustration that 

accompanies poor motor performance, has far reaching implications (Zigler & Stevenson, 

1993). 

Balance deficits, motor planning, motor coordination and perceptual-motor 

problems associated with other developmental disorders could also be present with 

ADHD (Kaplan, Wilson, Dewey, & Crawford, 1998). There have been attempts to 

assume a single underlying disorder such as atypical brain development because of the 
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high level of comorbidity between learning, attention, (developmental) coordination and 

behavioral disorders (Kaplan, Wilson, Dewey, & Crawford, 1998). Ayers (1972) linked 

these features to poor sensory integration, primarily due to a neural dysfunction. With the 

deficit, the individual lacks the capacity to interpret inputs from the environment and 

therefore cannot respond appropriately and effectively to changing conditions (Ayers, 

1972). Based on these assumptions, Ayers’ “Sensory Integration Principles” are 

frequently recommended (Reed, 1991), and used in clinics and schools to help those with 

ADHD develop sensory-motor skills. The programs’ effectiveness however has not been 

established (Vargas & Camilli, 1999).   

The contribution of sensory organs to posture has been the object of much inquiry 

and for good reason. A malfunction in any of the three primary sensory subsystems 

(visual, vestibular or somato-sensory) can compromise sensory integration and as a result 

limit adaptability of posture. A lack of optimal postural control limits the development of 

sensory strategies, anticipatory mechanisms, internal representations, neuromuscular 

synergies and adaptive mechanisms (Shumway-Cook &Woollacott, 2001). Inadequate 

input and the inability to integrate and prioritize information from different sources result 

in instability, poor motor planning, poor coordination and perceptual motor problems 

secondary to a lack of sensory integration (Ayers, 1972).  Although posture dysfunction 

among children with ADHD may not be easily identified, research indicates that balance 

is compromised with this population (Ayers, 1972; Zang et al., 2002). 

Posture and balance are accomplished through several mechanisms acting 

together to maintain orientation and stability (Massion, 1984; Shumway-Cook 

&Woollacott, 2001). Both the sensory and motor systems, along with the biomechanical 
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properties of the organism provide the foundation for posture control (Palmeri, Ingrsoll, 

Stone & Krause, 2002).  Although posture and balance are fundamental components of 

motor function and are often implicated when describing the ADHD population (Harvey 

& Reid, 2003; Piek, Pitcher & Hay, 1999; Pitcher, Piek & Hay, 2003; Tervo, Azuma, 

Fogas, & Fiechtner, 2002; Zang et al., 2002; Zentall & Javorsky, 1995), they are not 

included in the Diagnostic and Statistical Manual, edition IV (DSM VI) as criteria for 

diagnosing ADHD. The Diagnostic and Statistical manual is a publication of the 

American Psychiatric Association which provides clear descriptions of categories in 

order to enable proper clinician and investigator to diagnose the disorder.   

It is unclear how typical prescriptions for individuals diagnosed with ADHD 

affect balance performance.  Aside from reducing cognitive and behavioral dysfunctions, 

are these pharmacological agents effective also in improving functional balance skills?  

In addition it is not clear how balance deficits affect functional motor abilities and motor 

skills in these children. 

Proponents of the “Dynamical Systems” perspective point to self-organizing 

properties of motor behavior which are evident in other biological and natural systems 

(Kamm, Thelen & Jensen, 1990; Scholz, 1990). Various subcomponents within the 

individual, the task at hand, and the environment all interact to determine the movement 

that emerges, with no a priori determination of which system is the primary control 

parameter.  Unlike hierarchical theories of motor control that adhere to a prescriptive 

system of generating behavior (i.e. Maturation and/or information processing theory 

purports that the brain or central nervous system dictates outcome responses or behavior) 

a Dynamical Systems framework suggests that the brain is one of many components but 
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not the sole determinant of performance. Gravity, musculoskeletal properties, motion 

dependent torques and all other changing (dynamical) contexts which can include the 

environment (e.g. ambient temperature, surface, initial position), task at hand, and 

arbitrary rules, play significant roles in shaping the resulting action.   It is impossible to 

command all motor units, from infinite initial positions through all possible planes of 

motion (thus the “degrees of freedom problem”) and produce such elegant and quick 

motor responses as routinely displayed by even the youngest of performers (children).   

Thus, from a Dynamical Systems perspective, given the “infinite degrees of freedom” 

involved (Bernstein, 1967), a parsimonious solution will involve the temporary 

organization of “coordinative structures” or units (Clark & Whittall, 1989).   

In postural terms, early forms of coordinative units that allow infants to interact 

with the environment necessitate reflexes.  Through development, more complex forms 

of control emerge such as anticipatory postural responses (eg. feed-forward mechanisms, 

Horak & Nashner 1986) and postural synergies (eg. probably mid-brain or brain-stem 

reflexes, Sveistrup & Woolacott, 1995) that usher more adaptive balance behaviors.  

Subsequently voluntary motor control is available or possible as temporarily organized 

units or components within the organism perform at optimal levels.  This includes all 

sensory/perception and motor structures that allow highly adaptive responses based on 

various situations at hand.   

In a Dynamical Systems framework, the emergence, molding or transition of 

behaviors may be dependent on critical parameters that can be manipulated within the 

system (instantaneous time) or awaited by the system (developmental time).  Different 

levels of sensory-motor, cognitive development, transient environmental and/or task 
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components may be involved.  Conversely dysfunction may arise because a 

subcomponent of the system is not functioning to its capacity, thus acting as a weak link.  

Children with ADHD interact with their environment but not in a consistent fashion as 

the typical population, perhaps due to a less than adequate sensory apparatus as suggested 

by Ayers (1972) and Zang et al. (2002).  Which particular subsystem may be 

malfunctioning is yet to be determined.  The weakest component of the system serves as 

the control parameter in this case and determines the integrity of the coordinative unit.  

The aim of the present study is to identify the control parameter: essentially the 

subsystem that may account for the observed deficit. This can be achieved by comparing 

children with ADHD to age-matched children who are typically developing, and by 

identifying the sensory subsystem associated with the balance dysfunction.  In addition, 

the relationship between balance and functional motor abilities will be examined. An 

examination of balance skills among children with ADHD begins with a description of 

their performance with and without medication (‘OFF’ and ‘ON’ conditions 

respectively).   

 

Research Questions 

The research questions of this study focused on the performance of children with 

ADHD OFF and ON medication, and that of TD children by comparing balance indices 

and sensory contributions to posture.  Comparisons of each set of variables commenced 

with an assessment of the OFF and ON conditions (medication) for the ADHD group; 

subsequently data (balance indices and sensory assessment) from both conditions (OFF 

and ON) were compared to that derived from TD children.  Fundamental motor skills 
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were compared between ADHD OFF and TD.  In addition, the relationship between 

balance and fundamental motor skills was examined. Specifically, our questions were as 

follows: 

1. Are there differences in the performance of children with ADHD, OFF and ON 

medication? 

2. Are there differences in the performance of children with ADHD in the  OFF 

condition compared to their TD counterparts; and ADHD in the ON condition 

compared to their TD counterparts? 

3. Is there a relationship between balance indices and functional motor performance? 

At the same time, a developmental component was included in each of the 

questions above by comparing younger and older participants within each of the groups 

(ADHD versus TD). To answer the questions above, the following variables will be 

measured: 

a. Equilibrium scores (EQ) 

b. Sensory ratios (from three sensory apparatus: Somatosensory, Vision and 

Vestibular)  

c. Center of pressure (COP) velocity 

d. Test of Gross Motor Development 2 (TGMD2) scores  
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Definition of Terms 

1. Posture control: Maintaining the body in a state of equilibrium (static and dynamic), 

allowing for stability and orientation.  

2. Balance: Generic term describing body posture (Palmeri et al., 2002) and the ability 

to maintain the centre of gravity within the base of support or within the line of 

progression in dynamic tasks thus preventing falls (Winter, 1995). 

3. Center of Gravity (COG): The estimated point-location (Cartesian, 2- dimensional 

space) at which all linear forces are balanced and the point at which the weight 

(gravitational force) is considered to act. 

4. Centre of Pressure (COP):  The estimated centroid of pressure distribution and the 

point through which the vertical ground reaction force acts.   

5. Peak (maximum) Velocity of COP – Maximum rate of excursion of the COP in the 

Anterior-Posterior (AP) plane.  

6. Sensory Integration:  Organization of sensory input from the vestibular, visual and 

somato-sensory systems necessary for optimal motor performance.  

7. Sway referencing: In the Sensory Organization Test (SOT) package available with the 

Balance Master, sway-referencing involves the manipulation of the support-surface or 

visual-surround to rotate in the sagittal plane closely following the sway (anterior-

posterior) of the participant, on a 1:1 ratio. The participants’ lateral malleolus 

(bilateral) is positioned such that it is vertically aligned with the axis of rotation of 

both the platform and the visual surround. 
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a. Sway-referencing of visual-surround: Selectively disrupts the optical flow 

(visual information) regarding the body’s COG orientation in relation to 

the vertical. As the surround moves in accordance to ones sway, the 

dissonance between the vestibular and the visual cues is felt, but no visual 

reference can be established regarding the line of gravity. Hence the 

participant relies on the input only from the somato-sensory and the 

vestibular systems. 

b. Sway-referencing of support-surface: Proprioception and cutaneous inputs 

are primarily responsible for maintaining the body in equilibrium in a 

static state (Nashner, Black, & Wall, 1982). Sway-referencing of the 

support surface selectively disrupts ankle propioception (Norre, 1993), 

obscuring the inputs from the joint and muscle sensors surrounding the 

joint since the concomitant stretches and tensions that occur with normal 

sway atop a stable surface are not available as the ankle joint is maintained 

at approximately 90 degrees.  

8. Post rotary nystagmus: The horizontal reflex movement of the eyes following an 

abrupt stop after a series of rotations at a constant velocity (Ayers, 1978). 

9. Half-life of a drug: The time required for the drug levels in the blood stream to drop 

50% of its initial value, and it is a measure of the drugs rate of excretion (McKenry & 

Salerno, 1998). 

10. Developmental trajectory: Growth/maturation related change (e.g. sensory 

subsystems and skills) over time. 
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10. TGMD2: Test of Gross Motor Development, second edition (Ulrich, 2000),  a test 

battery of locomotor and object manipulation skills (normalized, percentile-ranked 

based on age).      

                                                                                                                                 

Limitations 

The limitations for this study are as follows: 

1. Participants will be students enrolled in schools in Lubbock and the 

surrounding communities  

2. Participants will be between six and 14 years of age. 

3. Participants in the study will be limited only to those who respond to the posted 

fliers requesting for volunteers for the study, and are available for testing and can 

take the time and effort to transport themselves to the Texas Tech University 

campus. 

4. Limited only to participants who completed all conditions of the SOT  (six 

conditions , consisting of three trials each.  

5. This study will be limited only to males, as currently there are not enough 

studies to indicate the homogeneity of both boys and girls with ADHD.   In 

addition, the occurrence of ADHD is significantly higher among males than 

females (3:1). 
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Assumptions      

The assumptions applying to this study include: 

1. All ADHD children are homogenous within their age group.  Diagnoses by 

physicians and clinicians are relied upon as correct and degrees of severity 

between participants are not significantly different.  

2. All TD children are homogenous within their age group. 

3. The SOT testing protocol has taken into consideration the learning effect that is 

possible with repeated testing for each condition. Preliminary data were analysed 

and no learning effects were found in test volunteers. 

4. Dosing and drug prescriptions were screened and accounted for (Table 1).  

5. All test sessions were done mid-morning (about 10 to 11 am), with the 

assumption that the effects of medication (ADHD) will peak during testing 

(morning dose taken upon waking up).  
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CHAPTER II 

LITERATURE REVIEW 

 

Living with ADHD has been compared to living in a “fast moving kaleidoscope” 

with constantly shifting sounds, thoughts, and ideas (National Institutes of Health, 1994, 

p.1). Inattention, hyperactivity and impulsivity are the three classical symptoms (Teicher, 

Anderson, Polcari, Glod, Maas & Renshaw, 2000), with ADHD children flitting from one 

task to another, without task completion. These symptoms manifest themselves in 

varying degrees and the diagnosis is made based on the frequency of exhibited symptoms 

over a period of six months (McBrunett, Lahey & Pfiffner, 1993). The American 

Psychiatric Association (APA) in its Diagnostic and Statistical Manual of Mental 

Disorders (DSM 4th ed., 1994) categorized ADHD as of three subtypes: ADHD 

combined, ADHD predominantly inattentive and ADHD predominantly hyperactive-

impulsive. A wide range of symptoms related to cognition (Zigler & Stevenson, 1993), 

visual motor performance (Zigler & Stevenson, 1993), motor coordination (Harvey & 

Reid,2005; Mulligan, 1996; Piek, Pitcher & Hay; 1999; Pitcher, Piek & Hay; 2003; 

Zigler & Stevenson, 1993), sensory integration (Mulligan, 1996; Zang et al., 2002) and 

balance deficits (Mulligan, 1996; Harvey & Reid, 2005; Piek, Pitcher & Hay; 1999; Zang 

et al., 2002) are also present in varying degrees. However, they are not included in the 

DSM IV criteria for ADHD.  

Although the etiology of this disorder is not clearly understood, genetics and 

neurobiological factors are currently considered to be the leading cause of this disorder 

(Harvey & Reid, 2005; Kutcher et al., 2004). Social and environmental factors may 
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exacerbate the disorder, but are not considered to be causative as previously thought 

(Barkley, 1998).   

Various brain imaging studies report associated anomalies in various parts of the 

brains of individuals with ADHD. Semrud-Cikeman, Steingard, Filipek, Beiderman, 

Bekken & Renshaw (2000) found an asymmetry in the head of the left caudate nucleus, 

and the volume of the anterior-superior white matter. A reduction in the size of the 

posterior vermis of the cerebellum has also been found to correlate in males with ADHD 

(Motofsky, Reiss, Lockhart & Denckla, 1998). Niedermeyer and Naidu (1997) suggest 

children with ADHD may exhibit a frontal-motor cortex disconnection. The frontal lobe 

is known to be the inhibitor of excessive motor activity, and is considered to be “lazy” 

but not structurally damaged (Niedermeyer & Naidu, 1997, p.134). These anomalies, 

although located in various parts of the brain, are all related to the pre-frontal cortex and 

its connections (Kaplan, Wilson, Dewey & Crawford, 1998). The dis-inhibition seen in 

persons with ADHD involves the difficulty to control and direct attention to the demands 

of a task (Motofsky, Reiss, Lockhart & Denckla, 1998; Niedermeyer & Naidu, 1997; 

Semrud-Cikeman et al. 2000; Teicher, Anderson, Polcari, Glod, Mass, Renshaw, 2000).  

Psychostimulants have outranked all other medications to treat the primary 

symptoms of this disorder (Kutcher et al., 2004). Methylphenidate (Ritalin) a stimulant 

that has a calming effect has been the drug of choice (Kutcher et al., 2004; Niedermeyer 

& Naidu, 1997) since it increases the “tone” of the “ lazy” frontal lobe, enhances the  

inhibition of extraneous stimuli and resultant excessive motor activity, improving  the 

ability for selective attention (Niedermeyer & Naidu,1997, p. 134).  Psychostimulants 

abate the symptoms temporarily (Kutcher et al., 2004; National Institute of Health, 1994; 
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Zigler & Stevenson, 1993).  The National Institute of Health report (1994) stated that the 

use of psychostimulants improved attention in the classroom (NIH, 1994). The report did 

not mention motor dysfunction as a sign or symptom with ADHD, however improved 

handwriting and the ability to engage in sport were mentioned as areas of noticeable 

improvement. For the effective management of ADHD, the National Institute of Health  

report recommended using other therapies besides the use of pharmacological agents and 

behavioral therapy depending on areas that need to be addressed. Currently, psycho-

stimulants and behavior therapy are the only two modalities prescribed on a routine basis 

in the recommended multimodal approach (Kutcher et al., 2004; McBrunett, Lahey & 

Pfiffner, 1993).   

 

ADHD and comorbidity 

ADHD, has previously been known as “hyperkinetic reaction of childhood” 

(McBurnett, Lahey & Pfiffner, 1993),” “awkward child,” “minimal brain dysfunction,” 

“minimal brain damage,” and “clumsy child syndrome” (Niedermeyer & Naidu, 1997, 

p.132). The DSM IV in 1994 (APA), in addition to the classical form of ADHD 

combined, included ADHD predominantly inattentive type (lack of attention impairing 

function) and ADHD predominantly hyperactive-impulsive (hyperactivity and 

impulsivity impairing function) type to serve this population better in the schools 

(McBrunett, Lahey & Pfiffner, 1993). Based on the history of coining the term ADHD , it 

is evident that the various signs and symptoms associated with this disorder are not 

unique (Dewey, Wilson, Crawford & Kaplan, 2000; Kaplan, Wilson, Dewey & 

Crawford, 1998). The symptoms seen with ADHD are natural developmental phenomena 
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whose degree of occurrence impairs function (McBurnett et al., 1993). The DSM VI has 

categorized ADHD and various associated disorders, depending on the presence 

(McBrunett et al., 1993) and the incidence of symptoms (McBrunett et al., 1993; 

Henderson & Barnett, 1998).  However, the symptoms associated with learning, attention 

and behavior are rarely seen in isolation (Dewey, Wilson, Crawford & Kaplan, 2000; 

Henderson & Barnett, 1998; Kaplan, Wilson, Dewey & Crawford, 1998, Tervo, Azuma, 

Fogas & Fiechtner; 2002).  According to Tervo et al. (2002) due to the great overlap 

between other developmental disorders and ADHD in Scandinavia, the Deficits of 

Attention, Motor control and Perception (DAMP) model is being used. This model 

prompts clinicians to closely scrutinize and address the plethora of symptoms including, 

motor and perceptual dysfunction on a case by case basis. The comorbidity in  

developmental disorders include ADHD, reading disability(dyslexia), developmental 

coordination disorder, anxiety/depression, oppositional defiant disorder, and conduct 

disorder (Kaplan, 2000).  Due to the high rate of comorbidity (Dewey, Wilson, Crawford 

& Kaplan, 2000; Jongmans, Smits-Engelsman, Buwien & Schoemaker, 2003; Kaplan, 

Wilson, Dewey & Crawford, 1998; Kutcher et al., 2004; Landgren, Kjellman & Gillberg, 

1998; Zang et al, 2002) and the lack of a distinct way of categorizing these disorders, 

renaming this disorder Atypical Brain Development (ABT) has also been suggested 

(Kaplan et al, 1998).  
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ADHD and Sensory Integration (SI) 

 According to Ayers (1972) the lack of inhibition, along with a combination of a 

lack of motor coordination, poor motor planning, varying degrees of perceptual motor 

coordination and balance deficits, all indicate sensory integration dysfunction.  

Although there is still no consensus as to where the anomaly lies, or which neural 

pathways are involved, it is accepted that a neurobiological defect is responsible (Kutcher 

et al., 2004; Mulligan, 1996). The inhibitory process of sensory input that takes place in 

the central nervous system is crucial to maintain a “homeostasis” of sensory motor 

control (Ayers, 1972). As the individual matures and develops, sensory integration 

mechanisms are developed to suppress or inhibit irrelevant information and keep an 

excess of central nervous system arousal in check (Ayers, 1972). This particular feature 

of development appears to be absent in individuals with ADHD. A lack of inhibition and 

sensory-motor homeostasis is linked to a lazy frontal lobe with the ADHD population 

(Niedermeyer & Naidu, 1997) and inadequate vestibular and somato-sensory feedback 

(Ayers, 1972; Mulligan, 1996; Zang et al, 2002) and.   

 Mulligan (1996) used the Sensory Integration Praxis Test (SIPT) when comparing 

children with and without ADHD to compare their sensory profiles. The participants in 

this study had primarily sensory integration deficits and no ADHD primarily.  Children 

with ADHD scored lower on the SIPT on spatial visualization (mental manipulation of 

objects in space), standing and walking balance, design copy (duplicating a design on a 

dot grid) and post rotary nystagmus, indicating a deficit in the vestibular and 

somatosensory systems. An intact vestibular system is crucial to normal levels of arousal, 

attention and motor planning (Mulligan, 1996).  The standing and walking balance and 
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post rotary nystagmus tests will help differentiate ADHD children from non-ADHD 

children suffering from sensory integration dysfunction. This study however failed to 

represent a true ADHD population as the participants picked for the study had primarily 

sensory integration deficits.  

Zang et al. (2002) reported 81.6% comorbidity of sensory integration dysfunction 

with the ADHD sample studied. The study reported significant balance deficits in 

children with ADHD in both sub-populations (with and without sensory integration 

dysfunction) compared to age- and gender- matched typical children. The vestibular and 

propioceptive indices correlated negatively with sway velocity among the ADHD-SI 

dysfunction population.  In terms of balance performance, the lower the ratings of the 

vestibular and proprioceptive function, the greater sway velocity were evident in this 

group of children.  They surmised that sensory inputs, sensory integration, and or the 

inhibition of excessive movement are impaired in children with ADHD. It must be noted 

that Zang and colleagues (2002) used a modified sensory integration test.  They did not 

use the full Sensory Organization Test (SOT) package available with the Balance 

Master®, the computerized posturography tool used for clinical populations in many 

hospitals in the United States.  

With regard to the effectiveness of rehabilitation and behavior modification 

techniques based on sensory-integration principles, a meta-analysis conducted by Vargas 

and Camelli (1999) concluded that the effectiveness of sensory integration as a treatment 

could not be established.  This conclusion was obtained however without considering a 

specific sensory system as the target area for modification.  Without a full understanding 

of which elements of sensory organization and integration are significant factors in motor 
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performance, a targeted application of sensory-integration principles may not be carried 

out with complete experimental control.  Examining the contributions of the sensory 

system and comparing them to that of TD children may help determine the underlying 

causes of the lack of inhibition and motor dysfunction.  

 

Posture Control 

 Static postural control (stability) is the ability to maintain center of mass (center 

of gravity) within the base of support while maintaining equilibrium in a gravitational 

field (Horak, 1987). With the development of postural stability in children, responses to 

balance perturbations or disturbances become less stereotypic, less reflexive and more 

adaptable (Riach & Starkes, 1994). The integration of sensory information from the three 

primary sensory systems (visual, vestibular and somato-sensory) is crucial in this 

development (Hunter & Hoffman, 2000; Riach & Starkes, 1994; Shambes, 1976). This 

seemingly automatic task requires ongoing regulation and integration of sensory input 

from the three sensory systems by the central nervous system to maintain stability and 

orientation of the body to the environment (Ayers, 1972; Browne, O’Hare, O’Hare, Finn, 

Colin, 2002; Guskiewicz & Perrin, 1996; Riach & Starkes, 1994; Shumway-Cook & 

Woolacott, 2001).   It provides the supportive framework necessary for the development 

of fine prehension tasks and locomotor skills (Ayers, 1972; Shambes, 1976; Shumway-

Cook & Woolacott, 2001).  Subcortical (automatic) postural adjustments that allow for 

head/neck and lower extremity corrections and voluntary action by the musculature are 

necessary for action but occur only if there is an adequate mechanism to attenuate and 

organize incoming sensory input (Ayers, 1972; Shambes, 1976). With children, postural 
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stability is gradually acquired as various systems mature, greater experiences accumulate 

and sensory integration takes place. The maturation of the various sensory subsystems 

and their contribution to posture is an area under investigation. The variables to study 

posture are numerous; however not all are reliable measures for determining a stable or 

pathological posture (Palmeri et al, 2002). 

 Maintaining body equilibrium is a complex dynamic process that involves the 

interaction of multiple systems, mainly the sensory, the motor, the biomechanical 

components and the central nervous system (Guskiewicz & Perrin, 1996; Palmeri et al, 

2002). Thus there are a multitude of variables that can quantify postural stability. The 

COG is a point-location at which all linear forces are balanced and the point at which the 

weight or the force of gravity is considered to act upon (Winter, 1990).  In a static 

posture, the COG is located approximately anterior to the sacral promonition in the 

anatomical position. As the human body attempts to maintain upright stance, the COG 

moves due to the change in position of the body and the body segments. The centre of 

pressure (COP) is the point-location where the resultant ground reaction force acts on the 

foot segment. It is the estimated centroid of pressure distribution within the base of 

support (BOS, i.e. feet).  It is a kinetic variable that delineates the neuromuscular 

response to maintain the COG within the BOS and keep the body in equilibrium (Palmeri 

et al, 2002; Winter, 1995). In a static anatomical position the COG and COP are 

constantly adjusting to approximate vertical alignment (Riach & Starkes, 1993). The 

human body sways in an attempt to counteract gravity and remain in an upright posture 

(Riach & Starke, 1993).  The velocity of the COP excursion as it moves to counteract the 
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imbalances of the COG can be a determinant of postural control (Palmeri et al., 2002; 

Riach & Starkes, 1994).  

As children age the magnitude and mean velocity of sway decreases due to 

maturation rather than an increase in physical size (Riach & Starkes, 1994).  Larger 

excursions of sway magnitude correlate with increased velocity of COP and suggest a 

decreased ability to control posture (Riach & Starkes, 1994; Palmeri et al., 2002).  The 

mean velocity of COP is dependent on the sensory feedback loop comprised of the three 

main sensory systems (Riach & Starkes, 1994).  In static posture assessment a consistent 

finding among several developmental studies of COP is the significant decrease in COP 

velocity in children aged 7 years and older (Riach & Starkes, 1994; Shumway-Cook & 

Woollacott, 1985). These data are consistent with recent findings where sensory 

integration matures and parallels the development of motor and balance skills, where 

children 7-10 years old begin to approximate adult levels of performance (Roncesvalles, 

Woollacott, & Jensen, 2001; Roncesvalles, Woollacott, Browne & Jensen, 2004). What is 

not understood is the developmental profile of children including those with ADHD.  

Children with ADHD have been found to have an increased velocity of postural sway 

than TD children (Zang, et al, 2002), however the sway velocity calculated was based on 

estimated COG and not velocity of COP excursions. 

Mean peak velocity is also another variable of balance which indicates the 

response time of a system to a perturbation. Increased peak COP velocity in the AP plane 

indicates a quicker response to maintain upright posture and therefore better balance 

(Bauer, Woollacott & Shumway-Cook, 2001; Roncesvalles et al., 2001) . 
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SOT 

The developmental profile in sensory-integration studies does not show a linear 

accumulation of balance skills among children, instead, a more complex topology is 

evident. Young children from 1.5 to 3 years attain stable responses that seem lost in 

children between the ages of 4 to 6 who exhibit increased variability in their postural 

responses (Shumway-Cook & Woollacott, 1985).  This has been subsequently attributed 

to sensory-motor development or reorganization (Riach & Starkes, 1994, Shumway-Cook 

& Woollacott, 1985).  By 7 years, similar to what the COP data suggest, the sensory-

integration processes seems to be maturing reaching adult levels of sensory organization 

(Riach & Starkes, 1994).   

What accounts for the seeming fluctuation in development?  It is acknowledged 

that in children the vestibular, somato-sensory and the visual systems mature and develop 

at different times (Riach & Starkes, 1994; Shumway-Cook & Woollacott, 2001). Inputs 

from the sensory organs are processed, and the postural control system operates as a 

‘feed-back control circuit’ between the central nervous system and the musculoskeletal 

system (Guskiewicz & Perrin, 1996, p. 45, Riach & Starkes, 1994).  However, the 

differential development of each sensory subsystem, is a constraint to which the feedback 

circuitry must adapt.   

Postural control is dependent on a feedback control circuit between the brain and 

the three sensory subsystems (Guskiewicz & Perrin, 1996; Riach & Starkes, 1994). Feed-

back received from the three sensory subsystems relays commands to the musculoskeletal 

system to generate an appropriate response to maintain postural stability and control COP 

sway (Guskiewicz & Perrin, 1996; Riach & Starkes, 1994). The vestibular system 
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primarily helps maintain the body in equilibrium by controlling eye movements 

(vestibular ocular reflex) when the head position changes, and through reflexes that help 

align and keep the head and neck in a vertical position. It helps with conscious awareness 

of the body’s position and acceleration in space (controlling the slow postural sway). 

With perturbation the vestibular input mediates inter-sensory conflict, and suppresses 

sensory information that is in conflict with the vestibular input (Hirabayashi & Iwasaki, 

1995). It aids the automatic control mechanism to stabilize the direction of gaze and 

regain equilibrium (Guskiewicz & Perrin, 1996). Individuals with vestibular and 

cerebellar lesions have been found to have increased sway amplitude and sway velocity 

as calculated from COP excursion (Baloh, Jacobson, Beykirah & Honrubia, 1998). 

The somato-sensory system relays information from various mechanoreceptors 

embedded in the musculoskeletal system to the central nervous system (Guskiewicz & 

Perrin, 1996).  It helps determine the relative positions and movements of the various 

joints and body segments, including the rates of movement.  The system also attempts to 

produce constant forces to maintain a stable posture both in static and dynamic situations 

(Guskiewicz & Perrin, 1996; Riach & Starkes, 1994). Due to the inability to produce 

constant forces by the skeletal muscles there is a constant functional interaction between 

the somatosensory system and the central nervous system which results in a spontaneous 

sway (Riach & Starkes, 1994). 

The visual organ is a sensory system that provides input from the environment in 

the form of peripheral or foveal vision and helps with motor planning. Vision is 

important in unusual and especially novel situations that involve postural perturbations 

(Hirabayashi & Iwasaki, 1995; Guskiewicz & Perrin, 1996).  There is variability in 
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postural sway in the presence or absence of vision and with the quality or type of visual 

cues (Hunter & Hoffman, 2001).  

 To some researchers, the central nervous system (CNS) only utilizes information 

from one sensory system at a time for orientation (Guskiewicz & Perrin, 1996, 

Shumway-Cook & Horak, 1986).  While others believe  sensory organization provides 

information relevant to the movement and position of the body’s COG all at once in 

parallel to help determine the timing, direction and amplitude of corrective responses 

needed for postural stability (Hunter & Hoffman, 2001; Nashner et al., 1982). Balance 

deficits in individuals that suffer from neurological problems could be the result of a lack 

of adequate interaction among the three sensory inputs that provide orientation 

information to the postural control system (Ayers, 1972; Gusweickz & Perrin, 1996).  

What is clear is that the three sensory systems work together to produce adaptive balance 

responses. 

 The SOT helps dissect the contributions of these three primary sensory systems 

during a static upright task in six different conditions. The six conditions are: 1. Eyes 

open (static) 2. Eyes closed (static) 3. Eyes open, Visual surround sway-referenced 4. 

Eyes open, Support surface sway-referenced 5. Eyes closed, Support surface sway-

referenced, 6. Eyes open, Visual surround sway-referenced, Support surface sway-

referenced. The integrity of the three sensory systems will be determined through these 

six conditions, by selectively eliminating vision, disrupting (sway-referencing) somato-

sensation and visual information, or both. 

 Sway-referencing involves manipulating either the support surface or visual 

surround, or both simultaneously in the anterior and posterior direction (mediolateral 



  

 25

axis) corresponding with the participants sway in a 1:1 ratio (Guskiewicz & Perrin, 1996; 

Rine, Rubish & Feeny, 1998). Sway-referencing of visual-surround involves the 

disruption of optical flow (visual information) and providing inaccurate information 

regarding the body’s COG orientation in relation to the vertical. As the surround moves 

in accordance to ones sway, the dissonance between the vestibular and the visual cues is 

felt, but no visual reference can be established regarding the line of gravity. Hence the 

participant relies on the input only from the somato-sensory and the vestibular systems. 

Sway-referencing of support-surface involves inaccurate proprioception and cutaneous 

inputs which are primarily responsible for maintaining the body in equilibrium in a static 

state (Nashner, Black, & Wall, 1982). Sway-referencing of the support surface selectively 

disrupts ankle propioception (Norre, 1993), obscures the inputs from the joint and muscle 

sensors surrounding the joint because the concomitant stretches and tensions that occur 

with normal sway atop a stable surface are not available as the ankle joint is maintained 

at approximately 90 degrees.  

 The SOT has been used to analyze the development of postural control in 

children, but no normative data has been published as yet. Rine et al. (1998) reported the 

feasibility of using the SOT on children from three to seven and a half years of age to 

document maturational changes.  Hirabayashi and Iwasaki (1994) analyzed the 

development of sensory organization in postural control using the SOT with children 

from three years to fifteen years of age.  They reported that somato-sensory function 

reached adult levels by three to four years of age, visual function reached adult levels by 

15 years of age and the vestibular system developed much slower being considerably 

behind adult levels at15 years of age (Hirabayashi & Iwasaki, 1994).  Riach and Starkes 
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(1993) in contrast indicated that vestibular input in the development of postural stability 

reached adult levels by 7 years of age in TD children. Still others maintain that of all the 

three systems, the vestibular apparatus is the one lagging behind in development, with 

both vision and somato-sensory systems mature by around 10 years of age (Cherng, Chen 

& Su, 2001).  Nevertheless, overall by systematically manipulating support surface and 

visual surround, the SOT is an important tool which helps quantify balance and the 

sensory contributions that aide in sensory integration and the development of postural 

control.  

 

Functional Testing of Gross Motor  Development  
among Children  with ADHD 
 
 The ADHD diagnosis is typically based on the frequency of occurrence of six or 

more symptoms associated with the three primary symptoms of inattention, hyperactivity 

and impulsivity.  Observation is done over a six month period in two or more places (e.g. 

school, home, community etc.). Besides the clinical diagnosis, other testing can be done 

depending on the recommendations of the physician or the Annual Review Board (ARD) 

in the public schools. Similar to children with some form of disability, children with 

ADHD qualify for special education under the Individuals with Disabilities Education 

Act (IDEA), a federal law that requires students with disabilities to receive free 

appropriate public education in the least restrictive environment (Texas Education 

Agency, 2002). The ADHD diagnosis falls under the special category of “other 

impairments” which includes students who exhibit limited strength, vitality or alertness, 

including heightened alertness to environmental stimuli (Texas Education Agency, 2002).  
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In consideration of all these factors, the ramifications of functional motor performance 

cannot be underestimated. 

The use of functional gross motor and fine motor tests fall under the domain of 

“Related Services” (Texas Education Agency, 2002) based on the observed or reported 

deficits. The various disciplines (Related Services) are called to address observed deficits 

as the ARD committee deems fit. Balance deficits are usually not addressed with ADHD 

children because awkwardness and clumsiness are likely attributed to lack of  “attention 

or concentration” (Doyle et al, 1995, p. 229; Piek, Pitcher & Hay, 1999).  

Based on the age group, motor deficits being assessed, the cost and finally the 

time constraints, there are a number of tests to assess gross motor coordination.  The 

Bruininks-Oseretsky Test of Motor Proficiency (BOTMP), the Movement Assessment 

Battery for Children (MABC), the Peabody Developmental Motor Scales and the Test for 

Gross Motor Development second edition (TGMD2) are some of the more common tests.  

All of these tests are designed to observe motor development from ages three to four 

years to 11-12 years, with the assumption being that motor behavior reaches adult levels 

by about age ten (middle elementary) (Ulrich, 2000). 

 

TGMD 2 

The TGMD2 is a practical test (Wiart & Darrah, 2001) as it is quick to administer 

and requires a simple set up using objects frequently found in a Physical Education Gym. 

Due to the attention deficit component in children with ADHD the test duration is a 

crucial consideration.  The TGMD2 takes 15- 20 minutes to administer and is criterion- 

and norm referenced (Wiart & Darrah, 2001; Ulrich, 1985). The criteria used for each 
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skill is based on typical movement patterns identified in motor development. The 12 

skills tested in two sub-tests of locomotion and object-manipulation help determine over 

all development of motor skills. Scoring is based on the various segments of each skill: 

the fluidity of the skill sequence or form performance is rated rather than the product of 

performance (Wiart & Darrah, 2001; Ulrich, 2000).   

 Having all factors considered with respect to balance and functional motor 

performance, the purpose of this study is to determine if children with ADHD (ON and 

OFF medication) present with balance and motor dysfunction in comparison to their TD 

peers. Separate comparisons of ADHD ON and OFF versus TD children (age-matched) 

will be undertaken using balance indices such as equilibrium score, sensory ratios, and 

COP velocity to determine their postural control.   A comparison of the contributions of 

the sensory subsystems will help examine the maturational profile of the three sensory 

systems that aid in postural control.  The results will help determine if there is in fact an 

alternative schedule of maturity of the sensory systems in children with ADHD, and will 

indicate the specific systems that are not functioning like those of TD children. The 

correlation between TGMD2 and the composite equilibrium score will establish a 

relationship if one exists, between balance deficits and motor function between the 

ADHD OFF and those of their TD peers.  This could help determine the efficacy of using 

a cost- and time-effective tool e.g. (TGMD2) in predicting children in need of some 

remediation and therapy.  It is imperative to address specific issues with respect to 

balance and the rehabilitation of children with ADHD and those who are suffering from 

motor dysfunction.  
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CHAPTER III 

METHODOLOGY 

 

Participants and Setting 

Participants for this study included males, aged 6 to14 years. Apart from the 

diagnosis of ADHD all participants were free of orthopedic and diagnosed neurological 

problems. Prospective participants were contacted from the Lubbock Independent School 

District (LISD). Fliers were put on the notice boards in various schools. School 

diagnosticians were requested to send home fliers informing parents of the study and 

requesting for volunteers. Local pediatricians were contacted to disseminate information 

about the study to their clients and recruit volunteers. The two groups consisted children 

with ADHD (N=13) and age-matched TD (N=12). 

Children with ADHD were diagnosed by a medical doctor and were required to 

bring their prescription with them to qualify for testing.  Residual drug effects in the OFF 

condition were controlled by including only those who were prescribed drugs that were 

known to a have short-half life (ex Ritalin, Concerta & Adderall), with the exception of 

Strattera. Table 1 includes all prescribed medication and the dosage for each participant 

in the ADHD group. One participant who was previously prescribed Strattera, a drug 

known to have a half life of 5 to 22 hours was included in the study. At the time of the 

OFF condition testing the participant had been taken off this medication for greater than a 

month due to compatibility issues and it was assumed that there were no residual effects 

from the drug after 22 hours. 
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Research Design 

 A quasi experimental ex post facto design was employed in this study.  To 

determine the effects of medication on balance and motor skills, the first comparison was 

between the OFF and ON conditions, for the ADHD group. Subsequently, a comparison 

of children with ADHD to TD helped to determine the variables that discriminate 

between these two groups.  In addition, within-group comparisons of children from 6 to 

10 years versus children from 11 to 14 years helped to build a developmental profile for 

both the ADHD and TD populations. 

 

Procedure 

Prior to the testing parents were briefed on both the Test for Gross Motor 

Development, second edition (TGMD2) and the Sensory Organization Test (SOT). 

Consent forms were signed by the parent, while verbal assent from the participant was 

videotaped.  

The TGMD2 is a standardized test for locomotor (LOC) and object-manipulation 

(OBJ) (gross) skills (Ulrich, 2000). For the LOC subtest, the skills included running, 

galloping, hopping, sliding, leaping and jumping skills; while the OBJ subtest included 

striking a stationary ball, stationary dribbling, catching, kicking, overhand throwing and 

underhand rolling. Two trials were collected for each skill and a complete test was 

administered in 15 to 20 minutes time (Ulrich, 2000). Each skill was demonstrated prior 

to having participant execute.  The participants were video-taped, and their performance 

later assessed.  
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To assess motor performance, scores of 1 or 0 for delineated segments of each 

skill were given based on a set of given criteria (TGMD2 manual; Ulrich, 2000). When a 

criterion was satisfied the participant was given a score of 1, and when the performance 

fell short of the criterion a score of 0 was given.  Two scorers rated the skills and inter-

rater reliability was subsequently assessed. The sum of raw scores for all skills in each 

subtest was converted into a standard score and the corresponding percentile ranking 

(Ulrich, 2000). The percentile ranks were used in statistical analyses to compare 

fundamental gross motor skills between the ADHD OFF and the TD groups. The raw 

scores were used to examine the relationship between balance and fundamental gross 

motor skills (LOC and OBJ).  The TGMD2 is designed to test motor coordination of 

children 3 to 11 years of age, with the premise that gross motor development peaks 

during the middle elementary years (Ulrich, 2000). Based on this assumption, TD 

children ages 11 years and above who do not suffer from motor dysfunction should have 

a perfect score. 

The SOT is a clinical tool that tests the contributions of the three primary sensory 

systems to postural control. This form of computerized posturography uses two force 

plates with a total of five transducers embedded.  The software records the forces 

detected by all five of the transducers at the rate of 100 samples per second for 20 

seconds per trial.  The five signals were then used to derive the center of pressure 

displacement in the anterior-posterior and medial-lateral directions.  Testing was done in 

the same order for all participants; six conditions with three trials per condition, resulting 

in a total of 18 trials  collected per participant. The conditions included: 1. Eyes open,   2. 

Eyes closed (vision absent), 3. Eyes open, sway-referenced vision (vision masked), 4.  



  

Eyes open, sway-referenced support (somato-sensation masked), 5. Eyes closed, support 

surface sway-referenced (absent vision and somato-sensation masked), 6. Eyes open, 

sway-referenced vision, support surface sway-referenced (vision and somato-sensation 

masked).  

On Conditions 3-6 the movement of the platform, the visual-surround and 

combinations of both corresponded to the participant’s anterior-posterior sway (1:1).  

This manipulation is called sway-referencing. In the visual sway-referencing (Condition 

3), the visual-surround which was designed to maximize optical flow markedly reduced 

the participants’ ability to detect the line of gravity.   

 

Figure 1. Sensory Organization Test Condition s (Shumway-Cook  & Woolacott, 2001). 

Sway-referencing is based on the theory that healthy individuals would ignore 

sway-referenced sensory input and maintain balance using the remainder of the intact 

sensory input e.g. vestibular input (Guskiewicz & Perrin, 1996).  In Conditions 5 and 6, 

the task was made more challenging by simultaneously manipulating the floor and the 
 32
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visual-surround, leaving the vestibular system as the only fully functioning source of 

sensory input.  In Condition 5, only the platform rotated, the participants’ eyes are closed; 

in Condition 6, both the platform and surround (eyes are open) move according to the 

participants sway. The contributions of each of the three sensory subsystems were 

isolated by disrupting (sway-referencing) the somato-sensory and/or the visual inputs, or 

removing visual information all together. Refer to Figure 1. 

All testing protocols were done in the laboratory.  A harness capable of 

supporting up to 300 lbs was loosely fastened around the participant to prevent the 

participant from falling. In addition, there was a spotter next to the participant at all 

times. Prior to the first trial in each condition the participant was told what to expect.  

The standardized position of the feet on the platform was based on the lateral malleoli, 

aligning it with the axis of rotation of the plate. The instruction “keep your body straight 

and try not to move your feet” was given prior to each trial. 

 The spotter was responsible to check the participant’s foot position and 

repositioned them if necessary before each trial; she also made sure the participant had 

his hands by his side, looking straight ahead during eyes open trials and ensured that the 

participant had his eyes closed during the eyes closed conditions (Conditions 2 and 5).   

Each participant was given the instruction “ready go” to signal the start of a trial. For the 

eyes closed condition the participant was asked to close his eyes prior to receiving the 

“ready go” signal before the start of the trial and kept eyes closed till he heard the 

command “over”.  A replacement trial for each condition was collected until all criteria 

were met. 
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Participants were retested (SOT only) while on prescription medication (‘ON’ 

condition) approximately one to two months after the OFF condition testing. Parents 

were instructed to give the morning dosage at the regular time their child routinely took 

his medication.  In general testing was done approximately two hours after medication 

was taken (about 10 or 11 am). Refer to Table 1 for demographics of participants with 

ADHD which includes prescribed medications. One participant from the TD group and 

one volunteer were tested twice using the SOT, data obtained from the repeat testing 

revealed no learning effect. 

 

Data Analyses 

Data obtained from the SOT yielded composite equilibrium scores (EQ), sensory 

ratios (estimated contributions from the somato-sensory visual, and vestibular systems) 

and peak COP velocity (A/P) derived from the COP data.  The composite EQ score 

provided an overall index of balance ability and was calculated by averaging the scores 

independently for conditions 1 and 2. These scores were added to the scores of each trial 

of conditions 3, 4, 5 and 6 and were divided by the total number of trials (18). The 

composite equilibrium score could range from 0 to 100; an individual scoring the 

maximum of 100 exhibits perfect balance skills, while those scoring close to 0 

demonstrate a high propensity to fall.  The sensory ratios were calculated by averaging 

the equilibrium scores on specific sensory conditions and calculating the sensory ratios as 

described in the Balance Master protocol. The following equations describe the 

calculations used to derive the sensory ratios: SOM, VIS and VEST, and PREF.   



  

 35

 

SOM  =  Condition 2     
    Condition 1 

 
VIS  =  Condition 4     

    Condition1 
 
VEST = Condition 5     

    Condition1 
 

The SOM, VIS and VEST partition the estimated contribution of the somato-

sensory system, the visual system, and the vestibular system respectively to posture. By 

observing different age groups we can assess patterns of maturation of the three sensory 

systems in both TD and ADHD population. 

The COP data were generated from the raw signals of each SOT trial. Data from 

the transducers at the four corners were used in the algorithm to calculate COP. They are 

delineated below:  The fifth transducer was at the middle and recorded shear forces.  It 

was not needed for the COP calculation. 

LR= left rear transducer 

LF=left front transducer 

RR=right rear transducer 

RF=right front transducer 

The lateral location of the COP (COPx) was calculated as follows: 

COPx= [(RF+RR) – (LF+LR)]   *4.00 
             [RF+RR+LF+LR] 
 
The constant 4.0 refers to the distance in inches between each of the four force 

transducers from the Y axis. 
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The vertical location of the COP (COPy) is calculated as follows: 

COPy= [(LF+RF) – (LR+RR)]      *4.20 
            [LF+RF+LR+RR] 
 
The constant 4.2 refers to the distance in inches between each of the four force 

transducers from the X axis.  

The support surface of the Balance Master is designed only to move about the 

medio-lateral (ML) axis, with the resulting the rotation of the participants’ ankle (joint 

aligned with the fulcrum of the plate) primarily in the anterior-posterior (AP) direction.  

Therefore only the COP velocity in the AP direction was analyzed to provide a snapshot 

of the participants’ ability to apply force in response to unstable conditions.  

Instantaneous COP velocity (AP) was calculated from the (COP) data using a 3-point 

moving average (MATLAB, Math Works, Natick, MA). A power spectral density 

analysis of the calculated COP data was performed to determine the appropriate cut off 

frequency for data smoothing; a 4 Hz frequency was subsequently chosen.  For each trial, 

maximum velocity was identified within the range of data.  The mean peak COP velocity 

(3 trials per condition) was identified for conditions 1 (CON1), 5 (CON5), and 6 (CON6) 

in the SOT protocol. To analyze posture in its normal state CON1 was analyzed, and is 

the main control condition. In CON5 and CON6 accurate information was available  only 

from the vestibular system and these two conditions provide a broad view of balance 

skills in the most challenging conditions..  
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Statistical Analyses 

Equilibrium (EQ) Scores 

To compare balance performance between medication conditions (OFF/ON) 

among ADHD participants a 2 (age: young versus old) X 2 (medication: OFF versus ON) 

Repeated Measures Analysis of variance (ANOVA) using EQ score as a dependent 

variable was conducted. Additionally, to compare between groups, two separate 2 (group) 

X 2 (age) factorial ANOVAs were conducted to determine the differences between 

ADHD and TD groups: 1) ADHD-OFF versus TD, 2) ADHD-ON versus TD. 

  

Sensory Ratios (SOT protocol) 

Sensory ratio data were analyzed in a 2 (age) X 2 (medication) repeated measures 

MANOVA using the three dependent variables (SOM, VIS, VEST). A significant 

MANOVA was followed-up with ANOVAs on each dependent variable.   

To test for group differences, sensory ratio data were analyzed using two  separate  

2 (group) X 2 (age) MANOVAs: 1) ADHD OFF versus TD and 2) ADHD ON versus TD 

, with group and age as independent factors and the three sensory ratios (SOM, VIS, 

VEST) as the dependent variables. Significant MANOVA effects were followed up with 

separate ANOVAs on each dependent variable. 

 

Center of Pressure (COP) Peak Velocity 

Mean peak COP velocities from the three trials per condition were analyzed in a 2 

(age) X 2 (medication) repeated measures MANOVA using three dependent variables 
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(CON1, CON5 and CON6).  Significant MANOVA effects were followed-up with 

separate ANOVAs on each dependent variable.  

To test for group differences, peak COP velocity data were analyzed using two 

separate 2 (group) X 2 (age) MANOVAs: 1) ADHD OFF versus TD, 2) ADHD ON 

versus with group and age as independent factors and CON1, CON5 and CON6 as 

dependent variables. Any significant MANOVA effects were followed up with separate 

ANOVAs on each dependent variable. 

 

TGMD2 

Two independent raters scored TGMD2 data for each participant. Individual raw 

scores of the raters were compared for inter-rater reliability. TGMD2 raw scores were 

averaged and transformed into percentile scores (separate normalized charts were used 

for LOC and OBJ skills) for each participant. A 2 (group) X 2 (age) MANOVA using 

percentile scores of LOC and OBJ as the dependent variables were conducted. Follow up 

ANOVAs for each dependent variable was conducted.  

Correlation: EQ versus LOC and OBJ scores 

Finally, regression analyses were conducted to examine the relationship between 

composite EQ scores (balance) and fundamental motor performance (averaged raw LOC 

and OBJ scores) with group membership factored in (ADHD OFF versus TD). 

Subsequent correlation analyses between EQ and the TGMD2 variables (LOC, OBJ) 

were conducted separately for the ADHD OFF and TD groups to determine the 

association between balance and motor skills within each set of participants. 
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CHAPTER IV 

RESULTS 

 

Balance indices including: equilibrium score (EQ), the sensory ratios (SOM, VIS, 

VEST) and peak COP velocity were used to compare the performance of children with 

ADHD (OFF and ON medication) and their TD counterparts.  In addition fundamental 

motor skills were compared, and its relationship to balance (EQ) was examined in both 

ADHD and TD groups.  

A total of 25 participants were tested, 13 of whom had a diagnosis of ADHD and 

12 were TD. However three participants with ADHD did not return for re-testing the 

SOT with medication (ON condition). The resulting differences in sample sizes for the 

different statistical comparisons: a) OFF versus ON, b) OFF versus TD, and c) ON versus 

TD, are explained in detail in Tables 5-8, in Appendix A.  

Equilibrium Scores 

OFF versus ON for ADHD participants 

The 2 (age) X 2 (medication) repeated measures ANOVA comparing EQ 

indicated no significant age main effect or interaction (age by medication). Refer to Table 

4 for F values and Table 5 for means and standard deviations. A significant main effect 

for medication was observed, F (1, 8) = 20.98, p = .02, and Wilk’s λ =.276.   As shown in 

Figure 2, the ADHD participants during the ON condition displayed significantly higher 

EQ (M = 77.00) versus the OFF condition (M = 69.70). 
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Figure 2. EQ: Comparison of ADHD OFF versus ON.      Indicates significant 
differences. 
 

ADHD OFF versus TD 

The 2 (group) X 2 (age) ANOVA for EQ scores indicated a significant main 

effect for age, F (1, 21) = 10.434, p =.004. See Figure 3.  
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Figure 3.  Age Effects: Comparing EQ of younger versus older participants. Data shown 
were collapsed across groups (ADHD OFF versus TD analyses).     Indicates significant 
differences.  
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Mean EQ was 65.42 for younger participants and 74.62 for older participants 

(collapsed across both ADHD OFF and TD). The group main effect and interaction 

(group by age) effects were not significant.  Refer to Table 4 for F values and Table 5 for 

means and standard deviations.  

ADHD ON versus TD 

Results of the 2 (group) X 2 (age) factorial ANOVA for EQ indicated no 

significant main nor interaction effects.  Refer to Table 4 for F values and Table 5 for 

means and standard deviations. 

 
SOT: Sensory Ratios 

 
OFF versus ON for ADHD participants 

The 2 (age) X 2 (medication) repeated measures MANOVA procedure comparing 

OFF and ON conditions, using three dependent variables (SOM, VIS, VEST) indicated 

no significant main effects or interaction. Refer to Table 4 for F values and Table 6 for 

means and standard deviations. Since no significant effects were found with the 

MANOVA procedure, no ANOVA follow up analyses were conducted.  

 

 ADHD OFF versus TD 

A 2 (group) X 2 (age) MANOVA for sensory ratios (SOM, VIS, VEST) indicated 

a significant main effect for age, F (3,19) = 4.845, p =.011, Wilks λ = 0. 57. The group 

main effect and interaction were not significant. Refer to Table 4 for F values and Table 6 

for means and standard deviations. 



  

Follow up univariate analyses, 2 (group) X 2 (age) ANOVAs, were conducted on 

each dependent variable.  

1. A 2 (group) X 2 (age) ANOVA for SOM indicated a significant main effect for age, F 

(1, 21) = 10.37, p = .004. See Figure 4. The mean SOM ratio was 91.42 for the younger 

participants and 96.38 for the older participants (collapsed across both ADHD OFF and 

TD).  The main effect for group and interaction were not significant as confirmed in the 

ANOVA.  

 2. A 2 (group) X 2 (age) ANOVA for VIS indicated a significant main effect for age, F 

(1, 21) = 7.305, p = .013. See Figure 4. The mean VIS ratio was 73.92 for the younger 

participants and the older participants was 87.15 (collapsed across both ADHD OFF and 

TD).  The main effect for group and interaction were not significant as confirmed in the 

ANOVA.  
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Figure 4. Age Effects: Comparing sensory ratios (SOM, VIS, VEST) of younger versus 
older. Data shown were collapsed across groups (ADHD OFF versus TD analyses).  
    Indicates significant differences.     
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3. A 2 (group) X 2 (age) ANOVA for VEST indicated no significant main effect for age, 

group or interaction. Refer to Table 4 for F values and Table 6 for means and standard 

deviations. 

 

ADHD ON versus TD 

A 2 (group) X 2 (age) MANOVA for sensory ratios (SOM, VIS, VEST) indicated 

no significant main effects or interaction. Refer to Table 4 for F values and Table 6 for 

means and standard deviations. Since no significant effects were found with the 

MANOVA procedure, no ANOVA follow up analyses were conducted.  

    

Peak COP Velocity 

OFF versus ON for ADHD participants 

The 2 (age) X 2 (medication) repeated measures MANOVA procedure comparing 

OFF an ON conditions using three dependent variables of peak COP velocities (CON1, 

CON5, CON6) indicated no significant main effects nor interaction. Refer to Table 4 for 

F values and Table 7 for means and standard deviations. Since no significant effects were 

found with the MANOVA procedure, no ANOVA follow up analyses were conducted.  

 

ADHD OFF versus TD 

 A 2 (group) X 2 (age) MANOVA procedure comparing ADHD OFF versus TD 

using three peak COP velocities (CON1, CON5 and CON6) as dependent variables 

indicated a significant main effect for age, F (3, 19) = 3.82, p = .027, Wilks λ = .62.  See  



  

Figure 5. The group main effect and interaction effects were not significant. See Table 4 

for F values and Table 7 for mean values.   

Follow up univariate analyses, 2 (group) X 2 (age) ANOVAs, were conducted on 

each dependent variable.  

1. A 2 (group) X 2 (age) ANOVA for CON1 indicated a significant main effect for age,                

F (1, 21) = 11.05 p = .003. Refer to Figure 5. The means for CON1 were 0.93 m/s for the 

younger participants and 1.19 m/s older participants (collapsed across ADHD OFF and 

TD). There was no significant main effect for group, nor an interaction effect. 
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Figure 5. Age Effects: Comparing peak COP velocities of younger versus older 
participants. Data shown were collapsed across groups (ADHD OFF versus TD 
analyses).      Indicates significant differences. 
 
2. A 2 (group) X 2 (age) ANOVA for CON5 indicated no significant main effect for both 

age and group, nor interaction. Refer to Table 4 for F values and Table 7 for means and 

standard deviations. 

 44



  

 45

3. A 2 (group) X 2 (age) ANOVA for CON6 indicated no significant main effect for both 

age and group, or interaction. Refer to Table 4 for F values and Table 7 for means and 

standard deviations 

 

ADHD ON versus TD 

A 2 (group) X 2 (age) MANOVA for peak COP velocity (CON1, CON5, CON6) 

indicated no significant main effects or interaction. Refer to Table 4 for F values and 

Table 7 for means and standard deviations. Since no significant effects were found with 

the MANOVA procedure, no ANOVA follow up analyses were conducted.  

    

Test of Gross Motor Development 2 (TGMD2) 

ADHD OFF versus TD 

Motor performance was assessed using two TGMD2 indices: LOC and OBJ. 

Inter-rater reliability between two scorers based on total raw scores for both subtests were 

r=0.98 for LOC and r=0.92 for OBJ. One participant from the group with ADHD was not 

scored appropriately thus the sample size for the ADHD OFF condition had one less 

participant (N=12). See details for sample sizes for this statistical comparison in Table 8, 

Appendix A. 

The 2 (group) X 2 (age) MANOVA procedure using two dependent variables 

(LOC, OBJ percentile scores) indicated a significant main effect for age, F (2, 19) = 

3.579, p = 0.048, Wilks’ λ = 0. 726. The group main effect and interaction were not 

significant. Refer to Table 4 for F values and Table 8 for means and standard deviations.  



  

Follow-up univariate analyses, 2 (group) X 2 (age) ANOVAs, on each dependent 

variable were conducted.  

1. A 2 (group) X 2 (age) ANOVA for LOC indicated no significant main effect for age 

and group, or interaction. See Figure 6. Refer to Table 4 for F values and Table 8 for 

means and standard deviations. 

2. A 2 (group) X 2 (age) ANOVA for OBJ indicated no significant main effect for age 

and group, or interaction. See Figure 7. Refer to Table 4 for F values and Table 8 for 

means and standard deviations.  

The results of the univariate follow up analyses indicated that neither the LOC 

and OBJ variables individually accounted for the age main effect. The multivariate 

analyses however indicated that the age effect was significant only when both LOC and 

OBJ were entered together in the analyses. The effect size also indicates a weak effect 

(Eta squared = .274).  
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Figure 6. Age effects for LOC: Comparing locomotor skills of younger versus older 
participants. Data shown were collapsed across groups (ADHD OFF versus TD 
analyses).     
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Figure 7. Age effects for OBJ: Comparing object manipulation skills of younger versus 
older participants. Data shown were collapsed across groups (ADHD OFF versus TD 
analyses).    
    
 

Relationship of Balance and Gross Motor Performance 

Regression analyses were conducted to examine the relationship between balance 

(EQ) and motor skills (LOC and OBJ) with group membership entered as an independent 

factor (ADHD OFF and TD).  The over all relationship between EQ and LOC was 

moderately significant, F (2,21) = 5.26, p = .014, r =.578 and R2 = .334, while the 

relationship between EQ and OBJ was non-significant, F (2, 21) = 2.61, p =.097, r=.446, 

R2 = .199.  

The results of subsequent separate correlation analyses between EQ and LOC and 

EQ and OBJ among the ADHD OFF and TD groups were as follows:  

 47



  

ADHD OFF: Correlation 

  The relationship between EQ and LOC (raw scores) was not significant, F (1,10) 

= 2.37, p =.155. With a correlation of r = .437. R2=.19, the association between the 

variables was low to moderate at best. Refer to Figure 8. 
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Figure 8. Scatter plot: EQ versus LOC (raw scores) among ADHD OFF participants. 

Similarly the relationship between OBJ and EQ regression results were non-

significant, F (1,10) = .653, p = .44, with a low correlation between the variables r= .248. 

Refer to Figure 9. 
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Figure 9. Scatter plot: EQ versus OBJ (raw scores) among ADHD OFF participants. 

TD: Correlation  

Conversely, results of the correlation analyses with TD indicated a moderate 

relationship between EQ and LOC (raw scores), F (1,10) = 6.113, p =.033, r=.616 and R2 

= .38. Refer to Figure10. There appears to be a moderate association between EQ and 

locomotor (LOC) skills with the TD group. 
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Figure 10. Scatter plot: EQ and LOC (raw scores) among TD. 
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Initially the correlation between EQ and OBJ (raw scores) indicated a moderate 

correlation between variables, F (1,10)=8.046, p=.018,  r = .668 and R2= .45, a closer 

examination of the scatter plot determined a possible outlier. See Figure 11. 
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Figure 11:  Scatter plot EQ and OBJ (raw scores) among TD participants, with the 

outlier. 

When the outlier was eliminated the relationship between EQ and OBJ with the 

TD sample was not significant, and the association between the variables was reduced 

with a correlation r=.304, indicating a lo

F values. 
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Figure 12.  Scatter plot:  EQ and OBJ 
w value. Refer to Figure 12. Refer to Table 4 for 
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CHAPTER V 

DISCUSSION 

 

The aim of this research was to understand postural control and gross motor 

abilities of children with ADHD (without comorbidities).  Balance indices that reflect the 

level of posture control were measured, analyzed and compared with an age-matched 

typically developing group.  These include the EQ scores and the peak COP velocities 

that were derived from the SOT (available with the Balance Master®).  In addition, the 

contributions of the three sensory systems  (SOM, VIS, VEST) for balance were 

examined to determine what might underlie motor dysfunctions if they exist.  Finally, 

functional motor performance (LOC and OBJ scores) was assessed and correlated with 

the EQ balance index.  

The first research question was: Are there differences in the performance of 

children with ADHD OFF and ON medication? 

Results from the analyses of EQ scores show that children with ADHD regardless 

of age, obtained higher scores in the ON compared to the OFF condition.  The EQ score 

is an overall composite score dependent on the contributions and the interactions of the 

three primary sensory systems (somatosensory, visual and the vestibular systems) that aid 

in balance control. These results indicated that medication improved the overall balance 

index (posture control and balance) of this sample. 

Results of the sensory ratios on the other hand indicated no differences between 

the OFF and the ON conditions, even though the contributions of the three sensory 

systems (SOM, VIS, VEST) are utilized by Balance Master to configure EQ scores of an 
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individual. The means of the VIS and VEST ratios in the ON condition were greater than 

the means in the OFF condition, however, possibly owing to the high degree of 

variability and the small sample size these sensory ratios did not contribute to differences 

between the two medication conditions.  

The peak AP COP velocity, another indicator of balance control also 

demonstrated no difference between the OFF and ON conditions. Greater mean peak 

COP velocities indicate quicker responses that help maintain the center of mass within 

the base of support (BOS).  Previous studies using perturbation paradigms indicate that 

participants whether young or old, who have quicker responses demonstrate better 

balance control and are likely to have a decreased incidence of falls (Bauer, Woollacott & 

Shumway-Cook, 2001; Roncesvalles et. al., 2001). The COP velocity reflects the ability 

to manage forces by moving the center of pressure at a greater range and velocity in order 

to minimize sway (Winter, Patla, Prince, Ishac & Gielo-perczak, 1998). Here again, 

although CON5 did have greater mean peak COP velocities (OFF condition versus the 

ON condition), the high degree of variability and the small sample size possibly 

contributed to  the lack of difference between the two conditions in the ADHD sample.  

Overall, EQ the composite balance index indicated that children with ADHD with 

medication (ON) have improved postural control. The possible underlying sensory 

mechanisms that may be responsible however, have not been identified.  

The second research question was: Are there differences in the performance of 

children with ADHD, with and without medication, compared to their TD counterparts? 

The comparison of EQ scores between ADHD OFF and TD groups indicated no 

differences, contrary to past research indicating balance deficits in the ADHD population 
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compared to their TD peers (Harvey & Reid, 2003; Zang et al., 2002).  Zang et al. (2002), 

in their study did not control for comorbidites, and therefore it is conceivable that the 

balance dysfunction reported in children with ADHD could be primarily due to other 

comorbid developmental disorders. Based on these findings the DSM IV manual (1994) 

is justified in not including motor dysfunction as a criterion for the diagnosis of ADHD.   

An age-related developmental effect was observed: older participants from both 

groups (ADHD OFF and TD) had better EQ scores than younger participants, indicating 

their superior posture control. Normal age-related maturation of posture occurs through 

the interaction of the sensory and motor systems in the context of experiences provided 

by the environment with time (Kamm, Thelen, & Jensen, 1990). This age-related effect 

was not evident when the comparison was made between the ADHD ON and the TD 

group using EQ.  

With regards to sensory mechanisms underlying postural control, the 

contributions of the sensory systems did not differ between ADHD OFF and the TD 

groups. These results were a contrast to previous research that indicated either the 

somatosensory or the vestibular systems to be less than adequate in individuals diagnosed 

with ADHD (Mulligan, 1996; Zang et al., 2002). These studies again did not control for 

comorbidities and therefore what was reported could be attributed to the presence of 

comorbid developmental disorders.  The present study indicated that the contributions of 

the three sensory apparatus did not differ between the two groups (ADHD OFF/ON and 

TD).   

However similar to the age-related effect seen with EQ,  an age-related 

development with the maturation of the sensory systems was observed: the older group 
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have higher sensory ratios than the younger group (ADHD OFF versus TD comparison). 

The results of the follow up analyses indicated that the differences were attributable to 

the SOM and VIS contributions only. The somato-sensory and the visual systems are 

known to mature at an earlier age compared to the vestibular system (Hiryabayashi & 

Iwasaki, 1995; Shumway-Cook & Woollacott, 2001). As seen with EQ, this age-related 

developmental effect was not evident when a comparison was made between the ADHD 

ON and the TD group.  

Results of the analyses of the peak COP velocity observed in the three SOT 

conditions (CON1, CON5, CON6) also indicated no differences between the ADHD OFF 

and TD group. As seen previously with EQ and sensory ratios, an age-related 

developmental effect however was found.  Peak COP velocities in CON1 accounted for 

the differences between the young and the old group: note that trials for CON1 were the 

first and the easiest set, where the participants’ task is simply to remain upright amid 

stable conditions (no perturbations, no sway-referencing).  All three sensory systems are 

available to the participant.  Predictably, performance in CON1 exhibited the lowest 

standard deviations across trials.  The older participants registered higher peak COP 

velocities than the younger participants (ADHD OFF and TD) and coupled with the low 

variability (SD) across age groups these differences were found to be significant.  In 

previous studies, the ability to generate faster responses (higher velocities) indicated 

better coping mechanisms to balance perturbations (Bauer, et. al., 2002; Roncesvalles et. 

al., 2004). The results reported by these studies are consistent with our results which 

indicate that the older group exhibited higher peak COP velocities, and age is a factor for 

increased posture control. 
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The set of trials for CON5 and CON6 were more challenging and participants had 

to cope with greater destabilizing forces, therefore performance variability inevitably 

increased.  The vestibular system was the only accurate system contributing to posture 

control in CON5 and CON6. This sensory system is reported to continue maturing past 

14 years of age (Cherng et al., 2001). This less than fully developed sensory system may 

have contributed to the increased variability seen in both conditions and therefore the 

lack of differences between age groups in CON5 and CON6. Similar to previous 

comparisons, when peak COP velocities between ADHD ON and TD groups were 

compared, there was no evident age-related effect.  

Note however, that the age effect seen with the comparison of ADHD OFF versus 

TD previously was driven by velocities from CON1. This condition tests a purely static 

posture which requires minimal vigilance and attention.  Differences in this condition did 

not appear to have any bearing in the performance in CON5 and CON6, the more 

functionally challenging tasks. If  differences between groups and ages were found in the 

more challenging conditions (CON5 and CON6), these would have been more 

meaningful and would have indicated greater disparities in balance skills and underlying 

mechanisms.  However these were not observed.  Based on these results, the samples 

performed very similarly, whether OFF/ON versus TD, or younger versus older children. 

Finally, although motor performance has been a serious concern with this 

population, based on the TGMD2 scores the results indicate that there were no 

differences in gross motor skills between the ADHD OFF and TD groups.  In the OFF 

condition, the ADHD group displayed comparable gross motor skills (LOC and OBJ) to 

their peers in the TD group. There was however an overall age effect: older participants 
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had higher OBJ and LOC scores than younger participants. Results of a follow up 

analyses indicated that neither, the locomotor nor object-manipulation skills individually 

accounted for the difference. A weak effect size was reflective of these results.  

The lack of differences seen in motor performance of TD versus ADHD groups 

may be attributed to the absence of comorbidities in the present sample. The DSM VI 

(1994) suggests that if children diagnosed with ADHD demonstrate motor problems, 

more often than not, these children have other underlying comorbidities (Piek et al, 

1999).  On the other hand motor awkwardness seen from time to time could possibly be 

linked to basic inattention (Doyel, Wallen, & Whitmont, 1995).  

All in all, between-group comparisons (ADHD versus TD) yielded consistently a 

lack of differences between the two groups, for all indices in this study. This was evident 

whether based on EQ, sensory ratios, peak COP velocities, and TGMD2.  This is the crux 

of the results that needs to be interpreted. The age effects seen only in the OFF condition 

versus TD must be noted, and in contrast its absence in the ON condition versus TD is 

noteworthy as well. It is difficult to speculate about the absence of age effects in the ON 

versus TD analyses. Several factors need to be considered, in particular, the high standard 

deviations in the ON and TD groups. In addition the different drugs that were used may 

have contributed to the variability. If we however accept that the OFF condition is the 

more natural state of the child with ADHD, the similar age effects with TD indicates that 

both groups demonstrate similar age-related developmental trajectories. 
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Our final research question was: Is there a relationship between balance indices 

and functional motor performance? 

While data from the TD sample demonstrated a moderate association between 

balance and locomotor skills, no significant relationships were found among children 

with ADHD (OFF).   This could possibly be due to the small sample size and the 

increased variability seen with this group.   

The scatter plots of the TD exhibited moderate correlation especially between 

balance and locomotor skills, while the plots for children with ADHD indicated mostly 

low correlations. See Figures 8-12. What could characterize typical development is the 

association between underlying mechanisms such as balance, and motor performance. 

Meanwhile children diagnosed with a syndrome (i.e. ADHD) tend to exhibit variable and 

unique characteristics that do not fit any particular pattern.  For TD children, the 

relationship of balance and LOC scores indicates that postural stability provides the 

frame work for improved gross motor skills (Shambes, 1976).  Data presented in this 

study supports this.  

 

Conclusion 

1. In comparing OFF and ON conditions the following are the conclusions  

a) Children with ADHD when they were on medication demonstrated a higher 

composite balance index (EQ). Medication has an effect on overall balance.  

b) The comparison of sensory ratios indicated that the contributions of the sensory 

systems did not differ between ADHD and the TD groups. This perhaps indicates 

that similar underlying sensory mechanisms are at work.  
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c) Medication had no noticeable effect on peak COP velocity (response 

quickness). The effects of medication are conclusive with respect to EQ: It 

improves the overall balance (based on EQ). 

2. The fundamental gross motor skills of our sample of children with ADHD (OFF 

medication) were found to be comparable to their TD counterparts. Based on this finding 

the DSM IV appears to be justified in not including motor dysfunction as a criterion for 

diagnosing ADHD and its subtypes. It is probable that poor motor performance in the 

ADHD population is due to the presence of comorbidities or due to inattention (Doyel et 

al., 1995). Due to the small sample size used in this study, future research needs to look 

in to this more closely.  

3. While comparable motor performance was found in both groups, no relationship was 

found between balance and fundamental gross motor skills (LOC and OBJ skills) with 

the ADHD sample. We assume this is due to the large variability seen in the ADHD 

participants secondary to the prevailing ADHD subtypes not taken into consideration in 

this study. This is another area that needs to be studied more closely with a larger sample 

size that will be more representative of the ADHD population and its subtypes. 

For future studies using a paradigm similar to this study, a larger sample size will 

help determine if poor motor performance is or is not an inherent trait seen with the 

ADHD subtypes. Knowing the source of the motor dysfunction, and subsequently the 

underlying causes will help with providing the appropriate services in a timely manner. 

Appropriate intervention will limit impairment in an educational setting for these 

individuals.  It is recommended that future studies also investigate fine motor skill 

performance with the ADHD population.
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Table 1. Demographics Of ADHD participants 

 Participants Age 

(years) 

Height  Weight Medication Dosage 

1 JH 6.76 3’9” 48.5 lbs Adderall 15 mg qd 

2 DS 8.00 4’4” 62.5 lbs Concerta  18 mg qd 

3 DL 8.62 4’4” 64 lbs. Adderall XR 20 mg qd 

4 TJ 9.22 4’4” 52 lbs Adderall XR 15mg qd 

5 IW 9.24 4’8” 68 lbs Concerta 18 mg qd 

6 JR 9.95 4’10” 88.5 lbs Focalin XR 10mg qd 

7 AE 11.47 4’6” 63 lbs Strattera 40 mg 

8 AA 11.82 4’11” 108 lbs. Concerta 54 mg qd 

9 RG 12.2 4’4” 66 lbs Adderall 30 mg qd 

10 RA 12.78 5’12” 126 lbs. Letavate 60 mg qd 

11 TP 12.91 5’1” 90.5 lbs Ritalin 20 mg bid 

12 DJ 13.31 5’1” 83 lbs Concerta  36 mg qd 

13 MR 14.44 6’ 2” 153 lbs Concerta 54 mg qd 

 



  

 67

Table 2. Demographics of TD Participants 

 Participant Age 

(years) 

Height Weight 

1 JR 6.50 3’08” Not Available 

2 SB 8.33 4’05” Not Available 

3 BW 8.04 4’6” 63 lbs 

4 AM 9.75 4’ 5” 82.75 lbs 

5 LF 9.85 4’6” 77 lbs 

6 CT 9.13 4’1” 54 lbs 

7 TS 11.88 4’11” 88 lbs 

8 RP 11.24 4’7” 62 lbs 

9 SC 12.50 5’2” 95 lbs 

10 QC 13.23 4’10” 84 lbs 

11 FM 12.39 5’2” 139 lbs 

12 MC 14.41 5’6” 151 lbs 
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Table 3. Summary of Statistical Analyses Conducted 

Variable Comparisons Statistical tests Results Follow up 

Composite Balance 
(EQ) 

    

ON vs. OFF RM ANOVA Significant Not applicable 

OFF vs. TD RM MANOVA Non significant Not applicable 

 

ON vs. TD RM MANOVA Non significant Not applicable 

Sensory Ratios     

ON vs. OFF RM MANOVA Non significant Not applicable 

OFF vs. TD MANOVA Significant for 
age effects 

SOM  

VIS 

SOM 

VIS 

VEST 
ON vs. TD MANOVA Non significant Not applicable 

Peak COP Velocity     

ON vs. OFF RM MANOVA Non significant Not applicable 

OFF vs. TD MANOVA Significant for 
age effects CON1 

CON1 

CON5 

CON6 ON vs. TD MANOVA Non significant Not applicable 

TGMD2: 

LOC (percentile 
scores) 

OBJ (percentile 
scores) 

OFF vs. TD MANOVA Significant age 
effects 

Non significant 

 

TGMD2 (Raw scores)/ 
EQ 

OFF vs. TD Regression 
Analysis 

Significant for 
LOC and EQ 
for TD 

Not applicable 

 



  

 69

Table 4. Results of Statistical Analyses  
OFF versus ON ADHD group 
 

EQ: 2 (age) X 2 (medication) RM ANOVA  
RM ANOVA F df p Eta Squared 
Age Effect* 2.397 1,8 .160 .231 
Medication Effect  20.98 1,8 .002 .724 
Age * medication  1.138 1,8 .317 .125 

              * Indicates significance 
                   
 

Sensory Ratios: 2 (age) X 2 (medication) RM MANOVA 
RM MANOVA F df p Eta Squared 
Age Effect 2.648 3,6 .143 .570 
Medication Effect  2.197 3,6 .189 .524 
Age * medication 2.736 3,6 .136 .578 

  
 
 COP Velocity (m/s):2 (age) X 2 (medication) RM MANOVA  

RM MANOVA F df p Eta Squared 
Age Effect 1.19 3,6 .390 .373 
Medication Effect  3.95 3,6 .072 .664 
Age * medication 3.9 3,6 .073 .662 

 
ADHD OFF versus TD 
  

EQ:2 (age) X 2 (group) ANOVA 
 ANOVA F df p ES 
Age Effect* 10.434 1,21 .004 .332 
Group Effect  .077 1,21 .783 .004 
Age * group .207 1,21 .653 .010 

              * Indicates significance.   
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Table 4. continued 
Sensory Ratios: 2 (age) X 2 (group) MANOVA 

 MANOVA F df p Eta Squared 
Age Effect* 4.845 3,19 .011 .433 
Group Effect 0.156 3,19 .924 .024 
Age * group .620 3,19 .611 .089 
2 (age) X 2 (group) ANOVA, a Univariate Follow up 
SOM: age effect* 10.372 1,21 .004 .331 
VIS: age effect* 7.305 1,21 .013 .258 
VEST: age effect .137 1,21 .715 .006 

             * Indicates significance. 
 
 COP Velocity: 2 (age) X 2 (group) MANOVA 

MANOVA F df p Eta Squared 
Age Effect* 3.819 3,19 .027 .376 
Group Effect .616 3,19 .613 .089 
Age * group .327 3,19 .806 .049 
2 (age) X 2 (group) ANOVA, a Univariate Follow up 
CON1: age effect* 11.048 1,21 .003 .345 
CON5: age effect 2.032 1,21 .169 .088 
CON6: age effect .015 1,21 .905 .001 

             * Indicates significance. 
 

TGMD2 (ADHD OFF Versus TD) using percentile scores. 
MANOVA F df p Eta squared 
Age Effect* 3.579 2,19 .048 .274 
Group Effect  2.367 2,19 .121 .199 
Age * group .414 2,19 .667 .042 
2 (age) X 2 (group) ANOVA, A Univariate Follow up 
LOC: age effect 3.902 1,20 .062 .163 
OBJ: age effect 3.449 1,20 .078 .147 

             * Indicates significance. 
 
 
 
ADHD ON versus TD 

EQ 
ANOVA F df p Eta squared 
Age Effect 3.503 1,18 .078 .163 
Group effect (ON VS 
TD) 

4.028 1,18 .060 .183 

Age * group .062 1,18 .807 .003 
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Table 4.continued 

Sensory Ratios 
MANOVA F df p Eta squared 
Age Effect 1.535 3,16 .244 .223 
Group Effect  1.956 3,16 .161 .268 
Age * group 1.573 3,16 .235 .228 

 
 COP Velocity 

MANOVA F df p Eta squared 
Age Effect .866 3,16 .479 .140 
Group Effect  .044 3,16 .987 .008 
Age * group .683 3,16 .575 .114 

 
 

Correlation: EQ and LOC, OBJ with ADHD OFF and TD participants  
 Regression Analyses F df p r R2

Regression (LOC & EQ) –
ADHD OFF and TD with 
group membership 

5.26 2,21 .014 .578 .334 

Regression (LOC & EQ) 
ADHD OFF 

2.367 1,10 .155 .437 .191 

Regression (LOC & EQ) 
TD* 

6.113 1,10 .033 .616 .379 

Regression (OBJ & EQ) –
ADHD OFF and TD pooled 

2.612 2,21 .097 .446 .199 

Regression (OBJ & EQ) 
ADHD OFF 

.653 1,10 .438 .248 .061 

Regression (OBJ & EQ) TD 
(with the outlier)* 

8.046 1,10 .018 .668 .446 

Regression (OBJ & EQ) TD 
(with out the outlier) 

.917 1,9 .363 .304 .092 

            *Indicates a Relationship 
 
 
 
 
 
 
 
 
 
 
 



  

 
Table 5. Means and standard deviations of Equilibrium Scores 

a One child did not have data for the ON condition and was excluded only from the ON 
versus OFF analysis 

 
 N ADHD 

OFF 
SD N ADHD 

ON 
SD N TD SD 

Young 6a 65.17 2.04 5 74.00 4.58 6 65.67 8.55 

Old 7b 75.57 8.05 5 80.00 12.51 6 73.5 7.29 

b Two children did not have data for the ON condition and were excluded only from the 
ON versus OFF analysis 
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Table 6. Means and standard deviations for sensory ratios: SOM, VIS, VEST 

 SENSORY 
RATIOS 

GROUP MEAN SD N 

Y SOM ADHD OFF 90.50 4.72 6a

  ADHD ON 90.6 3.78 5 
  TD 92.33 3.56 6 
O  ADHD OFF 97.29 3.59 7b

  ADHD ON 94.8 6.61 5 
  TD 95.33 3.14 6 
Y VIS ADHD OFF 73.5 11.17 6 
  ADHD ON 87.60 4.04 5 
  TD 74.33 18.86 6 
O  ADHD OFF 86.57 11.01 7 
  ADHD ON 88.20 13.16 5 
  TD 87.83 2.31 6 
Y VEST ADHD OFF 52.00 5.55 6 
  ADHD ON 61.20 12.81 5 
  TD 52.83 7.33 6 
O  ADHD OFF 58.14 15.80 7 
  ADHD ON 69.6 18.99 5 
  TD 50.67 19.23 6 
a One child (young) did not have data for the ON condition and was only excluded from 
the ON versus OFF analysis 
b Two children  (old) did not have data for the ON condition and were excluded only from 
the ON versus OFF analysis 
 



  

 74

Table 7. Mean and Standard deviations of peak COP velocity: CON1, CON5, CON6 

 CONDITIONS GROUP MEAN 
(m/s) 

SD(m/s) N 

Y CON1 ADHD OFF 0.937 0.139 6a

  ADHD ON 1.021 0.176 5 

  TD  0.916 0.160 6 

O  ADHD OFF 1.254 0.209 7b

  ADHD ON 1.084 0.282 5 

  TD 1.132 0.265 6 

Y CON5 ADHD OFF 1.753 0.485 6 

  ADHD ON 1.979 0.570 5 

  TD 1.789 0.681 6 

O  ADHD OFF 1.931 0.313 7 

  ADHD ON 2.101 0.406 5 

  TD 2.166 0.415 6 

Y CON6  ADHD OFF 1.862 0.318 6 

  ADHD ON 1.759 0.422 5 

  TD 1.882 0.380 6 

O  ADHD OFF 1.746 0.564 7 

  ADHD ON 2.118 .510 5 

  TD 1.948 0.715 6 
a One child did not have data for the ON condition and was excluded only from the ON 
versus OFF analysis 
b Two children did not have data for the ON condition and were excluded only from the 
ON versus OFF analysis 
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Table 8. Means and standard deviations of TGMD2 percentile  
scores of  Young versus Old of ADHD OFF and TD 

 AGE GROUP MEAN SD N 

LOC O ADHD/
TD 22.3 16.26 12a

 Y ADHD/
TD 12.25 9.44 12 

OBJ O ADHD/
TD 41.75 27.89 12a

 Y ADHD/
TD 23.67 20.45 12 

a One participant not included in the ADHD OFF group due to 
 inappropriate scoring. 
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Table 9. Data for TD Participants (EQ, Sensory ratios: SOM, VIS VEST, Peak COP 
velocity: CON1, CON5, CON6, and TGmd2 scores: LOC, OBJ (raw scores and 
percentiles) 

TGMD2 
SUB EQ Sensory Ratios Peak COP Velocity 

Raw Score Percentile 

  SOM VIS VEST CON1 

(m/s) 

CON5 

(m/s) 

CON6

(m/s) 

LOC OBJ LOC OBJ

JR 52 86 56 51 0.97 1.94 2.31 35 23.50 25 9

BW 75 96 96 63 1.15 0.90 1.35 34.50 39.00 9 16

SB 66 91 80 51 0.82 2.42 1.75 33.00 36.00 5 25

LC 73 95 76 57 0.76 1.01 1.57 40.50 42.50 25 37

AM 60 93 48 41 1.04 2.00 2.11 38.50 44.00 16 63

CT 68 93 90 54 0.77 2.46 2.20 38.00 44.00 16 63

TS 74 97 88 57 0.96 1.56 1.27 37.00 46.50 9 75

RP 60 93 85 17 1.21 2.17 1.04 32.00 40.50 16 9

QC 77 100 85 41 1.01 1.95 2.46 45.00 4.00 63 50

SC 72 92 89 57 1.56 2.43 1.82 36.50 38.50 16 25

FM 77 97 90 72 1.33 2.70 2.43 40.00 40.00 25 25

MC 81 93 90 60 0.81 2.10 2.17 43.00 47.50 37 84
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Table 10. Data for ADHD (OFF AND ON conditions) Participants: EQ, Sensory ratios  
(SOM, VIS VEST)  

SUB EQ Sensory Ratios 
 OFF ON OFF OFF OFF ON ON ON 
   SOM VIS VEST SOM VIS VEST 

JH 66 NA 87 87 44 NA NA NA 

DS 66 75 85 82 58 95 86 65 

DL 62 69 88 58 57 85 82 42 

TJ 65 81 97 66 52 93 91 71 

JR 64 71 95 68 54 90 87 55 

IW 68 74 91 80 47 90 92 73 

AE 58 58 95 73 30 93 65 38 

AA 82 86 91 82 73 100 95 82 

RG 77 NA 100 72 67 NA NA NA 

RA 75 84 99 100 60 99 91 74 

TP 80 NA 97 91 64 NA NA NA 

DJ 78 83 102 94 70 84 93 68 

MR 79 89 97 94 43 98 97 86 
NA Participants that did not return to be tested 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 78

 
Table 11. Data for ADHD (OFF AND ON conditions) Participants: Peak COP velocities 
(CON1, CON5, CON6) and TGMD2 scores: LOC, OBJ (raw and percentile scores) 

SUB Peak COP Velocity TGMD2 TGMD2 

 
OFF OFF OFF ON ON ON 

Raw Score 
(OFF) 

Percentile 
(OFF) 

 CON1 

(m/s) 

CON5 

(m/s) 

CON6 

(m/s) 

CON1 

(m/s) 

CON5 

(m/s) 

CON6 

(m/s) 

LOC OBJ LOC OBJ 

JH 1.04 2.52 1.75 NA NA NA 35 29 25 16 

DS 0.91 1.62 1.89 1.01 2.42 1.15 29 37.5 2 16 

DL 0.85 1.27 1.59 0.91 1.33 1.52 39.5 37 16 16 

TJ 0.71 1.35 1.97 0.82 1.58 1.97 31.5 35 2 5 

JR 1.07 2.14 1.56 1.28 2.69 1.93 34 43 5 16 

IW 1.04 1.60 2.42 1.08 1.87 2.22 29 32.5 1 2 

AE 1.47 2.32 2.37 1.07 2.57 2.63 35.5 45.5 9 63 

AA 1.55 2.13 2.43 0.94 2.36 2.47 36.5 45.5 16 50 

RG 1.05 1.48 1.02 NA NA NA NS NS NS NS 

RA 1.19 1.95 1.25 1.06 1.75 1.43 37 47.5 5 63 

TP 1.15 2.13 1.93 NA NA NA 42 36 37 5 

DJ 1.01 1.54 1.27 0.80 1.61 1.75 36.5 45 25 50 

MR 1.36 1.97 1.95 1.55 2.21 2.31 38 34 16 2 
NA: Participants that did not return to be tested 
NS: Participant not scored correctly. 
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Consent Form 

 
I hereby give my consent for my child's participation in the project entitled:  Comparing 
the development of sensory systems for posture control in typically developing children 
and those with Attention Deficit and Hyperactivity Disorder (ADHD). I understand that 
the person responsible for this project is Dr. Maria Nida Roncesvalles.  You can Riach 
Dr. Roncesvalles at (806) 742-3371 ext 228.  
 
Dr. Roncesvalles, or her authorized representative (Co-Principal Investigator: Karen 
Aranha and Research students) has explained that this study is a part of a project that has 
the following objectives: 

1. To assess my child’s motor skill performance, determine his/her level of 
competency (age-appropriate standards using The Test of Gross Motor 
Development 2 –TGMD2, Ulrich, 2000) 

2. To assess my child’s balance skills that may underlie motor skill development.   
 
Dr. Roncesvalles, or her authorized representative has explained the following procedures 
to be performed during this project:  

1. My child’s locomotor skills (i.e. running, hopping etc.) and manipulation skills (i.e. 
catching, throwing etc) will be tested using a field testing tool for motor 
performance (TGMD2). Testing will take place at the Exercise Science Center 
(ESC) and will require about 30 minutes to conduct. 

2. At another session(s) my child’s balance skills will be assessed at the Motor 
Behavior Laboratory at the ESC as well. In this battery of test, my child’s task is to 
maintain upright stance in various conditions (i.e. eyes closed, one-leg support, 
while reaching etc) using a balance machine.  Visual, somatosensation and 
vestibular contributions to balance will be tested, and the test may take up to 40 
minutes to conduct. 

 
I understand that the skills tested are typical motor behaviors that my child performs in 
physical education classes and in every day life.  I have also been advised that my child 
can request the testing to be stopped at any point where he/she feel unusual discomfort.   
 
I have been informed that every effort will be taken to minimize any risk of adverse 
effects and every precaution will be taken during the test protocol to prevent any injury to 
occur. 
 
I acknowledge that my child's participation in this project is voluntary and her/she will 
not be penalized in any way should he or she decide not to participate.  Additionally, I 
realize that there is no financial payment involved for my child's participation in this 
project. It has also been explained to that there is no known physical, social/economic, 
legal or loss of confidentiality risks involved in my child's participation. 
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Only Dr. Roncesvalles, Ms. Aranha, and other recognized authorities will have access to 
the individual records, and or data collected for this study.  All records and data will be 
coded and all records or data that are personally identifiable will remain strictly 
confidential.  Any recordings to be presented or published in the public domain will not 
identify the subject. 
 
Dr. Roncesvalles, and Ms. Aranha, agree to answer any inquiries I may have concerning 
the procedures and to inform me that I may contact the Texas Tech University 
Institutional Review Board for the Protection of Human Subjects by writing them in care 
of the Office of Research Services, Texas Tech University, Lubbock, Texas 79409 or by 
calling (806) 742-3884. 
 
I understand that I may not derive therapeutic treatment from participation in this study.  I 
understand that my child may discontinue participation in this study at any time without 
penalty. 
 
 
By signing this sheet, it means that I read this form and that all of my questions were 
answered. 
 
 
______________________________  ____________  _________ 
Child’s Name          Birth Date  Age                   
 
 
______________________________  ____________  ________  
Signature of Parent/Guardian               Date              Phone# 

  
 
____________________________      __________ 
Signature of Project Director or Authorized Representative              Date 
 
 
____________________________      __________ 
Signature of Witness to Oral Presentation                Date 

 

 

Dr. Roncesvalles will answer any questions you have about the study.  For questions 
about your rights as a subject or about injuries caused by this research, contact the Texas 
Tech University Institutional Review Board for the Protection of Human Subjects, Office 
of Research Services, Texas Tech University, Lubbock Texas 79409.  Or you can call 
(806) 742-3884. 
 

This consent form is not valid after February, 2006. 
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Assent Form 

I am willing to take part in the study called “Comparing the development of sensory 
systems for posture control in typically developing children and those with Attention 
Deficit and Hyperactivity Disorder (ADHD)”. I understand that the researchers from 
Texas Tech University (TTU) will document the development of motor skills in children, 
and explore the underlying mechanism for balance deficits in children with Attention 
Deficit and Hyperactivity Disorder (ADHD).  I understand that I will perform 
fundamental motor activities and will be assessed based on developmental standards.  
The researchers will video tape all testing that take place at the TTU campus (Motor 
Behavior Laboratory, Exercise Science Center) and should take about 2 sessions (30-40 
minutes each) of my time.  I know that I can leave this study at any time. If I do not like a 
task, I do not have to perform it. I may also ask that my scores not to be used in the study. 
No one will see the videos and know any of my data except authorized researchers (Dr. 
Roncesvalles, Ms. Aranha and Graduate and Research Assistants). 

 

Name ____________________________________________ 

 

Signature _______________________________________ 

 

Date _________________________   Age __________ 

 

Birth date _________________________   
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Oral Assent Form 
(Script to be used; Assent will be Videotaped) 

 

My name is Nida Roncesvalles  (Karen Aranha) and I am a teacher at Texas Tech 
University.  Together with other researchers here, we want to know how good you are in 
running, jumping, hopping, sliding, leaping and galloping, and in using a bat and balls.  
To do this we will take pictures and videos of you doing all of those including throwing, 
catching, rolling, dribbling, kicking and striking balls at the gymnasium.  It may take up 
to 30 minutes to finish the testing.  We can show you and your parents the videos we take 
and we can stop at any time if you have any questions about them.  You can also tell us 
any time if you do not want to play any more or you get tired.  Do you want us to test 
your skills? ________________ 

When we finish playing at the gymnasium we will take more pictures and videos of you 
as we see how good your balance is.  We will test your balance using a machine where 
your task is to simply stand for a total of 20 seconds for each trial.  There will be different 
situations where we test how good you are in standing: sometimes we will ask you to 
close your eyes, at other times, the room around you will move, or the floor you are 
standing on will move and you can pretend you are riding a boat, and sometimes both the 
room and floor will move together. The whole test may take up to 30 minutes also.  Do 
you want us to find out how good you are in balancing? ____________ 

Are you ready to “run” in front of the camera? Do you want to show us how good you are 
in jumping? hopping? galloping? leaping? Are you also good at throwing, catching, 
kicking, dribbling and rolling the ball?   Can you show us how good you are at 
balancing? ______________ 

 

Name ____________________________________________ 

 

Date _________________________   Age __________ 

 

Birth date  _________________________   
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Letter to Lubbock Independent School District 
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Letter to Parent
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PERMISSION TO COPY 

 In presenting this thesis in partial fulfillment of the requirement for a master’s 

degree at Texas Tech University or Texas Tech University Health Sciences Center, I 

agree that the library and my major department shall make it freely available for research 

purposes. Permission to copy this thesis for scholarly purposes may be granted by the 

Director of the library or my major professor. It is understood that my copy or publication 

of this thesis for financial gain shall not be allowed without my further written permission 

and that any user may be liable for copyright infringement. 

 

Agree (Permission is granted.) 

 

 

Karen Aranha        04.29.06 

_________________________________________                         __________________ 
                      Student Signature                                                                       Date 
 

Disagree (Permission is not granted.) 

 

 

_________________________________________                       ___________________ 
                         Student Signature                                                                        Date 

 




