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Implications of a Dynamical Systems Approach to 
Understanding Infant Kicking Behavior 

Implications of the dynamical system approach to understanding movement 
dysfunction in infants are discussed. Traditional theories of motor development 
attribute changes in motlement to the hierarchical maturation of the central 
nervous system. The dynamical systems approach emphasizes that movement self 
organizes as the result of the interaction of the participating subg~stems in devel- 
opmental and real time. In this article, I discuss, from the theoretical perspective of 
the dynamical systems approach, the organization of leg movements in low- and 
high-nsk pretemz and full-temz infants, developmental changes in movement in 
low-risk preterm infants from 34 weeks' gestational age to 40 weeks' posgesta- 
tional age, and dzferences in movement between louj-risk preterm infants at 40 
weeks' postgestational age and full-term infants. Preliminary data on h@-risk 
preterm infants are presented. Based on these data, the necessip to revieul and 
reinterpret traditional concepts of motor development is explored. Suggestions are 
offwed and questions posed on how the djlnamical systems perspective may influ- 
ence the practice of physical therapy in the evaluation and treatment of infants at 
risk for movement dysfunction. [Henza CB. Implications of a dynamical ?]stem 
approach to understanding infant kicking behavior. Phys Ther. 1991; 71:222- 
235.1 
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Traditionally, physical therapists have 
evaluated and treated infants at-risk 
for developmental disabilities based 
on the theoretical construct of matu- 
ralion of the central nervous system 
(CNS). This belief purports that hier- 
archical development of the CNS re- 
sults in inhibition of lower centers of 
the brain and the emergence of delib- 
erate or voluntary movements. This 
intrinsic, o r  maturational, concept of 
development is based to a large ex- 
tent on the writings of McGrawl and 

Gese112 in which the nervous system 
was thought to prescribe changes in 
movement. Motor development was 
depicted as a sequence of motor 
milestones occurring at specific ages. 
This sequence of motor development, 
which looked invariant, was taken to 
be reflective of the normal progres- 
sion of the infant's developing ner- 
vous system. In the maturational the- 
ory, the biological make-up of the 
organism, specifically the CNS, was 
considered to be the effective force in 
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determining the outcome of move- 
ment. Similar views on the role of 
neuromaturation persist today. In the 
development of walking, for example, 
Forssbergj argues that digitigrade 
walking gives way to plantigrade walk- 
ing as higher centers of the CNS 
mature. 

In addition to the concept of motor 
milestones depicting the development 
of the nervous system, the evolution 
of reflexes and reactions has also 
been related to the hierarchical devel- 
opment of the CNS.*,5 From this per- 
spective, early primitive reflexes are 
considered to be cortically inhibited 
by higher centers of the CNS, permit- 
ting postural reactions and voluntary 
motor control to d e ~ e l o p . ~  Under this 
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concept, reflexes and reactions are 
considered to be activated by sensory 
stimuli emanating from the external 
environment and to be the substrata 
of normal motor coordination.5J.8 
Sensory inputs control motor outputs. 
The infant, therefore, is considered a 
passive recipient of environmental 
stimuli rather than an active partici- 
pant in the process of development. 

With respect to the development of 
walking, the view that reflexes are the 
building blocks of later voluntary 
movement persists.9 Zelazo and col- 
leagues9 emphasize the conversion of 
innate reflexive patterns to intentional 
and voluntary control of these move- 
ment patterns as a result of develop- 
ing cognitive skills. 

These theoretical perspectives, be 
they neuromaturational or cognitive, 
consider the development of move- 
ment to be the result of higher-order 
control of the nervous system and 
thus are prescriptive in nature. The 
conceptioa of development is a grad- 
ual increase of cortical influence (ie, 
voluntary cerebral hemisphere activity 
that suppresses the subcortical re- 
flexive display). Although cognitive 
theories incorporate interaction with 
the environment, emphasis is on the 
formation of progressive higher plans, 
instructions, and commands for pro- 
ducing behavior. Cognitive models, 
like strict neurological accounts of 
movement, assume that action arises 
solely from coded instructions. These 
constructs imply that somewhere in 
the body exist a set of commands that 
create and direct movement patterns. 

In the last few years, an alternative 
approach to the development of 
movement has been proposed, the 
dynumic~zl systems theo y. The CNS, 
according to this theory, is not viewed 
as the sole source of behavior but 
rather as one subsystem of many that 
dynamically interact to produce move- 
ment with respect to functional tasks. 
The framework for the dynamical sys- 
tems theory was inspired by the work 
of BernsteinlOJ1 and guided by the 
principles of nonequilibrium phe- 
nomena in physics.12 These concepts 
have been elaborated on by various 

authorsl3-17 and more recently ex- 
panded to the dynamic pattern theo- 
ry.lS20 (The reader is referred to 
these works for more detailed ac- 
counts of the general principles un- 
derlying the dynamical systems theory 
and the dynamic pattern theory.) 
Thelen and ~olleagues~l-~5 have ex- 
tended these concepts to the develop- 
ment of movement in humans. 

The purpose of this article is three- 
fold. First, I will review four assump- 
tions of the dynamical systems per- 
spective that pertain to the 
development of movement and that 
are relevant to work that I have done. 
Second, I will review my research 
studies with high- and low-risk pre- 
term and full-term infants with re- 
spect to these theoretical assumptions. 
Last, I will offer suggestions on how 
the dynamical systems perspective 
may influence the practice of physical 
therapy in the evaluation and treat- 
ment of atypical infants. 

Theoretical Perspectiv- 
Dynamical Systems Theory 

The dynamical systems perspective 
provides a new way of conceptualiz- 
ing motor development. Rather than 
viewing developing motor behaviors 
as the unfolding of predetermined or 
prescribed patterns in the CNS, this 
perspective sees motor behavior as 
emerging from the dynamic cooper- 
ation of many subsystems in a task- 
specific context. That is, the sub- 
systems self-organize to produce 
movement and do not depend on the 
prior existence of instructions embod- 
ied in one hierarchically important 
subsystem (like the CNS). I will pre- 
sent an outline of the principles of 
the dynamical systems perspective 
with respect to the development of 
movement to set the stage for the 
interpretation of my research with 
atypical infants. Readers are referred 
to the works of Thelen and col- 
l e ag~es~ ' -~5  for more detailed discus- 
sions of this theory and examples of 
this perspective as it pertains to nor- 
mal motor development. Four critical 
assumptions of the dynamical systems 
perspective for this discussion are as 
follows: (1) Developing organisms are 

high-dimensional systems, and move- 
ment represents a compression of the 
multiple degrees of freedom; (2) 
movement emerges in a self- 
organizing fashion as a function of the 
cooperation of the many subsystems 
in a task-specific context; (3) move- 
ment patterns are preferred, but not 
obligatory, and occupy preferred re- 
gions of their state space; and (4) new 
behavioral forms emerge in develop- 
ment as a series of phase shifts. Each 
of these key assumptions will be 
reviewed. 

Assumption 1. Developing otganisms 
are high-dimensional systems, and 
movement represents a compressiorz 
of the multiple degrees of freedom. 

A dynamical system is any system 
that changes over time. A high- 
dimensional system is one that is 
composed of many degrees of free- 
dom, that is, many elements. With 
respect to the human, the degrees of 
freedom, or the independent ele- 
ments of the body, could be the mus- 
cles, bones, joints, neurons, and mo- 
tor units. In this sense, the term 
"degrees of freedom" does not refer 
to spatial degrees of freedom such as 
flexion, extension, rotation, adduction, 
and abduction. 

BernsteinL0." suggested that the many 
degrees of freedom inherent in the 
multiple muscles and joints of the 
body could be organized into larger 
functional groups or  synergies con- 
straining the muscles to act as a unit. 
These basic units of motor behavior 
came to be known as functional syn- 
etgiesl%r coordinative stmc- 
tures. 14,2C-2X Movement, however, is 
more than muscles and motoneurons. 
Other elements that participate in 
movement include sensory, percep- 
tual, and integrative neural compo- 
nents; the respiratory and cardiac sub- 
systems; and many levels of the 
autonomic subsystem. Thus, in more 
general terms, units of behavior may 
be described as coordinated 
patterns.'" 

How can we describe a movement 
composed of many elements, such as 
neurons, muscles, bones, and joints, 
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by only a few elements? How do  you 
compress the many degrees of free- 
dom inherent in a system to only a 
few degrees of freedom, or how do 
you go from a high-dimensional be- 
havior to a low-dimensional descrip- 
tion of that behavior? This low- 
dimensional description of the 
behavior has been called a collective 
variable, or  order parameter 19~21  Col- 
lective variables characterize move- 
ment patterns. They capture, in sim- 
pler terms, all the systems that 
cooperate to produce the movement. 
Collective variables allow us to quan- 
tify the coordination of movement of 
a single limb, such as intralimb kick- 
ing, or the coordination of movement 
between two limbs, such as interlimb 
walking. Examples of collective varia- 
bles that quantitatively describe move- 
ment in a single limb are the timing 
of individual movement phases such 
as flexion and extension; phase lags, 
defined as the time between the onset 
of movement of one joint with re- 
spect to another joint; and the rela- 
tionship of individual joints to each 
other.'9-31 At the interlimb level of 
analysis, as in walking, examples of 
collective variables are the relative 
temporal and spatial phasing between 
the two limbs.21,31-35 Thus, collective 
variables are used to index changes in 
movement behavior. 

Coordinative patterns have the charac- 
teristics of spatial and temporal order 
and of stability and flexibility. The 
stability of the coordinative patterns, 
indexed by the collective variables, 
captures the spatial and temporal or- 
der of the movement that we recog- 
nize as kicking, walking, or throwing 
a ball. Flexibility allows the coordina- 
tive pattern to adjust to a variety of 
environmental demands. 

Assumption 2. Mozlement emerges in 
a self-otganizing fahion as a func- 
tion of the cooperation of the many 
subsystems in a task-specfic context. 

Behavior is multiply determined and 
task assembled. Humans are complex 
biological systems in which move- 
ment outcome is an interplay of all 
components of the system in real and 
developmental time, assembled by the 

task and context. Real time refers to 
the self-organization of a movement 
pattern that is currently ongoing (ie, 
what the organism does second by 
second, minute by minute). Develop- 
mental time is the self-organization of 
movement patterns that change over 
days, months, or years. According to 
the dynamical systems perspective, no 
prescription or  code, such as a central 
pattern generator or  motor program, 
exists in the CNS before the move- 
ment is exhibited that specifies all of 
the details of a particular movement 
pattern. Rather, the outcome of the 
movement pattern is the result of the 
dynamic interaction of contributing 
subsystems that organize with respect 
to the demands of the task and the 
environmental context of the system. 
Examples of subsystems that may in- 
teract to produce movement are the 
pattern generation or  coordinated 
pattern, joint synchrony, postural con- 
trol (balance and equilibrium), body 
constraints, muscle strength, extensor 
and flexor control, perceptual pro- 
cesses, cognition, and motivation. 
With respect to developing systems, 
each of these interacting subsystems 
has its own course of development 
and each matures at its own develop- 
mental rate. Thus, at every stage of 
development, movement is assembled 
with whatever subsystems are matura- 
tionally available with respect to the 
particular environmental and task- 
specific context. No one subsystem is 
predominant in the system. Rather, it 
is function (task and context) that is 
the catalyst for assembling the avail- 
able and appropriate subsystems for 
movement, rather than preexisting 
instructions. 

Assumption 3. Mozlement patterns are 
prefmed, but not oblgato y, and oc- 
cupy preferred regions of their state 
space. 

A general characteristic of complex 
dynamical systems is to settle into 
preferred, but not obligatory, move- 
ment patterns. "Preferred" means that 
the system contains no prescription 
ahead of time for the movement pat- 
tern, but that the system simply pre- 
fers or "wants" to move in a certain 
way. The system does not necessarily 

have to move that way, because the 
pattern of movement is not preassem- 
bled in a fixed manner. In other 
words, these movement patterns are 
not "hard-wired" and rigidly pro- 
grammed in the CNS but are "soft- 
wired" and flexible, that is, responsive 
and adaptable to changing biological 
and environmental conditions and to 
varying task demands. Even reflexes, 
which have been considered to be 
hard-wired in the CNS, are quite vari- 
able and responsive to the arousal 
level of the infant. 

Preferred movement patterns act as a 
kind of dynamic magnet, o r  dynamic 
attractor, such that when the system is 
perturbed, it tends to return to the 
preferred movement pattern. These 
preferred movement patterns can be 
represented graphically by plotting 
the joint angle of a moving limb 
against another joint angle of the 
same limb (angle-angle plot) o r  the 
joint velocity of a limb against the 
joint angle of the same limb (phase- 
plane plot). If the movement pattern 
is stable, it occupies a preferred space 
within the plot. In dynamical terms, 
the preferred space occupied by the 
movement pattern is called a pre- 
fewed attractor state space, and the 
preferred movement pattern is called 
an attractor.21 

Assumption 4. New behavioral forms 
emerge in development as a series of 
phase shifts. 

According to the dynamical systems 
perspective, a shift from one stable 
movement form to another occurs 
without stable intermediate move- 
ment states. New forms of movement 
emerge as a result of changes in criti- 
cal values of one parameter. An often- 
cited example of this proposition is 
the change of the quadruped gait of 
the horse from walking to t1-otting.3~ 
In this example, the parameter that 
shifts the horse from walking to trot- 
ting is considered an increase in 
speed, and thus muscle power. An- 
other example is infant kicking. When 
the infant is in a sleepy or drowsy 
state, little kicking is noted. As the 
infant becomes more aroused, the 
spatial and temporal pattern of kick- 
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ing is observed. In the crying state, a 
new pattern emerges, a rigid coactiva- 
tion of all the muscles into stiff immo- 
bility. Thus, behavioral state is consid- 
ered the parameter that drives the 
system from little kicking to recipro- 
cal kicking to coactivation of the mus- 
~les.35~3' In dynamical terms, a param- 
eter that shifts the movement from 
one form to another is called a con- 
trol parameter. The word "control" 
does not mean a prescription for 
movement change, but rather a reor- 
ganization of the movement.21 Control 
parameters may reside in the infant 
(eg, behavioral state), the environ- 
ment (eg, gravity), the social environ- 
ment (eg, the caretaker), o r  the goal 
or  task.21 During transitions, the pre- 
ferred coordinative pattern becomes 
less stable and more easily perturbed 
by control parameters. 

A dynamical systems view of develop- 
ment no longer allows us to give the 
CNS the preeminent role of change in 
behavior. There is no single cause or  
predetermined model, be it genetic, 
neurological, cognitive, or  environ- 
mental, for behavioral change. No 
longer can we consider the infant and 
young child as passive recipients of 
information from the environment. 
We should view them as active partici- 
pants in which movement self- 
assembles from the many subsystems 
within the environmental context. 
Instead of reflexes and reactions dem- 
onstrating hierarchical organization 
and comprising the substrata of move- 
ment, we need to consider the con- 
cept of fi~nctional units of behavior 
(ie, coordinative patterns) that are 
heterarchically organized and dynam- 
ically interact with other subsystems 
to detennine motor outcome. 

Although there is ample documenta- 
tion of the sequence of motor devel- 
opment, both normal and abnormal, 
we do  not yet understand how move- 
ment originates during development 
or how we can promote optimal 
movement for infants and young chil- 
dren who are at risk for movement 
dysfunction. Fundamental questions 
addressed by therapists who care for 
atypical or  handicapped infants and 
children are as follows: (1) Is the 

movement of atypical or handicapped 
infants different from that of "normal" 
(typical or  nonhandicapped) infants? 
(2) Is the development of movement 
of atypical or  handicapped infants dif- 
ferent from that of normal infants? 
and (3) What intervention o r  treat- 
ments can be used in the remediation 
of motor dysfunction for atypical in- 
fants? The dynamical systems theory 
may be useful as a theoretical model 
for providing new insights into the 
evaluation and treatment of atypical 
and handicapped infants. First, how- 
ever, we need to determine whether 
the theory can be transferred or  gen- 
eralized to the understanding of 
movement and the development of 
movement of atypical infants. 

In discussing these issues, I will use 
the results of my research that ad- 
dress the dynarnical systems perspec- 
tive. The principles of dynamical sys- 
tems were used to study intralimb 
kicking behavior in low- and high-risk 
preterm and full-term infants. Specifi- 
cally, these studies asked the follow- 
ing questions: (1) Are movements 
organized in the preterm infant? (2) 
Do early forms of movement change 
with development? (3) What control 
parameters affect the outcome of 
movement at the different ages? (4) 
Are there differences in movement 
patterns between low-risk preterm 
infants and normal full-term infants? 
and (5) Are there differences in leg 
movements in low-risk versus high- 
risk preterm infants? 

Methods Used In 
Current Studles 

movement, and joint angles at the 
onset of flexion and at peak flexion. 

Subjects 

Forty-nine infants participated in these 
studies. Fifteen were full-term infants 
delivered at 39 to 41 weeks' gesta- 
tional age (GA) who met the follow- 
ing criteria: (1) singleton birth; (2) 
vaginal vertex delivery; (3) appropri- 
ate for gestational age (AGA) with re- 
spect to head circumference, weight, 
and length; and (4) healthy as deter- 
mined by a pediatric physical exami- 
nation. Inclusion criteria for 10 low- 
risk preterm infants born at 34 to 36 
weeks' GA were (1) singleton birth, 
(2) vertex presentation at birth, (3) 
AGA, (4) Apgar score of at least 4 at 1 
minute and 7 at 5 minutes after birth, 
and (5) absence of any physical mal- 
formation. Full-term and low-risk pre- 
term infants exhibiting severe respira- 
tory distress, pneumothorax, apnea, 
cardiac failure, convulsions, intraven- 
tricular hemorrhage (IVH), hydro- 
cephalus, perinatal asphyxia, chronic 
lung disease, or drug withdrawal 
were excluded from the study. Inclu- 
sion criteria for 24 high-risk preterm 
infants born at 34 weeks' GA or less 
were (1) singleton birth, (2) vertex 
presentation at birth, (3) AGA, and (4) 
IVH. High-risk preterm infants who 
exhibited drug withdrawal were ex- 
cluded from the study. There were 5 
infants with a grade I IVH, 8 with a 
grade I1 IVH, 5 with a grade I11 IVH, 
and 6 with a grade N IVH. One infant 
with a grade N IVH also exhibited 
hip dysplasia. 

Instrumentation 
Design 

The research design of these studies 
was a longitudinal mixed design that 
addressed the description of infant 
leg movement, intralimb kicking, us- 
ing kinematic analysis. The indepen- 
dent variables, identified as possible 
control parameters, were risk factors, 
age, environment, behavioral state, 
passive muscle tone, joint extensibil- 
ity, and body-build measurements. 
The dependent variables were the 
kinematic variables of amplitude, peak 
velocity, duration and frequency of 

Videography was used in these stud- 
ies. A color video camera was posi- 
tioned perpendicular to the top of the 
examining table to produce a lateral 
view of the infant's leg. The infant's 
leg movements were recorded on 
1.27-cm (0.5-in) videotape, using a 
VHS portable video recording system. 
Tapes of the infants were transferred 
to 1.9-cm (0.75-in) videotapes, using a 
videocassette recorder with a record- 
ing speed of 60 frames/s. A video 
counter-timer (60 framesls) was su- 
perimposed on the videotape. 
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Hand digitization of a selected move- 
ment sequence was conducted using 
a two-dimensional sonic digitizer. 
This process involved projecting the 
video image onto the video screen; 
placing the mounted sonic digitizer in 
front of the video screen; and touch- 
ing the grid with a stylus, resulting in 
the XY coordinates being automati- 
cally transferred to a computer. The 
system is limited to the speed and 
accuracy of the human operator. My 
experience indicates that an experi- 
enced operator can convert an aver- 
age of four coordinate XY pairs of 10 
seconds of movement filmed at a 
speed of 60 frames/s in 2 hours. 

Procedure 

Full-term and low-risk preterm infants 
were initially videotaped for 3 min- 
utes on the third day after birth. Low- 
risk preterm infants were filmed again 
at 40 weeks' postgestational age (PGA) 
and at 4, 8, and 12 months' corrected 
age (PGA=GA+chronological age). 
High-risk infants were initially video- 
taped as soon as possible after birth 
after becoming medically stable. 
These infants were filmed again at 34 
to 36 weeks' and 40 weeks' PGA and 
at 4, 8, and 12 months' corrected age. 
These ages were selected as possible 
time periods when transitions or 
phase shifts from one stable state to 
another may occur. 

Infants were initially filmed in the 
neonatal intensive care unit (NICU) 
or  the full-term nursery. Preterm 
infants were later filmed in the 
NICU or special infant care unit. 
Data collection after discharge was 
conducted in the physical therapy 
research laboratory, in the follow-up 
nursery clinic setting, or in the chil- 
dren's homes. To ensure awake in- 
fants, videotaping was conducted 
before feedings, when possible. 

With three exceptions, the right lower 
extremity was marked at the lateral 
border of the base of the fifth meta- 
tarsal head, the lateral malleolus, the 
lateral femoral condyle, and the lat- 
eral thigh at the hip area with a 
0.64-cm (0.25-in) circle of dark blue 
tape affixed to a 1.27-cm (0.5-in) cir- 

Figure 1. Charactertstic position of infant during uideotaping showing placement of 
joint markers. Joint angles calculated: hip (a), knee (b), and ankle (c). For each joint, 
180 degrees is regarded as fully extended. Repn'ntedfrom Physical Therapy (Vol68: page 
1342, 1988) ulith the permission of the American Physical Therapy Association. 

cle of white tape (Fig. 1). The left leg 
of three infants was filmed because of 
the presence of an intravenous line in 
their right leg at the time of filming. 
The infant's diaper was removed for 
marking and filming. 

After the infants were prepared for 
videotaping, they were allowed to 
kick spontaneously in the supine posi- 
tion for 3 minutes. No specific stimuli 
were presented to the infant to elicit 
kicking. The infant's head was sup- 
ported in the midline position by the 
examiner's (CBH) hand. The other 
hand was placed on the infant's abdo- 
men to maintain the trunk in the mid- 
line position. During the recording 
session, the infant's arousal state was 
recorded every 15 seconds on a six- 
point scale (ie, I =asleep, 6 =crying)38 
o r  on appropriate subdivisions of this 
scale for preterm infants.39 After film- 
ing, passive muscle tone, joint extensi- 
bility, and body-build measurements 
were taken. Passive muscle tone was 
measured by the amount of (1) resis- 
tance to passive stretch of the leg flex- 
ors to extension and (2) recoil of the 
legs. Joint extensibility was measured 
by the angles of the hip, knee, and 
ankle. Each joint angle was scored on 
an ordinal scale. Elicitation and crite- 
ria for passive muscle tone and joint 
extensibility were adapted from the 
clinical assessment tools of the Assess- 
ment of Preterm Infants' Behavior,39 
the Clinical Assessment of Gestational 

Age in the Newborn Infant,40 the Neu- 
rological Assessment of the Preterrn 
and Full-term Newborn Infant,41 and 
the Neurological Evaluation of the 
Maturity of Newborn Infant~.~2 

Body-build measurements were taken 
of weight, crown-rump and crown- 
heel length, and circumferences of 
the calf and thigh at their widest 
points. From these measurements, the 
ponderal index of Rohrefi3 and leg 
volume44 were calculated. The pond- 
era1 index is a measure of relative 
stockiness and was calculated by di- 
viding the infant's body weight (in 
grams) by the crown-heel length 
cubed and multiplied by 100. Leg vol- 
ume was estimated by assuming the 
leg was a cylinder, with the height 
determined by crown-heel length mi- 
nus crown-rump length and circum- 
ference estimated by averaging the 
thigh and calf measurements. The 
rates of growth with respect to 
weight, ponderal index, and leg vol- 
ume were determined by dividing the 
difference between two ages by the 
measurement at the younger age. 

Data Reduction 

Behavioral records were analyzed in 
two ways. First, the 3-minute records 
were analyzed with respect to the 
frequency of kicking. A kick was de- 
fined as hip and knee flexion that 
brought the knee closer to the chest. 
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For a new kick to b e  counted, the 
knee must have reached a minimum 
of 90 degrees of extension before 
returning to a flexed position. The 
videotape was reviewed without 
sound so  that the coder was not influ- 
enced by the arousal level of the 
infant. 

Second, joint-angle changes for a 10- 
second segment of continuous move- 
ment were coded. The samples were 
selected by viewing the entire 
3-minute kicking session of each in- 
fant without sound and choosing a 
represen1:ative 10-second segment of 
continuous movement29.30.45 or  the 
first 10 st:conds of continuous move- 
ment,46 with the following restrictions: 
(1) The infant's legs were not out of 
the sagittal plane, o r  movement out- 
side the sagittal plane was minimal; 
and (2) all four joint markers were 
visible. 

The 10-second segment was then 
coded frame by frame (1 frame= 
16% milliseconds), on a video re- 
corder with a recording speed of 60 
frames/s. Six hundred frames of 
movement were coded. Coders were 
trained t o  reliability (ie, intraclass cor- 
relation coefficient [2,1] 2 30) prior to 
digitizing. The sonic digitizer was 
used to determine the XY spatial co- 
ordinate:; of the marked hip, knee, 
ankle, and fifth toe. Joint angles of the 
hip, knet:, and ankle were calculated 
from the coordinate data (Fig. 1). Be- 
cause these joint angles reflect the 
relationships among body segments, 
they are not analogous to clinical go- 
niometric measurements. In this 
study, 180 degrees was regarded as 
full extension at each joint (eg, full 
plantar flexion of the ankle). These 
joint angles were used as reference 
points t o  generate kinematic data of 
amplitude, velocity, and duration of 
movement. 

I believe that measurement error, 
introduced into the system as a result 
of infant variability and the measure- 
ment an13 conversion process, was 
minimized by (1) selection of the 10- 
second segment, (2) adhering to 
sound videographic procedures, (3) 
adequate training of personnel during 

the measurement and conversion pro- 
cess, and (4) subjecting the raw angle 
data to Fourier analysis and filtering 
the data using Butterworth-type low- 
pass digital filters4' Fourier analysis 
was used to quantify the frequency 
domains of both the signal (XY coor- 
dinate data of kicking) and the noise 
(error measurement) to identify the 
frequency cutoff to be used to sepa- 
rate the signal from the noise. This 
cutoff frequency was used to develop 
Butterworth-type low-pass digital fil- 
ters.48 These low-pass filters selec- 
tively filter out the high-frequency 
noise end of the frequency spectrum 
while passing over the low-frequency 
components of the signal (kicking). 
The resultant computer readout indi- 
cated the frame number; the raw and 
filtered angles of the hip, knee, and 
ankle; the instantaneous velocity of 
the movement of the three joints; and 
the sequential time of the 10-second 
movement segment. 

Graphic displays of the kinematic data 
were generated. Graphs included 
time-dependent representations in 
which the patterns of joint displace- 
ment were plotted as a function of 
time (Fig. 2, top panel) and time- 
independent representations (ie, 
amplitude-velocity phase plane trajec- 
tories of the knee [Fig. 2, bottom pan- 
el], and hip and ankle). These graphs 
resulted in visually permanent rec- 
ords of the movement that were used 
for evaluation purposes, compared 
with other movement sequences of 
the same infant and compared with 
movement patterns of other infants. 
These plots provided useful interpre- 
tative data about the movement path 
of a body segment with respect to 
time as well as the movement path's 
velocity, direction, and magni t~de.~9 

The smoothed data were analyzed 
according to predetermined ~r i t e r ia .5~  
The kick cycle was characterized by 
four phases. The flexion phase of the 
kick cycle lasted from the frame at 
which continuous leg movement (for 
at least five frames) in a horizontal 
plane toward the body was first no- 
ticed until the frame at which move- 
ment stopped o r  changed direction. 
The intrakick pause was the time in- 

terval between the cessation of the 
flexion phase and the initiation of the 
extension phase. In the extension 
phase, the infant's foot moved contin- 
uously away from the body until hori- 
zontal movement ceased. The inter- 
kick pause was the time interval 
between the end of extension and the 
initiation of the next flexion phase. 

The duration of each phase of the 
kick cycle was calculated. In addition, 
the phase lags, o r  time between the 
onset o r  termination of the movement 
of one joint and that of another joint, 
were calculated and normalized by 
the kick period, defined as the aver- 
age duration of completed kick cycles. 
The peak velocities of both the flex- 
ion and extension movements were 
recorded. The joint angles at the on- 
set and end of the flexion and exten- 
sion movements were recorded, and 
the amplitude excursion was 
calculated. 

Summary and Discussion of 
Results of Current Research 

The following summary and discus- 
sion represent data obtained for in- 
fants at 34 weeks' GA and at 40 
weeks' GA or PGA and for one high- 
risk preterm infant through 12 
months' corrected age. Details of the 
data for full-term and low-risk pre- 
term infants are published else- 
~here.~9130 Preliminary data on high- 
risk infants have been presented at 
meetir1gs~6.5~ and are currently being 
readied for submission for publica- 
tion. The summary of the results will 
be  presented according to the princi- 
ples of the dynamical systems theory 
discussed previously. 

Assumption I .  Developing otganisms 
are high-dimensional .systems, and 
movement represents a compression 
of the multiple degrees of freedom. 

Are the movement patterns of intra- 
limb kicking of atypical infants dif- 
ferent from those of normal infants? 
Are the collective variables for these 
movements the same o r  different? 
Intralimb kicking in all infants was 
similar, regardless of age, environ- 
ment, o r  risk fa~tors.29,3~,46 The multi- 
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Figure 2 (A and B). Kicking movements of representative infants. Top panel shows angle-time diagrams of the displacement of 
hip, knee, and ankle joints. Bottom panel illustrates corresponding phase plane trajectories of the knee joint amplitude of movement 
and peak velocity. The filled triangle in the bottom panel indicates the beginning of kickjlexion rnorsment; the open triangle repre- 
sents peak jlexion. Phase-plane trajectories progress clockwise, by dejnition. (A) Low-n'sk infant at 3 4  weeks'gestational age, (B) same 
low-risk infant at 40 weeks' postgestational age. Figure 2 (A and B), top panel, reprinted from Physical Therapy (Vol 68: page 1342, 
1988) with permission of the American Physical Therapy Association; correspondingjgures in bottom panel adapted from Herira.*9 
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Figure 2 (Continued) (C and D). (C) Full-term infant at 40 weeks'gestational age; (D) high-risk infant at 40 weeks'post- 
gestational age. 
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other, (2) the phase lags between 
joints during kicking, and (3) the tim- 
ing of the movement phases. The re- 
lationships among the joints (three 
pairs for each infant: hip and knee, 
hip and ankle, and knee and ankle) 
were strong. 

In all infants, the hip-knee relation- 
ship was especially strong: When the 
hip flexed, the knee flexed, and when 
the hip extended, the knee extended. 
Thus, the movement of the joints of 
one leg are constrained to act as a 
unit of movement. A system compris- 
ing many degrees of freedom is re- 
duced to only a few. The close syn- 
chrony of movements denoted by the 
high interjoint correlations was con- 
firmed by small phase lags between 
the movements of the hip, knee, and 
ankle joints, demonstrating that the 
joints moved in near-perfect uni- 
son.29330 Another component of move- 
ment that reflects temporal stability of 
time is the timing of the flexion and 
extension phases of the kick cycle. In 
all infants, the timing of the move- 
ment phases were similar, with the 
extension phase being longer than 
the flexion phase. In addition, there 
was a trend for the younger or sicker 
infants to have longer flexion and 
extension phases. Thus, for intralimb 
kicking, the collective variables that 
described the movement pattern of 
intralimb kicking were strength of the 
joint correlations, phase lags between 
joints, and the movement time of flex- 
ion and extension. 

All infants, regardless of age, environ- 
ment, or risk factors, demonstrated a 
coordinative pattern of kicking, in- 
dexed by collective variables that com- 
pressed the multiple degrees of free- 
dom to a few, representing kicking. 
Thus, when grouped, the kicking be- 
haviors of preterm infants (low- and 
high-risk) are similar to the kicking 
behaviors of normal infants and can be 
described by the same collective varia- 
bles: joint correlations, phase lags, and 
timing of the movement phases. 

Although the high-risk preterm in- 
fants, as a group, demonstrated orga- 
nized movement at 40 weeks' PGA, 
some infants showed individual pro- 

files in which kicking appeared disor- 
ganized (Fig. 3). The time-dependent 
diagrams (Fig. 3, top panel) show that 
the ankle is out of phase with the 
knee and hip in infant A, a preterm 
infant with a grade IV NH, and that 
the knee is out of phase with the hip 
and ankle in infant B, a preterm infant 
with a grade IV NH and hip dysplasia. 
Although the timing of the movement 
phases of flexion and extension were 
similar to that of other infants, the 
correlations between the joints were 
weak and the phase lags were long. 
This was especially true for the hip- 
ankle and knee-ankle relationships for 
infant A and for the hip-knee and 
knee-ankle relationships for infant B. 
Therefore, two order parameters that 
described the coordinative pattern of 
early intralimb kicking movements 
and that differentiated between orga- 
nized and disorganized movement 
patterns (ie, joint correlations and 
phase lags between joints) could be 
used as evaluative tools for kicking. 

Assumption 2. Movement emepes in 
a self-olganizing fashion as a func- 
tion of the cooperation of the many 
subsystems in a task-speczfc context. 

Although the pattern of kicking was 
stable among low-risk preterm and 
full-term infants, differences were 
found in the amplitude and velocity 
of movement, the pauses during the 
kick cycle, and the joint angles at the 
initiation of flexion and at peak flex- 

With age, low-risk preterm 
infants showed decreased movement 
amplitude and peak velocity (Figs. 2A, 
2B).37 Older preterm infants also 
demonstrated a trend to kick more in 
3 minutes than younger preterm in- 
fants, reflective of shorter pauses. 

At 40 weeks' PGA, all low-risk preterm 
infants were more extended at all 
joints, especially the ankle, in compar- 
ison with full-term infants (Figs. 2A, 
2B; top panel).3O These same infants 
also paused more during kicking in 3 
minutes in comparison with full-term 
infants, resulting in longer kick peri- 
ods and a trend toward less frequent 
kicking. 

If the movement pattern is the 
same, what explains these differ- 
ences? According to the dynamical 
systems theory, movement outcome 
is not determined by a pattern of 
strict muscle activity alone but by 
the pattern of neuromuscular activ- 
ity and by mechanical and dynamic 
considerations such as measures of 
body build, passive viscoelastic 
properties of muscles, and muscle 
strength. Movement outcome is con- 
sidered the result of the cooperative 
interaction of all the participating 
subsystems in developmental and 
real time and is not coded a priori 
anywhere in the nervous system. 
Because there are no preexisting 
instructions for defining intralimb 
kicking, the order of the kicking 
pattern is the result of the self- 
organization of the participating 
subsystems. Kicking spontaneously 
arose from the interaction of the 
components. 

Stepwise regression analysis of 
arousal level, passive muscle tone, 
joint extensibility, and measure- 
ments of body build on the kine- 
matic variables of duration, ampli- 
tude, and velocity did explain 
differences in movement seen in 
infants between 34 to 36 weeks' GA 
and 40 weeks' PGA and between 
low-risk preterm infants at term- 
equivalent age and full-term infants 
(CB Heriza, E Thelen; unpublished 
research) .45,52353 Arousal level influ- 
enced the frequency of kicking and 
the joint angles at peak flexion (CB 
Heriza, E Thelen; unpublished re- 
search)." Infants who were highly 
aroused demonstrated short pauses, 
resulting in short kick cycles and an 
increase in the frequency of kicking. 
These same infants showed small 
joint angles at peak flexion. 

Body build also affected movement 
outcome (CB Heriza, E Thelen; un- 
published re~earch).~5,5~ Infants who 
became stocky and heavy rapidly or  
who developed chubby legs kicked 
less. These infants also demon- 
strated small-amplitude excursions 
associated with small peak velocities 
and large angles at the beginning of 
flexion and at peak flexion. These 
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Figure 3. Kicking movements of two high-risk pretemz infants at 40 weeks' postgestational age. Top panel shoua angle-time diu- 
grams qf the displacement of hip, knee, and ankle joints. Bottom panel illustrates corresponding phase-plane trajectories of knee, joint 
amplitude, and peak velocity. The Jilled triangle in the bottom panel indicates the beginning of kick flexion movement; the open tnan- 
gle represents peak @ion. Phase-plane trajectories progress clockwise, by definition. (A) High-risk infant with grade N intraventricu- 
lar hemorrhage, and (B) high-risk infant with grade N intraventricular hemorrhage and hip dysplasia. 

results may reflect asynchronous were fat or  who became fat quickly Passive muscle tone influenced the 
development of muscle strength and did not have the muscle strength to interkick pause and joint angles at the 
body fat4* such that infants who kick their heavier, stockier legs. beginning of kick flexion (CB Heriza, 
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E Thelen; unpublished research) .45.53 
Infants who had increased muscle 
tension demonstrated short pauses 
and small joint angles at the begin- 
ning of kick flexion. 

Possible interpretations of the differ- 
ences in kicking outcome are as fol- 
lows: (1) Increased arousal level, 
which presumably is reflected in 
more energy delivered to the muscles 
and more motor output, including 
kicks, contributed to small joint angles 
at peak flexion and short pauses in 
the kick cycle, resulting in increased 
frequency of kicking; (2) with age, the 
larger masses of the limbs in a 
gravity-controlled environment con- 
tributed to decreased movement am- 
plitude and velocity and inhibited the 
extreme flexion of the youngest pre- 
term infants; and (3) the long confine- 
ment in the intrauterine space for 
full-term infants may bias muscle and 
joints toward flexion, contributing to 
the flexor dominance of the full-term 
infants. Movement change with age in 
low-risk preterm infants and differ- 
ences in kicking between low-risk 
preterm infants at 40 weeks' PGA and 
full-term infants, therefore, may be 
largely nonneural and not caused by 
maturational changes in the CNS. 

The differences in kicking reflect the 
assumption of the dynamical systems 
perspective that the outcome of the 
movement is the result of the dynami- 
cal interaction of the subsystems in 
real and developmental time within a 
context, including the physical con- 
straints and supports of the environ- 
ment. At 34 to 36 weeks' GA, 3 days 
postintrauterine environment, the var- 
ious subsystems dynamically organize 
in real time to produce infant kicking; 
at 40 weeks' PGA, these same sub- 
systems, which have matured and ex- 
perienced 6 weeks of extrauterine 
environment, self-organize to produce 
kicking; and at term 40 weeks' GA, 
these same subsystems, which have 
experienced the intrauterine environ- 
ment for an additional 6 weeks, self- 
organize for kicking. Thus, although 
the pattern of coordination of intra- 
limb kicking of preterm infants at dif- 
ferent ages and of full-term infants is 
similar, the context varied between 

time spent in the intrauterine or ex- 
trauterine environment and the com- 
ponents of the system (ie, body build, 
arousal level, passive muscle tone, 
and joint extensibility) varied with 
age. These variations may explain dif- 
ferences seen among the infants. 

Assumption 3. Movement patterns are 
preferred, but not obligatory, and oc- 
cupy preferred regions of their state 
space. 

Are the movement patterns of intra- 
limb kicking of atypical infants dif- 
ferent from those of normal infants? 
Are these movement patterns pre- 
ferred, and do they occupy preferred 
regions of their state space? The 
intralimb coordinated behavior of 
kicking can be described in terms of 
phase-plane trajectories of the move- 
ment by plotting kicking as a function 
of the position and velocity of a joint. 
The bottom panel of Figure 2 shows 
the phase-plane trajectories of the 
knee of the representative infants at 
different GAs and PGAs. 

Visual analysis indicates that the 
movement trajectories of the knees of 
all infants are confined to a particular 
region of the plot and show a particu- 
lar ordered pattern, having the form 
of simple closed curves with oscilla- 
tions or  loops at the beginning and 
end of the movement phases. The 
amplitudes and peak velocities of the 
kicking movements for each infant are 
similar, with the exception of the 
high-risk infant's movements, which 
show variability of amplitude and 
peak velocity for the four kicks. There 
are no self-intersections (ie, no self- 
crossings or reversals of movement at 
zero velocity) during the flexion and 
extension movements. In other 
words, intralimb kicking can be said 
to occupy preferred, but not obliga- 
tory, regions of the state space. All 
infants, regardless of age, amount of 
time spent in the extrauterine envi- 
ronment, or the risk factor, demon- 
strated a preferred configuration of 
movement within the state space. 
Such preferred, repetitive cyclic be- 
havior of kicking can be considered a 
stable attractor ~ ta te .5~ 

Although the 40-week PGA high-risk 
preterm infants, as a group, demon- 
strated preferred behavioral patterns 
that acted as stable attractors, some 
infants showed individual profiles. 
Phase-plane diagrams of two of these 
infants (Fig. 3, bottom panel) demon- 
strate differences in their state space. 
Infant A exhibited a grade N IVH; 
infant B exhibited a grade N IVH and 
hip dysplasia. In general, the kicks 
show simple closed curves with oscil- 
lations at the extremes of the move- 
ment. There is variability in the ampli- 
tude and the velocity of the kicking 
movements in these infants, and, in 
contrast to the phase-plane plots of 
other infants, self-intersecting loops 
are present (ie, self-crossings o r  re- 
versals of movement at zero velocity). 
These loops vary in size and are pro- 
portional to the amplitude or pace of 
the retrograde motion. These rever- 
sals tend to occur during the exten- 
sion phase of the movement, espe- 
cially in infant A. Thus, these 
movement paths appear to occupy 
various portions of the state space, 
rather than the preferred regions of 
the space, and the movement pattern 
could perhaps be said to be chaotic. 
High-risk infants are being followed 
to a corrected age of 12 months. It 
will be of interest to see whether the 
movement pattern remains disorga- 
nized or becomes adaptable for 
higher levels of function. 

Assumption 4. New behavioral forms 
emelge in development as a series of 
phase shifts. 

Is the development of movement of 
atypical or  handicapped infants dif- 
ferent from that of normal infants? 
One high-risk preterm infant has 
been followed during the first year 
after bi1th.5~ This infant, who was 
born at 26 weeks' GA and had a docu- 
mented grade IV IVH, showed orga- 
nized movement at 40 weeks' PGA, as 
indexed by strong joint correlations. 
The infant's ankle, knee, and hip 
joints were closely synchronized in 
the kicking movement in that all 
joints moved in unison (ie, they 
moved into flexion together and into 
extension together) (Fig. 2D, top pan- 
el). Although this infant's close syn- 
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chrony of the joints began to dimin- 
ish, resulting in greater individual 
joint action, at 4 months' corrected 
age, as is seen in full-term infants,3l 
the infant's joint correlations became 
stronger at 8 months' corrected age, 
with the hip and knee correlation 
remaining, strong at 12 months' cor- 
rected age. The kicking pattern stayed 
close to the preferred pattern at 40 
weeks' PC;A. In this case, the pathol- 
ogy may be defined as maintenance 
of an early preferred attractor state 
with the inability to uncouple the 
early coordinated movement pattern. 
The infant did not show the expected 
pattern change with development. A 
critical question is, why not? What 
control parameters, be they intrinsic 
or extrinsic, prevented this transition, 
or what control parameters were 
missing? Future research is needed to 
answer these questions. 

Summary 

These daLa suggest that the dynamical 
systems perspective to understanding 
movement can be applied to atypical 
populations. The patterns of coordina- 
tion seen in intralimb kicking demon- 
strated that a high-dimensional system 
with many degrees of freedom can be 
reduced to a unit of behavior with 
few degrees of freedom. Collective 
variables that indexed the system 
were joint correlations, phase lags, 
and the timing of the movement 
phases of kicking. These parameters 
did differentiate among normal and 
atypical infants. All components of the 
system (ie, musculoskeletal compo- 
nent, neurological component, 
arousal level, body build, passive elas- 
tic prope:rties of muscles, and muscle 
strength) self-organized to produce 
preferred movement patterns in real 
and devc:lopmental time. These pre- 
ferred movement patterns were as- 
sembled within the constraints of the 
immediate environment. These pre- 
ferred movement patterns occupied 
preferred regions of the state space 
and thus can be considered stable 
dynamic attractors. 

For intralimb kicking, movement dys- 
function may have resulted because 
(1) the muscles and joints of one leg 

may not have been organized as a 
preferred movement pattern because 
additional variables interfered with 
the natural timing of the movement 
or (2) one or more control parame- 
ters may have rate-limited or masked 
another component in real or devel- 
opmental time such that, in at least 
one infant, transitions to more mature 
movement patterns were prevented. 
Although the components of the sys- 
tem dynamically self-organized, the 
movement pattern may have been too 
restricted in some infants and too ran- 
dom and disorganized in others. 

Clinical Implications 

The implications of the dynamical 
systems theory for the atypical or 
handicapped infant and child are just 
now being explored. The understand- 
ing of how this theory influences the 
evaluation and treatment of these in- 
fants is in its infancy. The theoretical 
constructs of the dynamical systems 
theory with respect to the develop- 
ment of movement, however, reflect 
the necessity to review and perhaps 
reinterpret traditional concepts of mo- 
tor development. 

Motor development is not prescriptive 
or hierarchical, and changes in move- 
ment with age cannot be attributed 
solely to maturation of the CNS. 
Rather, movement is emergent from 
the dynamic interaction of all sub- 
systems within a task-specific context. 
In this view, the CNS is seen as a nec- 
essary, but not sufficient, component 
to explain movement changes. Other 
important subsystems are the infant's 
biomechanical, psychological, and 
social environments. 

If function rather than instruction 
drives behavior, the infant and young 
child should be considered as active 
participants in development rather 
than passive recipients of environ- 
mental stimuli. Although reflexes and 
automatic reactions have been tradi- 
tional evaluation tools, and indeed the 
movement pattern is probably the 
same as that seen in spontaneous 
mo~ernent,~5 the concept of stimulus- 
response reflects the passive nature of 
such an approach. Instead of causing 

the response, the stimulus facilitates 
the production of motor patterns that 
also occur as spontaneous move- 
ment.55 The task or goal within the 
environment, with its constraints and 
supports, assembles behavior as op- 
posed to being prescribed a priori by 
the CNS. This does not mean that we 
discard the concept of reflexes and 
reactions, but it does mean that we 
expand our concepts of movement 
development such that we consider 
other factors that influence movement 
in addition to external stimuli. A new 
synthesis of motor development 
should build on what we know; we 
should not discard our database, but 
incorporate it and go bey0nd.56.5~ 

We must address the process of 
movement changes versus the end 
product of mo~ement.~1<56 Motor mile- 
stones are important because they 
provide a measure of how the infant 
and young child are developing with 
respect to normative data and they 
provide information on function. Mo- 
tor milestones, however, do  not tell 
us how movement changes. We need 
to develop evaluation tools to investi- 
gate the process of movement change. 
The identification of collective varia- 
bles may provide alternative ways to 
assess movement changes that occur 
in development or as the result of 
therapeutic intervention. Additionally, 
we need to utilize different research 
strategies to identify these changes. 
Traditional group designs often miss 
individual differences and tell us 
nothing of the process of change. 
Longitudinal studies as well as case 
studies may address these issues.21,56 

We may not be able to identify all 
infants at-risk for movement dysfunc- 
tion early, because early movement, 
with respect to intralimb kicking, 
showed invariant patterns across ages, 
risk factors, and environments. Some 
infants may not be identified until 
phase transitions when infants are 
expected to disassociate and reorga- 
nize basic coordinative patterns to 
form functional movement synergies 
within the environment. We need to 
identify the key transitional phases 
and the key control parameters that 
constrain or facilitate movement. 
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Are t h e  t rans i t ion  periods and c o n t r o l  

p a r a m e t e r s  h y p o t h e s i z e d  by Thelen22 

for normal infants  t h e  same for atypi-  
cal infants? W h i c h  p a r a m e t e r s  are 
m o s t  p o w e r f u l  at spec i f ic  t r an s i t i on  

p e r i o d s ?  If ident i f ied ,  can physical 
therapis t s  u t i l ize  t h e s e  p a r a m e t e r s  for 
in t e rven t i on  w i th  infants  w i t h  atypical  

m o v e m e n t ?  F o r  example, can we per- 
t u r b  t h e  s y s t e m  t o  p r o m o t e  disassoci-  

a t i on  of t h e  r i g id  a t t rac tor  s ta te?  W h a t  

var iab les  can we use t o  shif t  t h e  sys- 
t e m  to a more func t i ona l  a d a p t i v e  

synergy?  W h a t  are t h e  p a r a m e t e r s  i n  

t h e  soc ia l  and e n v i r o n m e n t a l  c o n t e x t s  

tha t  i n f l u e n c e  leg m o v e m e n t s  during 
t h e  first year af te r  b i r t h?  Can we use 
t h e s e  p a r a m e t e r s  in i n t e rven t i on  p r o -  

g r a m s ?  If c o n t r o l  p a r a m e t e r s  are m o s t  

influential  a t  t rans i t iona l  stages,z' i s  i t  

impe ra t i ve  for us as the r ap i s t s  t o  in- 
t e r v e n e  a t  t h e s e  ages?  I t  may n o t  be 
as i m p o r t a n t  a t  o t h e r  ages during 
non t r ans i t i ona l  stages.  How early can 
infants w i t h  atypical m o v e m e n t  be 
ident i f ied?  W h a t  are t h e  o p t i m a l  t i m e  

periods t o  eva lua te?  Are t h e r e  dif- 

f e r e n t  types o f  a b n o r m a l  m o v e m e n t  

pa t t e rn s  (eg, ob l i ga to ry  preferred at- 

t r a c to r  states,  d i s o r g a n i z e d  a t t r a c to r  

states)? If s o ,  are di f fe rent  c o n t r o l  pa -  

r a m e t e r s  i nvo lved  i n  t h e  d i f fe rent  

types  of m o v e m e n t  dys func t i on  w i th  

r e s p e c t  t o  c o n s t r a i n i n g  d e v e l o p m e n t a l  

p rog re s s ion?  

W h a t  are t h e  par t icu lars?  Exp l ana t i on  

awa i t s  de sc r i p t i ve  and e x p e r i m e n t a l  

man ipu l a t i ons  t o  ident i fy  crucial 
p o i n t s  o f  t rans i t ions  and t o  i den t i f y  

c o n t r o l  p a r a m e t e r s  t h a t  cause t h e  sys- 

t e m  t o  seek new c o o r d i n a t i v e  func -  

t i ona l  syne rg i e s .  
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APTA now presents the only 
grantwriting workshop designed 
for therapists 

Chicago, IL, March 9-10, l991 

Rutland, vT, May 16-17, 1991 
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Strategies for & ?  

Physical Therapy Researchers 
More than 200 private foundations in the United States annually give an 

average of $4 million each toward medical research? 

Every year approximately 250 corporate giviqg programs spend more than 
$250,000 each on medical research grants alone? 

Of the 1,500 small corporations and 20,000 community, family, and special 
interest foundations, several provide up to $100,000 each in grants for 
health-related research? 

In fiscal year 1989, the National Institutes of Health gave $6 billion in 
extramural awards? 

Impressive figures. But what do they mean to you? Learn everything you need to 
know about research funding and the preparation and submission of winning 
proposals-at a workshop geared to physical therapy researchers. 

For your free brochure and registration form, call: 

800-999-APTA ( e ~ t .  3156) 
Call today-enrollment for each workshop is limited. 
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