
Although the authors acknowledge 
that movement quality includes effort, 
force, timing, and velocity, they 
choose to leave the realm of scientific 
measurement for the more amor- 
phous dimension of gestalt percep- 
tions rather than address the real 
problem of quantifying quality. It 
could be argued that any of the at- 
tributes selected, particularly postural 
alignment and weight ~hifting,~14 are 
intrinsic components of gross motor 
function that need to be further re- 
duced to analyze the performance 
attributes. I am particularly concerned 
about their decision to separately as- 
sess weight shifting, stability, and co- 
ordination, which are considered to 
be centrally programmed characteris- 
tics of each movement and therefore 
interde~endent.~ Another concern is 
the static nature of the test instru- 
ment. Can these criteria be relied on 
to measure the fleeting and inconsis- 
tent motor performance of a child 
adapting his or her movement to mul- 
tiple stimuli in the busy environment 
of a playground or classroom? 

The authors' failure to operationally 
define quality of movement is a major 
flaw in this article, because it permits 
subjective decision making in the ap- 
plication of the assessment tool. Physi- 
cal therapy is suffering from a dearth 
of quantifiable measures, and I was 
sorry to see that these authors relied 
on the vague clinical descriptors of 
mild, moderate, and severe impair- 
ment. How much stronger the assess- 
ment would have been had the group 
process meetings concentrated on 
setting clear limits for acceptance of 
the descriptors of each performance 
attribute. 

I agree with the contention of these 
authors that a valid test instrument for 
measuring the subtle changes in qual- 
ity of mc~vement is almost essential if 
we are t o  demonstrate efficacy in 
many of our treatment interventions. 
The authors have presented many of 
the issues that need to be addressed 
when determining the measurable 
attributes of movement quality and 
are to be commended on their effort 
to approach a subject that so many 
have discarded as impossible. In so 

doing, they have given us a tool that 
can serve as the point of initiation for 
future studies of this important topic. 

Emily A Keshner, EdD, PT 
Assistant Professor 
Department of Physical Therapy 
The University of Illinois at Chicago 
1919 W Taylor St 
Chicago, IL GO612 
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In few other areas of clinical practice 
is the need for more quantitative 
measures of performance as pressing 
as in the treatment of the child who 
has brain injury. The authors' system- 
atic effort to develop such a measure 
through their Gross Motor Perfor- 
mance Measure (GMPM) is commend- 
able. The promise of a carefully de- 
veloped scale that is sensitive to 
change in motor performance, objec- 
tive, and clinically feasible to adminis- 
ter is encouraging. In this commen- 
tary, I will confine my discussion 
primarily to the first of these issues. 

As the authors correctly note, efforts 
to evaluate the efficacy of therapeutic 
interventions in cerebral palsy have 
been hampered by a lack of suitable 
measures. What are needed are mea- 
sures that are sensitive to subtle, but 
meaningful, change in performance, 
not simply the presence or absence of 
a particular function. The value of this 
manuscript is that the authors de- 

scribe many of the essential steps for 
the development of an observational 
measurement scale that is potentially 
sensitive to subtle performance dis- 
tinctions. Whether this scale actually 
achieves the stated goal cannot be 
assessed with the information pre- 
sented. This article, however, suggests 
several shortcomings in the scale's 
development that lead me to believe 
it will fall somewhat short of its mark. 

The authors may have developed the 
GMPM with a theoretical framework 
in mind, but this is not obvious from 
their presentation. Their discussion of 
conceptual issues gives quite the op- 
posite impression. If the development 
of the GMPM lacked a theoretical 
framework, then I believe this to be a 
glaring shortcoming of this instru- 
ment. The authors attempt to draw a 
distinction between the writings of 
Michelsl and Rose2 on this issue, 
which is false. Michels advocates the- 
ory as a necessary preliminary if mea- 
surement is to be scientifically useful. 
The comments of Rose on classifica- 
tion relate to the development of 
treatment models, not to measure- 
ment instruments. The authors, appar- 
ently rejecting theory as a basis for 
the development of the GMPM, argue 
instead for the development of "ge- 
neric measures that use scientifically 
accepted pathokinesiological and m o  
tor control terminology." Yet, such 
terminology can only be meaningful 
in the context of the theories of 
which they are constructs. 

If the authors based the scale's item 
definitions on scientifically accepted 
terminology, then it would have been 
helpful to provide specific illustrations 
of how clinicians involved in the mea- 
sure's development were instructed to 
utilize such terminology. In this arti- 
cle, only one motor function from the 
scale, and consequently example lev- 
els of only three attributes, are pre- 
sented. It is difficult, therefore, to as- 
sess the extent to which the scale 
incorporates acceptable definitions of 
motor performance. Once again, what 
is considered acceptable depends on 
the theoretical framework one 
chooses. 
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The authors' definition of the coordi- 
nation attribute provides a good exam- 
ple of how a paucity of theory can 
limit the performance distinctions that 
such a scale is capable of making. The 
coordination attribute is defined to 
include such variables as timing, veloc- 
ity, direction, force, and amplitude of 
movement (Appendix 1). These varia- 
bles cover a wide range of movement 
phenomena. Without specific examples 
from the GMPM of this attribute's im- 
plementation, it is impossible to evalu- 
ate whether the scale adequately ad- 
dresses each of these constructs. 
Nevertheless, for at least one recent 
theoretical approach to motor behav- 
ior, this definition is inadequate.- 

In his seminal theoretical work on 
movement control, Bernstein3 argued 
that the basic problem of coordina- 
tion was that of reducing the number 
of independent variables that had to 
be controlled by an executive sub- 
system. He suggested that the nervous 
system's solution to this problem was 
functional synergies, defined by Tur- 
veyl as a group of muscles spanning 
more than one joint and constrained 
to act as a functional unit. A synergy is 
defined by the relative timing and 
relative amplitude relations among 
the movement components. In this 
definition, a distinction is drawn be- 
tween processes of coordination and 
control, which has been elaborated in 
recent theoretical models of coordina- 
tion phenomena.5Jj In Dynamic Pat- 
tern Theory ( D m ,  for example, con- 
trol is seen as a nonspecific process 
of scaling up or  down on some vari- 
able6 and may include factors such as 
velocity, force, or direction of move- 
ment. Control processes lead to 
changes in certain features of a sys- 
tem's behavior without altering its 
essential form unless critical values of 
the control parameter are reached. 
Thus, for example, increasing the 
force production in the muscles of 
the limbs and the trunk may lead to 
an increase in the speed of wallung 
without altering the basic pattern (ie, 
timing relations between the move- 
ment components) of locomotion. At 
a critical velocity of locomotion, how- 
ever, the walking pattern may give 
way to a jogging or running pattern. 

The control parameter is thought to 
be nonspecific, because values of 
force, velocity, or  direction do not 
specify a pattern of locomotion direct- 
ly.6 Notice that this distinction is very 
different from definitions of control 
and coordination found in motor pro- 
gram theories, in which control is 
defined as a process of directing or 
regulating some mechanism, whereas 
coordination is the process of control- 
ling more than one variable at a 
time.' 

The point of my comments is twofold. 
First, one's theoretical predilection, 
whether explicit or not, will strongly 
influence how one defines and mea- 
sures motor performance. It is better, 
therefore, to make one's assumptions 
explicit at the outset. Second, if a use- 
ful distinction exists between coordi- 
nation and control processes, a view 
that has some experimental sup- 
portP"J then the authors' failure to 
incorporate measures reflecting the 
theoretical relationship between these 
processes will likely make it less sen- 
sitive to, and might even obscure, 
meaningful change. For example, DPT 
suggests that the stability of a pattern 
of coordination depends on the cur- 
rent state of control parameters to 
which the pattern is sensitive.6 If so, 
then the sensitivity of measures of 
motor performance could be en- 
hanced by incorporating testing pro- 
cedures that examine the behavior of 
interest over a range of values of an 
appropriate control parameter (eg, 
speed of movement, distance of ob- 
ject from observer). 

The lack of a theoretical framework 
for this work is also evident in the 
levels of performance that d e h e  spe- 
cific function attributes. A distinction 
between mild, moderate, or severe 
performance deficits still makes for 
much subjectivity in interpretation. 
More objective distinctions among the 
attribute levels might be possible if a 
sound theoretical foundation for item 
development were operative, as Mich- 
elsl has implied. 

It would have been encouraging to 
see initial item development guided 
by more objective research proce- 

dures as well. l'he availability of an 
evaluation tool that is relatively objec- 
tive and easy to administer clinically 
without the use of expensive equip- 
ment would be a welcome addition. 
Corroboration of the sensitivity of 
scale items and the ability of clinicians 
to make reliable judgments about 
subtleties in performance, at least for 
items requiring the greatest subjective 
interpretation, could have been ac- 
complished by pilot research relating 
attribute categories to more objective 
measures. For example, the authors 
seem to imply, via their quote of Pre- 
chtl," that performance qualities such 
as movement smoothness or jerkiness 
can be evaluated only through some 
type of subjective perceptual gestalt. 
Given recent developments of objec- 
tive kinematic measures of movement 
smoothness,12 this assumption could 
be formally tested, and the attribute 
categories refined as needed. It would 
be refreshing to see this kind of work 
done in the development stage of 
such an instrument rather than after 
it is in widespread use. 

In conclusion, the authors have re- 
ported an encouraging development 
in the assessment of quality of 
movement. The development of 
such a scale is a massive undertak- 
ing, and the authors have taken 
many steps in the right direction. 
Unfortunately, the apparent lack of a 
theoretical foundation for the devel- 
opment of this scale may limit its 
overall sensitivity. The GMPM may 
indeed capture important distinc- 
tions such as those mentioned ear- 
lier, but the limited information 
available in this article leaves me 
less than optimistic. At present, lack 
of information about the scale's ad- 
ministration; the functional items 
included in the scale; the scoring of 
individual items in terms of best, 
average, o r  worst performance; item 
or scale reliability (the kappa statis- 
tic provided is only of moderate 
size and relates to an earlier version 
of the scale); and the nature of com- 
posite test scoring make this report 
somewhat premature. 
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We thank Dr Keshner and Dr Scholz 
for their insightful commentaries 
and encouragement for our work. 
We feel, however, that their com- 
mon poi.nt of criticism (ie, the ap- 
parent lack of a theoretical frame- 
work for the Gross Motor 
Performance Measure [GMPM]) is 
mistaken. Both commentators ex- 
pressed concern that the items for 
the GMF'M were chosen without the 
benefit of a basic science theory of 
motor c~ontrol. In their critiques, 
they promote the primacy of 
"hypothetico-deductive" theory, 
which is the foundation of most ba- 
sic science approaches. This is not, 
however, the only type of the0ry.l 

Many valid clinical measures have 
used "inductive-grounded" theory, 
developed from experience with a 
phenomenon, as the basis of mea- 
surement. Grounded theory uses re- 
flection on one's experience to note 
patterns that can be developed into 
systematic meas~res .~  Our approach 
to item development and test admin- 
istration in the GMPM is based on two 
grounded-theory assumptions. First, 

children with cerebral palsy perform 
motor activities with a recognizable 
pattern, which is not random in na- 
ture. Second, clinical therapists can 
visually perceive and interpret these 
children's movement patterns in a 
consistent fashion. We believe that 
these assumptions are being ade- 
quately tested in our development 
and validation studies. 

The commentators' concerns about an 
apparent lack of theory in the GMPM 
illustrate a fundamental difference 
between the approaches to measure- 
ment taken in basic science and clini- 
cal epidemiology. In basic science 
measures, predictive hypotheses 
about test items are constructed from 
theory and then tested in controlled 
situations. The source of initial theory, 
however, must come from observa- 
tions of phenomena in the natural 
world. Clinical epidemiology mea- 
sures utilize a more eclectic method 
of clinical observation, theory, re- 
search, and expert opinion to gener- 
ate items.3 Predictive hypotheses are 
demonstrated on the basis of clinical 
tests of validity. Our article illustrates 

the demonstration of GMPM face va- 
lidity through therapist nominal 
group process meetings and Q-sort 
procedures. The GMPM content valid- 
ity is demonstrated through the Del- 
phi consensus with a panel of experts. 
Tests of construct and concurrent va- 
lidity depend on actual testing of the 
instrument with a particular popula- 
tion. As we have noted, results of 
these studies will be available in the 
near future. A clinical epidemiology 
approach to measurement does not 
reject theory. It does, however, reject 
the use of theory without validating 
e~ idence .~  Validation of the GMPM in 
various populations and for various 
purposes will determine the mea- 
sure's ultimate usefulness. 

We contend that a comprehensive 
theory of motor control applicable to 
individuals with cerebral palsy does 
not yet exist for the generation of test 
items. Perhaps this is why the com- 
mentators did not suggest such a the- 
ory or offer alternate items. Scholz 
suggests that Dynamic Pattern Theory 
may have applicability to some types 
of motor dysfunction. Cerebral palsy, 
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