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Balance is the ability to establish an equilibrium between the body and its

environment. Balance is a key component which is associated with a variety of movements

and postural control. Children with cerebral palsy (CP) have difficulties with movement

and postural control due to physical and neurological limitations. The purpose of this study

was to investigate the effectiveness of a static and dynamic balance training program on the

balance of boys and girls aged 7-11 years (N=4) who have mild to moderate cerebral palsy.

A single-subject multiple baseline design was used for this study. Subjects were assessed

on four valid field test measures (two static; two dynamic balances). Testing sessions were

videotaped to ensure accuracy and reliability of the test measures. The interobserver

agreement ranged from 80% to 87% on all four field tests.

Baseline was established when subjects established at least three consistent

measures, (within a 25% range on 3 of the 4 measures), or following the second week of

baseline collection, which ever occurred first. Subjects were tested three times daily with

mean scores plotted. Initially, two subjects were paired to begin the intervention period.

The remaining two subjects continued in baseline period for one week, with the treatment

intervention delayed.
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During training, subjects received training with a 1:1 teacher-student ratio. Training 

consisted of 45 minute balance training sessions, 4 times per week for a total of 4 weeks. 

Each subject was tested daily on one field test daily. Lesson plans were developed to 

address one of the four subsystems of balance. Post data was collected on all four field 

tests at one week intervals for a total of 3. 

Through visual analysis of the data, results indicate that some improvements 

occurred as a result of the implemented balance training program. Dynamic balance tests 

showed greater positive changes than the static balance tests. This may be due to the fact 

that since children like to use a variety of locomotor movements, and thus practice dynamic 

balance more than static balance. Anecdotal information from the parents seemed to 

support improvements in balance abilities. There is very little research that focuses on the 

balance of children with cerebral palsy. More studies are needed to further investigate 

balance training for persons with CP. 
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The Effectiveness of a Static and Dynamic Balance
 
Training Program for Children with
 

Cerebral Palsy
 

CHAPTER I
 

INTRODUCTION
 

" Good motor performance requires the control of time, space, and often objects, 

and balance is a necessary prerequisite for this control" (Gayle & Pohlman, 1990, p.883). 

How important is balance in daily life ? For a person without adequate balance, tasks such 

as getting out of bed and walking down the hallway may take much time and effort. Going 

outside and playing with friends may be limited if one is not able to keep up with the others 

in games. Locomotor skills, such as running, hopping, skipping, and gallopingmay never 

develop as functional methods of movement. Children with cerebral palsy, have 

difficulties with balance and the activities listed above. 

Chapter one focuses on (a) characteristics of cerebral palsy, (b) characteristics of 

balance, (c) cerebral palsy and balance deficits, (d) statement of the problem, (e) research 

question, (f) operational definitions, (g) assumptions, (h) limitations, and (i) delimitations. 

Characteristics of Cerebral Palsy 

Cerebral palsy (CP) as defined by Batshaw and Perret (1992) " is a disorder of 

movement and posture due to a nonprogressive abnormality of the immature brain 

"(p.441). Gage and Ounpu (1991) determined that excessive muscle tone is common for 

individuals with cerebral palsy. The type and extent of muscle tone depends primarily on 
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the size and location of the lesion in the brain. Spasticity is a common characteristic of 

individuals with cerebral palsy. 

Spasticity results when damage to the voluntary motor cortex of the brain is 

manifested as increased muscle tone with hyperactive stretch reflex. In individuals who 

have spasticity, movement of the affected areas is limited due to an imbalance of muscle 

tone. .Spasticity usually occurs in the flexor muscle groups of the upper extremities and 

extensor groups of the lower extremities causing imbalance between agonist and antagonist 

muscles (Leavitt & Beasley, 1964). This often results in difficulty in uncoordinated 

movement through the full range of motion. As .a result of this and other factors, the static 

and dynamic balance of children with spasticity will be negatively affected. 

Characteristics of Balance 

Balance is the ability to establish equilibrium between the body and its environment. 

Research done by DeOreo and Wade (1971), identified two types of balance; static and 

dynamic. Static balance is defined as when an individual can maintain an equilibrium 

between the body and its environment while stationary. Static balance is a key ingredient 

for every day situations. Many motor performance skills rely primarily on static balance, 

such as serving a volleyball, hitting, throwing, kicking and catching a ball . If a child 

cannot maintain balance while standing, the performance of the above skills will be 

negatively affected. Researchers must then ask; can the child hit, throw, kick and catch a 

ball, or is it just that his/her balance is so bad, that it is impossible to perform the above 

skill while standing? 

Dynamic balance refers to the ability of an individual to establish and maintain an 

equilibrium between the body and its environment while in motion (DeOreo and Wade, 

1971). Dynamic balance plays an important role during all locomotor activities. Without 
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adequate dynamic balance, individuals experience difficulty in skills such as running, 

walking, sliding, and skipping. Children often withdraw from game play due to limited 

abilities in maintaining balance while moving. 

Postural control and the ability to maintain static and dynamic balance involves the 

interaction of a number of sensory systems (Woollacott & Shumway-Cook, 1991). These 

sensory systems include the vestibular apparatus, somatosensory and visual systems. 

The vestibular apparatus is located in the inner ear and has two important roles. 

First, it assists in initiating postural muscle response during postural sway. Secondly, this 

apparatus is used as a reference by the somatosensory and visual system to adequately 

detect the amount of postural sway (Flores, 1992). The vestibular apparatus relies on 

proprioceptors that help establish the position of an individuals head in space. The 

vestibulo-spinal and vestibulo-ocular reflexes are two reflexes associated with the 

vestibular apparatus. 

The vestibulo-spinal and vestibulo-ocular reflexes are primarily responsible for 

maintaining postural control (Lewis, Hingham, & Cherry, 1985). When these two reflexes 

are abnormal,-a child will receive inadequate or inappropriate vestibular-proprioception 

feedback to maintain balance while moving (Batshaw & Perret, 1992). 

As with the vestibular apparatus, the somatosensory system primarily relies on 

internal receptors to maintain postural and balance control. The somatosensory system 

provides information regarding support surfaces, such as the type of floor or apparatus an 

individual is standing on. The somatosensory system relies on pressure receptors in the 

feet and receptors from joints and muscles that identify movements of certain body parts. 

The third sensory system involved with establishing and maintaining balance is 

visual proprioception. Nashner and Berthoz (1978), stated that visual input facilitates the 

restoration of balance when equilibrium is perturbed. The visual system identifies changes 
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in the environment that will help guide postural adjustments. This information, along with 

other sensory information, is then sent to the brain to be interpreted. 

Individuals tend to rely more on the somatosensory and visual system to maintain 

posture and balance. But once all the information is initiated, the brain must decide on 

which information is acceptable. This is decided by the conditions in which the individual 

is performing. Lee and Lishman (1975) state that since the visual system is more sensitive 

than the vestibular system, it will take the leading role in fine tuning the ankle-foot 

proprioception and muscular control. 

Cerebral Palsy and Balance Deficits 

Individuals with cerebral palsy have difficulties with maintaining and establishing 

balance. These difficulties can be associated with poor proprioception as well as visual 

deficits (Molnar, 1991). 

Within the primary motor cortex, impulses are sent to muscles to initiate voluntary 

movement. This impulse travels along the corticospinal tract to stimulate alpha and gamma 

motor neurons. In individuals with cerebral palsy, alpha and gamma motor neurons are 

not completely stimulated primarily because of lesions found in the pyramidal tract. This 

causes difficulty in organizing and translating appropriate muscular responses (Nashner, 

1989). 

Children with CP often experience difficulties due to a hyperactive stretch reflex 

and poor reciprocal inhibition of agonist and antagonist muscles. Agonist muscles are 

muscles that initiate a desired contraction. Antagonist muscles are opposing muscle groups 

that relax during the contraction of the agonist muscles. 

The body is composed of many single nerve junctions that serve as protective 

mechanisms for the skeletal system. When muscles stretch too quickly, the stretch reflex 
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signals the antagonist muscles to contract, preventing a violent over stretch of that particular 

muscle. The motor centers of the brain are responsible for the stimulations of the 

antagonist muscle groups. In individuals with cerebral palsy, neurological control is 

greatly reduced, thus causing a disruption of the stimulation of the antagonist muscles. 

Reciprocal inhibition involves the stimulation of motor neurons with agonist and antagonist 

muscles. Motor neurons of agonist muscles receive impulses from the afferentnerves, 

however, motor neurons to the antagonist muscles are inhibited. With a failure to stimulate 

the antagonist muscles, this muscle group does not fully relax, causing insufficient 

movement responses (Basmajian, 1976). Children with CP tend to have an over 

exaggerated stretch reflex when compared to typically developing peers. 

Classic motor development theory holds that the development ofmotor patterns are 

influenced by certain innate reflex responses. As the brain matures, higher levels of control 

inhibit some motor behaviors (Batshaw & Perret, 1992). For individuals with CP, reflex 

responses often persist for longer periods of time. If certain reflexes are not inhibited, the 

development of more voluntary movements will likely be delayed (Batshaw & Perret, 

1992). 

Balance involves a variety of mechanisms working cooperatively in order to 

maintain adequate posture and stability. From the previous statements one can infer that 

individuals with cerebral palsy often have problems with balance due to difficulties in 

muscular strength, muscle tone, and/or difficulties within the three sensory systems. 

Educators in the field of adapted physical education must develop ways to expand 

the balance abilities of children with cerebral palsy. One such way is by the use of a 

balance training program. A systems perspective suggests using a variety of activities that 

focus on balance strategies. This approach would facilitate balance experiences in a variety 

of environments. It is hoped that with an appropriate balance training program, children 

with cerebral palsy would be able to improve static and dynamic balance. 
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Statement of the Problem 

The purpose of this study was to investigate the effectiveness of a static and 

dynamic balance training program on the balance of boys and girls aged 7- 11 years who 

have cerebral palsy. 

Research Question 

Specifically, the following research question was investigated: 

1. Will static and dynamic balance performance be improved 

by a training program designed for subjects with CP ? 

Operational Definitions 

This study included the following operational definitions: 

1. Static balance: the ability to establish an equilibrium between the body 

and its environment while stationary. 

2. Dynamic balance: the ability to establish and maintain equilibrium 

between the body and its environment while in motion. 

3. Cerebral palsy: a nonprogressive disorder of movement, posture, and 

balance due to defects or lesions of the immature brain. 

4. Static balance training: exercises that require individuals to maintain 

stability in a stationary position. (see Appendix A) 

5. Dynamic balance training: exercises that require individuals to practice 

balance strategies while in motion. (see Appendix A) 
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Assumptions 

The following assumptions were made for this study: 

1. All individuals participating in this study experience difficulties with 

static and dynamic balance as a result of cerebral palsy. 

2. The individuals in this study performed to the best of their ability. 

3. While training, the subjects experienced slight fatigue, which may 

negatively affect performance. 

Limitations 

Research associated with individuals with cerebral palsy can be problematic. Due 

to individual differences, (i.e. the type and extent of cerebral palsy) subjects may require 

individualized instruction and program development (Watkinson & Wasson, 1984). A 

balance training lesson that may be suitable for a child that has a mild form of CP, may not 

be appropriate for a child that has more severe disabilities. 

This study was limited by the following factors: 

1. The number of subjects in the study (N=4), so results cannot be
 

generalized to the whole CP population.
 

2. The number and specific type of training sessions may be insufficient to 

identify changes in static and dynamic balance. 
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Delimitations 

This study was delimited to: 

1. Boys and girls ages 7-11 years with cerebral palsy. 

2. The measurement of balance performance using valid field tests. 



_ _ 

CHAPTER II
 

REVIEW OF LITERATURE
 

w of literature focuses on cerebral palsy (CP), constructs of 

studies of balance and other handicapping conditions, studies 

it and training of CP, and multiple baseline designs. 

Cerebral Palsy 

_een a well known disability for years, however, there seems to 

be no specific pathological picture, clinical presentation, treatment, or prognosis associated 

with it (Vining et al., 1976). From the 1950's to the 1990's, researchers have advanced 

many different theories related to cerebral palsy. 

Perlstein (1952) defined CP as a state associated with weakness, incoordination, 

paralysis, or any other difficulty of motor function due to a deformity of the motor cortex 

section of the brain. Denhoff, (cited in Minear, 1956, p.841) delimited this definition by 

saying that lesions occurring from birth trauma are the reasons why individuals experience 

difficulty in controlling the motor system. Yet another definition by Balf and Ingram 

(1955) stated that CP "is a group of motor disorders of younger children, in which one or 

more of the limbs are limited to movement because of paresis, involuntary movements, or 

incoordination" (p.163). 

The definition of cerebral palsy has not significantly changed in many years. 

Rosenbaum et al. (1990) defined cerebral palsy as " a group of non-progressive disorders 

occurring in young children in which the disease of the brain causes impairment of motor 

function" (p.126). In an article written by Molnar (1991), she describes three words that 
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are commonly found in the definition of cerebral palsy (movement disorder, non-

progressive, and immature central nervous system). Molnar (1991) continues by stating 

cerebral palsy results with damage to the immature brain and as a result, this damage 

adversely affects central nervous system. 

Although times have changed, the definition of cerebral palsy has seen little 

modifications. For the purpose of this study, we will define cerebral palsy as a group of 

motor disorders characterized by weakness, incoordination, and paralysis that results from 

deformities (lesions) in the motor system of the brain. 

Types of Cerebral Palsy 

Cerebral palsy can be sub-divided into three categories; (a) pyramidal (spastic), (b) 

extrapyramidal, and (c) mixed. Pyramidal or spastic cerebral palsy is diagnosed when 

damage occurs to the motor cortex or pyramidal tract ( Batshaw & Perret, 1992). Vining et 

al. (1976) described four characteristics associated with spastic CP: (a) muscular 

hypertonus of the clasp-knife type; (b) extreme hyperreflexia associated with sustained 

clonus, overflow, and a wide reflexogenic zone; (c) marked tendency to develop 

contractures; (d) extensor plantar reflex. 

Topographical characteristics are determined by where the damage occurs within the 

central nervous system (CNS) (Batshaw & Perret, 1992). Topographical characteristics 

include; hemiplegia, double hemiplegia, quadraplegia, and diplegia. Hemiplegia refers to a 

condition when primarily one side of the body is affected. Double hemiplegia results when 

all four limbs, but specifically the upper extremities are affected. Quadriplegia results when 

all four limbs are affected, with the lower limbs slightly more affected than upper limbs 

(Vining et al., 1976). Diplegia refers to paralysis affecting the extremities on both sides of 

the body, specifically the legs (Dunn & Fait, 1989). 
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Extrapyramidal cerebral palsy results from damage to the pathways of the basal 

ganglia, cerebellum, or any other disturbance outside the pyramidal tract. This particular 

category of CP consists of choreoathetosis, rigidity, ataxia, and tremor (Vining et al., 

1976). 

Choreoathetosis involves involuntary, uncontrollable movements that cause 

difficulties with normal muscle functions (McDonald, 1969). Muscle tone is constantly 

fluctuating, however movement occurs through a normal range of motion thus limiting 

contractures. Some characteristics in choreoathetosis CP include involuntary muscle 

contraction, involuntary relaxation of muscles, difficulties in movements, and difficulties in 

the maintenance of posture (Batshaw & Perret, 1992). 

Rigidity involves simultaneous contractions of agonist and antagonist muscles. 

Limitation in flexion and extension are characteristics associated with rigidity. Movements 

of the limbs are compared to that of bending a lead pipe, hence, the term "lead-pipe" 

rigidity (Minear, 1956). 

Ataxia is associated with difficulties in kinesthetic and balance. Other 

characteristics include: weakness of muscles, reflexive system abnormalities, and 

difficulties with body awareness in space (McDonald, 1964). Tremor is a type of 

extrapyramidal cerebral palsy that produces consistent and involuntary contractions of 

extensor and flexor muscles. Movements that are not fine and rhythmic cause difficulties in 

balance and hand skills. Rarely does one characteristic occur alone. 

Some individuals have a combination of the above mentioned types of CP, this is 

known as mixed cerebral palsy. Many individuals who are diagnosed as having mixed 

cerebral palsy portray characteristics of stiffness and lack of control commonly associated 

with spastic and athetoid cerebral palsy. 
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As previously mentioned, there are many types of cerebral palsy. The type and 

extent of the disability primarily relies on the size and location of lesions found in the 

brain. 

Components of Balance 

Proprioceptive information provides important information to assist in maintaining 

balance. According to Lee and Lishman (1975), there are two forms of proprioceptive 

information centers, visual and mechanical. Visual .proprioceptive information is generated 

through changes in the optic array of the eye. Generally stated, the individual is able to 

detect changes in the environment through vision. These visual changes prompt muscular 

activity to maintain position in balance. Mechanical proprioceptive information is obtained 

through mechanoreceptors in joints and muscles, the soles of the feet, and the vestibular 

system. These receptors signal the position of the body in three dimensional space. 

The visual proprioceptive system is an integral component in the ability to maintain 

upright stance. According to Nashner and Berthoz (1978), with occlusion of visual 

information, swaying motions increase. Doman, Fernie, and Holiday (1978) studied the 

impact of vision on balance by reducing the amount of somatosensory information available 

to the individuals while performing a task. The results indicated that vision was essential 

for postural control when somatosensory information was decreased. 

Within the visual system, the optic flow field is responsible for maintaining balance 

in two ways. The optic flow field can distinguish between all forms of movement of the 

body. In addition, the optic flow field provides information about relative movements of 

the body in relation to its environment (Lee & Lishman, 1975). 

Mechanical proprioception is generated via the vestibular apparatus. The vestibular 

apparatus uses internal references (such as vestibulo-spinal and vestibulo-ocular reflexes) 
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to establish the head's orientation in space (Herdman, 1989). Contributions of the 

vestibular apparatus are based on the threshold properties and characteristics of the 

semicircular canal and the utricle and saccule receptors (Herdman, 1989). 

Black (1983) stated that the vestibular system has two functions in maintaining 

balance. First, it aids in the distribution of muscle activity that is required during postural 

swaying actions. Secondly, " it serves as a fixed gravitational reference against which 

visual and somatosensory information are compared to adequately determine the degree of 

postural sway " ( Flores, 1992, p.17). Consequently, in children with CP, once the 

vestibular system is impaired these two functions often deteriorate. 

Herdman (1989) suggests that since alternative sensory information is not 

available, individuals will lack critical orientation information. The semicircular canals 

maintain balance control by use of the vestibulo-spinal pathway. If there is disturbance in 

this pathway, there is a sense of imbalance and vertigo. Vertigo is an experience in which 

individuals believe the environment is spinning around at a rapid pace. 

Some individuals with cerebral palsy experience difficulties with balance as a result 

of disruptions found in the visual and mechanical proprioception information centers. 

There are a few recognized strategies that can be used in order to assist in maintaining 

balance. 

Strategies of Balance 

With a reduction of the effectiveness of the vestibular apparatus, individuals tend to 

rely more on the musculature of the lower body in order to maintain stability (Nashner, 

1989). There are two postural strategies commonly used in order to maintain stability. 

These strategies are referred to as the ankle and hip strategies. The length of surfaces 

dictates which strategy would be more successful at a given moment. The ankle strategy is 
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best used when surfaces are long and firm, where as the hip strategy is best used on 

surfaces which are small and unsteady (Nashner, 1989). 

The anlde strategy is most effective when individuals place the center of gravity 

(C of G) in the center of the limits of stability. Furthermore, the ankle strategy is more 

successful when the body sways at a slower pace. The ankle strategy is effective for 

maintaining forward and backward leaning positions. The ankle relies on large torsional 

movements about the ankle joint to accelerate the bodies center of gravity forward and 

backward (Nashner, 1989). 

In order to have proper execution of the ankle strategy, the anlde must have 

sufficient range of motion and sufficient muscular strength. With a decrease in range of 

motion of the ankle and or poor muscular strength a person will increase the risk of falling 

(Nashner, 1989). 

Disproportionate body size can be a problem when using the ankle strategy. For 

example, a persons feet may be too small in relation to body height and weight creating 

excessive torques for the anlde. This increases the likelihood of a fall. When this occurs, 

individuals are advised to use the hip strategy which utilizes more musculature. 

The hip strategy is effective when individuals are standing on smaller surface areas 

and when the center of gravity is located around the limits of stability. The limits of 

stability is dependent upon the range of motion of the hip joint and the musculature. The 

hip strategy enables individuals to maneuver the center of gravity around at a quicker pace. 

During the hip strategy, the body relies on torsional movements about the hip and ankle 

joints for movement (Nashner, 1989). The hip strategy should not be used when 

individuals attempt to maintain forward and/or backward leaning positions. 

The anlde and hip strategy are of importance when considering balance techniques. 

These techniques can be used in a variety of sporting events. The type of situation and 

environment one encounters will dictate which strategy to use. Not all individuals can use 
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these postural strategies. One such population includes individuals with cerebral palsy due 

to weakness and imbalance of muscles and joints surrounding the hip and ankle. 

Vision is important when individuals attempt to establish and maintain balance. The 

optic flow field (visual input) can distinguish between all forms of movement of the body. 

This gives rise to information about movement of the body in relation to its environment. 

Lee and Lishman (1975) present the theory that proprioceptive information needed for 

balance is available visually. This study investigated the ability to maintain stance relative 

to the amount of visual information available. The subjects were tested on the ability to 

maintain four different stances, with and without vision. The first stance involved a normal 

upright position, the second stance involved standing on a ramp at a slope of 25, the 3rd 

stance was on a compliant surface (stacks of 10 foam pads ), and the 4th stance involved 

subjects standing on their toes. It was concluded that visual proprioceptive information is 

more meaningful than the mechanical proprioceptive information. In addition, balance was 

positively correlated with the use of visual proprioceptive information. 

It is hoped that individuals that experience difficulties with balance could bemore 

aware of the various balance strategies to assist them in establishing and maintaining 

balance. 

Studies of Balance with Individuals who have Handicapping Conditions 

The literature on static and dynamic balance training is limited forpersons with 

disabilities. The following studies discuss interventions associated with static and dynamic 

balance training programs for children and for individuals with disabilities. 

DeOreo and Wade (1971) investigated the dynamic and static balance abilities of 
e V 

150 pre-school children. These children were divided into groups according to age. There 

were three groups; (a) 3.0 - 4.5 yrs, (b) 4.5 - 5.5 yrs, and (c) 5.6 - 6.5 yrs. DeOreo and 
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Wade used three balance-beams to test subjects on the dynamic balance abilities. 

Throughout the testing a selected beam was progressively raised 1 foot. The task consisted 

of four skills performed on each beam. The four skills consisted of (a) walking forward 

the length of the beam, (b) walking backward the length of the beam, (c) touching one knee 

to the beam and then returning to a standing position, and (d) stoop, turn all the way 

around, and return to a stand. The researchers measured the amount of time required to 

complete the task and the distance a child traveled before the first fall. The subjects started 

at the 4 inch width beam then proceeded to the 3 inch width beam and concluded on the 2 

inch width beam. The final score was calculated by averaging the three trials together. 

Static balance was tested using a balance board. Subjects were tested on six trials 

in the lateral and anterior-posterior plane. Timers and counters were mounted onto the 

bottom of the balance board. These devices recorded total time in-balance (TI13) in seconds 

and the total amount of times the base of the balance board contacted the floor. The 

experimenter calculated a mean score for the six completed trials. 

The results showed that age was a significant factor for both dynamic and static 

balance. Older children (ages 5.6 - 6.5 years), walked farther and faster than younger 

peers on the balance beam. Older aged children also exhibited a higher TD3 scores. In 

addition, the number of times the balance board contacted the floor was significantly fewer 

for the older aged children. DeOreo and Wade believed the results could be justified 

because the younger children did not have much time to explore balance techniques as the 

older children. 

Individuals with hearing impairments often have difficulties in balance. Lewis, 

Higham, and Cherry (1985) investigated the effectiveness of a 6 week posture and body 

awareness activity program on the static and dynamic balance abilities of 6-10 year old 

children who were hearing impaired. There were two groups; (a) experimental and (b) 

control. The experimental group participated in a weekly balance, posture and body 
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awareness activity program for 20 minutes during regular physical education program. In 

addition, the children in this group took home 2-3 activities and practiced daily for 5-10 

minutes. The control group were not given additional activities to practice. The exercises 

included lateral righting and the use ofa gymnastics ball for equilibrium activities. 

Balance, posture, and body awareness activities were used as training apparatus in this 

study. These exercises started from a seated position and proceeded to a standing position. 

Balance subtests' of Bruininks-Oseretsky Test of Motor Proficiency were used to evaluate 

changes in balance before and after the trainingprogram. At the conclusion of the six week 

program the experimental group had improved significantly while the control group failed 

to show any significant changes in balance. 

Gayle and Pohlman (1990) measured the static, dynamic, and rotary balance of 

children who are deaf and normal hearing subjects. Only the effects of training on static 

and dynamic balance were examined. Subjects consisted of20 deaf students and 20 

typically developing hearing subjects ages between 123 +1- 5.9 months. There were 11 

boys and 9 girls in each group. A balanciometer (Haymes & Dickinson, 1980) was used to 

assess dynamic balance abilities. Prior to testing, subjects were familiarized with the 

operation of the balanciometer. The subjects were asked to try and keep the platform level 

(parallel to the floor) for one minute. A modified Lincoln-OseretskyMotor Development 

Scale (Item 3) was used for measuring static balance. The Scale was modified in two 

ways. First, subjects were required to flex the non support knee at 90° while standing on 

one leg. In the previous test, subjects were to keep the sole of the non-support foot ofthe 

free leg, pressed against the inside of the supporting leg. Secondly, subjects were required 

to balance on the alternating leg for 25 seconds, after 30 seconds of rest. In the original 

test, subjects were required only to stand on a preferred leg. 

Results indicated that individuals with hearing impairments performed significantly 

lower on dynamic balance performance than typically developing hearing peers. No 
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significant differences were found between the two groups for the static balance 

performance. 

Studies of Balance and Cerebral Palsy 

Carlsen (1975) investigated two training approaches by occupational therapists of 

children with cerebral palsy. Twenty-one subjects ranging from 1-5 years of age were 

randomly placed into one of two groups. Group 1 was a facilitation group and group 2 

was a functional group. Prior to treatment, all subjects were evaluated on the Denver 

Developmental Screening Test (DDST) and the Bayley Motor Development Scale (BMS). . 

In the facilitation group, activities were directed at sensory organization, posture, and 

controlled movements. Rocker and scooter boards, vestibular stimulation equipment, and 

carpeted barrels were used as part of the activities for group 1. Group 2, focused on 

positioning, hand and self-help skills. Age appropriate toys were used for the functional 

group. Treatment activities were administered in one hour sessions, 2 times a week, for 

six weeks. After six weeks, the subjects were tested again using the same testing 

procedures as before. The facilitation group improved more than the functional group. 

This article suggested that for these children aged 1-5 years old with CP, gross 

sensorimotor activities were valuable. 

Shumway-Cook, Anson, and Haller (1988) compared postural sway characteristics 

of hemiplegic subjects to normal age-matched peers using a static forceplate and with 

biofeedback. The subjects in this study were 55 and older. There were two groups: an 

experimental group and a control group. The experimental group spent 15 minutes of each 

therapy session on static balance training on a forceplate. Subjects participated in activities 

under conditions when the subjects eyes were open and closed. A cross on the screen 

symbolized the subject and each were asked to try and keep the cross in the center of a 
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rectangular area for 1 minute. Subjects also had center of mass measured, tracked, and 

displayed on the computer screen. During feedback sessions, a therapist 

gave subjects tactile and verbal cues when subjects body position was not aligned with the 

target. The control group had no feedback neither by the computer nor by the therapist. 

Results indicated that the experimental groups showed greater improvement in postural 

sway than those in the control group. From these results one can infer that a static balance 

training program with specific feedback can positively enhance static balance of individuals 

who are over 55 years old with hemiplegia. 

Rintala, Lyytinen and Dunn (1990) investigated the effectiveness of a physical 

activity program on balance, physical fitness, and ball skills in children with cerebral palsy. 

The subjects included 5 boys and 3 girls between the ages of 7-11 years. Each subject was 

diagnosed with CP having either hemiplegia or diplegia. 

Subjects in the experimental program trained two times a week for one hour a 

session over a period of four months. Subjects were divided into three groups according to 

skill level. A session (which lasted 30 minutes) began with a warm-up and a relaxation 

period to decrease spasticity. Subjects were told to go to a station and practice a particular 

skill at that station. A qualified teacher or physical therapist was at each station. The 

stations included balance, physical fitness, and ball skills. For the purpose of this study 

only balance activities were reviewed. Each subject participated in an average of 300 

minutes of balance exercises in this study. 

Rintala, et al. (1990) used static and dynamic exercises to test overall static and 

dynamic balance. Subjects were asked to walk between two parallel lines for a distance of 

5 meters. The total number of steps taken without falling out of the boundaries was called 

the dynamic balance score. Static balance testing required subjects to stand with one foot in 

front of the other, either on a board or a line. Time was the determinant factor for static 

balance. Subjects practiced on benches, trampolines and balance beams to train for static 
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and dynamic balance. Subjects were tested both prior to the treatment and after 4 months 

of treatment. Results indicated that the number of steps taken in the dynamic balance 

activities increased in four subjects. Static balance increased slightly in only 3 cases. 

Overall, a four month training program failed to show a consistent training effect for static 

and dynamic balance performance. Rintala, et al. (1990) point out that one reason to 

explain the results was that subjects did not have an adequate amount of training time for 

each specific variable. 

The present review of literature indicates that there are only a few studies examining 

balance training for children with cerebral palsy. According to the studies done by Carlsen 

(1975), Shumway-Cook et al. (1988), and Rintala et al. (1990), the results suggest that 

balance training programs can positively enhance balance performance of individuals age 1

5, 7-11 year olds and 55 years and older. 

Multiple Baseline Design 

The purpose of this section is to briefly describe a rationale for using a single 

subject design. A delayed multiple baseline across subjects was the experimental design 

used in this study. Multiple baseline design allows researchers to observe changes 

following the manipulation of treatment on the dependent variable. Multiple baselines 

approach fall under three headings; (a) multiple baseline across settings; (b) multiple 

baseline across behaviors; (c) multiple baseline across subjects (Figoni, 1990). 

Ottenbacher (1986) describes single subject research as " a system of research 

methods that uses repeated collection of information on one or a few individuals over time, 

during the systematic and/or removal of treatments " (p. 224). Single subject research is 

usually performed in one of three different ways: (a) simple AB design; (b) reversal or 

withdrawal design; (c) multiple baseline design. Watkinson and Wasson (1984) state that a 
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multiple baseline design would be the best way to investigate the effects ofan instructional 

program. 

All single subject designs contain two components; a baseline and a treatment. In 

single subject design, two results can be observed when comparing treatment phase to 

baseline. First, the intervention can show no effects on the performance, thus showing no 

difference in baseline slope. Secondly, the intervention can show a positive or negative 

influence on performance, thus showing an acceleration or deceleration over baseline once 

the intervention is introduced. When baseline data changes either as an increase or 

decrease, an experimental effect is said to have occurred (Kazdin, 1978). 

There are many advantages in using a multiple baseline approach: (a) if a treatment 

is effective it does not have to be removed; (b) a viewer can see the effects of treatment 

across different subjects; (c) multiple baseline design allows for nonreversible behaviors; 

(d) threats of internal validity are decreased because subjects serve as their own control 

(Figoni, 1990). There are a few disadvantages with a multiple baseline design: (a) baseline 

may be extended over a longer period of time; (b) researcher's must make sure that 

manipulations in the independent variable are the cause of the results. 

Summary 

Cerebral palsy can be defined as a group of motor disorders resulting from lesions 

in the motor cortex area of the brain. Individuals with cerebral palsy have difficulties with 

balance (Batshaw & Ferret, 1992), in part due to the abnormalities of the proprioceptive 

systems, visual systems and somatosensory systems. There have been many studies 

investigating how balance training programs can facilitate posture and balance. However, 

few studies examine balance training and children with cerebral palsy. Studies need to be 
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developed to investigate balance training for persons with CP due to inherent problems 

related to balance. 



CHAPTER III
 

METHODS AND PROCEDURES
 

Chapter three identifies the subjects, instruments and apparatus, procedures, pilot 

studies, experimental design, and data analysis for this study. 

Subjects 

This study investigated four ambulatory subjects (3 females and 1 male) with 

cerebral palsy (CP). Subject A was a female that was 7 years old and diagnosed as having 

spastic diplegia. Subject B was a 10 year old female that also had spastic diplegia. Subject 

C was a 9 year old female that had spastic right hemiplegia. Subject D was a 11 year old 

male that had spastic diplegia and mild mental retardation. The CP diagnosis was verified 

by a qualified physician. Subjects were volunteers from the Benton County area, Oregon. 

All subjects and parents or legal guardian were required to read, understand, and sign an 

informed consent form (see Appendix B). If they did not understand the directions, a 

verbal explanation of the study was given. This study was approved by the Oregon State 

University Institutional Review Board for the Protection of Human Subjects (see Appendix 

B). 

Instruments and Apparatus 

Subjects were tested on four field based tests that measured the static and dynamic 

balance performance of children with cerebral palsy. Balance subtests were chosen and 

modified from the Bruininks-Oseretsky Test of Motor Proficiency to assess the static and 
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dynamic balance performance of children with disabilities (Lewis, Hingham, & Cherry, 

1985; Rintala, Lyytinen, & Dunn, 1990). Validity and reliability coefficients have been 

found to be acceptable for the use with children ages 4.5 - 14.5 years ( Bruininks, 1978). 

In addition, the validity and reliability for the dynamic balance test from the Test of Motor 

Impairment (TOMI) have been well documented for children with disabilities (Stott, 

Moyes, & Henderson, 1984). Riggen, Ulrich, and Ozum (1990) investigated the reliability 

and concurrent validity of the TOMI. Results indicated that TOMI was an acceptable test 

that measured high in both reliability and concurrent validity. 

The four field based tests were: (a) balancing on one foot on a line or beam 

(modified from Bruininks-Oseretsky Test of Motor Proficiency), (b) two board balance 

test (modified from Test of Motor Impairment), (c) walking forward heel to toe on a 

walking line or balance beam (modified from Bruininks-Oseretsky Test of Motor 

Proficiency), and (d) walking backwards between two parallel lines, (modified from the 

Test of Motor Impairment). 

Inter-observer Agreement 

To verify accuracy of scoring, the subjects performance of the four dependent 

measures were videotaped. Based on Cooper, Heron, and Heward (1987) 

recommendation, 25% of the sessions were randomly analyzed for verifications from a 

trained independent observer. The trained observer was a doctoral student in Exercise and 

Sport Science and was thoroughly familiarized with stated criteria for each field test. A list 

of test characteristics was given to the independent observer and was verbally tested on all 

test characteristics. Hastad and Lacy (1994) suggest the formula; agreement / 

disagreement + agreement x 100 to be used when calculating the percent of interobserver 
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agreement. Agreements will be identified as scores in which the independent observer and 

the principal investigator had the same values. Static balance tests scores were rounded to 

the nearest tenth, any scores that fell within a range of 0.75 seconds was identified as an 

agreement. Scores that were nor similar were identified as disagreements. Siedentop 

(1991) recommend that at least 80% of IOA is necessary to ensure accurate and reliable 

research (see Appendix C). 

Procedures 

The study consisted of three stages (a) baseline, (b) treatment, and (c) follow-up 

stage. Prior to the training program, subjects were tested on static and dynamic balance 

field tests to establish a baseline. These tests include: (a) modified balancing on one foot 

on a line or beam, (b) two board balance test, (c) heel to toe walking on a line or beam and 

(d) walking backward between two parallel lines. 

balancing on one foot on a line or beam : 

Following a demonstration, the subject placed his/her preferred leg on a line while 

looking straight ahead at an eye level target. The subject placed his/her arms out to the 

sides of the body. The opposite leg was be bent at a 90° angle, parallel to the floor. The 

subject was asked to hold this position for 20-25 seconds. The time started once the 

subject was in the appropriate position. The investigator stopped the clock once (a) the 

arms fell, (b) the raised leg touched the ground, or (c) the subject stepped off the line or 

beam. Each subjects performed this test three times. A mean score was calculated from the 

three trials and was used as the final score for that day. The measurements are expressed in 
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seconds. If a child experienced no difficulty while balancing on the line for 10 seconds, 

the subject was then asked to perform the same task while on the beam. The balance beam 

was develop for use as part of the Bruininks-Oseretsky Test of Motor Proficiency. The 

beam was 10 ft. long with a width of 1 3/4 inches. 

Two board balance test:. 

Following a demonstration, each subject placed one preferred foot in front of the 

other (tandem) while standing on a line. The subjects was asked to extend the arms to the 

side while looking straight ahead, holding this position for 30 seconds. This test was 

administered three times, the average of the three scores was used as the final score. The 

results were expressed in seconds. The test administrator started the timer once the subject 

was in the correct position. The timer was stopped once the subject stepped off the line or 

beam. If the subject experienced no difficulty while balancing on the line for 10 seconds, 

he/she was then asked to balance on the beam following identical testing procedures. 

Walking forward heel to toe on a walking line and/or balance beam: 

Following a demonstration, the subject stood at one end of the line and began 

walking in a heel to toe fashion. If the subject could take more than 5 steps on the line 

prior to training, than the test was performed on the balance beam. While walking, the heel 

of the back foot was placed in front of the toe of the front foot. Subjects attempted to walk 

the length of the line or beam. The length of the beam was 10 feet and the width was 1 3/4 

inch. The length of the line was 10 feet with a width of 3/4 inch. The administrator 

counted the number of successful steps in a row. Counting started with the first successful 
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step on the line or beam. Counting stopped once the subjects: (a) heel of the back foot was 

not placed in front of the toe of the front foot, or (b) fell or stepped off the line or beam 

(Bruininks, 1978). If the subject was capable of walking 10 ft. successfully, the length of 

the beam and line was increased to 15 feet. Scores were calculated by averaging the three 

scores together to establish an average number of steps taken. 

Walking backward between two parallel lines. 

Two lines of tape were placed parallel to each other with a width of 25 cm and a 

distance of 5 meters. Each subject was required to walk backwards between the two 

parallel lines without touching the lines. Arms were extended out to the sides parallel to the 

floor. The feet followed a toe to heel pattern. The investigator counted how many steps 

the subject took to walk 5 meters or until the subject: (a) fell or stepped on the line, or (b) 

legs did not follow a toe to heel pattern. The administrator started counting on the first step 

that fell between the two parallel lines. The placement of the last correct step was 

concluded as the final score. Subjects performed this test 3 times. A mean score was 

calculated from the 3 tests and this was used as the final score for the trials. If subject 

walked the whole distance (5m), the lines were extended to 10 meters. 

Experimental Design 

Since the purpose of this study was to evaluate the effectiveness of a balance 

training program, a multiple-probe baseline design was used. All subjects were tested on 

the field tests during the first week of baseline. Subjects were tested during baseline until a 
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steady and consistent pattern in the scores emerges (McNamara & MacDonough, 1972). 

Baseline was established following at least 3 consistent measures, if scores fell with in a 

25% range of each other on at least 3 of the 4 measures tested, or following the 8th baseline 

collection, which ever occurred first. The first two subjects that achievedbaseline stability 

were selected first to begin training. These subjects were identified as subjects A & B. 

Subjects A and B began training at the same time as apposed to delaying the onset 

of training period for each subject independently. During the training sessions, each 

subject received a 1:1 teacher- to- student training ratio. The remaining two subjects, 

(Subjects C & D), remained in baseline until the 8th baseline measure was taken. Training 

consisted of 45 minute balance training sessions, 4 times per week for a total of 4 weeks. 

Prior to the initiating of the daily lesson plan, datawas collected on a field test measure. 

Each lesson began with a 5-10 minute stretching phase. The content of the lesson 

incorporated a variety of activities focusing on the balance subsystems including the 

vestibular apparatus, muscular strength, and visual system (see Appendix A). With a 

systems approach, the children were able to practice balance strategies in a variety of 

environments. Each subject was tested on one field test a session. The field tests used 

were not randomly administered. 

Post training scores were collected in one week intervals for a total of 3 weeks. 

Subjects were tested once a week on all four field tests. Each subject was tested three times 

on each field test, with mean scores and standard deviations scores being plotted on a 

graph. 

The purpose of this study was to investigate the effectiveness of a static and 

dynamic balance training program on the balance abilities of children with CP ages 7-11 

years. Therefore, with the use of a multiple-probe baseline design across subjects, it could 

be determined whether the balance training program had a positive or negative effect across 
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subjects. The information obtained here can not be generalized for the entire cerebral palsy 

population. 



CHAPTER IV 

RESULTS 

Chapter four will include: (a) reliability summary for interobserveragreement, (b) 

summary of balance results on field tests for all subjects, (c) summary of static balance 

tests and, (d) summary of dynamic balance tests. 

Interobserver Agreement 

As indicated in chapter three, interobserver reliability was calculated to determine 

the reliability of the findings. As recommended by Cooper, Heron, and Heward (1987), 

25% of the total number of sessions were randomly viewed by an independent observer. 

This qualified independent observer viewed the tape after being thoroughly familiarized 

with the testing procedures. The percent agreement was calculated for each field measure 

using the formula: (agreement / disagreement + agreement x 100). Interobserver 

reliability was considered to be good for all four field tests (see Table 1). 

Table 1 

Inter-observer agreement percentage for field tests 

Field Tests IOA % 

Static balance on one foot 87 % 

Static two board balance 87 % 

Dynamic walking forward 83 % 

Dynamic walking backwards between 80 % 

two parallel lines 
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Balance Results for Subject A : 

Baseline was established because at least three scores fell within a 25% range of 

each other on three out of the four field tests or following 4 baseline measures. 

Test #1 ( balancing on one foot): 

Following 4 trials of baseline, subject A began the balance training program. 

Subject A's static balance performance decreased on training session 1 when compared to 

performance level demonstrated during the final baseline session (2.8 vs 6.1 seconds, 

respectively). As training progressed however, subject A's ability to balance on one foot 

increased to a high of 16 seconds by session 7. The most noticeable changes occurred 

between sessions 6 and 7, with an increase of 9.5 seconds. Subject A's performance then 

began to plateau after session 7 at 15.5 seconds. 

Three measures of the same test were completed following the end of training to 

evaluate the long term effectiveness of the program. Each retention session was 7 days 

apart. Interesting results were revealed in the post data measures. The performance of 

subject A decreased significantly during sessions 9 and 10 when compared to the final 

training session with static balance scores decreasing from 16 to 5.2 seconds. On the 3rd 

post week (session 11), subject A's performance indicated a sharp increase reaching a total 

of 14.7 seconds of balancing on one foot (see Figure 1). 
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Figure 1. Subject A: balancing on one foot, with means and standard
deviations. 

Test #2 (two board balance test): 

The total time subject A was able to maintain balance decreased from 7.8 seconds 

(observed on trial 4 of baseline) to 2.0 seconds on the first session of training. However, 

following the onset of training, standing balance performance performance gradually 

increased to 13.3 seconds by session 8. Improvement in static balance continued until the 

end of the training period (see Figure 2). 

Post training scores indicated a decrease in performance from 13.3 seconds 

(measured during the final training session) to 7.7 seconds during the first post-training 

retention session. Throughout the three post treatment weeks, static balance performance 

remained relatively consistent (see Figure 2). 
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Figure 2. Subject A: two board balancing on beam, with means and
standard deviations. 

Test #3 (walking forward): 

Dynamic balance performance during the four day baseline period for this skill was 

stable. The number of steps increased from a low of 1.7 to a high of 6.7 steps by training 

session 7. A slight reduction in the number of completed steps was observed between 

training sessions 7 and 8 (see Figure 3). 

Post training results showed a consistent improvement in the number of steps 

completed by subject A. As figure 3 illustrates, beam walking performance increased 

between the first and third retention test. The number of steps completed increased from 7 

to 9 following training (see Figure 3). 
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Figure 1 Subject A: walking forward on a beam, with means and standard
deviations. 

Test #4 ( walking backwards between parallel lines): 

Baseline was relatively stable for subject A during the final field test. Over the 

course of the training sessions, subject A's performance improved slightly on the dynamic 

balance test administered. Subject A improved in her ability to walk backwards between 

two parallel lines from 1.3 to 5 steps throughout the training process. The most noticeable 

change in the number of steps completed occurred between sessions 6 and 7 (see Figure 4). 

Post training scores the mean number of steps completed before balance was lost 

increased from 5 to 10.3 steps taken. However, a slight decrease in performance from 

10.3 to 9 to 6.7 average steps was observed between sessions 10 and 11 (see Figure 4). 



35 

16 

14 

12 

10 

8 

6 

4 

2 

0 I I I i 
0 3 6 9 12 15 

Sessions 

Figure 4. Subject A: walking backwards between two parallel lines, with
means and standard deviations. 

Balance Results for Subject B: 

Test #1 (balancing on one foot): 

Subject B began training after 3 out of the 4 field tests baseline scores fell within a 

25% range of each other. Subjects B's performance gradually increased between baseline 

and sessions 5 from 2.5 seconds to 5.8 seconds. Following the 6th training session, 

balancing performance began to level off. The scores increased from 7.5 to 8 seconds 

during the first two training sessions (see Figure 5). 

Post training retention results revealed a decrease from session 9, with 7 seconds to 

session 11, with 5 seconds (see Figure 5). 
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Figure 5. Subject B: balancing on one foot, with means and standard
deviations. 

Test #2 (two board balance test): 

Throughout the training sessions, subject B's static balance performance continued 

to increase. A 4.4 second increase in balance performance was observed between sessions 

5 and 7. The most noticeable positive change was noticed between sessions 5 and 6, with 

performance improving by 3.3. On session 8, performance level begins to plateau (see 

Figure 6). 

The balance performance of subject B decreased to a low of 7.7 seconds during 

session 10 of post training, but subsequently increased to 10.2 seconds during session 11 

(see Figure 6). 



37 

30 
vi
 

25 U) 

0
 
U) 0. 

112 

200 
U)
 15 

10 

6 9 12 15 
Sessions 

Figure 6. Subject B: two board balance on a line, with means and standard
deviations 

Test #3 (walking forward): 

Scores were calculated by taking the mean of three trials, therefore results will be 

expressed in the mean number of steps completed during the set of trials conducted on each 

day. Baseline for this skill was established when scores fell within a 25% range of each 

other. This occurred after 4 baseline testing sessions. Throughout the training sessions 

subject B's performance fluctuated. From baseline session 4 to training session 6, subject 

B's balance performance increased from 2.7 to 5.3 mean steps. The average number of 

steps completed decreased from a mean of 5.3 to 3.3 completed steps between sessions 6 

and 7. The most noticeable changes were observed between sessions 7 and 8, when 

subject B completed an additional 5 steps to reach a mean of 8.3 steps (see Figure 7). 
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Post training scores indicated a sharp decrease in balance performance of 4.6 

average steps during session 9 when compared to the results of the last training session. 

Scores decreased from a mean of 8.3 to 3.7 completed steps. Subject B's performance in 

post training session 10 increased to a mean of 7 completed steps and 7.7 steps in session 

11 (see Figure 7). 
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Figure 7. Subject B: walking forward on a line, with means and standard
deviations. 

Test #4 (walking backwards between two parallel lines): 

Results are expressed as the mean number of steps because scores were calculated 

from averaging three trials together. Throughout the training sessions, subject B's 

performance gradually increased. Performance level ranged from 2 steps on session 5 to 
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5.3 completed steps during session 8. There was an increase of 2.6 mean steps between 

sessions 7 and 8 during this test (see Figure 8). 

Post training scores indicated a decrease in performance from 5.3 steps on session 

8 to 2.3 average steps completed during session 9 . Performance increased to a mean of 

4.7 completed steps by post session 10 and 11 (see Figure 8). 
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Figure 8. Subject B: walking backwards between two parallel lines, with
means and standard deviations. 
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Balance Results for Subject C: 

Subject C began training after the 8th baseline measure was taken. 

Test #1 (balancing on one foot): 

By 'the 1st training session performance slightly decreased from a mean of 8.3 

seconds during session 8 to 6.9 seconds on session 9. However, during the next 3 

training sessions a noticeable increase in performance was observed. Balance performance 

improved between sessions 9 and 11 from 6.9 to 23.1 seconds. A 2.5 second decrease in 

performance was subsequently observed between session 11 and 12 (see Figure 9). 

Post training scores fluctuated throughout the three sessions. The first post session 

revealed a sharp decrease in performance from 20.6 seconds to 15.9 seconds. An increase 

of 4.7 seconds to reach a total of 20.7 seconds was noticed, to 15.8 seconds balancing on 

one foot by the 15th post session (see figure 9). 
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Figure 9. Subject C: balancing on one foot, with means and standard
deviations. 
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Test #2 (two board balance): 

Subject C's performance increased from the first training session. Throughout the 

training sessions, performance increased by 11.1 seconds to a peak of 19.6 seconds on 

session 12. The most obvious changes in balance occurred between sessions 9 and 10, 

with an increase in 4.7 seconds being observed (see Figure 10). 

Post training scores increased only during the 13th session. An increase of 1.8 

seconds was identified with the improvements from 19.6 to 21.4 seconds. Subject C's 

performance decreased from 21.4 seconds during session 13 to 17.3 seconds on session 

15 (see Figure 10). 
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Figure 10. Subject C: two board balance on a line, with means and
standard deviations. 
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Test #3 (walking forward): 

Results are expressed as the mean number of steps because the performance results 

were calculated by averaging the three trials for each day. Baseline was established after 

the 8th session of baseline measures. The average number of steps decreased between 

baseline session 8 and training session 9 from 2.3 to 2.0 seconds, a decrease of 0.3 

average steps. From the onset of training to the conclusion of training performance 

increased from 2 to 9 mean steps completed. The most noticeable changes occurred 

between session 9 and 10 with an increase of 2.7 average steps. 

Post training scores indicated a 2 step decrease in the number of steps completed 

during post session 13. Performance level increased to 6.3 average steps by post session 

14 and remained at a relatively steady level during post session 15 (seeFigure 11). 
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Figure 11. Subject C: walking forward on beam, with means and standard
deviation. 
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Test #4 (walking backwards): 

Subject C experienced a sharp increase in balance measures directly after baseline 

was established. The average number of steps increased 2.7 steps from baseline session 8 

to training session 9. The only decrease in balance during training occurred between 

sessions 9 and 10. The average number of steps completed decreased from 5 to 4 steps, 

resulting in a difference of 1 step. By the conclusion of the training program, performance 

increased to 9 steps completed while walking backwards between two parallel lines (see 

Figure 12). 

Data from post training session 13 showed a slight increase from session 12. Post 

scores decreased from 9.3 steps during session 13 to 8.3 steps in post session 13. The 

final post session indicated an decrease in performance reaching a total of 7 steps (see 

Figure 12). 
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Figure 12. Subject C: walking backwards between two parallel lines, with
means and standard deviations. 
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Balance Results for Subject D: 

Subject D remained in baseline until the 8th baseline measure was completed. 

Test #1 (balancing on one foot): 

Subject D was capable of balancing on the line for 10 seconds without experiencing 

any difficulty, therefore training was conducted on the beam. Subject D's performance 

increased sharply from baseline session 8, 3.2 seconds, to 4.9 seconds on the first training 

session. Throughout the remaining training sessions, (session 10 through 12) balance 

performance remained relatively consistent ranging from 4.1 to 5.1 seconds (see Figure 

13). 

It can be observed that post training scores indicated a slight decrease in 

performance from 5.1 seconds on session 12 to 4.9 seconds during session 13. Subject 

D's balance performance level reached 6.3 seconds during session 14 and increased to 7.9 

seconds on the 15th session (see Figure 13). 
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Figure 13. Subject D: balancing on one foot, with means and standard
deviations. 

Test #2 (two board balancing): 

During the 1st week of training, subject D's performance was within the 20% 

range of the baseline measures. The only negative results seen in training occurred 

between session 10 and 11. Balance decreased from 5.6 to 5.1 seconds while balancing on 

the beam. An increase in balance performance was observed between session 11 and 12. 

Scores increased from 6.5 seconds to 11.6 seconds (see Figure 14). 

Post training scores fluctuated for subject D during the three sessions of testing. 

Performance decreased from 11.6 seconds on session 12 to 6.2 seconds during session 13. 

Session 14 observed a increase in performance to 7.1 seconds. During session 15 a 

balance performance decrease to 5.4 seconds was observed (see Figure 14). 
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Figure 14. Subject D: two board balance on beam, with means and
standard deviations. 

Test #3 (Walking forward): 

Subject D was capable of walking at least 5 steps on the line without losing his 

balance, therefore training began on the balance beam. Frombaseline session 8 to session 

9 the mean number of steps completed on the beam increased from 3.3 to 4.7 average 

steps. However, by session 10 balance performance decreased to 3.3 mean steps. 

Subject D increased the score to 5 and 6 steps completed during sessions 11 and 12 (see 

Figure 15). 

A decrease in balance performance during post training performance were noted 

going from 6 steps on session 12 to 5.3 steps during session 13. Scores continued to 

decrease to 4.3 steps for session 14. However, session 15 indicated a sharp increase to 

5.7 average steps completed on the beam (see Figure 15). 
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Figure 15, Subject D: walking forward on beam, with means and standard
deviations. 

Test #4 (walking backwards): 

Of all the field tests for subject D, this final test showed the most obvious results. 

From the initiation of training to the conclusion of training, the average number of steps 

completed increased from 2.3 steps to 8.7 steps. The most noticeable changes occurred 

between baseline session 8 and sessions 9, showing an increase of 3.7 steps. Performance 

abilities began to level off between sessions 11 and 12. Scores fell within 5% range of 

each other (8.7 and 9 steps) during sessions 11 through 12 (see Figure 16). 

Subject performance continued to rise during session 13 to 9.3 average steps 

completed. Subject D's best performance output for the entire study was established on 

session 14 and 15 reaching 11.3 mean steps (see Figure 16). 
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Figure 16. Subject D: walking backwards between two parallel lines, with
means and standard deviations. 

Balance Results for Static Balance Test #1: 

During the training sessions, subjects B & D had relatively no obvious changes. 

Subjects A & C however, showed a positive increase in performance throughout the 

training sessions (see Figure 17 & 18). 
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Figure 18. Balancing on one foot for subjects C&D.
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Balance Results for Static Balance Test #2: 

During the training sessions, 3 out of 4 subjects showed a significant increase in 

balance performance on the two board balance test. Subjects highest performance levels 

were reached on the final training day on all 4 subjects. Two out of 4 subjects indicateda 

decrease in balance performance during post sessions (see Figure 19 & 20). 
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Figure 19. Two board balance test for subjects A&B. 
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Figure 20. Two board balance test for subjects C&D. 

Balance Results for Dynamic Balance Test #1: 

Throughout the training sessions, each subject indicateda relative increase in 

balance performance. The results of the first post training sessions generally declined for 3 

of the 4 subjects. Post sessions initially dropped in 3 out of 4 subjects, but then began to 

increase on the remaining two sessions (see Figure 21 & 22). 
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Figure 22. Walking forward balance test for subjects C&D.
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Balance Results for Dynamic Balance Test #2: 

Subjects who stayed in baseline for a longer period of time (C & D), had a sharper 

increase in performance during the training sessions than those who had a shorter baseline 

period (A & B). During the training phase, 4 out of 4 subjects reached their highest 

performance levels on their final training session. Two out of 4 subjects had higher scores 

on their post sessions when compared to training sessions (see Figure 23 & 24). 
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Figure 23. Walking backwards between two parallel lines for subjects
A&B. 
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CHAPTER V
 

SUMMARY AND CONCLUSIONS
 

The purpose of this study was to investigate the effectiveness of a static and 

dynamic balance training program on the balance abilities of boys and girls aged 7-11 years 

who have cerebral palsy. Chapter 5 includes: (a) summary of procedures used in the 

study, (b) a summary of all the subjects performance, (c) implications, and (d) 

recommendations for future research. 

Summary of Procedures: 

A single subject multiple baseline design was used in this study to see if a balance 

training program could have a positive effect on the balance performance of boys and girls 

who have cerebral palsy. Four subjects (3 females and 1 male) from Benton County, 

Oregon participated in this study. 

The study consisted of three stages (a) baseline, (b) treatment; and (c) follow-up. 

Prior to the training program, subjects were tested on two static and two dynamic balance 

tests to establish a baseline. These tests included: (a) modified balancing on one foot on a 

line or beam, (b) two board balance test, (c) heel to toe walking on a line or beam and (d) 

walking backward between two parallel lines. 

Baseline was established following at least 3 equal measures, if scores fell within a 

25% range of each other on at least 3 of the 4 measures tested, or following the second 

week of baseline collection, which ever occurred first. The first two subjects to achieve 

baseline stability were selected to begin training. These subjects were identified as subjects 

A & B. During the training sessions, each subject received a 1:1 teacher-to-student training 
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ratio. The remaining two subjects, (Subjects C & D), remained in baseline until the 8th 

training sessions of subjects A & B. Training consisted of45 minute balance training 

sessions, 4 times per week for a total of 4 weeks. Prior to the delivery of the daily lesson 

plan, data was collected on one of the field test measures. Each subject was tested on only 

one field test daily. The order of tests were not randomized. Sample lesson plans used to 

guide the balance sessions are provided in Appendix A. Each lesson focus was designed to 

primarily address one of the four subsystems of balance (i.e. somatosensory system). Post 

training scores were collected in one week intervals for a total of 3 weeks. Subjects were 

tested once a week on all four field tests. Each subject was tested three times on each field 

test. Mean scores and standard deviations were calculated and graphically displayed. 

A random sample of 25% of the videotapes were analyzed to determine 

interobserver agreement. The reliability associated with the four measures of balance 

ranged from 80% - 87% (see Appendix C). 

Summary of Subjects Performance: 

Subject A:. 

Subject A was a female aged 7 years with mild spastic diplegia. Subject A's 3 

measures ranged within a 25% range of each other on at least 3 out of the 4 field tests 

administered. This enabled her to be one of the first subjects to begin training. During 

baseline the scores on day two were unstable for static balance test #2, as the test scores 

were much higher than day one. During this testing session subject A was highly 

motivated to perform well. This may have lead to her higher score. Subject A was a very 

enthusiastic child who was eager to learn and participate. She attended all sessions and 

was willing to try almost anything. She remained enthusiastic throughout the study. 
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On the first static balance test, subject A's performance increased from the onset of 

training to the conclusion of training. However, on the static balance test #2, her mean 

training performance was slightly lower than her mean baseline measures. A reason for 

this is because of the skewed data point on the 2nd day of the baseline sessions. Her 

highest score during training was reached during last training session. Post training scores 

indicated a slight decrease in overall performance on both static tests. With this data, it 

seems that subject A's static balance may have been slightly enhanced by the training 

program. 

Subject A showed outstanding improvement from baseline to post training in both 

dynamic field tests administered. From the initiation of training to the conclusion of 

training, her dynamic balance performance consistently increased. The results of dynamic 

balance test #3 revealed a gradual increase in performance training during post sessions, 

whereas on dynamic test #4, post training gradually decreased. Although the scores 

dropped slightly, each post training measure collected was higher than any score reached 

during the training sessions. Subject A showed consistent improvement from baseline, 

throughout training, and post training sessions in dynamic balance field based test #3. 

After discussing the training program with subject A's father, he was very 

positive. He believes that as a result of this program his daughter's balance has increased. 

Before the training program started, his daughter was riding a bicycle with training wheels. 

At the conclusion of the training program, she continued to ride her bicycle but without the 

use of training wheels. Although this balance training program was not directed to 

improving bicycle riding skills, some of the activities could have assisted in developing 

balance strategies while riding a bike. Her parents also noticed a difference in her gait 

while walking and running. She appears to exhibit less of a scissor motion while walking 

and is capable of running longer distances without falling. With the training program, 
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subject A's parents believe that their daughter has more confidence in her abilities and is 

willing to try maneuvers that she previously avoided. 

Subject B: 

Subject B was a female aged 10 years old with spastic diplegia. Subject B reached 

baseline because she had at least 3 measures fall within a 25% range of each other on 3 out 

of the 4 field tests. Subject B's static balance performance increased noticeably during the 

training phase. On both static balance tests, her performance improved until session 6 

when she began to plateau. This observation indicates that subject B reached her static 

balance limits within two weeks of training. Test #1 indicated a drop in post training 

balance performance when compared to the training sessions. However, the results of test 

#2 showed an increase in post training balance performance when compared to baseline and 

training sessions. Subject B was capable of balancing better on two feet rather than one 

foot after the training sessions. 

The results of the dynamic balance tests for subject B consistently increased her 

level of balance performance from baseline to post training session. Throughout training, 

her dynamic balance performance also increased consistently. The only decrease in 

performance was observed during session 7 of training on both tests. Subject B's mother 

arrived early on this day which may have contributed to her daughter's nervousness. Her 

mother indicated that she was late for work. This may have negatively affected her 

daughter's performance. The average number of steps completed decreased from the last 

training session to the first post training session. This decrease may have been noticed 

because the subject had not been participating in any balance exercises for a week. By the 

2nd post training session, performance significantly increased but began to plateau by 

session 10. 
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After talking with subject B's mother, she honestly believes that her daughter's 

performance abilities have increased significantly. Her daughter tends to use a hip and 

ankle strategy more when she is about to lose her balance. Subject B is now capable of 

walking and running on a straight line without losing her balance at a faster rate. Subject B 

has been taking horse back riding lessons for the past few months. Before that training 

program, she had difficulty staying on the horse. By the end of the program, subject B 

was capable of staying on the horse for a longer period of time. The improvement in 

balance observed during the training program may have transferred to the performance of 

other motor skills requiring balance. She feels more relaxed and confident in her balance 

abilities. With this confidence, Subject B is more active in her daily activities on the 

playground and in the gymnasium. 

Subject C: 

Subject C was a 10 year old female who had been diagnosed as having right spastic 

hemiplegia. Subject C established baseline after the 8th baseline measure was completed. 

On both the static balance tests, subject C exhibited a relatively consistent increase in 

performance throughout her training sessions. The only decrease in performance was 

observed on session 12 of test #1. Post training scores for both static tests decreased from 

the last training session, but still remained relatively high. A noticeable increase in mean 

scores performance were noted from baseline to post sessions. The most obvious positive 

mean changes were seen from baseline to the training sessions. 

A consistent increase in performance was observed for subject C from baseline to 

post training sessions for both dynamic tests. Throughout the training sessions, subject 

C's performance generally improved from session 9 through 12, one exception to this trend 

was noted during session 10. This decrease in performance can be explained by the fact 
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that there was a basketball unit being taught on the other side of the curtains. Subject C 

found it difficult to attend to the activities and became frustrated. Although post training 

scores decreased in performance in dynamic balance, it remained higher than that observed 

during baseline and training sessions. 

After talking to subject C's parents and adapted physical education teacher, both 

noticed positive changes in her balance performance. Prior to the training program, subject 

C rode her bicycle with training wheels. By the end of the training program she no longer 

needed her training wheels. Once again, although this study did not focus on bicycle 

riding, the activities used may have helped her maintain balance for a longer period of time 

while riding a bike. Subject C's parents also noticed less of a scissor gait while walking. 

Subject C's physical education teacher has also noticed some improvement in her balance 

abilities. Since the training program, subject C is more actively involved with the class 

during physical education. 

Subject D: 

Subject D was a 11 years old male with spastic diplegia. Subject D reached 

baseline after his 8th baseline measure was completed. Subject D observed a slight 

increase in overall static balance performance during the training sessions. His best 

training performance was noticed at the final training session. On 1 out of the 2 static post 

training tests, balance performance continued to increase, whereas on the other post test, 

performance noticed a slight decrease in static balance performance. 

With the initiation of training, this subject responded positively in both dynamic 

balance tests. The only decrease in balance performance during training was noticed during 

session 10 of dynamic field test #3. On this day subject D was not feeling well, which 

could have been the reason for his poor performance. With that one exception, balance 
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performance continued to rise throughout the training sessions. On the 3rd dynamic 

balance test, post training scores indicated only a slight increase from the training mean 

scores. However, subject D's performance during post training sessions increased sharply 

when compared to the mean scores of the training sessions. 

After discussing the training program with the parents of subject D, they both 

believe that their son's balance performance has been positively influenced. An example of 

this was noted as once every two months subject D's family travels to the coast to walk on 

the rocks and see the sights. Before the training program it would take two people to spot 

subject D while he tried to walk on the rocks. It would take a long time to complete and a 

lot of spotting to walk only a short distance on the rocks. After the training program, the 

parents noticed their son walking on the rocks without assistance. He also traveled a 

further distance in a shorter time period. This independence was positive for all the family 

members. The balance activities used in this study may have helped subject D walk further 

and feel more confident with his balance abilities. According to subject D's mother, he is 

confident and more aware of his balance abilities 

Implications 

In single subject research, it is difficult to generalize the findings ofa study to a 

larger population. In this case, one cannot assume that the results found here can be true 

for all individuals with cerebral palsy between the ages of 7-11 years. However, following 

implications could be found with this study. 

In general, static and dynamic balance performance of these subjects improved 

throughout the course of the training program. This training program was designed to 

teach strategies of balance to children with cerebral palsy, while incorporating activities that 
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focused on each of the three (i.e. visual, somatosensory, and muscular) sub-systems 

known to contribute to balance. The activities that were chosen for this study could be 

implemented into any physical education classroom(regular or adapted). 

Children's performance levels and confidence showed marked progress throughout 

the study. After discussing the results of the study with the parents, many believe that as a 

function of this balance training program, their child is now more willing to try activities 

previously avoided. In addition, the parents have seen progress in other areas that involve 

balance. For example, riding a bicycle without training wheels, riding a horse for a longer 

period of time, and walking on rocks along the coast without assistance. 

Each child participated in this balance training program participated for at least 11 

sessions of 45 minutes in duration. Past research focused on the use of shorter training 

sessions.conducted over a longer period of time with no significant findings observed 

(Rintala, Lyytinen, & Dunn, 1990). This training program allowed subjects to be engaged 

in balance activities for longer training sessions over a shorter period of time, with positive 

findings. With this type of focus, subjects were constantly being reminded of balance 

strategies. With a strong emphasis on the balance strategies, subjects were capable of 

remembering the strategies of balance with minimal delays. 

Improvements were noted in post training performance results for each of the 

dynamic balance field tests. A majority of the lesson plans contained more activities 

focused more on dynamic balance activities. A reason to support these findings could be 

that children between the ages of 7-11 tend to be more active (moving) than nonactive 

(standing still). Children tend to use dynamic balance more than static balance. All the 

subjects involved in this study were ambulatory and loved to play using a variety of 

locomotor skills, thus practicing dynamic balance activities more frequently than static 

balance activities. 
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Many fluctuations in performance scores were noticed during the baseline, training, 

and post training phases. This has been a common concern dealing with research focusing 

on individuals with disabilities (i.e, Carlsen, 1975; Shumway-Cook, Anson, & Haller, 

1988; and Rintala, Lyytinen, & Dunn, 1990). Many environmental constraints may have 

limited the true performance of individuals with disabilities. Some of these constraints 

include: (a) subjects not feeling well, (b) feeling pressured due to the presence of some 

other individual, (c) not having enough sleep, (d) too much noise next to the training 

facility, and (e) just having a bad day. When working with individuals with disabilities it is 

difficult to control for all factors mentioned above. 

There has been very little research done in the balance training of children with 

cerebral palsy between the ages of 7-11 years. This research is a step to demonstrate that 

with training in balance activities a child with cerebral palsy can improve in overall balance 

performance. I would strongly recommend that parents and teachers use some of the 

activities mentioned in this study and incorporate them into educational programs either at 

school or at home for children with cerebral palsy. 

Recommendations 

As previously mentioned, research focusing on individuals with disabilities is 

limited. Researchers need to replicate or modify current findings to expand on the theories 

associated with individuals with disabilities. Some recommendations for future research 

include: 

1. Increase the sample size to more subjects. 

2. Conduct a training program with subjects who are younger in age.
 

3.. Increase the number of training sessions and space them over a longer period of time.
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4. Investigate how well a group of subjects are able to transfer the strategies learned during 

the balance training program to other activities associated with daily life (i.e, bicycle 

riding). 

5. Conduct balance training programs focusing on only one form of balance (static or 

dynamic). 

6. Analyze kinematic changes in gait and/or inter- muscular (EMG) response before and 

after balance training. 

7. Determine whether balance training affects the confidence levels of children with cerebral 

palsy. 
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LESSON PLAN #1 
Objectives: Subjects will be able to: 

1. follow the teacher around the gym using a variety of locomotor skills 

2. step out and into a target and hold for 5 seconds 

3. identify correct stretching techniques 

Equipment: balls, squares, hula hoops, balloons, music, mats 

CONTENT 

1. stretching 

locomotor 

2. throwing into 

target 

3. zig-zag follow 

the leader 

BALANCE COMPONENTS 

muscular 

muscular & visual 

MODIFICATION &
 
PROGRESSIONS
 

- including upper and lower extremities 

- travel around gym or room using a variety 

locomotor skills (i.e. skipping, hopping, 

galloping jumping, etc...) 

- subjects will reach out to a box and stand 

in that target box for 5 seconds. They will 

reach down to pick up a ball and throw ball 

into target. 

- use balloons to reach out and touch. 

- gradually increase distance of boxes from 

center. 

- student has to follow the teacher around the 

room. 

Teacher will slide and walk on different 

lines and use a variety of small balance 

activities. Such as: 

1. can you stand on 1 foot ? (eyes open & 

closed) 

2. how long can you sit on your bottom 

in a "V" seat. 
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(Lesson plan #1 continued) 

4. yogi bear sensorimotor, muscular - child sits on a mat with legs and arms 

& visual systems crossed,try to get to a standing position 

without using arms or hands to get up. Do 

with eyes open & closed. 
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LESSON PLAN #2
 
Objectives: Subjects will be able to:
 

1. jump over a rope and into a hoop 2 out of 3 times 

2. walk across the beam forwards and backwards with minimal assistance 

3. stand on 1 foot in the middle of the beam for 5 seconds 

Equipment: beam, balls, bean bags, ropes, mats, incline board, hoops, cones, music, frisbees 

CONTENT BALANCE COMPONENTS MODIFICATION &
 
PROGRESSIONS
 

1. stretching - subjects will travel around gym using a 

& variety of locomotor skills (i.e. skipping, 

locomotor hopping, galloping, running, etc... 

- stretches will include upper and lower body 

extremities. 

2. balance beam sensorimotor - travel along beam, bringing objects from 

activities one side of the beam to the other. Travel 

sideways, forwards, backwards. Walk & 

pivot on beam (90 & 180) 

- stand with 2 feet in the middle of the beam, 

eyes open and closed, then stand with 1 foot 

(spotter) 

- walk, bend down and pick an object off the 

beam and throw at a target 

- walk up and down an incline board 

3. jumping muscular & visual - subject places 1 foot over rope than other 

(into the hoop) rope is on floor at first, 

gradually increase if appropriate. 

- try jumping over rope and into hoop 

- subject can reach out and touch a balloon 

without leaving his/her feet. 
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LESSON PLAN #3 

Objectives: Subjects will be able to: 

1. hit the balloon withoutialling 7 out of 10 times 

2. stay on balance board for 30 seconds without falling off 

3. walk 10 steps without touching the parallellines 

Equipment: balance board, balls tied to a string, mats, balls, bean bags, balloons, racquets, frisbees, 

tape 

CONTENT BALANCE COMPONENTS MODIFICATION & 
PROGRESSIONS 

1. stretching - stretching including upper and lower
 

& locomotor
 extremities 

- travel around gym using a variety of 

locomotor skills (i.e. skipping, hopping, 

galloping jumping, etc...) 

2. balance board muscular & visual subjects will try to maintain their balance 

by not letting the edges of the board touch 

the floor. 

- subjects can hold a ball, balance a bean bag 

on head 

3. racquet & - subjects have to stand in box and try to hit 

striking skills muscular objects. 

- teacher will hold a rope (with a ball tied to 

the end) to the left and right of subjects. 

Subjects are to reach out and hit the object. 

- gradually increase the distance away from 

the subject 

- teacher will stand at different angles to the 

student 



73 

Lesson plan #3 continued 

4. walking between	 muscular & sensorimotor 

two parallel lines 

5. standing on a	 visual & muscular 

stick or line 

- walk forwards & backwards without 

touching the lines. Balance a bean bag on 

head while walking. 

- bounce a ball while walking between lines. 

- gradually decrease width of the lines 

- stand on stick or line with hands on hips 

for as long as possible. Eyes open 

& closed (spotter) 
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LESSON PLAN #4 
Objectives: Subjects will be able to: 

1. identify 3 proper stretching exercises 

2. stand on a line with one foot in_front of the other for 15 seconds unassisted 

3. reach the corner box in tic_tac toe while maintaining his/her balance 

Equipment: balls, mats, physio ball, bean bags, paper, pens, tape 

CONTENT BALANCE COMPONENTS 

1. stretching
 

& locomotor
 

2. static balance visual & sensorimotor 

3. physio ball sensorimotor 

MODIFICATION &
 
PROGRESSIONS
 

- including upper and lower extremities 

- travel around gym or room using a variety 

of locomotor skills (i.e. skipping, hopping, 

galloping, and jumping) 

- standing with feet shoulder width apart-

eyes open looking at a target on the wall. 

gradually decrease base of support (feet 

apart to feet together to heel to toe position 

to 1 foot in front of other to 1 foot) 

arms: out stretched to arms close to body 

to arms across chest. 

- hold for 10-20 seconds, eyes open & closed 

(spotter) 

- subject sits on ball while trying to 

maintain balance 

- lay on stomach (teacher will be spotting) 
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LESSON PLAN (additional activities) 

Objectives: Subjects will be able to:
 

1._sit to a standing position in less than 30 seconds
 

2.walk in a figure "8" pattern through the cones and drop a ball off a paddle less than 5 times
 

3 maintain balance while using a variety of bases of support for 20 seconds
 

Equipment: mats, cones, balls, paddles, bean bags, music, balloons
 

CONTENT BALANCE COMPONENTS MODIFICATION &
 
PROGRESSIONS
 

1. sit to a stand	 sensorimotor & visual - subjects will start by sitting on a mat.
 

stand position
 They will proceed to putting one knee on 

the ground, with one leg straight back to 

standing on 2 feet. This will be timed 

2. partner balance muscular - subject and teacher are partners. Place 

hands together and try to rock back and forth 

or push your partner off balance. Feet can 

not move. 

3. figure 8 walking	 sensorimotor & visual - subjects will walk in a figure 8 manner 

through with ball on a paddle cones. 

Subjects are to try walking through the 

cones while balancing a ball on a paddle. 

Count the number of times the ball comes 

off the paddle in 1 trip around the cones. 

4. switching from one sensorimotor - subjects will place their right knee on the 

knee to the other in mat witht their left leg straight back. squat 

position While remaining in a squat they will 

attempt to switch their back leg (left 

leg) to the front and kneel on that knee, 

while bringing their right leg straight back. 
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Additional activities continued 

5. push-up position muscular - while in a push-up position, subjects will 

(balance) attempt to raise one arm at a time and 

balance with their feet and one arm. 

Switch bases of support around. 

6. surfing	 muscular & visual - subjects will place 1 foot in front of the 

other, while balancing on the Bruininks 

balance beam. 

try to bend down and touch ground while 

maintaining balance. Eyes open & closed 

7. ball tossing	 sensorimotor & muscular - subject & teacher will toss ball back and 

forth using different commands. Teacher 

will call out 1 foot or 2 feet. 1 foot means 

balance on 1 foot, 2 feet means place 1 

foot in front of the other and balance. 

- this will be done on the floor, mats and on 

balance beam. 

8. kneeling basketball	 sensorimotor & muscular - subject will kneel on their knees while on 

a mat. They will try to reach out and 

shoot a basketball in a modified hoop. 

- gradually increase distance from hoop 

9. tic-tac-toe muscular stand behind line, pick up an object that is 

in the box that you want. If you can pick 

up the object without crossing over the line 

and without losing your balance, you can 

mark that spot on the tic-tac-toe board 

- gradually increase the distance of the board 

away from the line. 
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FIELD -BASED TESTS 
Equipment: tape, measuring device, video recorder, watch, paper, balance beam, 

CONTENT ORGANIZATION MODIFICATION & 
PROGRESSIONS 

1. Field-based test #1 - subject will place preferred foot on a line 

(standing on preferred - While looking straight ahead. Hands on 

leg) hip, with opposite leg bent at a 90 angle. 

- see how long subject can hold position 

2. Field-based #2 

( two board test) 

- subjects will stand on a line with one foot 

in front of the other and hands extended. 

- ask to hold for 30 seconds. If able to hold 

- for 30 secs, switch to balance beam. 

3. Field-based test #3 - while standing on a line, subjects will 

(walking forward heel to toe attempt to walk, in a heel to toe motion, 

on a line or beam) on a line with their hands on the hips (line 

is 10 ft long x 3/4 in.). 

use a beam if appropriate (10 ft long x 1 

3/4 in). Check steps taken. 

3. Field-based test #4 - subjects will walk backwards between the 

(walking backwards between two parallel lines (width= 20-25 cm; 

two parallel lines) length= 5 m.) 

- hands will be placed out to the sides. 

- heel to toe pattern 

- check for steps taken. 
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APPENDIX B
 

INFORMED CONSENT
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INFORMED CONSENT (PARENTS) 

Title:	 The Effectiveness of a Static and Dynamic Balance Training

Program for Children with Cerebral Palsy (CP)
 

Principal Investigator: Michael Senisi, Jeff McCubbin, Ph. D. (Major Professor) 

Purpose: To assess the effectiveness of a balance training program on individuals with

cerebral palsy.
 

I understand that my son/daughter 

1.will participate in a maximum of a 9 week static and dynamic balance training program.
Three of those weeks will consists of the actual training sessions. The remaining weeks
will consist of periodic data collection. During the training sessions, subjects will meet
weekly 4 or 5 times, for 45 minutes each session. Each day will consist of testing and
training. 

2. may fall and experience mild dizziness during training. Safety supports and spotters will
be used to reduce the chance of falling. 

3.will participate in a structured lesson plan developed and implemented by a certified
teacher (see appendix A). 

4.may participate in sessions at school, in the home, or at OSU. 

I also understand that: 

5. Oregon State University (OSU) will not be responsible for any injuries or discomforts
that may occur during this study. 

6.sessions may be videotaped to insure reliability of test scores. 

7. transportation will be provided by the investigator to and from training and testing, if 
necessary. 

8.qualified personnel will be conducting this experiment. 

9. at any moment during the experiment I understand my son/daughter 
may wish to terminate participation and can do so without loss of benefits. 

10.all my child's results will be confidential and available to me if I wish to have them. 

I have read the informed consent and understand the purpose of this study and that all my
questions or my son/daughters questions can be answered at any time during the
experiment. If I have any further questions I can reach Michael Senisi at 752-7537 or 737
5927 or Jeff McCubbin at 737-5921. I have a copy of this consent form for my personal
records. 

Parents signature: 
date: 
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INFORMED CONSENT (CHILD) 

Title:	 The Effectiveness of a Static and Dynamic Balance Training 
Program for Children with Cerebral Palsy (CP) 

Main Teacher: Mike Senisi, Jeff McCubbin, Ph.D. (major professor) 

Purpose: To see if balance exercises can help children with cerebral palsy 

I understand that I : 

1. will participate in a balance training program for no more than 9 weeks with Mike. 
2. will do balance activities with Mike 4 times a week, I'll be tested on balance tests. I will 
do this for at least 3 weeks. 

3. may fall and feel a little dizzy, but Mike will be there watching me. 
4. may be videotaped. 

5. can stop doing the activities at any time. 

6. if I have any questions, I can ask Mike or Dr. McCubbin. 

7. know what is expected of me and aggree to participate in the study. 

8. my name will not be used as part of the study. 

child's signature: 

date: 
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APPENDIX C
 

INTER-OBSERVER AGREEMENT
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STATIC BALANCE TEST #1
 

principal investigator scores independent observer scores
 

13.6
 13.2
 

2.1
 1.9
 

3.1
 3.1
 

14.4
 14.7
 

22.3
 23.6
 

12.3
 12.4
 

19.4
 18.9
 

5.2
 4
 

3.2
 2.7
 

3.2
 2.6
 

12.5
 11.8
 

9.9
 9.5
 

1.9
 1.8
 

2.4
 2.2
 

2.0
 2.0
 

inter-observer agreement = 87%
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STATIC BALANCE TEST #2 

principal investigator scores independent observer scores 

21.1 23.9 

25.3 25.6 

12.5 15.8 

.9 1 

4.9 5.1 

1.6 .9 

23.0 24 

7.8 8.2 

15.9 15.0 

16.3 16.2 

19.9 20.3 

11.8 11.6 

7.1 7 

6. 6.4 

13.8 13.2 

inter-observer agreement = 87% 
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DYNAMIC BALANCE TEST #3
 

principal investigator scores
 independent observer scores
 

1
 1
 

7
 7
 

3
 3
 

7
 7
 

2
 2
 

13
 14
 

2
 2
 

2
 3
 

6
 6
 

8
 8
 

9
 9
 

4 4
 

1
 1
 

2
 2
 

4
 4
 

1
 1
 

3 4
 

1
 1
 

inter-observer agreement = 83%
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DYNAMIC BALANCE TEST #4 

principal investigator scores independent observer scores 

1 1 

2 2 

2 2 

3 3 

3 3 

2 2 

2 2 

1 1 

2 1 

2 2 

6 6 

6 6 

4 4 

6 7 

6 5 

inter-observer agreement = 80% 
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APPENDIX D 

SCORE SHEETS 
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Scores, mean values and standard deviations for subject A, Static Balance
 

test #1 

SESSION TRIAL 1 

1 12 

2 3 

3 3.7 

4 1.9 

5 1.7 

6 5.6 

7 15.9 

8 16.3 

9 4.8 

10 7.9 

11 6.5 

TRIAL 2 

3 

12 

2.4 

10.5 

4.5 

1.5 

22.9 

19.9 

5 

3.5 

23.4 

TRIAL 3 

9 

9.5 

4.2 

5.8 

2.2 

5.6 

7.8 

11.8 

5.2 

4.5 

14.5 

MEAN STANDARD 

DEVIATION 

8 4.6 

8.2 4.6 

3.4 .93 

6.1 .93 

2.8 1.5 

6 2.4 

15.5 7.6 

16 4.1 

5 .2 

5.3 2.3 

14.8 8.5 
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Scores, mean values and standard deviations for Subject A, Balance test #2
 

SESSIONS TRIAL 1 

1 2.8 

2 14.1 

3 8 

4 4.9 

5 1.7 

6 9.4 

7 13.4 

8 5.4 

9 7.3 

10 9.4 

11 8.2 

TRIAL 2 

12 

17.5 

2.8 

16.2 

2.7 

4.9 

13.8 

14.4 

8.2 

4.1 

4.8 

TRIAL 3 

2 

14 

1.5 

2.3 

2 

2.5 

3.8 

20.2 

7.6 

10.3 

7.8 

MEAN	 STANDARD 

DEVIATION 

5.6	 5.6 

15.2	 6.5 

4.2	 3.4 

7.8	 7.4 

2	 .35 

5.6	 3.5 

10.3	 5.7 

13.3	 7.5 

1.7	 .46 

7.9	 3.4 

3.9	 1.9 
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Scores, mean values, and standard deviations for subject A, Balance test #3
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 2 1 2 1.7 .58 

2 1 1 2 1.3 .58 

3 1 4 3 2.7 1.5 

4 2 2 1 1.7 .58 

5 1 1 3 1.7 1.2 

6 3 1 3 2.3 1.2 

7 8 9 4 6.7 2.6 

8 5 4 8 5.7 2.1 

9 5 7 10 7.3 2.5 

10 6 4 11 7 3.6 

11 12 11 4 9 4.4 



90 

Scores, mean values, and standard deviations for subject A, Balance test #4
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 3 7 1 3.7 3.1 

2 3 3 4 3.3 .58 

3 1 1 1 1 0 

4 1 2 1 1.3 .58 

5 4 1 1 2 1.7 

6 5 1 3 3 2 

7 2 6 6 4.7 2.3 

8 6 3 6 5 1.7 

9 14 5 12 10.3 4.7 

10 11 9 7 9 2 

11 5 10 5 6.7 2.9 
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Scores, mean values, and standard deviations for subject B, Test #1
 

SESSIONS TRIAL 1 

1 2.1 

2 6.5 

3 3.3 

4 .9 

5 4.9 

6 11.8 

7 7.8 

8 9.3 

9 8.7 

10 4.4 

11 5.7 

TRIAL 2 

1.1 

1.3 

.7 

4.9 

3 

4.6 

6.6 

7.3 

7.8 

6.4 

6.8 

TRIAL 3 

3.2 

8.3 

4.7 

1.6 

7.7 

6.3 

8.4 

7.4 

4.4 

5.1 

2.4 

MEAN	 STANDARD 

DEVIATION 

2.1	 1.1 

5.4	 3.6 

2.9	 2.0 

2.5	 2.1 

5.2	 2.4 

7.5	 3.6 

7.6	 .92 

8	 1.1 

7	 2.3 

5.3	 1.0 

5	 2.3 
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Scores, mean values, and standard deviations for subject B, Balance test #2
 

SESSIONS TRIAL 1 

1 3.4 

2 2.4 

3 1.5 

4 1 

5 4.6 

6 3.7 

7 18.9 

8 12.2 

9 9.9 

10 9.1 

11 9.9 

TRIAL 2 

3.8 

1.1 

4.2 

1 

4.1 

3.1 

4 

5.7 

10.7 

7.4 

12.2 

TRIAL 3 

4.7 

9.4 

7.6 

7.4 

3.4 

15 

2.7 

8.6 

6.1 

6.5 

8.5 

MEAN	 STANDARD 

DEVIATION 

4	 .66 

4.3	 4.5 

4.4	 3.1 

3.1	 3.7 

4	 .60 

7.3	 6.7 

8.5	 9 

8.8	 3.3 

8.9	 2.5 

7.7	 1.3 

10.2	 1.9 
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Scores, mean values, and standard deviations for subject B, Balance test #3
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 3 2 2 2.3 .58 

2 2 2 6 3.3 2.3 

3 2 1 2 1.7 .58 

4 2 4 2 2.7 1.2 

5 3 2 5 3.3 1.5 

6 2 6 8 5.3 3.1 

7 2 3 5 3.3 1.5 

8 8 5 12 8.3 3.5 

9 3 4 4 3.7 .58 

10 9 3 3 7 3.5 

11 3 9 11 7.7 4.2 
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Scores, mean values, and standard deviation for subject B, Balance test #4
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 3 3 2 2.7 .58 

2 2 1 2 1.7 .58 

3 1 1 5 2 1.7 

4 1 2 2 1.7 .58 

5 2 1 3 2 1 

6 4 3 2 3 1 

7 3 2 3 2.7 .58 

8 2 8 6 5.3 3.1 

9 2 2 3 2.3 .58 

10 8 4 2 4.7 3.1 

11 9 2 3 4.7 3.7 
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Scores, mean values, and standard deviations for subject C, Balance test #1
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 .3 .7 .5 .5 .2 

2 5.8 6.4 11.4 7.9 3.1 

3 8.7 4.1 4.7 5.8 2.5 

4 3.9 3.3 1.1 2.8 1.5 

5 2.5 10.7 22 11.7 9.8 

6 7.1 1.8 7 8.6 3.0 

7 14.5 2.7 10.6 9.3 6.0 

8 1.2 13.9 9.8 8.3 6.5 

9 9. 4.6 7.2 6.9 2.2 

10 23.5 11.3 9.9 14.9 7.5 

11 13 28 28.2 23.1 8.7 

12 20.9 25.4 15.5 20.6 5.0 

13 27 15.5 5.3 15.9 10.9 

14 20.6 8.9 32.6 20.7 11.9 

15 22.3 17.9 7.4 15.8 7.7 
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Scores, mean values, and standard deviation for subject C, Balance test #2
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 13.6 2.1 3 6.2 6.4 

2 6 2.7 5.8 4.8 1.9 

3 3.4 2.3 2.4 2.7 .61 

4 5.6 7.2 3 5.3 2.1 

5 1.5 1.7 2.5 1.9 .53 

6 12 2.2 6.5 6.9 4.9 

7 3.2 4.6 2 3.3 1.3 

8 4.2 5.3 4.8 4.8 .55 

9 6.2 6.2 13.2 8.5 4.0 

10 8.2 10.7 20.6 13.2 6.6 

11 14.3 12.2 22.2 16.2 5.3 

12 21.1 12.5 25.3 19.6 6.5 

13 21.2 23 20 21.4 1.5 

14 20.4 15.4 23.2 19.7 3.9 

15 7.6 16.9 27.5 17.3 9.9 
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Scores, mean values, and standard deviation for subject C, Balance test #3 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 4 2 4 3.3 1.2 

2 3 3 3 3 1.5 

3 1 2 1 1.3 .58 

4 4 2 3 3 1 

5 1 4 7 4 3 

6 4 1 5 3.3 2.1 

7 4 0 1 1.7 2.1 

8 1 2 4 2.3 1.5 

9 2 2 2 2 0 

10 4 2 8 4.7 3.1 

11 8 8 2 6. 3.5 

12 13 6 4 7.7 4.7 

13 8 4 5 5.7 2.1 

14 7 9 3 6.3 3.1 

15 7 5 7 6.3 1.2 
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Scores, mean values, and standard deviation for subject C, Balance test #4
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 3 2 2 2.3 .58 

2 1 2 2 1.7 .58 

3 1 2 1 1.3 .58 

4 3 1 2 2 1 

5 1 1 3 1.7 1.4 

6 1 2 1 1.3 .58 

7 4 2 2 2.7 1.2 

8 1 2 4 2.3 1.5 

9 4 3 8 5 2.6 

10 3 7 2 4 2.6 

11 7 2 13 7.3 5.5 

12 11 9 7 9 2 

13 11 2 15 9.3 6.7 

14 8 12 5 8.3 3.5 

15 8 8 5 7 1.7 
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Scores, mean values, and standard deviation for subject D, Balance test #1 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 1.9 2.2 1.9 2 .17 

2 7.9 12.8 11.1 10.6 4.9 

3 1.3 5.7 7.4 4.8 3.1 

4 2.4 2 2 2.1 .23 

5 1.8 8.5 2.3 4.2 3.7 

6 1.4 1.4 2.5 1.8 .64 

7 4.3 2.1 1.7 2.1 1.4 

8 2.1 4.7 2.7 3.2 1.4 

9 5.4 5.6 3.6 4.9 1.1 

10 4.1 4.4 6.5 5 1.3 

11 3.9 3.8 4.8 4.1 .58 

12 3.5 5.5 6.2 5.1 1.4 

13 6.6 6 2.1 4.9 2.4 

14 7.4 7.2 4.2 6.3 1.8 

15 7.3 12.8 3.8 7.9 4.5 
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Scores, mean values, and standard deviation for subject D, Balance test #2
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 1.4 2.5 4.7 2.9 1.7 

2 4 2.8 6.7 4.5 1.9 

3 1 1.5 1.2 1.2 .25 

4 3.1 2.7 2.7 2.8 .23 

5 6.7 3.2 4.4 4.7 1.8 

6 9 4.6 4.2 5.9 2.7 

7 2.4 4.9 2.4 3.2 1.4 

8 5.3 3.5 4. 4.3 .93 

9 4.8 3 3.5 3.8 .93 

10 6.8 1.7 8.4 5.6 3.5 

11 3 7.7 4.7 5.7 2.4 

12 6.8 21.1 6.8 11.6 8.3 

13 6.4 4.3 7.6 6.2 1.5 

14 10.1 5.2 6.2 7.2 2.6 

15 5.1 5.4 5.6 5.4 .25 
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Scores, mean values, and standard deviation for subject D, Balance test #3
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEAN STANDARD 

DEVIATION 

1 1 3 1 1.7 1.2 

2 1 2 4 2.3 1.5 

3 1 1 2 1.3 .58 

4 3 2 2 2.3 .58 

5 2 1 1 1.3 .58 

6 3 3 4 3.3 .58 

7 4 2 3 3 1 

8 2 6 2 3.3 2.3 

9 5 3 6 4.7 1.5 

10 6 2 2 3.3 2.3 

11 5 7 3 5 2 

12 7 7 4 6 1.7 

13 6 7 3 5.3 2.1 

14 5 4 4 4.3 .58 

15 4 5 8 5.7 2.1 
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Scores, mean values, and standard deviation for subject D, Balance test #4
 

SESSIONS TRIAL 1 TRIAL 2 TRIAL 3 MEANS STANDARD 

DEVIATION 

1 2 2 1 1.7 .58 

2 1 4 5 3.3 2.1 

3 4 6 6 5.3 1.2 

4 2 3 4 3 1 

5 3 2 1 2 1 

6 4 2 2 2.6 1.2 

7 3 1 3 2.3 1.2 

8 3 2 2 2.3 .58 

9 12 2 4 6 5.3 

10 8 8 7 7.7 .58 

11 8 10 8 8.7 1.2 

12 7 6 14 9 4.4 

13 6 14 6 9.3 4.6 

14 9 12 13 11.3 2.1 

15 14 11 9 11.3 2.5 




