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ABSTRACT
FABIAN BIZAMA
THE EFFECT OF VISUAL ENVIRONMENTAL DISTRACTION ON GAIT PERFORMANCE IN CHILDREN
MAY 2015
Purposes of this study were to identify the effect of visual distraction on gait parameters
in children, describe the role of walking experience in the management of a visual distraction
while walking, and explore the relationship between performance in standardized testing and
management of visual distraction while walking. Gait parameters as measured by the GAITRite
system included: velocity, step length, step width, and double limb support percentage (DLS%)
of gait cycle. The standardized test used was the mobility domain of the functional scale of the
Pediatric Evaluation of Disability Inventory (PEDI).
Forty-two participants completed data collection; 24 males and 18 females, age range
16 to 90 months (mean=43.2 months, standard deviation=22.9 months) combined normative
standard score mean for the mobility domain of the functional scale of the PEDI was=46.77,
standard deviation=9.85; mean score confirms that participants were typically developing
children. Participants were divided into three groups for data analysis according to their WE:
early walkers (6-11 months of WE), pre-school walkers (12-37 months of WE), and experienced
walkers (38-79 months of WE).
A 3x2 multivariate analysis of variance (MANOVA) assessed differences between groups

(effect of WE) and within groups (effect of condition) on gait. The interaction between group
v



(effect of WE) and condition (effect of visual distraction) was not significant, F(74)=0.612,
p=0.765. However, significant main effects of WE group F(74)=5.300, p<0.001 and visual
distraction condition F(36)=2.586, p=0.053 were found. A MANOVA was followed with
univariate F-tests (ANOVAs) to further assess differences in main effect of group and WE.

The results of this study show that visual environmental distraction significantly affected
gait performance in children. Visual distraction decreased velocity from 110.04 cm/sec to 97.73
cm/sec (p=0.003), and increased DLS% of gait cycle from 18.29% to 20.39% (p=0.025) in all
children.

Results suggest physical therapists need to consider attentional requirements when
assessing gait; even in children with more WE. If attention to task is a limiting factor for
performance or learning of a motor task, physical therapists may need to address the limitations
in attention to task more directly.

Future studies should include children with special needs and with a variety diagnoses.
Special consideration may be needed for children whose diagnosis includes specific attention to

task limitations, such as attention deficit disorder and autism.

Vi



TABLE OF CONTENTS

Page
DEDICATION ....tttittt ettt stee et e et ettt site e et e s sateesabeeesateesbeeessseessteesnseeesaseesaseeensseesseeessseenns iii
ACKNOWNLEDGMENTS ....ceiiitiiiieesieesitteenteesiee s sttt e sbeessaeeesabeesseesseeessseeensasesssessnseessssessnses iv
ABSTRACT ...ttt ettt ettt et e ettt e st e ettt e s ate e s be e e sateesbeeeateesabeesasseessteesnbeeesaseesaseesnsteessaeensees v
LIST OF TABLES......eei ettt ettt ettt ettt e ste e st s e sate e s bt e e et e e sateessbaeesabeesnbeesnsseesnbaeensseenns ix
Chapter
I, INTRODUCTION ...oiiiiiiiitieeeiee ettt sieseiee e st e e stteesite e sbeeessteessaeeessaaesssaeessseesaseeeseessnsenanes 1
Statement of the Problem ... 3
0T oTo 1Yl o ) (U A PP 4
T =T ol d W O [T =E] d (o PR 5
HYPOTNESES .ottt e e et e e st e e e s sabae e e snsaeeesannreaeenn 5
RESEAICh HYPOTthESES...ci ittt e e e s saaeeeeas 5
NUI HYPOLNESES ..ttt e s e e e s a e e e e sabae e e ssnareeeean 5
AV LT o] L= PPN 6
Operational DefinitioNS.......ccuiii i e 6
ASSUMIPTIONS. cetitiiiiiiiiieeeeeeesiitteeteeeeesssbrreeeeeesssssatbeaeeeeeesasssrseaaeeessssssssseneeeessssnsnsnnns 8
[0 0 1) =1 o o TSP PPRPPPPPTPN 8
Significance Of the STUAY........eei i e e 9
Il LITERATURE REVIEW ...ttt e et s e s s e e e eeasaase s s s e eeeennnnnneaaes 10
Theoretical Background of Motor Learning and Motor Control ..........ccccceeeevveennne 10
Neuroscience of Motor CONTIOL........cuiieiiiiiieirie e 15
Development of Postural CoNtrol...........ccueeeeciiiiecciiieeecee e 17
[BLEIV 2] CoY o Ta e =T oY flo ] - SRR 23
Postural Control and Attentional Demands .........ccocceeevieirieeeceensee e 27
The Role of Vision in Postural Control..........cccoecueeriiiiniiiniieeieesiee e 38
GAITRIEE .ttt ettt et st e s et e e s bt e e sabeesabeesabbeesabeesbbeesaseesabaeenans 46
Pediatric Evaluation of Disability INVeNtory........ccccccveeiiciiee e 51
SUMIMIAIY ce et e et et e e e e e et e e e et eee e et eeereeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeseeens 54

Vii



HI. METHODS ..ot re e e e e nnnee 57

(DTS E 1 ={ o EO PP PP OPRTUPPPPTN 57
o [ (ol o - o1 £ TP P T OPPTRPPPPTN 58
TaTo I o] W 614 =T - SRR 59
ol VT o W O =T o - ISP 59
INSErUMENTATION ...t e e e s 60
GAITRITE 1ttt ettt ettt e ettt e s te e st e e e s ate e sbeeesabeesabeesabaeesnbeesnseeensseesnsaeesanes 60
Pediatric Evaluation of Disability INVENtOry........ccoecuiiiiecieeeecee e 61
[ ool [0 o TP 63
[BF 1= I AN g T YA 1T 66
IV, RESULTS .ttt ettt ettt sttt et e et e st e s te e e ate e esteeessteesnteesaseesanseeensaeennseesseeesnseean 67
Post HOC ComMpPariSON TESTING cccceeeeieeeeeeeeeeeeeeeee e e 70
Relationship between Standardized Test Performance and
Management of Visual Distraction .........cccoeciiiiiiiiiiiiciiiie e 72
V. DISCUSSION ...ttt e et e s e e e e e e e et ee e e e e e eaeabaaeeeeaeeeassaaaaaaaes 77
OVEIVIBW ..ttt ettt e e e ettt et e e e s sttt e e e e e e e s sttt e aeeeesssasassbaaaeeeesssanssseaaaeens 77
Results of HYpothesis TESING ....uuiiiciiiiiiciiie et e sree e 78
[ IV oTeTd g LTy [ T 1 RPN 78
[ IV oTeTd g LTy [ VY T RPN 78
Discussion of Hypothesis Testing RESUILS ......ccuvieiiciiiiiiiiie e 79
Relationship between Standardized Test Performance and
Management of Visual DiStraction .......c..cceeeeciiieieciiee ettt 82
(@[T oY Tor: | I T a1 o] [ Tor= 4 o] o -SSR 83
[T a1 =) [0 o Y PP TP PPPPTTN 86
Recommendations for FULUre STUIES ........covveieciiiiiee et 87
6o Y3 Vo 111 T o PSSR 88
REFERENCES ....oetittieitititieitietuttittetttttetsaatatarasasasasaeeessesasaaaaasasesasasesasasnsssnsssnsnsnsnsnsnsnnnsnnnnnnns 89
APPENDICES
A, IRB APProval LELLEIS ...uviiieiiiie ittt 98
B. CONSENT FOMM ittt 103
C. Pediatric Evaluation of Disability Inventory Scoring Form..........ccocoeevvecievnnnns 106

viii



Table

LIST OF TABLES

Mean, Standard Deviations, and Range for Walking Experience and Age by Group....... 68

Mean and Standard Deviations for Gait parameters by Group and Condition................ 69
Gait Parameters Interactions by Condition ONly........cccceoeeiiieiiiciii e, 71
Post Hoc Pairwise Comparison Testing for each Dependent Variable........c.ccccccceennnne 72
Mean and Standard Deviation for PEDI Standard and Scale Scores by Group................. 74
Pearson’s Correlation Coefficients for no Visual Distraction Condition............cccceeenniee. 75
Pearson’s Correlation Coefficients with Visual Distraction Condition .........cc.cccceeveenneen. 76



CHAPTER |
INTRODUCTION

Achieving independent functional mobility, especially walking, is often identified as a
focus in physical therapy. Furthermore, the desired outcome of physical therapy intervention
frequently includes achieving functional independent walking, or gait. This outcome is
particularly important in pediatric practice, where independent walking is frequently a main goal
desired by the family. In order to better serve physical therapy clients, it is important to fully
comprehend all aspects of how typically developing children achieve desired developmental
milestones such as walking. The intent of this project was to expand the knowledge of the role
of attentional demands and its influence on postural control in the development of complex
motor skills such as walking in children.

The development of postural control is critical to the acquisition of complex motor skills
as well as for the production of coordinated motor behavior. The control of posture is an
essential requirement for daily activities, including the development of gait (Lajoie, Teasdale,
Bard, & Fleury, 1993; Shumway-Cook & Woollacott, 1985; Sveistrup & Woollacott, 1996).

Postural control is a complex process that requires the interaction of musculoskeletal
and neurological systems (Bradley, 2000; Shumway-Cook & Woollacott, 2006).This process has
traditionally been considered automatic or reflex controlled, suggesting that postural control
systems use minimal attentional resources. However, recent research has provided evidence

against this assumption (Shumway-Cook & Woollacott, 2006). Numerous studies suggest that a



significant attentional demand exists and that attentional requirements for postural control vary
depending on the postural task, the age of the individual, and their balance abilities (Cherng,
Liang, Hwang, & Chen, 2007; Woollacott & Shumway-Cook, 2002). Moreover, as the demand for
stability increases, an associated increase in attentional resources used by the postural control
system occurs (Lajoie et al., 1993; Shumway-Cook & Woollacott, 2006; Woollacott & Shumway-
Cook, 2002).

Often, research for studying the interaction of attention and postural control uses a dual
task design in which postural control (considered the primary task), and a secondary task are
performed together. In general, dual task design studies exhibit three basic assumptions:(1) a
limited processing capacity exists within the central nervous system, (2) performance of any task
requires a part of the individual’s central processing capacity to attend to the task at hand, and
(3) two tasks sharing the processing capacity of the system may result in disturbances in the
performance of one or both tasks if the processing capacity of the individual is exceeded (Lajoie
et al., 1993). Unfortunately, dual task design studies are limited in clarifying the exact
attentional cost of postural tasks because of the interacting effects between the two tasks.
Nevertheless, many dual task design studies have been helpful in documenting that the
sensorimotor processing essential to postural control requires attentional resources (Brown,
Shumway-Cook, & Woollacott, 1999; Lajoie, Teasdale, Bard, & Fleury, 1996; Lajoie et al., 1993;
Mcllroy et al., 1999; Shumway-Cook, Woollacott, Kerns, & Baldwin, 1997; Woollacott &

Shumway-Cook, 2002).



In the pediatric field, the results of motor learning research guide intervention strategies
to assist a client in achieving appropriate developmental skills. In order to identify the
underlying process that determines skill acquisition during development, a clinician must know
variables that are important at a given age, how each variable changes during development, and

the impact of change on all the other variables (Bradley, 2000).

Statement of the Problem

Physical therapists are trained to identify and to understand the postural demands of a
variety of tasks including gait. They are able to account for the level of balance abilities
depending on the age of the individual. However, limited information exists in terms of
assessing and understanding the attentional requirements of developmental skills. Even less
research is available documenting how children manage the attentional demands of a given task
or how a child’s performance of a given task is affected by the child’s ability to manage different
attentional requirements (Reilly, van Donkelaar, Saavedra, & Woollacott, 2008; Stoffregen et al.,
1997).

Understanding of a child’s attentional abilities, the level of sensory processing and
organization, and the influence of the environmental factors on the performance of motor tasks,
including postural control and gait, is crucial in enabling and guiding the therapist to modify and
adapt the task environment appropriately and individually for each child in order to facilitate the
desired performance of the motor task (Larin, 2000; Shumway-Cook & Horak, 1986). Reilly et al
(2008) emphasized the importance of understanding factors competing for attentional

resources during a child’s performance of different tasks so that educators can create an age

3



appropriate academic environment that is most conductive to learning (Reilly et al., 2008). In
comparison, physical therapists must be able to monitor and address all aspects of a task that
may be competing for the child’s attentional resources to be successful with assessing the
child’s limitations and with implementing intervention activities (Larin, 2000; Shumway-Cook &
Horak, 1986). In order to better serve physical therapy clients, it is important to fully
comprehend all aspects of how typically developing children achieve desired developmental
milestones such as walking.

Normative gait parameter values have been documented in typically developing
children by using the GAITRite system (CIR Systems, Inc. 60 Garlor Drive Havertown, PA 19083),
but attentional demands were not considered as variables in previous research methods while
measuring gait in those children (Dusing & Thorpe, 2007). Therefore, the intent of this project
was to expand the knowledge of the role of attentional demands and its influence in postural

control in the development of complex motor skills such as walking in children.

Purpose of Study
The purpose of this study was to identify the effect of visual distraction on gait
parameters in children. A secondary purpose was to describe the role of walking experience in
the management of a visual distraction while walking, and explore the relationship between
performance in standardized testing and management of visual distraction while walking. The
gait parameters of interest included: velocity, step length, step width, and double limb support
percentage of gait cycle. The standardized test used was the Pediatric Evaluation of Disability

Inventory (PEDI).



Research Questions
1. Does a visual environmental distraction have a significant effect on gait performance in
children?
2. Does walking experience have a significant effect on gait performance in the

presentence of a visual environmental distraction in children?

Hypotheses
Research Hypotheses
1. Visual environmental distraction will have a significant effect on gait performance in
children.
2. Walking experience will have a significant effect on gait performance in children in the

presence of a visual distraction.

Null Hypotheses
1. Gait parameters, as measured by the GAITRite system, will be equal under the two
testing conditions: no visual distraction vs. with visual distraction.
2. Walking experience will not have an effect on gait parameters, as measured by the
GAITRite system, under the two testing conditions: no visual distraction vs. with visual

distraction, in children.



Variables
The following dependent variables were measured by the GAITRite system: velocity,
step length, step width, and double limb support percentage of gait cycle.
The following independent variables were used as grouping variables: walking

experience and condition: no visual distraction vs. with visual distraction.

Operational Definitions

Study-related terms were defined as follows for the purpose of this study:

1. Postural control: the control of the body’s position in space for the purposes of balance
and orientation. Postural control or balance requires that the center of body mass
(COM), or center of gravity, is maintained over the base of support (BOS). Equilibrium
reaction: the body’s response to shifting or tilting of the support surface and are
hypothesized to be controlled by the highest level of the central nervous system, the
cortex (Shumway-Cook & Woollacott, 2006; Woollacott & Shumway-Cook, 2002;
Woollacott & Shumway-Cook, 1990).

2. Visual distraction: television screen set playing children’s programming such as
cartoons: Veggie Tales® (Big Idea Entertainment, LLC. Big Idea, Inc. 320 Billingsly Court
#30, Franklin, TN 37067). The sound will be muted so that the distraction is only visual in
nature.

3. Manage a distraction: participant is able to maintain postural control and exhibit no

change in gait parameters while distraction is present.



10.

Attention: the information processing capacity of the participant (M. Woollacott &
Shumway-Cook, 2002).

Typically developing children: no delays confirmed by a normative standard score of 30
(or higher) on the mobility domain of the Pediatric Evaluation of Disability Inventory
(PEDI) (Haley, Coster, Ludlow, Haltiwanger, & Andrellos, 1992).

Independent walking: walking without upper extremity support or assistive device for at
least 10 feet (ft) without loss of balance on level surfaces.

Walking experience: independent walking consistently for a determined period of time.
Gait speed (velocity): division of the distance traveled by the ambulation time. It is
expressed in centimeters per second (cm/sec) (CIR systems inc. the GAITRite electronic
walkway measurements and definitions 2006.).

Step length: distance from heel center of the current footprint to the heel center of the
previous footprint. It is measured along the line of progression which is the line
connecting the heel centers of two consecutive footfalls of the same foot. The unit of
measure is centimeters (cm) (CIR systems inc. the GAITRite electronic walkway
measurements and definitions 2006.).

Step width: distance from the midline midpoint of the current footprint to the midline
midpoint of the previous footprint on the opposite foot. The unit of measure is
centimeters (cm) (CIR systems inc. the GAITRite electronic walkway measurements and

definitions 2006.).



11. Double limb support percentage of gait cycle: double limb support time expressed as a
percentage of the gait cycle time of the same foot (CIR systems inc. the GAITRite

electronic walkway measurements and definitions 2006.).

Assumptions

The following assumptions will be accepted for the purpose of this study:

1. The sample of individuals participating in this study was representative of the
population of typical developing children.

2. The children participating in this study were motivated to complete all data collection
requirements.

3. Only a limited central processing capacity exists within the central nervous system and
performing any task requires a part of the individual’s central processing capacity to
attend to the task at hand. If two tasks share the processing capacity of the system, the
performance in one or both tasks can be disturbed when the processing capacity of the
individual is exceeded. In this case, it was assumed that the performance of gait

parameters would be affected.

Limitations
The following limitations were present in this study:
1. Arelatively small sample size may have resulted in smaller effects.
2. This study was not able to clarify the exact attentional cost of postural control needed
for gait and the visual distraction because of the interacting effects between the two

factors.



3. This study did not account for possible unexpected environmental sounds that may have

been considered distractions for the participants.

Significance of the Study
Postural control is essential for performing activities of daily living and requires
significant attentional demands. Visual distractions may affect postural control during functional
activities such as gait. The effect of attentional demands on the performance of motor skills
such as gait has not been extensively studied in children. The results of this study expand the
knowledge of the role of attentional demands and the influence of a visual distraction on
postural control in the development of complex motor skills such as walking in children. With

this knowledge, physical therapists can better plan and modify interventions for children.



CHAPTER Il
LITERATURE REVIEW

The purpose of this study was to identify the effect of visual distraction on gait
parameters in children. A secondary purpose was to describe the role of walking experience in
the management of a visual distraction while walking, and explore the relationship between
performance in standardized testing and management of visual distraction while walking. The
gait parameters of interest included: velocity, step length, step width, and double limb support
percentage of gait cycle. The standardized test used was the mobility domain of the Pediatric
Evaluation of Disability Inventory (PEDI).

This chapter begins with a review of theoretical background of motor learning followed
by a review of the neuroscience behind motor control. Then, the development of postural
control and the development of gait are discussed. After that, attentional demands and the role
of vision on postural control are reviewed. Finally, information about instruments and

assessments used in this study is presented.

Theoretical Background of Motor Learning and Motor Control
Motor learning is a complex process resulting in the performance or the execution of a
movement task. It includes practice and experience for the acquisition and modification of
movement resulting in a relatively permanent change in the ability for purposeful movement of

a person. It also includes learning new strategies for the execution of a motor task, and emerges
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from a cooperative process of perception, cognition, and action (Schmidt, 1975; Shumway-Cook
& Woollacott, 2006).

Motor control is the study of the nature and control of movement and it focuses on
understanding the control of movement already acquired (Shumway-Cook & Woollacott, 2006).
Historically, several theoretic perspectives in motor learning and motor control have been
presented, and three distinctly different theoretic perspectives are currently encountered in
motor control literature: maturational, learning, and dynamic based views (Bradley, 2000).

One dynamic based view, the dynamic systems theory, is one of the more recent
theories of motor learning. A fundamental hypothesis of the dynamic systems theory is that
multiple identifiable variables exist and establish a context for movement initiation and
execution. Such variables interact among each other at different levels depending on the child’s
development and depending on the task. These variables include: sensorimotor variables,
mechanical variables, cognitive variables, and task requirements. The environmental factors fall
within the specific task requirements (Bradley, 2000).

Kamm et al (1990) described how the dynamic systems theory better explains the
influence of contributing factors such as: arousal, the neuromuscular system, gravity, and
others, in performance of a given task or behavior. The authors expanded the concept of self-
organization of the system; they stated “biological organisms are complex, multidimensional,
cooperative systems, and no one subsystem has logical priority for organizing the behavior of
the system”. This means that performance of a task results from the coordination of all the

system’s components. The authors explained that “each of these components may initially be
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free to vary, resulting in many degrees of freedom to be controlled”. Furthermore, the authors
stated that “behavior represents a compression of the degrees of freedom as the system
assembles into a functional pattern. Most functional tasks can be achieved with a variety of
movement patterns, but we tend to use the one that requires the least amount of energy and
that is the most efficient melding of the many parts involved” (Kamm, Thelen, & Jensen, 1990).

A second fundamental hypothesis is that the relationship or interaction between these
variables is in constant flux and therefore shapes the features of a movement as it unfolds
(Larin, 2000; Scholz, 1990). According to the dynamic systems theory, motor performance is said
to emerge from the dynamic cooperation of all subsystems within the context of a specific task.
Both the general context (postural, gravitational, and social) and the particular aspects of a
given task have equally important organizing influences. Each system and each component is
necessary but insufficient to explain movement changes on its own (Bradley, 2000; Kamm et al.,
1990; Woollacott & Shumway-Cook, 1990).

The neuromuscular system is composed of many interacting components. The neuronal
networks are assumed to provide the supporting framework for pattern generation and the
stability of a pattern of motion depends on the balance of cooperation and competition within
all the neurophysiological components. Patterns of movement are portrayed not as rigidly fixed
or programmed in the central nervous system but as flexible and adaptable. The patterns of
movement are said to have “preferred paths”. In addition to established “preferred paths”,
motor skills emerge from an interaction between development-related changes in movement

dynamics and brain structure function (Bradley, 2000; Larin, 2000; Scholz, 1990).

12



The dynamic systems theory is in agreement with one of the most widely embraced
motor learning theories: the schema theory (Bradley, 2000). The schema theory proposes that
motor development is a function of learning rules to evaluate, correct, and update memory
traces that compose a “schema” or a concept for a given class or pattern of movement. The
schema theory assumes the presence of three constructs: general motor programs, recollection,
and recognition. According to the schema theory, general motor programs are loosely defined
as sets of instructions, which are stored in the central nervous system as schemas or concepts,
which are responsible for organizing the fundamental components of a movement (Schmidt,
1975).

In this context, motor control can be described as the process of scaling the different
neuromuscular components up or down in order to appropriately perform the desired
movement. From this perspective, coordination is defined as the process by which movement
components are sequenced and organized within a temporal parameter; and their relative
magnitudes determined in order to produce a functional movement pattern, or synergy.
Coordinated movement often involves multiple joints and several muscles that are activated at
the appropriate time and with the correct amount of force so that a smooth, efficient, and
accurate pattern of movement occurs. A major problem faced by the nervous system in the
coordination of functional movement has been referred to as the “degrees-of-freedom”
problem. The central nervous system (CNS) is able to affect the different variables of a

movement (body position, stiffness of body segments, force produced by muscle tissue, and
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speed) in order to appropriately perform the desired movement (Shumway-Cook & Woollacott,
2006).

A well-known model of motor learning is the model proposed by Gentile. The Gentile
model for acquisition of motor skills is based on the proposition that skill learning takes place in
two stages: initial and late. In the initial stage of learning a motor skill, the learner discovers a
reasonably effective approach to desired movement patterns. In the later stage, the learner
concentrates on achieving skilled performance. The latter processes are said to be task
dependent, changing according to the environmental context and the function of the action
(Larin, 2000).

These theories and models are consistent in suggesting that development of motor
control involves much more than the maturation of reflexes within the central nervous system.
Development of motor control is a complex process, with new behaviors and skills emerging
from an interaction between the child’s maturing nervous and musculoskeletal system, and with
the environment. In concurrence with this framework, the emergence of postural control is
likewise based on complex interactions between neural and musculoskeletal systems; these
include:

1. Changes in the musculoskeletal system, including development of muscle strength and
changes in relative mass of the different body segments.
2. Development or construction of the coordinative structures or neuromuscular response

synergies used in maintaining balance.
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3. Development of individual sensory systems, including somatosensory, visual, or
vestibular systems.

4. Development of sensory strategies for organizing these multiple inputs.

5. Development of internal representations important in the mapping of perception to
action.

6. Development of adaptive and anticipatory mechanisms that allow children to modify

the way they sense and move for postural control (Shumway-Cook & Woollacott, 2006).

Neuroscience of Motor Control

Two models of central nervous system (CNS) control have been used to describe the
neural basis for developing posture and movement control: the reflex-hierarchical model and
the systems model. In the reflex-hierarchical model, motor development is viewed as moving
from reflexive to voluntary control as the child’s nervous system matures. The emergence of
independent balance and locomotion is seen as dependent on the maturation of sequentially
higher levels of the CNS hierarchy. Higher levels of behavior, such as the equilibrium reactions,
modify immature behaviors, such as tonic reflexes, which are controlled by lower levels within
the CNS (Woollacott & Shumway-Cook, 1990). However, newer theories and models of motor
control are consistent in suggesting that the development of motor control involves much more
than the maturation of reflexes within the central nervous system (Shumway-Cook &
Woollacott, 2006).

According to the systems model, motor control is achieved by the proper CNS

organization of the information arriving from multiple sensory systems throughout the body.
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Normally, peripheral inputs from visual, somatosensory (proprioceptive, cutaneous, and joint
receptors), and vestibular systems are available to detect the body’s position and movement in
space with respect to gravity and the surrounding environment. The CNS components then
organize this information in a purposeful manner (Shumway-Cook & Woollacott, 2006).

Another component of nervous system control of posture and motor performance is the
presence of central pattern generators (CPGs). Central pattern generators are proposed to
account for the basic neural organization and function required to execute coordinated,
rhythmic movements, such as locomotion, chewing, grooming, and respiration. CPGs are
commonly defined as interneural networks, located in either the spinal cord or brainstem. CPGs
can order the selection and sequencing of motorneurons independent of descending or
peripheral afferent neural input (Bradley, 2000).

In addition, according to the equilibrium-point hypothesis, the CNS strives to control
body and particularly joint position in space. Every position can be defined by a unique
combination of external and internal forces: primarily agonist and antagonist muscle forces and
the net result of the mathematical calculation of all forces involved is an appropriate pattern or
position. Once a motor program is sufficiently established, the CNS activates the appropriate
muscles to contract and move a limb segment until the segment reaches the point in space

where all active and passive muscle forces are in equilibrium (Bradley, 2000; Feldman, 1986).
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Development of Postural Control

The development of postural control is critical to the acquisition of complex motor skills
as well as for the production of coordinated motor behavior. The control of posture is an
essential requirement for daily activities, including the development of gait. This developmental
process requires the maturation of two interactive components within the postural control
system. The first component is responsible for coordinating muscles and joints into
appropriately organized response patterns, and the second component is responsible for
ensuring that the body’s responses remain consistently context dependent (Lajoie et al., 1993;
Shumway-Cook & Woollacott, 1985; Sveistrup & Woollacott, 1996).

Postural control or balance requires that the center of body mass (COM), or center of
gravity (COG), is maintained over the base of support (BOS). Equilibrium reactions are described
as the body’s response to shifting or tilting of the support surface, and are hypothesized to be
controlled by the highest level of the CNS, the cortex (Shumway-Cook & Woollacott, 2006;
Woollacott & Shumway-Cook, 2002; Woollacott & Shumway-Cook, 1990). Maintaining balance
or postural control involves a continuous dynamic process of multiple compensatory
adjustments, a process of feedback organization and control (Horak, Shupert, & Mirka, 1989;
Lee & Aronson, 1974; Shumway-Cook & Horak, 1986; Woollacott & Shumway-Cook, 1990).

Postural control involves controlling the body’s position in space for the dual purpose of
stability and orientation and it requires continuous active control, coordination, and effort
(Shumway-Cook & Woollacott, 2006). Postural control is a sensorimotor process and is

dependent on the task itself, the individual, and the environment. Efficient postural control is
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dependent on the appropriate detection and processing of information from the somatosensory
(proprioceptive, cutaneous, and joint receptors), visual, and vestibular systems. It requires the
integration of these systems, as well as the subsequent activation of appropriately organized
muscular responses that serve to produce an accurate representation of the movement of the
center of gravity and, in turn, produce the appropriately proportional body sway or correction to
remain within the desired orientation (Foster & Sveistrup, 1996; Horak et al., 1989; Rankin,
Woollacott, Shumway-Cook, & Brown, 2000; Shumway-Cook & Woollacott, 1985; Shumway-
Cook & Horak, 1986; Shumway-Cook & Woollacott, 2000; Stoffregen et al., 1997; Sveistrup &
Woollacott, 1996; Woollacott, Debu, & Mowatt, 1987).

The essential neural components to postural control include: motor processes, sensory-
perceptual processes, and higher level processes. The motor processes include organizing
muscles throughout the body into neuromuscular synergies. The sensory/perceptual processes
involve the organization and integration of visual, vestibular, and somatosensory systems. The
higher level processes are essential for mapping sensation to action, and ensuring anticipatory
and adaptive aspects of postural control. Importantly, several authors hypothesize that the
three sensory systems contributing to postural control (visual, vestibular, and somatosensory)
activate the same coordinative structures or postural synergies in response to postural
perturbations (Bradley, 2000; Rankin et al., 2000; Shumway-Cook & Woollacott, 2006; Sveistrup
& Woollacott, 1996). Postural synergies are defined as multiple muscles that are constrained to
act together as a functional unit, with fixed temporal and spatial parameters reflecting the

interaction of the musculoskeletal and motor systems. The term muscle coordination describes
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the processes which determine the temporal sequencing and the distribution of contractile
activity among the muscles of the trunk and the extremities (Nashner, 1982; Sveistrup &
Woollacott, 1996).

As mentioned earlier, sensory systems activate these synergies. Each system provides
unique information that is processed and integrated for postural control. The somatosensory
system provides information about the motion of the body with respect to the support surface
and motion of body segments with respect to each other. The visual system provides
information about motion of the body with respect to extra personal space, the environment.
Finally, the vestibular system provides information about linear and angular acceleration of the
head (Horak et al., 1989). Because postural control is dependent on the appropriate integration
of somatosensory input, this input must be properly understood within the CNS. The term
sensory organization describes the processes of “making sense” of sensory input which
determine the timing, direction, and amplitude of corrective postural action based on the
processing of the body’s orientation information from visual, somatosensory, and vestibular
inputs. Although each of the three sensory systems is considered essential to optimal control of
posture, each system can compensate to some extent for the other two, and the relative
importance of each system appears to vary with contextual demands (Bradley, 2000; Horak et
al., 1989; Nashner, 1982).

Typically, as we become experts in a movement task, we learn to recognize those
sensory cues most reliable to predicting how the environment may change during movement

execution, and we can learn to ignore less useful cues. Simultaneously, we learn to predict how
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our movements will change our relationship with respect to a more or less predictable
environment and determine the postural requirements for the task. Complex neuromuscular
responses are available early in development, but the child’s ability to select the most favorable
strategy and the immediate context in question are critical determinants in this process
(Bradley, 2000). Horak et al. suggest that either abnormal sensory input or an abnormal central
selection and weighting process may result in an inability to identify, organize, and select an
appropriate sensory reference for postural control, even in young persons with normal sensory
function (Horak et al., 1989).

Certain critical components limit the rate of the development of postural control
required for daily activity. Rate-limiting components are those aspects of the system that limit
the rate at which the independent behavior emerges. One factor that may be critical for
development is the speed with which postural reactions must be executed (Stoffregen et al.,
1997; Woollacott & Shumway-Cook, 1990).

In general, infants show a cephalocaudal gradient in the development of postural
responses. Control appears first in the muscles of the neck, as early as 4 months; then the trunk
musculature, at 5 to 8 months; and finally the lower extremities musculature, in stance, at 10 to
14 months (Woollacott et al., 1987; Woollacott & Shumway-Cook, 1990). This same sequence of
development is seen in the development of synergies. Woollacott et al. (1987) reported a
cephalocaudal development of postural response synergies in infants following perturbations of
the support surface, with initial responses recorded in the muscles of the neck as early as 4

month of age. As infants matured and gained experience in sitting and standing, the postural
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response expanded to include the trunk and finally the lower extremities. In addition, even

though sway response was higher in children when compared to adults, the children’s sway
response decreased with increased age and development, but was not equal to the adults’

lower levels of sway even in the 7 to 10 years old group (Woollacott et al., 1987).

Sundermier et al (2001) documented balance responses on a moving force platform in 9
months to 10 years old children. Children were grouped in four different developmental skills
levels. Postural responses were documented by measuring muscle activity using surface EMG in
key postural muscles including: gastrocnemius, tibialis anterior, hamstrings, quadriceps,
paraspinals, and abdominals. The results of this study showed that children at lower
developmental levels, the new walkers group with a mean age of 12.6 months, have smaller
magnitude muscle activity in proximal muscles, and they also exhibit slower muscle activation
onsets and shorter burst durations than children in higher developmental levels (Sundermier,
Woollacott, Roncesvalles, & Jensen, 2001).

Sveistrup and Woollacott studied a small group of infants who were unable to stand
independently until they were able to maintain standing independently. The purpose of their
study was to document the development of automatic postural responses by measuring the
child’s muscle activation patterns in response to postural perturbations in a standing position.
The participants were asked to stand on a platform that moved forward and backward. Surface
EMG was used to measure the muscle activation of key postural muscles including:
gastrocnemius, tibialis anterior, hamstrings, quadriceps, trunk extensors, and abdominals.

Measurements were obtained at five key stages of the child’s development: early pull-to-stand

21



(mean age of 33 weeks), pull-to-stand (mean age of 40 weeks), independent stance (mean age
of 48 weeks), independent walking (mean age of 56 weeks), and late independent walking
(mean age of 65 weeks). The results of this study showed that in the early pull-to-stand stage,
infants exhibit a pronounced level of background muscle activity with postural muscles in the
legs and trunk, and not a well-defined tonic response modulated in response to movement
perturbation. However, by the late independent walking stage, the muscle activity recorded had
a distinct muscle activity response to the perturbation introduced by the platform movement.
The authors proposed a calibration process that occurs during the period of development of
postural control in which the infant learns to map the sensory information onto increasingly
larger and more appropriate sets of muscle patterns as the learning to control the body in
balancing tasks progresses. The authors also suggested that in this process of learning to
generate the appropriate muscle response synergy, infants are constantly influenced both by
the physical components of the task and by their own neurological and biomechanical
components (Sveistrup & Woollacott, 1996).

As previously described, the process of development of postural stability requires the
maturation of interactive components within the postural control system; including the
coordination of muscles and joints into appropriately organized response patterns. Children
begin to either consciously or subconsciously select a postural strategy from an array of
possibilities based on context as early as 13 to 14 months of age. Stoffregen et al. showed that
14-month-old typically developing children exhibit very adaptive postural control actions to

variations in surface properties. This study showed that children are capable of controlling a

22



wide variety of patterns of motion, including hip and ankle strategies, in order to maintain
stance (Stoffregen et al., 1997).

Shumway-Cook and Woollacott (1985) demonstrated that children produce postural
synergies which are appropriately specific to the direction of body sway. The results of their
study showed that children exhibit a greater variability in the organization of postural response
synergies than adults. Moreover, children show even more variability between 4 to 6 years of
age suggesting that the structural organization of postural synergies underlying standing balance

is not fully developed in the 4 to 6 year-olds (Shumway-Cook & Woollacott, 1985).

Development of Gait

Physical therapists must fully comprehend all aspects of how typically developing
children achieve desired developmental milestones such as walking. Then, knowledge of typical
development can be applied to assessment and intervention of children with special needs.
Sutherland completed a review of the key components describing the process of gait maturation
and in an effort to identify what are the factors controlling the maturation of gait. Sutherland
grouped the data from studies reviewed into the following categories: time-distance
parameters, kinematics, electromyography, kinetics, and energetics. The author concluded that
in addition to growth, there is a maturation process controlling the gait changes up until 3.5 to 4
years of age. After this age, growth alone can explain the majority of the changes after that
time. The changes that take place after this maturation period are primarily found in the time-

distance parameters, which correlate well with limb length and body height. For example, that
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cadence decreases, while stride length and velocity increase as children approach 7 years of age
(Sutherland, 1997).

Hausdorff et al (1999) studied the maturation of gait parameters by measuring stride
time variability in 50 typically developing children from 3 to 14 years of age. Children walked at
their normal pace for 8 min around a 400 m track. A force-sensitive switch placed inside the
child’s right shoe measured heel strike of each stride, and stride time of each step during the 8
min walk. Children were divided into three age groups for data analysis: 3 to 4 years old, 6 to 7
years old, and 11 to 14 years old.

Age significantly affected stride time variability. In addition, there was an inverse
relationship between variability and age. Both the standard deviation and the coefficient of
variation were significantly larger in the 3 to 4 years old group in comparison to the 6 to 7 years
old group. In addition, these same measures were significantly larger in the 6-7 years old group
in comparison to the 11 to 14 years old group (Hausdorff, Zemany, Peng, & Goldberger, 1999).

Beck et al (1981) also studied the gait patterns of 51 typically developing children
ranging from 11 months to 14 years old. The gait parameters measured were: velocity, stride
length, cadence, support time, swing time, and dual limb support time. Participants walked at a
slow pace, normal pace, and fast pace on a 10 m walkway that included a variety of pressure
sensitive sensors along the way. Results of this study showed that the slowest and fastest
speeds common to all gait observations was 0.81 and 1.25 m/s respectively, while the mid-range
walking speed was 1.04 m/s. Stride length and cadence were observed to increase while swing

and support times were found to decrease with increasing walking speed. All parameters
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depend on age at each of the walking speeds. At mid-range walking speed, stride length
increased from 0.72 m in the youngest group (1-2 years old) to 1.14 m in the oldest group (13-15
years old). At mid-range walking speed, cadence decreased from 184 steps per minute in the
youngest group to 110 steps per minute in the oldest group while time of swing stage increased
from 0.26 s in the youngest group to 0.49 s in the oldest group while time of support increased
from 0.41 s in the youngest group to 0.60 s in the oldest group.

Beck et al (1981) showed that gait patterns of typically developing children are both
velocity and age dependent. Moreover, these changes were shown to correlate well with
changes in height. The authors concluded that in order to properly assess the gait of typically
developing children, differences in age, height, and walking speed need to be considered (Beck,
Andriacchi, Kuo, Fermier, & Galante, 1981).

Yaguramaki and Kimura studied gait changes during development of walking by
comparing gait in children and adults. The authors studied 35 typically developing infants (age
range 7-70 months); 20 participants were examined longitudinally every few months, and a
group of adults (11 male adults) was used as a control group. Participants walked barefoot on a
7 m walkway and medio-lateral motion and angular displacement were measured by a three-
dimensional gait analysis system. Results of this study showed increased variability of most
measurements during the first 4-6 month of independent walking. There was a significantly
greater medio-lateral motion in infants than in adults. However, medio-lateral motion
decreased considerably within a few months of the onset of independent walking. The authors

concluded that the large medio-lateral motion in infants may be due to larger step width. Step
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width was not measured directly but estimated step width parameters were obtained looking at
the relationship between shoulders and ankles position during gait. The authors reported the
“ankles of younger infants lay outside the boundary of the shoulder whereas the ankles of older
infants and adults were always inside their shoulders”. Angular displacement analysis showed
several differences in gait pattern of young infants in comparison to adults. For example, infants
walked in a forward-bend posture and did not exhibit hip hyperextension until 6 months of
walking experience. The authors concluded that the walking pattern of infants of the same
chronological age was more developed in those infants with more walking experience
(Yaguramaki & Kimura, 2002).

Hallemans et al (2005) compared the walking pattern of toddlers and adults and to
investigate the effect of walking experience on gait parameters in children. The gait pattern of
10 healthy children (age range 13.5 to 18.5 months) was analyzed using inverse dynamic
analysis (IDA); 10 adults (age range 20-30 years) comprised the control group. The walking
experience in the children group ranged from 2 weeks to 5 months. Participants were
videotaped with an automated infrared retro-reflective camera system as they walked on a
designated walkway. Several spatio-temporal gait parameters were calculated for data analysis.
Participants in the children group were divided in 4 subgroups according to walking experience:
1 month, 2 months, 3 months, and 4 months respectively. Results showed generally smaller net
joint moments in toddlers when compared to adults. In addition, larger stride length in the 4

month walking experience group in comparison to the other three groups, and single support
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time was higher in comparison to group 1 (1 month walking experience). No significant
differences were identified between groups 1-3 (Hallemans, De Clercq, Otten, & Aerts, 2005).

All of the studies reviewed suggest that gait parameters change as children mature.

Postural Control and Attentional Demands

Postural control is a complex process that requires the interaction of musculoskeletal
and neurological systems (Bradley, 2000; Shumway-Cook & Woollacott, 2006). This process has
traditionally been considered an automatic or reflex controlled one, suggesting that postural
control systems use minimal attentional resources. However, recent research has provided
evidence against this assumption (Shumway-Cook & Woollacott, 2006). Numerous studies
suggest that a significant attentional demand exists and that attentional requirements for
postural control vary depending on the postural task, the age of the individual, and their balance
abilities (Cherng et al., 2007; Woollacott & Shumway-Cook, 2002).

Often, research for studying the interaction of attention and postural control uses a dual
task design in which postural control (considered the primary task), and a secondary task are
performed together. In general, dual task design studies exhibit three basic assumptions: (1) a
limited processing capacity exists within the central nervous system, (2) performance of any task
requires a part of the individual’s central processing capacity to attend to the task at hand, and
(3) two tasks sharing the processing capacity of the system may result in disturbances in the
performance of one or both tasks if the processing capacity of the individual is exceeded (Lajoie
et al., 1993). Unfortunately, dual task design studies are limited in clarifying the exact

attentional cost of postural tasks because of the interacting effects between the two tasks.
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Nevertheless, many dual task design studies have been helpful in documenting that the
sensorimotor processing essential to postural control requires attentional resources (Brown et
al., 1999; Lajoie Y et al., 1996; Lajoie et al., 1993; Mcllroy et al., 1999; Shumway-Cook et al.,
1997; Woollacott & Shumway-Cook, 2002).

Interaction of variables varies depending on the child’s development and on the task.
These variables include: sensorimotor variables, mechanical variables, cognitive variables, and
task requirements. The environmental factors fall within the specific task requirements. The
amount of attention dedicated to monitoring a movement is viewed as a variable that can affect
the performance of a motor skill. Typically developing children initially execute new movements
in a ballistic manner, ignoring feedback. Then they swing to the opposite extreme attempting to
process excessive amounts of feedback, before finally learning to selectively attend to feedback.
Once the child learns to selectively attend to feedback, more attention, or mental processing,
can be assigned to reading the environment and predicting the environmental changes and
movement outcome as the movement is executed (Bradley, 2000).

The majority of research that describes the relationship between attention and postural
control has been done with adult participants. However, some of the results observed in adults
can be useful to understand the role of attentional demands in postural control in children.

For example, Kerr et al (1985) studied the interaction between postural control and the
performance of two types of memory tasks, spatial and non-spatial memory task, in young
adults. The results showed no significant difference in postural sway or balance steadiness, as

measured by a force platform that calculated the center of pressure, during the performance of
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either of the memory tasks tested. However, decreased spatial memory task recall scores (a
secondary task) were documented during the performance of the postural task (maintaining the
tandem Romberg position on a force platform for 12 seconds). The authors concluded that
concurrent balance requirements lead to a decrement in the recall ability for the spatial
memory task. The authors also proposed that, although postural control is attentionally
demanding in young adults, not all cognitive tasks affect postural control in the same way. They
suggest that cognitive spatial processing and postural regulation may require common
mechanisms, based on experimental results where maintaining a standing position interfered
with a memory task. Moreover, the authors proposed a link between postural control and
spatial cognition because both of these functions are related to vision (Kerr, Condon, &
McDonald, 1985). It is possible that children would exhibit a deficit in postural control under
similar conditions where attention to a visual task detracts from the central nervous system
ability to appropriately allocate the attentional resources needed to maintain balance.

Rankin et al (2000) compared muscle response characteristics in young adults (mean age
of 25.3 years) and older adults (mean age of 78.7 years) in response to platform perturbations
while standing under two conditions: control versus performing a math task. The platform
moved either forward or backward, at specific velocity intervals. For the math task condition,
the participants were required to subtract by three from a randomly given number. The study
measured the activity of postural muscles with surface EMG while the participants were
standing on the moving platform. Surface EMG electrodes measured muscle activity in the

following muscles: gastrocnemius, tibialis anterior, biceps femoris, rectus femoris, erector

29



spinae, and rectus abdominus. The results of this study showed a decreased magnitude of
muscle activity in response to platform movement in both agonists and antagonist muscles
(gastrocnemius and tibialis anterior) during performance of the subtraction task in comparison
to the control measurements. When looking at the effect of age in postural response, the results
of this study showed that older adults have a lower muscle response at faster speeds of
platform movement. They suggested loss of balance results from a failure of the system’s ability
to integrate and organize the sensorimotor information and produce the appropriate
musculoskeletal response. The authors suggested that a possible cause for this failure is a deficit
in the higher brain center’s ability to appropriately allocate the attentional resources needed to
maintain balance (Rankin et al., 2000). It is possible that children would also exhibit a deficit in
postural control under similar conditions where attention to a cognitive task detracts from the
central nervous system ability to appropriately allocate the attentional resources needed to
maintain balance.

Shumway-Cook et al. (1997) studied the effect of cognitive demands on postural control
in young adults (mean age of 31 years), older adults without history of falls (mean age of 74
years) and older adults with history of falls (mean age of 78 years). The participants were tested
under two standing conditions: firm vs. compliant foam surface. The participants were asked to
perform two secondary cognitive tasks: a visual perceptual task and a language task. The results
were compared to the participants’ performance of the two cognitive tasks while sitting as the
control condition. The participants’ postural control or postural sway in standing was measured

by calculating the displacement of the center of pressure (COP) as measured by a force
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platform. The authors hypothesized that as adults’ age, increased attention is needed to
compensate for deterioration within a sensory system (Shumway-Cook et al., 1997).

In the study by Shumway-Cook et al. (1997), postural stability in older adults with a
history of falls was negatively affected by performance of both a visual perceptual task (p< .03)
and a language task (p< .0001) compared to young adults. The results suggest that during the
simultaneous performance of a cognitive and postural task, postural stability suffers rather than
the performance of the cognitive task. In addition, when postural demands are high, due to the
stability requirements inherent in the task being performed or because the individual has a
limited capacity to maintain postural stability due to aging or disease, even relatively non-
demanding cognitive tasks may have a negative effect on postural stability. The authors
concluded that the allocation of attention during the performance of concurrent tasks is
complex, depending on many factors including the nature of both the cognitive and the postural
task (Shumway-Cook et al., 1997). In comparison, it is possible that children would also exhibit a
deficit in postural control under similar conditions influenced by developing nervous and
somatosensory systems instead of aging or disease.

Lajoie et al. (1993) studied whether attentional demands vary as a function of the type
of postural task being performed in young adults, mean age of 26 years. The authors examined
four postural tasks: sitting, standing with wide BOS, standing with narrow BOS, and walking
conditions as the primary tasks, and an auditory reaction time as the secondary task. As
expected, the more stable sitting task yielded faster reaction times than the standing and

walking tasks. However, the subjects’ reaction time decreased while performing a more
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demanding postural task. The authors concluded that postural control is attentionally
demanding and the attentional demands increase with the complexity of the postural task being
performed. The authors stated that an upright standing position requires more attention than
sitting, and walking requires more attention than either of these first two tasks. The authors
suggested that the attentional demands of a postural task increase with an increase in the
balance requirements. In addition, attentional demands may vary within the walking cycle
because decreased reaction time was documented during the single leg support phase
suggesting an increased attentionally demanding period within the walking cycle (Lajoie et al.,
1993). It is unknown whether the same pattern would be seen in children.

In a later publication, Lajoie et al. (1996) addressed whether normal aging has an effect
on the attentional demands of the different postural tasks being performed. In this study, the
authors report additional data obtained from eight elderly participants with a mean age of 71
years. The authors again examined four postural tasks: sitting, standing with wide BOS, standing
with narrow BOS, and walking conditions as the primary tasks, and an auditory reaction time as
the secondary task. The results for the older adults were similar to the results seen in the
younger adults group: the more stable sitting task yielded faster reaction times than the
standing and walking tasks. In addition, the authors documented a greater negative effect,
decreased reaction time, in older adults when the standing base of support was narrower
suggesting that older adults are more affected by the reduction of the BOS than young adults.
Again, the authors concluded that postural control is attentionally demanding, and the

attentional demands increase with the complexity of the postural task being performed.
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However, no significant difference was observed when comparing reaction times of the older
adults during the single leg support phase versus the double leg support phase of their gait cycle
(Lajoie Y et al., 1996).

Mcllroy et al (1999) studied the postural responses of young adults, ages 21-27 years,
under three conditions: seated balancing task, visual-motor tracking task, and dual task
condition which involved performance of the visual-motor tracking task and the balancing task
at the same time. Surface EMG was used to measure activity of the soleus and the tibialis
anterior muscles of the dominant leg. As the authors expected, the first evidence of attentional
demand directed to the control of balance did not occur until after the initiation of the earliest
compensatory balance reaction, which was marked by a complete pause in the visual tracking
behavior in the dual task condition. The authors suggested that the pause in visual tracking
appears to mark the start of a second control phase which includes a sustained redirection of
attentional resources to the control of the balance reaction. This phase suggests that the
attentional demands associated with recovery of stability vary as the processing requirements of
postural control vary during the time course of recovery of stability. In this study, the authors
concluded that in the dual task condition, attention was substantially diverted from the visual
motor task when balance was perturbed, approximately 200-300ms after the initiation of the
earliest compensatory balance reaction. The attention needed was presumably redirected to
control the compensatory response required to regain balance. The findings suggest that
balance control involves three distinct phases, each with distinct attentional requirements. The

initial phase is automatic with minimal attentional demands. In the second phase, attention
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shifts completely away from the secondary task, reflecting attentionally demanding balance
control. Finally, in the third stage, attention control is divided between both the balance and the
secondary task, and this division persists until equilibrium is restored (Mcllroy et al., 1999).
Teasdale et al (1993) examined the extent to which reduction in available sensory inputs
increased the attentional demands of standing postural control in adults. This study measured
postural control by accounting for the amount of sway measured by displacement of the center
of pressure (COP) of the individual while standing on a force platform. Participants completed
an auditory reaction time task under the following conditions: vision/normal surface, no
vision/normal surface, vision/altered surface, and no vision/altered surface. The results of this
study showed that both groups: young adults (mean age of 24.6 years) and older adults (mean
age of 71.1 years), exhibit delays in reaction time as the postural task complexity increases. The
results also showed that attentional demands increased in both young and older adults when
sensory inputs were reduced. In addition, the reaction time of the older adults was more
delayed by the absence of vision during quiet stance than that of the younger adults, indicating
that postural control under the no vision conditions required more attentional resources for the
older than for the young adults. The authors concluded that central processes are an important
determinant of postural control, and as the sensory information is reduced, the postural task
becomes more difficult for older adults and therefore requires more attentional capacity
(Teasdale, Bard, LaRue, & Fleury, 1993). It is possible that children would also exhibit a deficit in

postural control under similar conditions due to increased reliance on visual input.
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Brown et al (1999) explored the attentional demands of the different strategies used for
the recovery of postural control while standing in adults. In this study, young adults (mean age
of 25.34 years) and older adults (mean age of 78.74 years) were asked to perform a backward
digit recall task prior to, and while recovering from, a disturbance to their standing balance. The
backward displacement of the forceplate platform standing surface was done in specific
intervals of velocity of displacement. The results of this study showed that taking a step as a
strategy to recover postural stability occurs even when the center of mass (COM) is within the
base of support (BOS). In addition, the results of this study showed that a step occurred when
the COM was located in a more central location within the BOS when the secondary task was
added, and this effect was greatest in the older adults group. The authors suggested that motor
strategies used for the recovery of postural control are associated with a hierarchy of
attentional demands and they concluded that attentional demands associated with recovery of
stability are greater in older adults than in young adults (Brown et al., 1999). In comparison, it is
possible that children would also exhibit a deficit in postural control under similar conditions
influenced by developing nervous and somatosensory systems instead of aging.

Shumway-Cook and Woollacott (2000) studied the effect of cognitive demands on
postural control in young adults (mean age of 34.6 years), older adults without history of falls
(mean age of 74.6 years), and older adults with history of falls (mean age of 85.3 years). In this
study, the participants were asked to perform a reaction time auditory task under the following
conditions: firm surface/eyes open, firm surface/eyes closed, firm surface/optokinetic

stimulation, sway referenced surface/eyes open, sway referenced surface /eyes closed, and
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sway referenced surface /optokinetic stimulation. The optokinetic stimulation was used to
assess the effect of visual motion within the environment on postural sway. The optokinetic
stimulation was accomplished by a moving visual pattern projected on a screen system that
surrounded the participant (front and sides). Postural sway was measured by calculating the
displacement of the center of pressure (COP) as measured by a force platform. The results of
this study showed that, for young adults, the addition of a secondary task did not significantly
affect postural sway in standing in any of the sensory conditions tested. On the other hand, for
older adults with a history of imbalance and recent falls, the addition of a secondary task
produced a significant increase in sway in all of the sensory conditions tested. Moreover, in the
more difficult sensory conditions, the addition of a secondary task resulted in loss of balance in
some of the older adults. The authors concluded that for young adults, changing the availability
of visual or proprioceptive inputs did not increase the attentional demands associated with
stance postural control. However, in older adults, as sensory information decreased, attentional
demands associated with maintaining standing postural control increased (Shumway-Cook &
Woollacott, 2000). It is possible that children would also exhibit a deficit in postural control
under similar conditions due to increased reliance on visual input, and influences of developing
nervous and somatosensory systems instead of aging.

Although many studies have been conducted on adults, very few studies have been
conducted with children. For example, Huang and Mercer completed a review of various studies
using dual task methodology for children and adults. The authors explained some key concepts

of dual task methodology. Performance of the primary task is assumed to require a proportion
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of the limited processing capacity of the individual. Therefore, performance of the secondary
task is considered a direct reflection of the remaining processing capacity. In this review, the
authors conclude that studies of motor performance in children show interference effects when
children are asked to perform a secondary task. Older children tend to show less interference
than younger children but it is not clear why. The authors suggest that this is possibly due to
increased automation of motor performance or improved time-sharing skills with maturation,
practice, and experience. The authors concluded that dual task studies provide insight into the
changes in performance that may be expected when children are asked to do two things at the
same time. Moreover, understanding of the effects of divided attention on motor performance
may assist physical therapists in incorporating attentional factors into their examination and
intervention techniques (Huang & Mercer, 2001).

Huang et al (2003) studied the influence of concurrent cognitive tasks on gait
parameters in 5-7 years old typically developing children. Twenty seven (16 boys and 11 girls)
typically developing children participated in this study; the mean age was 6.4 years. Children
were asked to walk as fast as possible on a 30 ft long 5 ft wide walkway under 4 conditions:
walking alone and walking in combination with three different cognitive tasks. The three
cognitive tasks were: visual identification, auditory identification, and memorization.

Results of this study showed that gait speed and cadence were significantly lower under
all dual-task conditions in comparison to walking alone, but step length was significantly shorter

for walk and visual identification, and walk and auditory identification only. The magnitude of
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the decrease in walking speeds ranged from 0.18 m/s for the memorization task to 0.43 m/s for
the auditory identification task.

The authors concluded that children in the age range of 5-7 years old decrease their gait
speed when performing concurrent cognitive tasks. The amount of interference varied with the
different cognitive tasks performed. Visual and auditory identification tasks affected both
cadence and step length, but memorization task affected only cadence. The authors suggested
that further research is needed to determine the effects of concurrent cognitive tasks on
performance of various motor tasks in children of various ages who are typically developing and

in children with special needs (Huang, Mercer, & Thorpe, 2003).

The Role of Vision in Postural Control

Normally, three classes of sensory inputs are available for balance control:
somatosensory, visual, and vestibular. Even though all three sensory inputs are available, the
central nervous system mostly relies on only one sense at a time for orientation information
(Woollacott & Shumway-Cook, 1990). The challenge of maintaining postural control increases
when information from one (or more) of the perceptual systems is in conflict with information
coming from the other perceptual systems. This has been demonstrated in experiments in which
movement of the visual field is perceived as self-motion, thus conflicting with concurrent
somatosensory and vestibular input specifying stability. In order to maintain postural control
under these conditions, the individual must be able to integrate and effectively compare the

information from the various sensory systems and shift attention from the sensory system
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providing incorrect information to the sensory system that is providing correct information
(Foster & Sveistrup, 1996).

Kerr et al (1985) studied the interaction of memory and standing balance in young
adults, and they proposed a link between postural control and spatial cognition because both of
these functions are related to vision. The participants were asked to complete a memory task
alone (sitting position), a standing balance task alone (tandem stance), and then both the
memory task and the balance task at the same time. The results of this study showed that the
concurrent performance of balance and memory task resulted in significantly poor recall scores
(p<.001) for spatial memory component of the memory task. The authors suggested that
cognitive spatial processing and postural regulation may require common mechanisms, and
proposed a link between postural control and spatial cognition because both of these functions
are related to vision (Kerr et al., 1985).

Shumway-Cook and Woollacott (2000) studied the effect of cognitive demands on
postural control in young adults, older adults without history of falls, and older adults with
history of falls, under different sensory conditions. The results of this study showed that for
many individuals, standing in an environment where visual motion cues are unrelated to
postural control may be more demanding than maintaining stability without visual cues
(Shumway-Cook & Woollacott, 2000).

Lee and Aronson (1974) studied the ability of infants, ranging from 13-16 months old, to
maintain standing postural control when visual input provided conflicting information. The

participants were instructed to stand in the middle of the room; the child’s parents were
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allowed to be sitting in front of the child. The participants were inside a room constructed with
the ability to swing from the ceiling. At the start of the experiment, the room was stationary and
the child was allowed to play and become familiar with the environment; then the room was
swung to provide the incorrect sense of movement. The results showed that younger children
can rarely ignore visual information, even when this information is grossly incorrect, as
underscored by the tendency of all the participants to sway and fall when confronted by the
conflicting visual stimulus. When abrupt room movements were made, young children
compensated with motor responses designed to restore the vertical position. However, since no
actual body sway occurred, only the illusion of sway introduced via the visual system elicited a
motor response with a destabilizing effect, causing the infants to stagger or fall in the direction
of the room movement. The authors suggested that infants learning to stand initially are more
influenced by visual cues. The authors also suggested that infants rely on visual information
more than mechanical proprioceptive information probably due to increased exposure and
development of visual feedback and less exposure to mechanical proprioception feedback from
mechanoreceptors from the ankle joints. They suggested that infants have more visual
feedback experience, through previous activities such as sitting and crawling, prior to standing
control (Lee & Aronson, 1974).

Foster and Sveistrup studied the ability of infants as young as 5 months old and young
adults up to 28 years old to interpret the visual flow from movement of the room while
maintaining standing postural control. The infants who were not able to maintain independent

standing were supported in a standing position by their parent during the experiment. Surface
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EMG was used to measure the activity of key postural muscles which included: gastrocnemius,
tibialis anterior, lateral hamstring, rectus femoris, trunk extensors, and abdominal muscles. The
amplitude of sway was also recorded by a video camera and a computer system that analyzed
the digital images to measure the degrees of sway. The results of this study showed that infants
as young as 5 months old are able to detect visual flow and will interpret the flow produced by
the movement of the room as body sway. Moreover, the motor system is able to produce the
directionally appropriate postural responses, as measured by EMG, which serve to correct for
the perceived loss of stability. Finally, the probability of recording a response and the magnitude
of the responses recorded decreased as subjects gain experience with independent stance and
locomotion. The authors found a clear developmental trend in the magnitude of the response
elicited, with increased sway seen in younger participants (Foster & Sveistrup, 1996).

Foster and Sveistrup hypothesized that vision plays a different role in postural control
for different postural skills. Possibly, a 5-month-old infant who has mastered the postural
control required to maintain independent sitting is less dependent on vision than on other
sensory information. The increase in the magnitude of the effect of visual perturbation suggests
an increased reliance on visual input on children that are just beginning to walk (children from
11-14 months old). Placing the child in a new position, with new postural demands, like
independent standing, may require the child to increase the dependence on vision. The authors
suggested that, at this young age, the calibration process mapping and continuously updating
visual information is ongoing as infants explore new relationships between their bodies and

space. They hypothesized that vision mapping precedes mapping by somatosensory inputs.
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Infants appear to exhibit vision mapping for muscles controlling stance posture by at least 5 to 6
months, prior to somatosensory system mapping, and long before the infant has much
experience in the standing position. The preceding of vision mapping suggests that the infant
has to reassemble the synergies when somatosensory inputs are mapped for stance postural
control (Foster & Sveistrup, 1996).

According to Foster and Sveistrup, the new walkers were most influenced by the
movement of the room, as evidenced by both their emotional and postural responses. The
increase in the magnitude of the response recorded in the new walkers group (11 to 14 month
old) may in part have been a function of a generally immature postural system that had yet to
establish the control parameters for independent stance. The authors concluded infants may
start learning to reduce dependence on unreliable visual information shortly after they begin
walking. In general, the developmental progression indicates that the visual perturbation
becomes increasingly destabilizing as infants begin to stand and walk independently. As the
infant gains experience with the walking task, the effect of the perturbation decreases until,
finally, in the adult, minimal responses are observed (Foster & Sveistrup, 1996).

Woollacott et al. (1987) studied the control of posture in infants as young as 3 months
old and in children up to 9 years of age, and they compared their results to the results obtained
in a previously established adult sample. Children were grouped according to age parameters
and they were tested on a moving platform as they were instructed to maintain a standing
position. The infants who were not able to maintain independent standing were tested in the

sitting position, and the infants who were not able to maintain independent sitting were tested
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in an infant seat. The authors also tested the role of vision in three of the age groups: 2-3 years,
4-6 years, and 7-10 years. The three groups were tested under two vision conditions: eyes open
and no vision (participants wearing opaque goggles). The platform was displaced in an anterior
or posterior direction. Surface EMG was used to measure the activation of key postural muscles
including: gastrocnemious, tibialis anterior, hamstrings, quadriceps, trunk extensor (lumbar
paraspinal), abdominal, neck extensor, and neck flexor muscles. The young infants group (3-5
month old) showed a high level of variability among the subjects. In contrast, the children in the
8-14 months group who could sit independently, showed directionally specific neck and trunk
muscle activation with a low variability in onset latency (Woollacott et al., 1987).

Under the eyes open condition, the children in the 2-3 year old age group exhibited
clearly organized leg muscle responses to the postural perturbation while standing. In addition,
their postural responses were larger in amplitude and longer in duration that those see in the
adults. Moreover, the trunk musculature activity appears to develop later as it was not
consistently present in this group. The children in the 4-6 years old age group also showed leg
muscle responses that were clearly organized to respond to the postural perturbation while
standing. Their postural responses were larger in amplitude and longer in duration that those
see in the adults but not as large as the 2-3 years old group. When slower platform movements
were used, the 7-10 years old group showed postural responses that were very similar to the
adult group. However, with faster platform movement, the 7-10 year old group showed
temporal characteristics that were slightly different from the adult group (Woollacott et al.,

1987).
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Under the no vision condition, various effects were seen in the activation of postural
musculature; but the overall results under this condition, drove the authors to conclude that
vision is not required for the activation of postural responses to maintain independent standing
in young children. The children were able to maintain standing balance even in the absence of
visual input. However, the authors concluded that vision is normally dominant in the 2-3 year-
old children during quiet stance. The authors suggested that the strong influence of visual cues
on postural control between the ages of 2 and 5 years represents a period of fine tuning of the
visual system and an integration of visual cues with vestibular and somatosensory inputs
(Woollacott et al., 1987). The strong influence of visual cues in children indicates that visual
distractions could affect gait in children.

Berthnthal and Bai also studied the ability of infants, mean age of 13.9 months, to
interpret the visual flow from movement of the room while maintaining standing postural
control. They also studied the ability of younger infants, divided in three groups: 5, 7, and 9
months old, to interpret the visual flow from movement of the room while maintaining sitting
balance. In this study, the moving room was such that the side and front walls could be moved
independently, as well as together, so the researchers were able to systematically manipulate
the location of the optical flowing the visual field. The authors described optical flow as the
global flow of optical texture that is perceived when a person moves in space; it specifies
information about objects and spatial layout, and it provides information about the movement
of the individuals. They stated that individuals acquire a sense of orientation by using visual

input from the environment (Berthal & Bai, 1989).
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The results showed that older infants exhibited a directionally appropriate postural
response in standing during movement of the whole room or during movement of only the side
walls. No measurable response was present on a majority of trials in the front-wall movement
condition. The older infants showed greater postural compensations during whole-room
movement than during movement of only the side walls. In addition, movement of the room
toward the infant produced a larger effect than movement away from the infant while standing.
Only the infants in the 9 month old group exhibited postural responses that were significantly
directionally appropriate to movements of the whole room. The postural responses seen in the
5 months and 7 months old groups were not statistically significant in terms of appropriate
direction of postural adjustment. Infants appeared to use optical flow for maintaining a
balanced position and that the information used for perceiving self-movement is often spatially
distributed in the visual field. This study showed that infants exhibit a directionally appropriate
postural response to visual field movement and that their response may vary when a global or a
partial visual movement flow is introduced. The authors concluded that sensitivity to visual flow
for controlling posture emerges gradually during the latter half of the first year of life in normal
developing infants. They also suggested an ongoing calibration process mapping and
continuously updating visual information as infants explore new relationships between their

bodies and space (Berthal & Bai, 1989).
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GAITRIte

The GAITRite system is an emerging tool for the assessment of gait and is becoming
more common in the clinical setting and as a research tool. The GAITRite system is composed of
an electronic walkway that collects the spatial and temporal parameters of an individual’s gait,
and its supportive computer software. As the patient ambulates across the walkway, the system
captures the geometry and relative arrangement of each footfall as a function of time. The
application software controls the functionality of the walkway, processes the raw data into
footfall patterns, and computes the temporal (timing) and spatial (distance) parameters. The
software’s relational database stores tests individually under each patient and supports a variety
of reports and analyses (The GAITRite electronic walkway. GAITRite page.).

Wondra et al (2007) stated that the use of an instrument such as the GAITRite to
measure gait parameters is becoming more common in the clinical setting because this system
is not labor intensive and can provide the clinician with quick and objective measurement of
temporal-spatial gait parameters. Additionally, the level of computer expertise required to
operate the GAITRite is minimal (Wondra, Pitetti, & Beets, 2007).

The standard GIATRite walkway contains six sensor pads encapsulated in a roll-up
carpet, resulting in an active area of 61 cm wide and 366 cm long; that is approximately 25 in
wide and 12 ft long. The active area is a grid with dimensions of 48 sensors by 288 sensors,
placed on 1.27 cm centers, resulting in a total of 13,824 sensors (CIR systems inc. the GAITRite

electronic walkway measurements and definitions 2006.).
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As the subject ambulates across the walkway, the sensors provide the GAITRite system
with information about the relative geometrical arrangement and the amount of the applied
mechanical pressure of each footfall as a function of time. The system automatically forms
groups of sensors which identified each footfall as a quadrilateral that encloses the footprint.
This quadrilateral is subdivided into 12 sections to further identify the foot print, which is then
divided in three areas: heel, mid-foot, and fore-foot. The application software processes the raw
data into footfall patterns and computes temporal and spatial parameters. The system is able to
calculate 9 different spatial parameters and 20 temporal parameters (CIR systems inc. the
GAITRite electronic walkway measurements and definitions 2006.).

Thorpe et al (2005) documented repeatability measures of temporal and spatial gait
parameters in typical developing children; a group of 57 children, ages 1.3 to 10.9 years old,
participated in this study. The test-retest reliability of the GAITRite was documented in this
study by calculating intraclass correlation coefficients (ICCs) for ten spatial and temporal
parameters for three age groups: 1 to less than 4 years old, 4 to less than 8 years old, and 8 to
less than 11 years old. The following spatial and temporal parameters were compared: velocity,
cadence, step length, stride length, heel-to-heel base of support, single support percentage of
gait cycle left leg, single support percentage of gait cycle right leg, double support percentage of
gait cycle, toe in/out angle left leg, and toe in/out angle right leg. The results of this study show
ICCs that range from poor to excellent. In the 1 to less than 4 years old group the ICCs were:
0.70 for velocity, 0.89 for step length, and 0.57 for double leg percentage of gait cycle. In the 4

to less than 8 years old group the ICCs were: 0.74 for velocity, 0.82 for step length, and 0.66 for
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double leg support (DLS) percentage of gait cycle. In addition, the authors concluded that their
repeatability measures are comparable to results obtained with adult subjects (Thorpe, Dusing,
& Moore, 2005).

Wondra et al (2007) examined the same day test-retest reliability of the GAITRite in 19
children with motor disabilities, mean age of 6.8 years, under two walking conditions: without
orthoses or barefoot, and while wearing orthoses and shoes. In this study, six temporal-spatial
gait measurements were evaluated for test-retest reliability: gait velocity (cm/sec), cadence
(steps/min), stance time (% gait cycle), stride length (cm), base width (cm), and cycle time (sec).
The results of this study show that the majority of the intraclass correlation coefficients (ICCs)
calculated, for each condition, exceeded the minimum reliability coefficient criteria of 0.80. In
addition, the results demonstrated stability of the majority of the parameters measured when a
single trial was administered. The authors concluded that an observed score from a single
administration of a test is reflective of the participants’ gait performance (Wondra et al., 2007).

The validity and reliability of the GAITRite system has been notably documented with
adults subjects. Webster et al. documented the concurrent validity of the GAITRite system by
comparing gait parameter measurements obtained with the GAITRite to the values obtained by
a three-dimensional motion analysis system in a small group of adult patients who had
undergone knee replacement surgery, mean age of 66.5 years. The following gait parameters
were compared: velocity, cadence, step length, and step time. The authors concluded that the
results of this study showed excellent level of agreement between the two systems with ICCs

ranging from 0.92 to 0.99 (Webster, Wittwer, & Feller, 2005).
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Van Uden and Besser documented the test-retest reliability of the GAITRite by
measuring spatial and temporal parameters in a small group of normal adults, mean age of 34
years. The following parameters were measured: walking speed (cm/sec), step length (cm)stride
length (cm), base of support (cm), step time (sec) stride time (sec) swing time (sec) stance time
(sec), single support time (sec), double support time (sec) and toe in toe out angle (deg). The
measurements were obtained under two conditions: preferred walking speed and fast walking
speed. The authors concluded that all spatial and temporal parameters exhibit good to excellent
test-retest reliability for the adult population without pathology in both conditions: preferred
walking speed and fast walking speed. In the first condition, preferred walking speed, the results
of this study showed ICCs of 0.92 or higher, for all parameters measured, with exception of base
of support (ICC of 0.80). In the second condition, fast walking speed, the results of this study
showed ICCs of 0.91 or higher, for all parameters measured, with exception of: swing time and
single support time (ICC of 0.89), and base of support (ICC of 0.79) (van Uden & Besser, 2004).

Bilney et al (2003) documented the concurrent validity of the GAITRite system by
comparing gait parameter measurements obtained with the GAITRite to the values obtained by
the Clinical Stride Analyser® (CSA) system in a small group of normal adults, mean age of 40.5
years. The CSA system is comprised of a pair of innersoles, with four compression closing
switches, which are fitted inside the subject’s shoes. In this study, the measurements were
obtained under three conditions: preferred walking speed, slow walking speed, and fast walking
speed. The following parameters were measured: speed (m/s), cadence (steps/min), stride

length (m), single leg support time (SLS) (s) and double limb support as a percentage of the gait
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cycle (DS%GC). The results of this study showed excellent level of agreement between the two
systems for the first three parameters measured: speed, cadence, and stride length, with ICCs of
0.99 for all three walking speed conditions. However, for SLS time the level of agreement
between the two systems varied according to the walking speed and from right to left leg; for
SLS time the ICCs ranged from 0.52-0.91. Moreover, for DS%GC, the level of agreement between
the two systems was poor; for DS%GC, the ICCs ranged from 0.44-0.57 (Bilney, Morris, &
Webster, 2003).

In the same study, the authors documented the inter trial repeatability of the GAITRite
system by calculating ICCs values from measurements obtained by the GAITRite for all
parameters and under all three walking speed conditions. The ICCs calculated for inter trial
repeatability purposes, ranged from 0.76 to 0.97 in all parameters documented. The authors
concluded that the GAITRite’s measures of speed, cadence, and stride length demonstrate good
concurrent validity and the GAITRite system exhibits a high level of inter trial repeatability in
normal adults, for all the parameters measured in this study (Bilney et al., 2003).

In a similar research study, Cutlip et al (2000) documented the concurrent validity of the
GAITRite system by comparing gait parameter measurements obtained with the GAITRite to the
values obtained by an instrumented walkway system and video-based three-dimensional
motion analysis system (peak performance technologies motus 3.1) in a small group of normal
adults. In this study, the measurements also were obtained under three conditions: slow
walking speed, neutral walking speed, and fast walking speed. The following parameters were

measured: step length (cm), step period (sec), stride velocity (cm/sec), stance duration (sec),
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swing duration (sec). Pearson product moment correlations were used to compare the values
obtained by the two systems; the correlation values ranged from 0.936 to 0.988 for all the
parameters measured. The authors concluded that the GAITRite and the video-based system
were closely matched for the majority of kinematic variables measured, but the differences
between the two systems increased with increasing gait speed (Cutlip, Mancinelli, Huber, &
DiPasquale, 2000).

Dusing and Thorpe established normative values for temporal and spatial gait
parameters in 438 typically developing children, ages from 1-10 years old; all gait parameters
were measured at self-selected speed. The children who participated in this study were
recruited from elementary schools, preschools, daycares, and the community in the Chapel Hill,
North Carolina area. All children were able to walk at least 100 ft independently and showed no
evidence of muscle, bone, joint, brain or nerve dysfunction. Results were reported for several
gait parameters on 10 age groups, 1-10 years old respectively. Authors observed more variability
in younger children and discussed the possibility that it may be due to the fact that younger

children were more distractible during their participation (Dusing & Thorpe, 2007).

Pediatric Evaluation of Disability Inventory
The purpose of this study was to identify the effect of visual distraction on gait
parameters in children. A secondary purpose was to describe the role of walking experience in
the management of a visual distraction while walking, and explore the relationship between
performance in standardized testing and management of visual distraction while walking. The

gait parameters of interest included: velocity, step length, step width, and double limb support
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percentage of gait cycle. The standardized test used was the Pediatric Evaluation of Disability
Inventory (PEDI).

The PEDI is a comprehensive instrument that measures the performance of functional
activities in children. The creators identified three applications of the PEDI: to detect functional
deficits or developmental delays, to monitor progress of an individual or a group, and to
evaluate program outcomes. The PEDI is separated into two main sections: functional scales
domains and caregiver assistance scales. The functional scales and the caregiver assistance
scales include three domains: self-care, mobility, and social function (Haley et al., 1992).
Furthermore, Reid et al (1993) described the items in the mobility domain as falling into two
categories: items that measure simple transfer skills and items that measure body transport
activities (Reid, Boschen, & Wright, 1993).

The PEDI has been standardized on a normative sample of typically developing children
between ages 6 months and 7 years-6 months; a total of 412 children (209 female and 203
male) were included in the normative sample. In addition, a clinical sample of 102 children
consisting of three separate groups completed the standardization process. After completing
the test, raw scores can be used to obtain normative standard scores and scale scores. The
normative standard scores are based on the chronological age of the child and have a mean of
50 and a standard deviation of 10. The scale scores are distributed along a total scale of 100 and
describe the child’s performance relative to the maximum possible score on the PEDI (Haley et

al., 1992).
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Feldman et al (1990) documented the concurrent validity of the PEDI by comparing
scores of the PEDI to the Battelle Developmental Inventory Screening Test (BDIST). The
participants included 40 children between ages of 2 and 8 years; 20 children were typically
developing and 20 children were considered to have special needs. The special needs group
included 10 children diagnosed with spina bifida and 10 children with arthritic conditions. The
results of the study showed moderate (r = 0.70 — 0.80) Pearson product moment correlations
between the PEDI and the BDIST. The authors concluded that concurrent validity of the PEDI
was supported by the results obtain in the study. The authors concluded that construct validity
was supported by the significant differences in the PEDI scores of the two groups of children and
by subsequent analysis identifying the PEDI scores as a better group discriminator than the
BDIST scores (Feldman, Haley, & Coryell, 1990).

Nichols and Case-Smith provided additional support for the intrarater and the
interrespondent reliability, and for the concurrent validity of the PEDI in a three part study.
Physical therapy students trained in the administration of the PEDI completed interviews for
both intrarater and interrespondent reliability components of this study. In this study, the
intrarater reliability or test-retest reliability was assessed by completing two separate interviews
with the same parents separated by a time period of one week. The participants included 23
children, age range from 26-82 months. The interrespondent reliability was assessed by
completing separate interviews with a parent and with either the child’s occupational or

physical therapist who had been providing therapy services to the child for at least 2 months.
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These two interviews were completed in a period of 48 hours from each other. The participants
included 17 children, age range from 13-67 months (Nichols & Case-Smith, 1996).

Furthermore, in this study concurrent reliability was established by comparing PEDI
scores to Peabody Developmental Motor Scales (PDMS) scores. The child’s occupational or
physical therapist completed the PDMS assessment prior to completing any of the PEDI
interviews. Twenty five children age range from 12-76 months participated in this part of the
study. The authors concluded that the general results of this study support the PEDI as a reliable
and valid test for the evaluation of children. The reliability coefficients (ICC) reported for
intrarater reliability ranged from 0.70 to 0.98 when comparing normative standard scores, and
from 0.74 to 0.98 when comparing scaled scores in all domains. The reliability coefficients (ICC)
reported for interrespondent reliability ranged from 0.12 to 0.75 when comparing normative
standard scores, and from 0.31 to 0.88 when comparing scaled scores in all domains. The results
of the concurrent validity analysis consisted of comparison of the raw scores of the PEDI and the
PDMS to obtain Pearson correlation coefficients. The total PDMS fine motor and gross motor
scores showed coefficients ranging from 0.74 to 0.95 when compared to each of the domains in

the PEDI (Nichols & Case-Smith, 1996).

Summary
According to the systems model, motor control is achieved by the proper CNS
organization of the information arriving from multiple sensory systems throughout the body.
Normally, peripheral inputs from visual, somatosensory (proprioceptive, cutaneous, and joint

receptors), and vestibular systems are available to detect the body’s position and movement in
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space with respect to gravity and the surrounding environment. The CNS components then
organize this information in a purposeful manner (Shumway-Cook & Woollacott, 2006).

Postural control has traditionally been considered an automatic or reflex controlled
process, suggesting that postural control systems use minimal attentional resources. However,
recent research has provided evidence against this assumption (Shumway-Cook & Woollacott,
2006). Numerous studies suggest that a significant attentional demand exists and that
attentional requirements for postural control vary depending on the postural task, the age of
the individual, and their balance abilities (Cherng et al., 2007; Woollacott & Shumway-Cook,
2002). Moreover, in general, as the demand for stability increases, an associated increase in
attentional resources used by the postural control system occurs (Lajoie et al., 1993; Shumway-
Cook & Woollacott, 2006; Woollacott & Shumway-Cook, 2002).

The amount of attention dedicated to monitoring a movement is viewed as a variable
that can affect the performance of a motor skill. The majority of research that describes the
relationship between attention and postural control has been done with adult participants.
Nevertheless, some of the results observed in adults can be useful to understand the role of
attentional demands in postural control in children. For example, Kerr et al (1985) discussed the
suggestion that cognitive spatial processing and postural regulation may require common
mechanisms, based on experimental results where maintaining a standing position interfered
with a memory task in young adults. Moreover, the authors proposed a link between postural
control and spatial cognition because both of these functions are related to vision (Kerr et al.,

1985).
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Understanding of the child’s attentional abilities, the level of sensory processing and
organization, and the influence of the environmental factors on the performance of motor tasks,
including postural control and gait, are crucial in enabling and guiding the therapist to modify
and adapt the task environment appropriately and individually for each child in order to
facilitate the desired performance of the motor task (Larin, 2000; Shumway-Cook & Horak,
1986).

Reilly et al (2008) emphasized the importance of understanding the factors competing
for attentional resources during children’s performance of the different tasks so that educators
can create an age appropriate academic environment that is most conductive to learning (Reilly
et al., 2008). In comparison, physical therapists must be able to monitor and address all aspects
of a task that may be competing for the child’s attentional resources to be successful with
assessing the child’s limitations and with implementing intervention activities (Larin, 2000;

Shumway-Cook & Horak, 1986).
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CHAPTER Il
METHODS

Postural control is essential for performing activities of daily living and requires
significant attentional demands. Visual distractions may affect postural control during functional
activities such as gait. The effect of attentional demands on the performance of motor skills
such as gait has not been extensively studied in children.

The purpose of this study was to identify the effect of visual distraction on gait
parameters in children. A secondary purpose was to describe the role of walking experience in
the management of a visual distraction while walking, and explore the relationship between
performance in standardized testing and management of visual distraction while walking.

The results of this study expand the knowledge of the role of attentional demands and
the influence of a visual distraction on postural control in the development of complex motor
skills such as walking in children. With this knowledge, physical therapists can better plan and
modify interventions for children with impaired postural control.

This chapter outlines the methods including design, participant characteristics, data

collection, and data analysis.

Design
This study was descriptive research using a sample of convenience. Independent

variables used as grouping variables were walking experience groups (early walkers, pre-school
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walkers, and experienced walkers) and condition (no visual distraction versus visual distraction).
Dependent variables were measured by the GAITRite system and included: velocity, step length,

step width, and double limb support percentage of gait cycle.

Participants

The target number of participants was 45 (15 in each group) in order for data analysis to
achieve a moderate effect size (0.40) with a-level set at 0.05 and the power set at 0.70 (Portney
& Watkins, 2009). Gait speed was used as the primary dependent variable for these calculations.
Research documenting the effect size for gait parameters in children is limited. However,
Johnston et al., showed a moderate effect size on gait speed in two groups of children with
cerebral palsy, 12 and 14 participants respectively, with a mean age of 9 years, 6 months
(Johnston et al., 2011).

To recruit participants, the primary investigator (Pl) contacted colleagues, friends, and
family members with information about this project. The Pl also distributed the same
information, including a recruitment flyer, to physical therapy students at Texas Woman's
University. Interested parents or legal guardians of potential participants were asked to contact
the PI, using the phone number or the e-mail address in the recruitment flyer. The Pl explained
the study and inquired about inclusion and exclusion criteria listed on the recruitment flyer to

confirm whether a potential participant qualified for inclusion in the study.
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Inclusion Criteria
The following inclusion criteria were used:
1. Boysand girls 1 to 7 years of age
2. Walking ability: children who were able to walk without upper extremity support or
assistive device for at least 10 ft without loss of balance on level surfaces.
3. Walking experience: children who had been walking independently (10 ft without
loss of balance on level surfaces) for at least 6 months prior to the date of data

collection.

Exclusion Criteria
The following children were excluded:
1. Children with a diagnosis of: spinal cord injury or spina bifida because of the unique
effects of these conditions on motor performance, including gait.
2. Children who were not able to follow the instructions to complete the data
collection process.
The PI discussed inclusion and exclusion criteria when communicating with the parent
or legal guardian of potential participants and verified the criteria again at the time of signing a
consent form prior to data collection. The PI relied on information provided by parent or legal
guardian to decide if a potential participant met inclusion and exclusion criteria to participate in

the study.
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Instrumentation

GAITRite

The GAITRite system is composed of an electronic walkway that collects the spatial and
temporal parameters of an individual’s gait, and its supportive computer software. As a
participant ambulates across the walkway, the system captures the geometry and relative
arrangement of each footfall as a function of time. The application software controls the
functionality of the walkway, processes the raw data into footfall patterns, and computes the
temporal (timing) and spatial (distance) parameters. The software’s relational database stores
tests individually in each participant’s folder and supports a variety of reports and analyses (The
GAITRite electronic walkway. GAITRite page.).

The standard GAITRite walkway contains six sensor pads encapsulated in a rolled-up
carpet, resulting in an active area of 61 cm. wide and 366 cm. long; that is approximately 25 in.
wide and 12 ft. long. The active area is a grid with dimensions of 48 sensors by 288 sensors,
placed on 1.27 cm. centers, resulting in a total of 13,824 sensors (CIR systems inc. the GAITRite
electronic walkway measurements and definitions 2006.; Dusing & Thorpe, 2007).

As the subject ambulates across the walkway, the sensors provide the GAITRite system
with information about the relative geometrical arrangement and the amount of the applied
mechanical pressure of each footfall as a function of time. The system automatically forms
groups of sensors which identify each footfall as a quadrilateral that encloses the footprint. This
quadrilateral is subdivided into 12 sections to further identify the foot print, which is then

divided in three areas: heel, mid-foot, and fore-foot. The application software processes the raw
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data into footfall patterns and computes temporal and spatial parameters. The system is able to
calculate 9 different spatial parameters and 20 temporal parameters (CIR systems inc. the
GAITRite electronic walkway measurements and definitions 2006.).

Thorpe et al (2005) investigated test-retest reliability of the GAITRite in a group of 57
typically developing children, ages 1.3 to 10.9 years old. The authors calculated intraclass
correlation coefficients (ICCs) for ten spatial and temporal parameters: velocity, cadence, step
length, stride length, heel-to-heel base of support, single support percentage of gait cycle left
leg, single support percentage of gait cycle right leg, double limb support percentage of gait
cycle, toe in/out angle left leg, and toe in/out angle right leg. ICCs ranged from poor to excellent;
specifically in the 1 to less than 4 years old group. ICCs were 0.70 for velocity, 0.89 for step
length, and 0.57 for double limb percentage of gait cycle. In the 4 to less than 8 years old group,
ICCs were 0.74 for velocity, 0.82 for step length, and 0.66 for double limb support (DLS)
percentage of gait cycle. In addition, the authors concluded that their repeatability measures

were comparable to results obtained with adult subjects (Thorpe et al., 2005).

Pediatric Evaluation of Disability Inventory

The Pediatric Evaluation of Disability Inventory (PEDI) is a comprehensive instrument
that measures the performance of functional activities in children. The creators identified three
applications of the PEDI: to detect functional deficits or developmental delays, to monitor
progress of an individual or a group, and to evaluate program outcomes. The PEDI is separated
into two main sections: functional scales domains and caregiver assistance scales. The functional

scales and the caregiver assistance scales include three domains: self-care, mobility, and social
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function (Haley et al., 1992). Furthermore, Reid et al (1993) described the items in the mobility
domain as falling into two categories: items that measure simple transfer skills and items that
measure body transport activities (Reid et al., 1993).

The PEDI has been standardized on a normative sample of typically developing children
between ages 6 months and 7 years-6 months; a total of 412 children (209 female and 203
male) were included in the normative sample. In addition, a clinical sample of 102 children
consisting of three separate groups completed the standardization process. After completing
the test, raw scores can be used to obtain normative standard scores and scale scores. The
normative standard scores are based on the chronological age of the child and have a mean of
50 and a standard deviation of 10. The scale scores are distributed along a total scale of 100 and
describe the child’s performance relative to the maximum possible score on the PEDI (Haley et
al., 1992).

Feldman et al (1990) documented the concurrent validity of the PEDI by comparing
scores of the PEDI and the Battelle Developmental Inventory Screening Test (BDIST) in typically
developing children and children with special needs who were 2 to 8 years. The results of the
study showed moderate (r = 0.70 — 0.80) Pearson product moment correlations between the
PEDI and the BDIST. The authors concluded that concurrent validity of the PEDI was supported.
They also concluded that construct validity was supported by the significant differences in the
PEDI scores of the two groups of children and by subsequent analysis identifying the PEDI scores

as a better group discriminator than the BDIST scores (Feldman et al., 1990).
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Nichols and Case-Smith assessed intrarater and interrespondent reliability, as well as
concurrent validity of the PEDI in children ages 12 to 76 months. Reliability coefficients (ICC)
reported for intrarater reliability ranged from 0.70 to 0.98 when comparing normative standard
scores, and from 0.74 to 0.98 when comparing scaled scores in all domains. The reliability
coefficients (ICC) reported for interrespondent reliability ranged from 0.12 to 0.75 when
comparing normative standard scores, and from 0.31 to 0.88 when comparing scaled scores in
all domains. Concurrent validity was also established with Pearson correlation coefficients
ranging from 0.74 to 0.95 for caparison of total PDMS fine motor and gross motor scores with

each domain of the PEDI (Nichols & Case-Smith, 1996).

Procedures

If the parent or legal guardian wished for the child to participate in the study, then the
Pl scheduled a time for data collection. The Pl instructed the parent or legal guardian to dress
the participant in regularly worn clothing and shoes.

At the scheduled time, the Pl explained the study design, and the parent or legal
guardian was asked to read and sign an informed consent form prior to any data collection. The
Pl inquired about inclusion and exclusion criteria to confirm whether a potential participant
qualified for the study and answered any further questions about the study. After the parent or
legal guardian signed the consent form, the Pl completed the mobility domain of the functional
scale of the Pediatric Evaluation of Disability Inventory (PEDI) and then proceeded with gait data
collection. Data was collected at the School of Physical Therapy at Texas Woman’s University, at

the T. Boone Pickens Institute of Health Sciences, Dallas Center.
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The data collection room was prepared with the GAITRite system in such a way that the
visual field of the participant could be adjusted to both sides of the walkway. The GAITRite
walkway was placed in between one wall and a system of panels allowing for approximately 5 ft
of open space on each side for safety. The walkway area was restricted to only individuals
directly associated with the study in order to maintain privacy as well as to prevent distractions
to the participants.

At the time of data collection, the Pl entered the participant’s information into the
GAITRite computer to create the participant’s profile. This information included participant’s
name, age, and date of data collection. In addition, participants had a personal identification
number (PIN) that was used when exporting data from GAITRite computer for data analysis. The
participant’s profile and data was saved in the GAITRite computer which uses the password
protected GAITRite software.

The Pl explained that if at any point the child appeared distressed or if the child became
upset, the data collection would be stopped and the parent or legal guardian would be allowed
to hold the child and take a break before attempting further data collection. Then, the PI
explained the gait data collection procedures to the parent or legal guardian and to the
participants as follows: the participants were instructed to walk towards their parent or legal
guardian at the end of the GAITRite walkway. The starting point was marked with a line on the
floor 4 ft away from the start of the GAITRite walkway so that the child achieved desired gait
speed prior to walking on the GAITRite walkway. The parent or legal guardian was instructed to

call the child to walk towards them. If additional motivation was needed, the parent or legal
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guardian was allowed to tell the child that he/she would be allowed to play with a toy, or an
item of interest, after walking.

Gait parameter measures were obtained using the GAITRite system and recorded in the
system’s computer. The gait parameters of interest included: velocity, step length, step width,
and double limb percentage of gait cycle.

The participants completed the walkway measurements under the following two
conditions:

1. No visual distraction: side panels were placed along the GAITRite walkway to block

all visual distractions.

2. With visual distraction: side panels were removed and participant was able to see
the visual distraction. The visual distraction was composed of a television screen set
playing children’s programming such as cartoons: Veggie Tales® (Big Idea
Entertainment, LLC. Big Idea, Inc. 320 Billingsly Court #30, Franklin, TN 37067). The
sound was muted so that the distraction was only visual in nature. The television
screen was placed in the mid-section and approximately 5 ft away from the GAITRite
walkway, on the right side as the child walked towards the parent or caregiver.

Each participant completed 2 successful trials under each condition for a total of 4

successful trials, two without distraction and two with distraction. The order of the conditions
was systematically randomized so that participants alternated the order of trials, with and

without distraction, according to when their data collection appointment was scheduled.
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Data Analysis

Participants were divided into three groups for data analysis according to their walking
experience: early walkers (6-11 months of walking experience), pre-school walkers (12-37
months of walking experience), and experienced walkers (38-79 months of walking experience).
Each participant completed 2 successful trials under each condition for a total of 4 successful
trials, two without distraction and two with visual distraction.

Data were analyzed using the 19.0 version of IBM SPSS for windows. Descriptive
statistics, including means and standard deviations, are reported to describe the participants
overall and for each group.

A 3x2 multivariate analysis of variance (MANOVA) was used to assess differences
between groups (effect of walking experience) and within groups (condition: no visual
distraction versus visual distraction) with regard to gait parameters: velocity, step length, step
width, and double limb support percentage of gait cycle.

A MANOVA was followed with univariate F-tests (ANOVAs) to further assess differences
in main effect of group and walking experience. The a-level was set at 0.05. Significant effects
were explored with post hoc comparison testing.

In addition, Pearson’s correlation coefficients were calculated to describe the role of
walking experience in the management of a visual distraction while walking and explore the
relationship of management of visual distraction while walking with performance in

standardized testing.
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CHAPTER IV
RESULTS

The intent of this descriptive study was to expand the knowledge of the role of
attentional demands and its influence in postural control in the development of complex motor
skills such as walking in children. The purpose of this study was to identify the effect of visual
distraction on gait parameters in children. A secondary purpose was to describe the role of
walking experience in the management of a visual distraction while walking, and explore the
relationship between performance in standardized testing and management of visual distraction
while walking. The gait parameters of interest included: velocity, step length, step width, and
double limb support percentage of gait cycle. The standardized test used was the mobility
domain of the Pediatric Evaluation of Disability Inventory (PEDI). The research hypotheses were
that a visual environmental distraction would have a significant effect on gait performance in
children, and that walking experience would have a significant effect on gait performance in
children in the presence of a visual distraction. This chapter reports the results of the study
including descriptive statistics and data analysis completed.

A total of 42 participants completed data collection for this study; 24 males and 18
females, age range 16 to 90 months (mean=43.2 months, standard deviation=22.9 months). All
participants completed the mobility section of the functional scale of the PEDI. The combined

normative standard score mean was=46.77, standard deviation=9.85. This mean score is

67



consistent with age appropriate performance of motor skills and confirms that participants were
typically developing children.

Participants were divided in three groups for data analysis according to their walking
experience: early walkers (6-11 months of walking experience), pre-school walkers (12-37
months of walking experience), and experienced walkers (38-79 months of walking experience).
Table 1 shows walking experience and age for each group.

Table 1

Mean, Standard Deviations, and Range for Walking Experience and Age by Group

Walking experience (months) Age (months)
Group Mean (SD) Range Mean (SD) Range
Early walkers (n=13) 7.9(2.1) 6-11 20.1(2.1) 16-24
Pre-school walkers (n=14) 23.6 (8.2) 12-37 36.4(7.1) 24-49
Experienced walkers (n=15) 57.3(13.4) 38-79 69.7 (14.0) 49-90
All (n=42) 30.7 (22.9) 6-79 43.2 (22.9) 16-90

Notes: SD=standard deviation

Data was analyzed for normal distribution and homogeneity of variance assumptions.
Shaphiro-Wilk test was used to test normal distribution assumption on each dependent variable
and each group. Only velocity for early walkers, W(13) = 0.868, p = 0.049, and velocity with TV
distraction for pre-school walkers W(14) = 0.865, p = 0.036, were found to deviate significantly
from normality. All other dependent variables met the assumption of normality for each group
(p > 0.05). Lavene’s statistic was used to test the assumption of homogeneity of variance for

between group comparisons and adjustments made when violated.
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Descriptive statistics, including means and standard deviations, are reported to describe
performance on each of the dependent variables for the participants overall and for each group.
Table 2 depicts mean and standard deviation values for each gait parameter by group and under
each condition: no distraction (control) versus visual distraction (TV). All gait parameters
increased with age under both conditions.

Table 2

Mean and Standard Deviations for Gait Parameters by Group and Condition

Early walkers Pre-school walkers Experienced walkers
Dependent (n=13) (n=14) (n=15)
variables Mean (SD) Mean (SD) Mean (SD)

Velocity (cm/sec) 101.25 (26.30) 109.72 (22.86) 117.97 (27.73)

Velocity TV (cm/sec) 88.75 (19.81) 94.01 (12.84) 108.98 (24.15)

Step length (cm) 32.14 (4.78) 38.83 (8.36) 49.32 (7.99)
Step length TV (cm) 32.21 (6.12) 36.55 (6.97) 48.02 (8.70)
Step width (cm) 33.60 (4.26) 41.16 (4.99) 50.03 (8.14)
Step width TV (cm) 32.61(4.91) 39.25 (3.80) 49.19 (8.22)
DLS % of gait cycle 16.04 (5.60) 18.15 (2.67) 20.36 (3.66)
DLS % of gait cycle TV 18.95 (8.03) 20.57 (2.95) 21.47 (3.15)

Notes: DLS= double limb support, TV=visual distraction

A 3x2 multivariate analysis of variance (MANOVA) was be used to assess differences
between groups (effect of walking experience) and within groups (effect of visual distraction or

condition) on measures of gait parameters (velocity, step length, step width, and double limb
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percentage of gait cycle). The interaction between group (effect of walking experience) and
condition (effect of visual distraction) was not significant, F(74)= 0.612, p=0.765 (Pillai’s Trace).
However, significant main effects of walking experience group F(74)= 5.300, p<0.000 and visual

distraction condition F(36)= 2.586, p=0.053 were found.

Post Hoc Comparison Testing

A MANOVA was followed with univariate F-tests (ANOVAs) to determine which
dependent variables had significant main effects. The a-level was set at 0.05.

Table 3 shows F-values and p-values for within group comparisons for each dependent
variable, and table 4 shows p-values for between group post hoc test comparisons for each
dependent variable.

In exploring the main effects of visual distraction (condition), there were no significant
differences in step length and step width when comparing values obtained with a visual
distraction to those with no visual distraction. However, there was a significant reduction in
velocity (p=0.003) and a significant increase in DLS percentage of gait cycle (p=0.025) when
comparing the two visual distraction conditions. That is, there was a significant difference in
velocity and DLS percentage of gait cycle when comparing measures taken with a visual
distraction when compared to those taken without a visual distraction, regardless of walking

experience group.
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Table 3

Gait Parameters Interactions by Condition Only

Condition only

Dependent

variables F-value p-value
Velocity (cm/sec) 10.304 0.003
Step length (cm) 3.023 0.090
Step width (cm) 4.072 0.051
DLS % of gait cycle 5.467 0.025

Notes: DLS= double limb support

In exploring the main effects of walking experience group, significant effects were found
for all four dependent variables. These significant main effects were followed with post hoc
pairwise comparisons to determine which of the three groups differed significantly. Gabriel’s
pairwise test comparisons were chosen due to small differences in group sizes and assumption
of homogeneity of variance being met for the majority of dependent variables.

Results of pairwise comparison testing show that there were significant differences (p <
0.05) when comparing early walkers to experienced walkers in all dependent variables. In
addition, there was a significant difference (p < 0.05) in step width when comparing early
walkers to pre-school walkers group, and a significant difference (p < 0.05) in step length and
step width when comparing pre-school walkers to experienced walkers. Table 4 shows p-values

for post hoc test group comparisons for each dependent variable.
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Table 4

Post Hoc Pairwise Comparison Testing for Each Dependent Variable

Variables Group Group Sig
Velocity (cm/sec) Early walkers Pre-school walkers 731
Experienced walkers .044
Pre-school walkers Experienced walkers .294
Step length (cm) Early walkers Pre-school walkers .136
Experienced walkers <.001
Pre-school walkers Experienced walkers <£.001
Step width (cm) Early walkers Pre-school walkers .008
Experienced walkers <.001
Pre-school walkers Experienced walkers <.001
DLS % of gait cycle Early walkers Pre-school walkers 452
Experienced walkers .046
Pre-school walkers Experienced walkers .569

Notes: DLS= double limb support

Relationship between Standardized Test Performance and Management of Visual Distraction
A secondary purpose of this study was to describe the role of walking experience in the
management of a visual distraction while walking, and explore the relationship between

performance in standardized testing and management of visual distraction while walking. The
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gait parameters of interest included: velocity, step length, step width, and double limb support
percentage of gait cycle. The standardized test used was the mobility domain of the Pediatric
Evaluation of Disability Inventory (PEDI).

The PEDI provides normative standard scores and scale scores. The normative standard
scores are based on the chronological age of the child and have a mean of 50 and a standard
deviation of 10. The scale scores are distributed along a total scale of 100 and describe the
child’s performance relative to the maximum possible score on the PEDI (Haley et al., 1992).
Standardized scores and scale scores were calculated for each group. Table 5 shows the mean
standard and scale scores on the PEDI for each age group. The combined normative standard
score mean was=46.77, standard deviation=9.85. This mean score is consistent with age
appropriate performance of motor skills and confirms that participants were typically
developing children. The mean scale score increased with walking experience for all groups:
early walkers=64.29, pre-school walkers=74.06, and experienced walkers=94.08. These scale
scores are considered age appropriate performance of motors skills for typically developing

children for all group.
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Table 5

Mean and Standard Deviation for PEDI Standard and Scale Scores by Group

PEDI Standard score PEDI Scale score
Group Mean (SD) Mean (SD)
Early walkers (n=13) 52.28 (5.09) 64.29 (4.29)
Pre-school walkers (n=14) 41.69 (9.52) 74.06 (8.41)
Experienced walkers (n=15) 46.75 (11.12) 94.08 (8.65)
All (n=42) 46.77 (9.85) 78.19 (14.59)

Notes: PEDI= mobility domain of the functional scale of the Pediatric Evaluation of Disability Inventory;
SD=standard deviation

In order to explore any possible relationship between management of visual distraction
while walking with performance in standardized testing, Pearson’s correlation coefficients were
calculated between PEDI scales scores, walking experience, and each gait parameter measured
under both conditions: no distraction and with visual distraction. Pearson’s correlation
coefficients are described below according to the guideline suggested by Portney and Watkins
(Portney & Watkins, 2009).

Results showed an excellent relationship between PEDI scale scores and walking
experience r=.916 (p<0.01) independent from condition. Table 6 shows Pearson’s correlation
coefficients under no visual distraction condition. Under no visual distraction condition, there
was a good to excellent relationship between PEDI scale scores and step length r=.808 (p<0.01),
and step width r=.848 (p<0.01), and a fair relationship between PEDI scale scores and velocity

r=.361 (p<0.05), and DLS percentage of gait cycle r=.364 (p<0.05).
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Moreover, there was a moderate to good relationship between velocity and step length
r=.667 (p<0.01), step width r=.625 (p<0.01), and DLS percentage of gait cycle r=-.513 (p<0.01). It
is important to notice that there was an inverse relationship between velocity and DLS
percentage of gait cycle. In addition, there was a good to excellent relationship between step
length and step width r=.965 (p<0.01).

Table 6

Pearson’s Correlation Coefficients for no Visual Distraction Condition

Variables PEDI scale  Velocity Step length  Step width  DLS % of
score (cm/sec) (cm) (cm) gait cycle

PEDI scale score 1 .361* .808** .848** .364*

Velocity (cm/sec) 1 .667** .625** -.513%*

Step length (cm) 1 .965%* 123

Step width (cm) 1 .175

DLS % of gait cycle 1

Notes: *p<0.05; **p<0.01; PEDI= mobility domain of the functional scale of the Pediatric Evaluation of
Disability Inventory; DLS= double limb support

Table 7 shows Pearson’s correlation coefficients under a visual distraction condition.
Under visual distraction condition, there was a good to excellent relationship between PEDI
scale scores and step length r=.788 (p<0.01), and step width r=.833 (p<0.01), and a moderate to
good relationship between PEDI scale scores and velocity r=.520 (p<0.01).

Moreover, there was a moderate to good relationship between velocity and step length
r=.722 (p<0.01), step width r=.757 (p<0.01). There was a fair relationship between velocity and
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DLS percentage of gait cycle r=-.443 (p<0.01). It is important to notice that there was an inverse
relationship between velocity and DLS percentage of gait cycle. In addition, there was a good to
excellent relationship between step length and step width r=.916 (p<0.01).

Table 7

Pearson’s Correlation Coefficients with Visual Distraction Condition

Variables PEDI scale Velocity TV Step length Step width DLS % of gait
score (cm/sec) TV (cm) TV (cm) cycle TV

PEDI scale score 1 .520%** .788%** .833** 126

Velocity TV (cm/sec) 1 T22%* 757** -443**

Step length TV (cm) 1 .916** -.024

Step width TV (cm) 1 .056

DLS % of gait cycle TV 1

Notes: *p<0.05; **p<0.001; TV=visual distraction; PEDI= mobility domain of the functional scale of the
Pediatric Evaluation of Disability Inventory; DLS= double limb support
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CHAPTER YV
DISCUSSION
This descriptive study expands the knowledge of the role of attentional demands and its
influence in postural control in the development of complex motor skills such as walking in
children. The purpose of this study was to identify the effect of visual distraction on gait
parameters in children. A secondary purpose was to describe the role of walking experience in
the management of a visual distraction while walking, and explore the relationship between
performance in standardized testing and management of visual distraction while walking. The
gait parameters of interest included: velocity, step length, step width, and double limb support
percentage of gait cycle. The standardized test used was the Pediatric Evaluation of Disability
Inventory (PEDI).
This chapter starts by providing an overview of the study followed by results of
hypothesis testing. Then, conclusions and clinical implications are discussed. Subsequently, the
study’s strengths and limitations are presented, and finally recommendations for future studies

are discussed.

Overview
This study was descriptive research using a sample of convenience. Independent
variables used as grouping variables were walking experience groups (early walkers, pre-school

walkers, and experienced walkers) and condition (no visual distraction versus visual distraction).
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Dependent variables were measured by the GAITRite system and included: velocity, step length,
step width, and double limb support percentage of gait cycle.

Each participant completed 2 successful trials under each condition for a total of 4
successful trials, two without distraction and two with distraction. The order of the conditions
was systematically randomized so that participants alternated the order of trials, with and
without distraction, according to when their data collection appointment was scheduled.

Participants were divided into three groups for data analysis according to their walking
experience: early walkers (6-11 months of walking experience), pre-school walkers (12-37
months of walking experience), and experienced walkers (38-79 months of walking experience).
A total of 42 participants completed data collection for this study; 24 males and 18 females, age

range 16 to 90 months (mean=43.2 months, standard deviation=22.9 months).

Results of Hypothesis Testing
Hypothesis One
Visual environmental distraction will have a significant effect on gait performance in
children. Results of this study showed that a visual distraction had a significant effect on gait

parameters in children.

Hypothesis Two
Walking experience will have a significant effect on gait performance in children in the
presence of a visual distraction. Results of this study showed that a walking experience did not

have a significant effect on gait performance in children in the presence of a visual distraction.
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Discussion of Hypothesis Testing Results

In this section, results of hypothesis testing are discussed for both research hypotheses
combined. The results obtained answer both research questions of this study. The hypothesis
that a visual environmental distraction would have a significant effect on gait performance in
children is confirmed by the results of the main effects of distraction testing. That is, there was a
significant difference in velocity and DLS percentage of gait cycle when comparing measures
taken with a visual distraction when compared to those taken without a visual distraction,
regardless of walking experience.

However, the results obtained do not confirm the second hypothesis that walking
experience would have a significant effect on gait performance in children in the presence of a
visual distraction. Significant interaction effects were needed to confirm this hypothesis and
these were not found for the multivariate analysis or univariate analyses for any of the gait
variables.

The results of this study show that a visual environmental distraction had a significant
effect on gait performance in children independently of the level of walking experience.
Surprisingly, gait performance was affected by a visual distraction even in children with more
walking experience. The expectation was that gait parameters of children with more walking
experience would not be affected by a visual distraction.

The results of this study show that a visual environmental distraction had a significant
effect on gait performance in children independently of the level of walking experience. Gait

performance was affected by a visual distraction even in children with more walking experience.
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Moreover, results showed that a visual distraction had a significant effect on several gait
parameters in children. Under a visual distraction condition, children in all groups, age range 16-
90 months (mean=43.2 months, standard deviation=22.9 months), exhibited a significant
decrease in velocity (p=0.003), and a significant increase in DLS percentage of gait cycle
(p=0.025). Overall, the mean velocity decreased from 110.04 cm/sec with no visual distraction
to 97.73 cm/sec with visual distraction. In addition, the mean DLS percentage of gait cycle
increased from 18.29% with no visual distraction to 20.39% with visual distraction.

Results of the current study for velocity and DLS percentage of gait cycle under no visual
distraction condition are comparable to results reported by Dusing and Thorpe (2007) who
established normative values for temporal and spatial gait parameters at self-selected speed in
typically developing children, ages from 1 to 10 years old. For 1 to 7 years old children, velocity
parameters reported by Dusing and Thorpe ranged from 82.05 to 127.29 cm/sec, and DLS
percentage of gait cycle parameters ranged from 16.56 to 18.89 percent. Step length and step
width parameters were not reported by the authors. As part of their study, the authors
discussed the observed increased variability in younger children and discussed the possibility
that it may be due to the fact that younger children were more distractible during their
participation (Dusing & Thorpe, 2007).

Comparisons of the results of the current study to those of Dusing and Thorpe (2007)
indicate some differences in findings when visual distractions are present. For example, with
visual distraction, DLS percentage of gait cycle was considerably higher for all age groups to the

results reported by Dusing and Thorpe.
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For the early walkers group (mean age=1.7 years) the mean DLS percentage of gait cycle
was 18.95 compared to 16.56% for the 1 year old group and 16.87% for the 2 year old group
reported by Dusing and Thorpe. For the pre-school walkers group (mean age=3.0 years) the
mean DLS percentage of gait cycle was 20.57% compared to 16.87% for the 2 year old group and
18.89% for the 3 year old group. Finally, for the experienced walkers group (mean age=5.8
years) the mean DLS percentage of gait cycle was 21.47% compared to 16.45% for the 5 year old
group and 16.23% for the 6 year old group (Dusing & Thorpe, 2007).

Mean velocity was also different from values reported by Dusing and Thorpe. In the
current study, the mean velocity under visual distraction condition was 108.98 cm/sec for the
experienced walkers group compared to 123.51 cm/sec for the 5 year old group and 127.29
cm/sec for the 6 year old group (Dusing & Thorpe, 2007). These comparisons suggest that a
visual environmental distraction can have a significant effect on gait performance in children,
even children with more walking experience.

Participants in the current study walked slower under visual distraction condition,
considered a dual task condition. These results are similar to results reported by Huang et al
(2003). Huang et al. explored the influence of concurrent cognitive tasks on gait parametersin 5
to 7 year old typically developing children. Children walked as fast as possible under 4
conditions: walking alone and walking in combination with three different cognitive tasks. The
three cognitive tasks were: visual identification, auditory identification, and memaorization. Gait
speed was significantly lower under all dual-task conditions in comparison to walking alone. The

magnitude of the decrease in walking speeds ranged from 18 cm/sec for the memorization task
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to 43 cm/sec for the auditory identification task. Huang et al. concluded that children in the age
range of 5 to 7 years old decrease their gait speed when performing concurrent cognitive tasks.
The amount of interference varied with the different cognitive tasks performed (Huang et al.,
2003).

In the current study, the decrease in velocity from no distraction to visual distraction
condition, for the experienced walkers group (mean age=5.8 years) was only 8.99 cm/sec.
Perhaps, the presence of a visual distraction does not affect velocity to the same degree as
performing concurrent cognitive tasks while walking. Nevertheless, visual environmental

distraction does impact gait performance in children of all experience level.

Relationship between Standardized Test Performance and Management of Visual Distraction
In order to explore any possible relationship between management of visual distraction
while walking with performance in standardized testing, Pearson’s correlation coefficients were
calculated between PEDI scales scores, walking experience, and each gait parameter measured
under both conditions: no distraction and with visual distraction.

Independent of condition, results showed a good to excellent relationship between PEDI
scale scores and walking experience r=.916 (p<0.01). This is most likely due to the mobility
domain content of the PEDI which includes several items related to locomotion or independent
walking. Several items assess the child’s ability for walking indoors and outdoors for different
distances. Moreover, several additional items assess the child’s ability to ascend/descend

inclines and negotiate walking on different surfaces, like lawn or gravel.
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Under both conditions, results showed a good to excellent relationship between step
length and step width (no visual distraction condition r=.965, p<0.01; visual distraction condition
r=.916, p<0.01). Caution should be exercised when interpreting the relationship between step
length and step width due to the way that the GAITRite system measures each of these
parameters. Step length is measured along the line of progression on the sagittal plane and step
width is measured along a diagonal line between midpoint of one footprint to the midpoint of
the contralateral footprint (CIR systems inc. the GAITRite electronic walkway measurements and
definitions 2006.). This may have resulted in a higher correlation value than if step width was
measured strictly along the lateral plane.

As expected correlations between velocity and step length, between velocity and step
width, and between velocity and DLS percentage of gait cycle were moderate to good regardless
of environmental condition. These results suggest that condition did not affect the relationships

among these variables.

Clinical Implications
The implied assumption of motor control and motor learning research is that the results
obtained will advance clinical interventions to improve or restore motor function limited as a
consequence of disease or injury. In the pediatric field, the results of motor learning research
will guide the intervention strategies to assist a client in achieving their age appropriate
developmental skills. In order to identify the underlying process that determines skill acquisition

during development, a clinician must know not only which variables are important at a given age
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but also how each variable changes during development and the impact of that change on all
the other variables (Bradley, 2000).

Hypothetically, typically developing children have the physical ability to properly
respond to postural perturbations during gait. However, because of limited ability to maintain
attention on one task, in the presence of a visual distraction, they are not able to adequately
integrate and properly process the sensory information. This inability to process sensory
information limits their ability to create and perform appropriate physical responses to the
postural perturbations present during gait.

Shumway-Cook and Woollacott (2006) suggested that the postural demands of younger
children use more of their attentional resources than compared to older children, and this need
may affect both their postural and cognitive performance in dual-task situations. Therefore,
since many activities that children perform have both postural and cognitive components,
clinicians can expect that performance on the postural task, on the cognitive task, or on both
tasks will suffer if the attentional capacity of the child is exceeded while performing the two
tasks simultaneously (Shumway-Cook & Woollacott, 2006).

Valvano (2004) proposed a model of intervention to assist clinical reasoning that can be
applied when physical therapists need to assess a child’s ability to manage attentional demands
of a complex motor task such as gait. The model allows for intervention if attention to task is
identified as a limiting factor for performance and for learning a motor task. The model
emphasizes the importance of learning functional motor activity but also addresses the

impairments associated with neurological conditions. In this model, the environment is one of

84



the three key components of functional activity focused intervention. The other two
components are the child, and the task itself. The clinician is considered a “change agent who
facilitates the child’s search for a coordination solution that will enable a task to be performed
or refined.”

In addition, Valvano discussed the concept of constraints, which are described as factors
that limit a child’s ability to perform a given motor task. These constraints can be factors related
to the individual, the task, or the environment. Valvano proposed that the poor quality of
movement seen in children with neurological conditions may be accounted for by information
processing deficits in addition to limitations in the production of movement. Valvano explained
that many task and the environment related guidelines for motor learning are based on
principles from the information processing perspective. These principles are:

1. stages of information processing that occur prior to movement execution

2. memory

3. attention
Valvano argues that to successfully perform a task the performer must attend specifically to
relevant environmental cues (Valvano, 2004).

Valvano’s argument is consistent with previous literature emphasizing the need to
understand a child’s attentional abilities in order to understand a child’s overall performance of
complex motor tasks. Moreover, understanding the level of sensory processing and
organization, and the influence of the environmental factors on the performance of complex

motor tasks is crucial to facilitate the desired performance for a given motor task. This
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understanding will guide physical therapists in appropriate modification of environmental
conditions necessary for motor learning (Larin, 2000; Shumway-Cook & Horak, 1986).
Furthermore, understanding of the effects of divided attention on motor performance may
assist physical therapists in incorporating attentional factors into their examination and
intervention techniques (Huang & Mercer, 2001).

The results of the current study suggest that physical therapists need to consider
attentional requirements when assessing gait; even in older children with more walking
experience. If attention to task is identified as a limiting factor for performance and for learning
of a motor task, physical therapists may need to address the limitations in attention to task

more directly as part of the treatment plan.

Limitations

This study had several limitations. First, the relatively small sample size may have
resulted in smaller effects and may limit the generalizability of the study. The sample included a
wide age range (16 to 90 months) which may improve the ability to generalize results to other
groups of children. Second, we were not able to clarify the exact attentional cost of postural
control needed for gait and the visual distraction because of the interacting effects between the
two factors. Third, other possible unexpected environmental sounds may have been considered
distractions for the participants, but every effort was made to control the environmental
conditions so only visual distractions were provided. Lastly, only typically developing children
were included in the study; this may limit the application of the study results to children with

special needs, including children with a diagnosis that includes attention to task deficits.
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Recommendations for Future Studies

Levac et al completed a review of the literature to identify and describe the application
of selected elements of three motor learning strategies. The authors explained how dynamic
systems theory guides contemporary functionally based intervention approaches in which
learning outcomes are considered to emerge through a process of self-organized interaction
between the characteristics of the child, the features of the task, and the learning environment
(Levac, Wishart, Missiuna, & Wright, 2009). Since all participants had at least 6 months of
walking experience, future studies should include children who are just starting to walk to
further explore the role of managing distractions during earlier stages of learning a complex
motor skill such as walking.

In addition, since all participants were typically developing children, future studies
should include children with special needs and with a variety diagnoses that result in need for
physical therapy intervention. Valvano argued there is a need for additional research to
determine optimal guidelines for motor learning functional activities, and for the adaptations of
these guidelines for children with neurological conditions (Valvano, 2004). Moreover, special
consideration may be needed for children whose diagnosis includes specific attention to task
limitations, such as attention deficit disorder and autism.

Since gait performance for children in all three age groups was affected by visual
distraction, further study is needed to determine at what age or at what level of walking

experience a visual environmental distraction has no significant effect on gait performance.
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Moreover, the current study should be replicated using different types of distractions including

auditory stimuli and multisensory distractions to better mimic the clinical environment.

Conclusion
The results of this study show that a visual environmental distraction had a significant
effect on gait performance in children independently of the level of walking experience. Gait
performance was affected by a visual distraction even in children with more walking experience.
Physical therapists may need to consider attentional requirements when assessing gait;
even in older children with more walking experience. If attention to task is identified as a
limiting factor for performance and for learning of a motor task, physical therapists may need to

address the limitations in attention to task more directly as part of the treatment plan.
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affacta the way thal childran walk. Wea waulg algo like to see if the same distraction affects walking
Iy ehildran with lsss walkng avpsrianca any difersntly than children who héve mors watking
EADAT B,

Reszearch Procadures

If wou agras b hawve your child take part in this atudy, yvou will be gsked 8 series of questions by
tha primary investigator in order o complete a tesl that measures how well your child is
daveloping. These quaslticns are to complata tha mobidity saction of a standardizad test called
Pediatric Evaluation of Disakbility Inverdary (PEDD. The results of this test will describe the level
of performancs of mebility skills for each child in camparisoen to sther chikfran their age,

Then, your child's walking pattam will be meazsured using an alectranic walkway with sersors
that grovide infarmation on each step as your child walks acrass the walkway. The wallway with
sermor pade iz connecied to a computer and is callad GAITRILa syatam.

Your child's walking pattern will be measured undaer twa esnditians: firgt condition without visual
dislraction, and sacond condition with visual distraction. Each partizipant will complste at least 2
rials endar sach condiizn for & total of 4 Irals; o withoud distractlon ard e with distraction.

Tha irmezigator will axplain e date aollaction procedures 1o vou and to your child as fallows:
wour child will be irstrustad to walk towarde you from one end of the walkway to tha othar snd.
Yo will Be ingtructed to call your ehild? to walk tewards wou. If edditional motivation is nesded,
woul will be allowed to tell your child thatl hatshe will ba gllewed to play with a toy, or an item of
interest, aftar walking.

The childran will be divided into groups according 1a their walking experience. The walking
pattarne of aach group will be analyzed and comparad.

Appriree by the artic i i
e mmmw Pariicipant or Parentfguardian initlsle
Insibsoral Feview Boad

i
& _l.'f,‘.r_';-!r';'

1

Naka:
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Poteptial Risks

Potential risks related to yaur child’s particlpation ir: this study include emational discomfaort or
embarassment. Ve will try to minimize thase risks by keeping the testing area free cof people who
are not directly related to the stucy, and if at any paini your chlid becomes upest, the testing will
be discontinued and you will te allowed to comtart your child as needed.

Anothar possible risk is the release of corfidential infermation. Canfldentiality will ke protected to
the extent that is sllowed by law. All the identifiable Infarmatian wiil bs kapt In a lockad flle cablnet.
Only the primary invealigator and his aduisor will hava access ta any confidential Informatlan. All
the Wentifiable information will ba dastrayad within § years; Kientlfiabla data in papar form will be
shradded and identifiable data in camputer of the GAITRIte system will be permanently deleted. it
is articipated that the rasulte of this gtudy vdll ba published in the primary investigator's thesis as
well as in othar research publicatans. Howeaver, no names or ather idenlifying infarmation will be
included in any publication.

Tha rassarchers wlli try ta prevent any problem that coukd happen because af this project. You
should |at the rassarchers knaw at once if thers is a prablem and they will help you. However,
TWU doss not provide madical servicas or financial assistance for injuries that might happen
bacausa yau are taking part in this research.

Panicipatio

Your child's invalvement in this research study is completsly voluntery, and you may discontinue
your child’s participation in the study at any time without penalty. The only direct benefit of this
study o you is that at the completion of the study & summary of the results will be mailed to you
upon request.»

Qi ardi ia gtud

If you have any quastions about the research study you may ask the researchers; their phone
numbsars are at tha tap of this farm. If you have guestions about your rights as & participant in
this ragaarch ar the way this study has been conducted, you may cantact the Texas Woman's
University of Research and Sporsored Programs at 840-898-3378 ar via a-mal: at
IRB@twu.edu. You will be givan a copy of this signad and daed consant form ta keap.

Signature of participant Date

Signature of parent/guardian Date

»if yau would liks to reacelye a summary of tha rasuis of this study, please provide an address to
which this summary should bs ma.led:

ADgmved by tha
WA a»mm ntoeratly
J P i Rewvow Bourd

Bl 2B -1 | 2
pithdt & sitB -ith
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APPENDIX C

Pediatric Evaluation of Disability Inventory Scoring Form
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Pediatric Evaluation of Disability Inventory

VERSION 1,0

Stephen M. Haley, Ph.D,, P.T., Wendy J. Coster, Ph.D., OTR/L, Larry H. Ludiow, Ph.D.,
Jane T. Halliwanger, M.A,, Ed.M., Peter J, Andrelios, Ph.D.
D 1599 Trustes of Basten Univasity. Reproducion of *his borm withewr prias wiisen pesmission is probibited

SCORE FORM
[1D# [l Asout THE RESPONDENT

{Parant or Guardian}

Name Name : =
Sex MO FO Eheie group ar race Sex m7 FIl
Age Vouse mrath Dty Relationship w child
Intervicw Date Type of wor< (be specific)
Rirth Date Years of educatian
o
Dingaasis (i any) Nezme
1C0-9 zoda(s) Postoes
primory wedilivs! Facility =
Referred by
|| haspital inpotient | lives ot home s i
[] aeute zare L lives in residential focility o =
[Z1 echabilitaticn —
other |secify)
School or other Facility Notes

Grade placemen: T

GENERAL DIRECTIONS Below ore the general guidelines for scoring. All the items have specific descriptions.
Consult the Monual for individual item scoring criteria,

PaRY | Funclional Skills PARTY Il Caregiver Assistance: PART Il Madifications:
197 discrete items of 20 complex functional 20 complex functional
functional skiils celivities aclivilies,
Seli-cara, Mability, Sozial Function Seil-cora, Mobility, Scaal Funetion Seif-ars, Mabilty, Sozial Function
0 = urabie, or lim2cd in cazakiisy. ro 5 = Indcpendent N = Ne Madibications
peisom ilem in mze sitwalions £ = Supenize/Promps/ Meniter = Child-oricrsed ron-spacialized)
1 = capable of parformirg item in most - Moimal Astisdance Moz Ficarans

sizaabons, or item has bean

pravionsly mamered ard funclicnal
shills hewe 2rogressed bayens = Maxirol Assistence
this krver

3 o Moteraln Atsisionee Rt = whabilitstar Equipmert
E = Extanar thadifications

0 = Talal Aasistance

PLEASE BE SURE YOU HAYE ANSWERED ALL ITEMS.

PEDI Research Group, Healih urw: Disobility Ressarch inst 4ute, Sostor Unersity, 53 Boy Slute Read, Bestor, MA 02215 2101
'=5 Email: ba@bu oda ¢ Phane (617 353-3277, Fax (617} 358-1355 « URL hitp: / A suadufadr oeaducts pedi findax hml
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Part I: Funchional Skills

+
>,
SELF~CARE DOMAIN  Plocea chack eotrespeoding b oochiter: [J Fasienars - I : "?
New scares |, - wmable: | - cazable 3 "q}s i z d a3
e (;S 4. Triasto assist with tasberers €
I A. Food Taxtures | 0 . 1o, (_..ps and naps, daese 't wpanthe or houk gipper
. F roeds hlrndrd farraired tous JL 43 Soeps aid undnaps
2. Falsgeoun 17, Bustens und unbuiune
1 g t- Skie headls 1 B Fips and wnsips, separates ans hoks sppec -]
-~ aly o =
A Fats al bextiare .Jbln: .u.d b ie) K Ports l "
B. Use of Utensils! e A9, Assists, sackues cushing Jegs Decugh sarls
- feede 33 Repuewns pants with cashe vaist
;' N asposiand Briins tomath Al Puts o panes with o aste waist
7. ‘ ,m;.t"" 6 w —1— 32 Removes pans, inct
K =1 5% Pulsun pazs, including fasisning
11
9. Eesa o sr 1 i '
2% a enife o beter heesc, rut otk haod - L Shoos/Socks l
[(‘ Lon of Drinl(ing Conluiners I F] B4 Remowees siccss aned usdastened shoes
5K, Pz an unfastened shics
11, Hulds ‘Jdllk‘ Gt zpod Cup o4 56 l’ll‘g SR
: i venay | | ¥ 2 X
:.1‘ :::: :,:::n s, hul.u“} ..h“-: LIIl-wr‘-s T 54 Pulsshues oo cove el manages vilera askerars
1% Lifk: apen rep socusely with wrs band | i Tsmshosfaces
4 Panzs guid from e 1 itirhes
| @z iguid from carton ar pitcher M. lone’mg Tasks [clohes, tolst
[—D Toolhb‘ushing] 2.1 raragenent, ond wipirg only} |k [
- 2 ¥ Azsists with clathing resragennat
30 Unens s Lo besil to ce arushe : WALl o) Y
}: 4'“': ;'I:‘;:::'_z‘:;’w“' o sehrushed o, Iries Lowize zcif after toilehmig 801 I
7 el Rt T ?l. Mazzges tviet sl gets toilzl paper and Mushesteilel |
1 Thotgnghty hnushes ienth &2 Manages caonhus befune and afivs lealeting
. Paesates Loollbiush with tecthpaste S A Wipes seif shormughiy after bowel movecenes -
Y. P 5
O N TR ["N. Management of Blodder s~ |
Fairbrushirg | vt | S )
| = rhisd heyy aresicusy massnas sb ) o
2% Flnlds head in posiBan whtle hoir @ combed { & . 4
21 Tingzheush ar ek n hair B budivates wlen wet i Clapens of baming pants - -
22, #s ,,;es or combs haor 5 COreasiomally indicates rend wo orate (daytioe) ]
.;' ;r;a..':ael m;"'.;_"> -wf et Ky *‘l fo Coasiglontly indirates need 1o urmate with £me o
e D : @l o Lortel eyt el W
' 7, s el it batbuoom Lo werale agtion) —1—
a T
4 AN [IF. N::Ie Cars e &8, Cromaisrenthv stays dey dav aned night
) o ande 0 he i [
l"\ Blm\» e lntu MH Lsswe P G Manngemueel af Bawsel Seam =1
i{;- if i B peamizidy westaad skill |
2 7 weend !
2. Ulows arrd wl_ses noee wlFa Aagaest Lshpiedbs nem otk ""“’e‘l
e ' | G. tiundwoshlng 260 Lo toilel n.da;wmw
;;' ; :{Nd: hm;..ﬁcux ;'o s vrastied 72 Distinguishws between need fov urrabior and bowel
). Ruos hands beguther b cioan mpvemEnts i ! d
3L Juwms water on and o, axare soap 73 Takne=seltinto bathroem kor bowel movements, bes |

35
an.
7

a8

L Wesies Bends Dorouglly
. Dries hauds tweeoughly

H. Washing Body & lcee |

Tries b wash pare: of ady

Wasans bodv horoughiy, aot baciuding e
Oleins suap Gand suaps wastwloth, o ceed)
Dires oy trongh ly

Waskess amidl cirivs Fer thoroughly

l | Pu"nwrr,"’anH')nnning Garmnrts

L Asists, suchvas pushing azins Uuough shizt

. Hemoee irt, e nr Sweatur
fpelover giement withoot fatenins)

Putzen T a7, dress o swealer

L Sute comod semove: frontcpenang <hisl,

nor i luding faskorers

L Fulsen and remaves frant Spenng shint,

i luciay, fasleqe:

PEDI — 2

o bowel zonidents

| SEF-CARE DOMAIN SUM

PLEASE B2 SURE VOU HAYE ANSWERED ALL (TEMS

Comments
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o .’-5-
‘G';.-:.,,\
MOBILITY DOMAIN :‘,:i,:,‘ﬁ‘f;&ﬁ'ii;x: i S [ 1 Outdear lacometicn: Metheds o
' SR Walk, Putantes ente cbjecle, carepiver, o7 Sovices
A Toilat Transfers | ] fe -.;pp.‘.ylr B
34, el3 EUDD
L b ifsupmarted by eopiprrertr gesgiver 34 Welzs withoul sugosrt
2 'i_xl -.nm.pr!nr:’\:\'l o lailel or potey chair m—lmﬁlﬂh Dishances
30 Geis an s of low nitel ar e | > Tk A 2
! tcov w A maseed! DI

1. Cats on 2l ol adul-azed toixl | P Speuc
5. Cets on ane off woilet not needirg own arms E_J p’

z ST el - 10 e legths)

[B Chair/Wheskhair Transiers | A o 1130 et (15500 <)

i :
: Sslueaiies
1 Moves 150 el aned o

Golg pand ont of adelt =ired char faheesciai
) Gets s and owt of chivr, bol needing awr arms

[T Cer Transhars

15 Meowes in ear seoats to seat v g2ls U ewicd ool of

| K. Outdoor Llacomnction: Suritess
40 [ovel surteos (smontiesidewalks, ds
ughtly nnew 1eis [orackes: pa
7. Roeagh, wneven s tlaces e
A8, Upaml down aeebiae oranpa

rays)

2
=R

T

E

cHEEEE [

2 S (2 49, Up amd dewnoousts
! "
i3 —;—" L Uostairs fSccenw | Fande ke
N f fov v casly mastered seil ) g
14 il R Sanls o = oartial faght 11-11 stepe)
15, s cer dunt 31, Socols o ceawls g feli fight (1205 sues)

52, Walks up partial Zight

I 9, Bod Mohi ily.,ﬁ'runsfurs—l B Watks up kil Hight, but sidhod ificully

unany

z : sl Sor apel
15, Kaises o sitting postlaon i bad or b W aks tracrHoe Fight sith ne sty |
17, Conness b ¢ 3

3 it edge ot Lol Lats s [ sitling =t
edgi of aed

19 Cetsinard ontaf rvr hevd

Ti, 135 e and okl ol 0w bed, nod necding swen srims

W Dowmshairs 1Goeen - © 0
Sresicys y maserse il

:H: °
o
...

S5, SRonitsar rraveds

| E. Tub Transters | ; B SCoMTS DT cray

ifan: n 3 - . P 57 Walks doven pars
Sracpporied:by squipmonnon canggivaring 39, Wl Ll fhigh, bt i
b or aink ; ¢ :

21, S unsappocked and e es in b

(-3

A e v difticulty
22, Climibs or szeobs i and oot o tub | o .
22, S dewr 2nd stands up from insida ek MOBIUTY DOMAIN SUM

ve irio and cut of 2n adwlsres wib
“F. Tadoor Lecomericn Mathod iJ

1Sceen m |l mastreds

24, Sleps/irans
PLFASE 5F SURT YCA) AAVE ANFWIRTD ALL ITEMS.

Dlace e ek toemespandling L v
itoma: Fem ccaness I onable;
apnble

[ A Compiehension Werd Meanirgs o -

Crriones b spcxd

Soaat FuncTioN Domain

25, Ralis, sensas, crawis, or croeps on tleor

F. Walks, bur holds tmto furnitune, walls, carcgivers or
v devane for suppernt

270 Welks vl suppurt

HEHE |

- . 2. Respondds 10 e orengnizes own raree o7 that
' G- indeer Lozomotion: Disterce | S famillar peopl
Speed itwe s | el 3. Unden stewis 10 wonis

20 Menes o e vaom bl with d:ﬂm:l:y
(faliz; 2hom for age)
2 Adoves w Ui g 2200 el s ditfieully
Sl bebwwen nopie bt et cistivatly
cfalin: =lowr fa
1 Maves hebweon o with nnd I 8. Comprehension o Sentenca
B3 Mowes indods B feel, seeas and closes iside 2nd Complexly
s dunrs £ Urdenstands shesteratenees shes
aud people

4. Understerads when viou el sbout reostivreieps aicwig
pn'nplh.:n.i/'ﬂr hi g% that a=e visible |

3 Undestands when you k2l aboot hine and sequenee
uf ey

Snilier i

H, '"m?r L°‘°.m°"°"- Palls/ 7, Untlemtsnds 1-stap comnand s vl words that
ks Carries Obiechs il desier be prople - Prinigs
Cherges phystoal Ivacon purpaselully £ Understands dinctinns Bt dewribe where
iy ety thour stk hing =
Carzes cbijects small emaeugh te be b e fazid 5 Undeestuads Sstep connrants, using i f e,
Cares objects \ange cnor i w0 renenre 2en bands ! Aefone Safher, fimadsoeood, st

Canzies Dagile o spillable olpecis ! 10 Undesiamis twa senlences that are aboul tae sa ne
PEDI —'3 subject vut ke ditlaent fom
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Hl Names things

Uses szedibis wonds ur gestures lo dinect or mguesl
sctive By anober pu
3. Bvwks informatan by askerg o
4. Mescn Tes an oot of action
3 Tels aboat wer feeliogs o Loughis

e

l D. Complesity of Cxprassive

1. Uses g
7. Llers Aim}le wond 2o db meani g

18, Lzes two wonds wozether wall meanung
T Lo 45 vetod mentenas

Communicalicn 91
A wilh rleor maaning SaEs
—

20, Cunpaasts bwe or e Baughts o tell o simple sty

I E. Frablem-reoliion

« Tries Lo show you the problem o communicale whal
3 ded o hedp Une paub ey

200 upset Lecsuse ol @ probleor, culd must te Relped

i Tianis

» of & prableme. c7ild cor sock b pand

ayed 2 shor e

vatinne, clihd can desce be Pz proiien
and hisghee Jeelings wibe soeme delail jasually does
it act ur)

25, Taced witk an eréinary proiziem, child can Jain 28ull

n working ot a golaion

['F. Social Interociive oy [Adults)

Shives awarmiess and inberestin oters
Initiates & tamikiar play rontine
Takez taean simple piay wher cuad i
s o unnate aduls posvioos eeiou duzing
« play actvity
S During pliy chi o m ugiest nva nr ditberent steps,
ar respond to adull sugmeszian wil angther idea

. Peer intercclions: |Crils of
similar age)

210 Nemios preseove of asher chizirn, e vivalize and
westizre aovand peers

A2 Tateeaols we By ether chiddon ar sungie nod

Lrle"epcindes

Tres o work Datsiimpae plans for 3 play artivity
with annther ¢

M. Plarsand Croogeralivg achishy wii ol
children: LA and comples

A3 Ulayy autividies o geazies tuat save rules

| M. Pesy with Object. |

Manipulames boys, sbjects arhody with iaten

Vses rond or suBshiuled obvecis i simple preterci
SeGuURILES

SH Puly togetiver oudezivis to orake <arething

3. Makes up rxwnded prevencs pley octines im.'.-\l'.'ing
thimgs fae chitd knovys abont

40 Makes up clabon e pretersd sequesces b
e gaalivn
Commren's

5%

A

S Clrveses sy srrovtsthely withnst an adnis
| W, Cemmunity Function 4.1
67 Child cay play sacely ol bowa wilbou, being wand 20
wunshutiy =
AL ¢ akaut Smiliar eovivomment ok ot koo

. Conalate fival and

. Beginniv gt help came far een he'onginags i

-

. Follows g aidelingsfexpecinioas ol schwol sl

&8
i Salfirformeton |

Frovides rames and
lamidy membrs
v il hanee address; 1t in Saspital, namee of

€senzive inforacation aboot

Car el an ad sl L aeip chudd setam boose cr
s o e hospizad ot

{1 Time Crientation |

Tzsa gor.f-ml awarenesa ol i of pealtines and
1odlnes duzing e Gay

Has suizue awananiess Ul seyuezice of bacniliar evenls
inawook

[as very aimole dme coroents

Asseciales 3 spocfic e wily aeroas fevents
Regzacly ehocas eluck ve ashs fon the Ve oo
keaep brack of sched e

| K. Houehad Chores |

Svea
sonslant direehor and gusdance

1o b wilinsunpts hovsenold sheess
wiven cstan: dinection and guidusioe

Oecasianally srisiztes simple routines o care for own
balonpings: mav v e physical Hwip o emirders i

complele

Qoasicodly dnittales stmiple haseaold dwees;

oy meguire phasical belp ar reminders m complee
Corasenchy initiales ard saivies onl at leza: nne
housenols sk neelsing several stegs and Gecislons;
way reyuire savsicac bels

L SelProtection
Skoms aoprapriats cantion aromd skirs
Shows appropiate cauden arousd hotoe
shurp cbjrce
Whan emssing she street it on adult present. chits
does not reed prorpling abou! 2afely cules
Kawrees vl o sccept e, cood on cwoney o
strsygers

with orly peringic monitoring for safehy

ouounuly setting

Lzl s functions in Senitior coonmenity sottings
withm:t supervision

halees fransachor in neipabaracd slone withon
Akslawe

| socua Funcnion poman sum |

PLEASE BE SURE YOU HAYE ANSWERED oLl TEMS.
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Ports Il and lii: Caregiver Assistance and Modification

Ccle the apzinpriate score Sor Canegnves Assimtne noul
Mreadifalien fercadh item.

SeF-CARE DOMAIN

A Fating: easingg s Seivhiog eyl caeal, doaot inlude cilting steak

Apening cantainers ar seeving tood from surving dizhes 514 s : ! U AR S e
0 (r_;mm'ulg. Boushiag leeta, brushg ar cormbang, kasr ardd coning 5 g P 3 | pdnlel vz
for noaz
<. Bathing: washing and di ve sy banuds, Lakoong o Bl or - i I §
oot Zechuce geliing 0 60T ShaaeT. Waner prof S ) S 1 UEN|[C|RI]E
A washing back or kaor
1. Dressing Upper Bady: aflindans clotes, rot incladiag sack tasteoners,
incundie Felp sutfing ovun bebiog ol splivd ool faad b, deaml 51 4 3| 2 | OINIT | R]E
wwiude pethang clathes from cleset or drawens
¥, Dressing Lower ady: all indanr cotes; meluce sutkayg an ar takig
o2f arnee or sckibical laeds o met inctude ppeting ceties T dasel o 51 4 a3 | 2 § DRENJCEC | R|E
Arawers
¥ Yalletlap: clnthes, tailst manzgement b oxter. icu e, ard
P e 5| ¢ a2 1 OCEN|C | R|E
G Bladder Manegement ceatial of bladder day and n gk, clear-up ater 5 : .
acodents, maonitong suasdiy % } i hits . L R PRl
n fr:hn.l::la::m('znlm'l ;IE bunved diry aoud night, clewsien s aiter 5| s 4 3 \ alNnlc|r]|T
e il B gy sehre. Sof-Cars
Self-Care Totals SEL5-CARE SUM (:] Mredifirat an
Freqaencies
A, ;:;;_-sm.‘:uli;nslcm rhild's whaclhale adull sized caair, 5 | 4] ]2 i afbvlel2lc
B, Car Tronsfers: mabilaly within cerdvar, et beit use, soareders, sl © 1 =4 - + " Nle R 5
apening amd closiy oo : bl = - - ot
. Bed MebilityTransters: wetling in amd vwd sl chisngiog pesilicas 1 & 4 3 ) ol n|c rRlT
wai s owen bed r ¥ d
3 Tub Pransbers gebing aod aulof adali<ized Lib s H 3 2 1 U N|C R|FE
£ ladvor Lucomution: 5T bees 139 cosus); de et ine e opening doons . - ,
oranving eapls 5 1 3 2 1 ogN|C R|E
¥ Ouldoos Leeamolion. B, aat 15 ca anghs) eo leve surfzees, Zees 5 3 o ;
oz (e it cussiver aunplivna o 2] 1 ! 2 1 dTFNfC R|E
3 Aheela)
G Staime elimly s deaend a Gl fligh' o7 st (12205 2op6) 3 1 Xl | v NIC|RITE Gt
: Maility
tichility Terals Mosiuny Sum l { Mo caten
- Frequencies
SOCIAL FUNCTION DOMAIN
= B T T S
A :;:-;:L:\:.( omprehensian: cadersiarding af raqaesz and o 4 2 i x| e el
B, Functional Expreszion: ability to 2sovsde infcomation abaut own 3 2 = % . O e ® k
activilies ard sneke swanneals hoas incade clrity of asicelitiao . 2 oS = v '
. Juint Problem Solving: iclude cumuatativo of probibe wed
workng, with sagiver ar sther aduit i find 2 selution, taclude anly & L
endiry problons seosrrng duzivg Saly acivities, (lor exanple, leet i1 4 % |2 1 L8 el Sl B
Tow; canlilel caer dlathe g chawesy
L :::: Plav sbility t planaad vanyg o jont acliaiies wich o famdiae s |4 1 2 1 ol Nl e w o
2 S.u:cty. o .::m :I :m..np daily safeiy sitosbers, indedirgatsin sharp | 5 | g | 4 2 1 afnloeluwle
il el ’ Secial Furetion
Sotial Funclion Totals | SOCIAL FUNCTION Sum [:l Nardificaatasn
freq o
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Pediatric Evaluation of Disability Inventory

VERSION 1.0°

Nome Test Date _ Age____ |

D$___ Respandent/interviewer ’

SCORE SUMMARY

Composite Scores

Raw NORMATIVE  STANDARD SCALED STANDARD  FIT SCORE*

Scone STANDARD ERROR ScoRs ERROR
SCORE
Doman i e
SelbCome Furctiaral Skills
Mhility Furctoral Skill:

Somal Fanclion Funzroral Skills

Self-Care Careqivar Assistaran
Mokility Coregiver Assisoros
Lezint Furchion Cosegiver Assissancs
*bmimakle oy oo vae of S eoew program
MODIFICATION FREGUENCIES
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