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There is ,a lack of appropriate evaluation instruments in the area of quality of 
movement in cerebral palsy. Ten measures of quality of movement, or gross mo- 
tor perfomnce, published between 1965 and 1990, were reuiewed according to 
established criteria. These criteria include the purpose of the measure, validity, reli- 

The need for sensitive evaluative mea- many authors.'-3 Change in clinical 
sures in the rehabilitation of chronic status in these conditions is often of 
disabilities has been documented by small magnitude over prolonged peri- 
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ods of time. Repeated application of 
traditional measures designed for di- 
agnostic or discriminative purposes 
usually will not detect these small 
changes in status. 

Children with cerebral palsy, or other 
"nonprogressive" neurological disor- 
ders, may demonstrate changes in 
gross motor behaviors that have two 
primary dimensions: function and 
performance.4.5 Gross motor function 
refers to the ability to accomplish par- 
ticular motor activities, such as roll- 
ing, sitting, and walking. Gross motor 
perfomzance refers to the quality of 
performing an activity, for example, 
coordination while walking. 

It is important to evaluate performance 
of motor activities in children who 
have cerebral palsy, because, in addi- 
tion to delayed development of motor 
skills, disordered quality of movement 
is characteristic of the condition.6 Pre- 
vious reviews of research in cerebral 
palsy have noted that lack of a sensi- 
tive measure of movement perfor- 
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mance has contributed to the failure to 
demonstrate treatment effectiveness.7@ 

The Gross Motor Measures Group (a 
group of researchers and therapists in 
Hamilton, Toronto, and Kingston, On- 
tario, Canada) has been addressing 
measurement issues for several years. 
Initially, we developed the Gross Mo- 
tor Function Measure (GMFM), an 
evaluative measure of motor function 
for children with cerebral palsy. This 
instrument has been shown to pro- 
duce reliable and valid scores that can 
be used to detect clinically important 
change.9 In the early stages of the 
development of the GMFM, we recog- 
nized that it was not feasible to have a 
single measure that was capable of 
evaluating all of the changes charac- 
teristically seen in children who have 
cerebral palsy. The GMFM assesses 
only gross motor function, and it does 
not address essential motor perfor- 
mance features such as alignment, 
stability, and weight shift. 

Subsequently, we began the develop 
ment of the Gross Motor Performance 
Measure (GMPM). Issues in the con- 
ceptual, methodological, and practical 
development of this instrument are 
reported in our accompanying article 
in this issue. The GMPM is currently 
undergoing studies to determine the 
validity, reliability, and responsiveness 
of the obtained scores. 

There have been a number of reviews 
of instruments that measure gross 
motor fun~tion.3.8~10 These reviews 
examine the relevance, standardiza- 
tion, and properties (validity, reliabil- 
ity, and responsiveness) of measure- 
ments obtained with a number of 
function instruments currently in use. 
There has not yet been a review, 
however, of instruments that are 
claimed to assess quality of movement 
in children. The purposes of this arti- 
cle are to outline criteria for review- 
ing performance instruments and to 
apply the criteria to available mea- 
sures. This article is not intended to 
present an exhaustive review of all 
studies relevant to the measures. 
Rather, we illustrate the strengths of 
these measures for their stated pur- 
poses and the difficulties in using any 

one of them alone to comprehen- 
sively evaluate gross motor perfor- 
mance in individuals who have cere- 
bral palsy. 

Numerous measures of gross motor 
behavior have been created for use 
with children. The vast majority of 
these measures, however, assess only 
gross motor function and how much 
the child can do  (eg, Bayley Motor 
Scale, Denver Developmental Screen- 
ing Test, GMFM) and do  not include 
items assessing motor performance. 
We have restricted this review to mea- 
sures that include, or claim to in- 
clude, items assessing motor perfor- 
mance, or quality of movement. 

Many of the measures discussed in this 
review were not developed primarily 
for the assessment of motor quality. 
Originally, most of the measures were 
intended for discriminating, predicting, 
and evaluating gross motor behavior, 
including functional activities, reflexes, 
and postural reactions. Their measure- 
ment properties for these purposes 
are often quite adequate. All of the 
measures also include some items re- 
lating to motor performance, or how 
well functional behaviors are per- 
formed. Measurement properties for 
these few items were either incom- 
plete, not reported, or  not able to be 
clearly distinguished from other parts 
of the test. Since their original devel- 
opment, the measures have come to 
be used to assess quality of movement 
without adequate documentation of 
their particular ability to do  so. We 
assert that this change in use of the 
measures merits a review of the instru- 
ments for a new purpose-assessing 
motor performance. 

Crtterla tor Revlew 
of Measures 

Purpose of Measure 

The purpose of a measure should be 
identified at the outset of its develop- 
ment, because crucial methodological 
decisions in measurement construction 
depend on the purpose for which it 
will ultimately be used. Methods for 
validation of the measure will also de- 
pend on whether the measure is to be 

used for discriminating among subjects 
(discriminative measure), predicting 
subject outcomes (predictive mea- 
sure), or evaluating change over time 
(evaluative measure)." 

A discriminative measure is used to 
distinguish among individuals at a 
single point in time on some feature 
of interest. The Bayley Motor Scale is 
an example of such a measure used 
to distinguish among children of a 
common age who have different mo- 
tor function levels.12 

Apredictive measure is used to classify 
individuals according to a set of pre- 
defined categories and is used when 
an accepted criterion exists to deter- 
mine whether an individual has been 
classified correctly. The criterion can 
be measured concurrently or  in the 
future. The Bleck Scale of Locomotor 
Prognosis is an example of such a 
measure used to predict future ambu- 
lation status based on the presence of 
certain postural and tonic reflexes.l3 

An evaluative measure is used to doc- 
ument change within subjects over 
time to determine the effectiveness of 
treatment o r  to monitor the natural 
development of a condition. The 
GMFM is an example of an instrument 
that can be used to evaluate change in 
gross motor function in children who 
have cerebral palsy.9 

Measurement instruments are often 
designed and validated for one pur- 
pose (eg, to discriminate) and later 
used for another purpose (eg, to eval- 
uate) without proper revalidation. 
Although it is possible for a measure 
to satisfy more than one purpose, evi- 
dence should be available to support 
these uses. We contend that a mea- 
sure validated for evaluative purposes 
is necessary to assess change in gross 
motor performance as an outcome of 
treatment in children who have cere- 
bral palsy. 

Measurement Properties 

To be useful, an evaluative measure 
must have validity, reliability, and re- 
sponsiveness." These terms will be 
briefly reviewed with respect to mea- 
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sures of motor performance for chil- 
dren who have cerebral palsy. 

Validity. Validity has been defined as 
the extent to which an instrument 
measures what it is intended to mea- 
sure.14 Validity of a measure of motor 
performance is based on the mea- 
sure's ability to be applied for its in- 
tended purpose. For example, an 
evaluative measure should demon- 
strate a change in score when a true 
change in motor performance has 
taken place. 

Rellablllty. Reliability has been de- 
fined as the ability of a measure to 
give consistent responses on repeated 
assessments in the absence of change 
in the characteristic being studied.15 
Reliability of a measure of motor per- 
formance should be established by 
interrater consistency (single assess- 
ment, multiple raters), intrarater con- 
sistency (single assessment on video- 
tape, rated twice by single rater), and 
test-retest consistency (repeated as- 
sessments over a short period of time, 
single rater). Test-retest stability is a 
crucial property for evaluative instru- 
ments; otherwise, a change in scores 
cannot be attributed to a real change 
in behavior. 

Responsiveness. Responsiveness to 
change has been identified as the key 
feature an instrument should possess 
to determine whether it will be useful 
as an evaluative measure.ll Respon- 
siveness is judged by the ability of the 
measure to detect a minimal clinically 
important change in subjects. Respon- 
siveness of a measure of motor per- 
formance would be evident if the 
measure is able to detect clinically 
relevant change in quality of move- 
ment, regardless of whether the 
change is large or  small and positive 
or negative in direction. 

Item Range and Descrlption 

The usehlness of a measure can also 
be determined by examining the clar- 
ity, completeness, and suitability of its 
items. Items in an evaluative measure 
should be judged on the basis of both 
clinical relevance and potential respon- 
siveness to change.3 Activities in a mea- 

sure of gross motor performance must 
be clearly defined and relevant to im- 
portant aspects of disordered move- 
ment common to cerebral palsy, and 
they must utilize a scoring system that 
allows quantification and detection of 
small changes in performance. 

R d e w  of Motor 
Performance Measures 

Selection of measures for review was 
based on an extensive search of pub- 
lished and unpublished sources. We 
decided to include only published 
measures in this review, because mea- 
surement properties are not available 
for unpublished measures and unpub- 
lished measures are not easily avail- 
able for readers to investigate on 
their own. 

Measurement criteria have been ap- 
plied to 10 measures of gross motor 
behavior reported in the literature 
during the period 1965 to 1330. Mea- 
sures were selected on the basis of an 
Indm Medicus search using the Medi- 
cal Subject Heading's key words 
"cerebral palsy," "child development," 
"motor skills," "movement disorders," 
and "psychomotor disorders." The 
selected measures were originally 
developed to assess general gross 
motor behavior, but also had to incor- 
porate some measure of performance. 
A summary of the 10 instruments re- 
viewed is presented in the Table. 

Test of Motor lmpalrment 

Stott and colleagues16 reported on a 
validation study of the Test of Motor 
Impairment (TOMI) for discrimina- 
tion of clumsiness in children. Clum- 
siness has often been conceptualized 
as demonstrating impairments in 
quality of movement. Clumsiness is 
usually assessed, however, by measur- 
ing the inability to perform functional 
activities, rather than measuring the 
quality of the activity itself. Stott and 
colleagues revised the original Os- 
eretsky Test of Motor Ability and 
tested it on a sample of 949 5- to 
16-year-old nondisabled children in 
Great Britain and in North America. 
Discriminative validity was demon- 
strated in a sample of 48 boys divided 

into groups with normal and abnor- 
mal motor ability (X2=12.55, P<.001). 
Interrater reliability coefficients were 
satisfactory (Pearson r=.79-.93). Re- 
sponsiveness to change was not ad- 
dressed in the report. Many of the 
items involve high-level coordinated 
movements, such as jumping rope, 
which may be suitable for use with 
clumsy children, but are not appropri- 
ate for the majority of children with 
cerebral palsy. Scoring is undertaken 
on a pass/fail basis, which is unlikely 
to detect small changes in perfor- 
mance accurately. This test was one of 
the first instruments to identify the 
importance of motor performance in 
addition to motor function. 

Mllani-Comparettl Test 

Milani-Comparetti and Gidoni" re- 
ported on a measurement tool devel- 
oped in Italy for the purpose of 
screening children who have develop- 
mental delay. Information on num- 
bers and ages of children was not 
reported. The test is based on a theo- 
retical link between the evolution of 
reflexes and the emergence of sponta- 
neous behaviour. Reliability, validity, 
and responsiveness data were also not 
reported. A scoring system was not 
originally developed; thus, the test 
results required interpretation and 
could not be objectively quantified. 
Subsequently, Ellison and colleagueslH 
developed a five-point scale for the 
Milani-Comparetti Test and tested 999 
high-risk infants at ages 6 and 16 
months. Pearson Product-Moment 
Correlation Coefficients were calcu- 
lated between item scores and the 
three categories of normality, tran- 
sient abnormality, and abnormality. 
Statistically significant correlations 
(P< ,001) were found for all items. 
The Milani-Comparetti Test describes 
test procedures well and gives useful 
definitions of terminology relating to 
qualitative components of movement, 
such as spontaneity and coordination. 
The range of items is limited to those 
applicable to very young children. 
The Milani-Comparetti Test provides a 
solid basis for further instrument de- 
velopment in quality of movement. 
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Table. Review of Instruments for k e m ' n g  Gross Motor Performance 

Items 

Test Purpose Valldlty Reliability Responsiveness Rb DC 

TOMld Discriminative + + - - - 

Milani-Comparettie Discriminative + - - - + 
Wolanskif Discriminative - - - + + 
Bruininks-OseretskyQ Discriminative + + - - + 

Discriminative, + 
predictive 

MAPi Discriminative - - - + - 

Discrimnative, ? 
predictive 

Discriminative, + 
evaluative 

Discriminative + 
Discriminative, - 

evaluative 

"Plus sign (+) indicates instrument meets criteria; minus sign (-) indicates ' ~ o v e m e n t  Assessment of Infants (Volitional Movement section). 
instrument does not meet criteria o r  information is missing; question mark (?) 'Miller Assessment of Preschoolers (Quality of Movement Supple- 
indicates evidence is questionable. mental Measure) 
b ~ a n g e  of gross motor activities assessed. 'Test of Motor and Neurological Functions (Qualitative Movement 
'Description of qualitative components of movement. Subtest). 

d ~ e s t  of Motor Impairment. 'peabody Developmental Motor Scales. 

"Milani-Comparetti and Gidoni Test. 'Test of Motor Impairment-Henderson Revision. 

Nolanski Gross Motor Evaluation. "Objectives-Based Motor Skill assess men^ Instrument. 

gBruininks-Oseretsky Test of Motor Proficiency. 

Wolanski Gross 
Motor Evaluation 

Wolanski and Zdanska-Brincken19 de- 
veloped a screening, or  discrimina- 
tive, test for gross motor delay. Two 
hundred twelve apparently nondis- 
abled children from 3 to 13 months 
of age in Poland composed the test 
sample. Standardization features were 
not reported, and a later review indi- 
cated a lack of satisfactory reliability 
and validity data.20 The Wolanski 
Gross Motor Evaluation used percen- 
tile grids for achievement of motor 
milestones in children on four dimen- 
sions: head and trunk movements, 
sitting, standing, and locomotor devel- 
opment. The test's original use was 
for quick screening of developmen- 
tally delayed children's movement 
patterns, rather than for assessing the 
disordered movement characteristic 

of children who have cerebral palsy. 
The instrument provides detailed de- 
scriptions of body parts during move- 
ment and uses a scoring system that 
allows summary scores to be calcu- 
lated in the four dimensions. The pri- 
mary strengths of this test are the 
range of items assessing movement 
quality and the items' relationship to 
functional activities. 

Brulninks-Oseretsky Test 
of Motor Proficiency 

Bruininks21 published a further ver- 
sion of the Oseretsky Test of Motor 
Proficiency, which was standardized 
on a sample of 765 nondisabled 
North American children between the 
ages of 5 and 14 years. The test has 
satisfactory reliability coefficients. Test- 
retest reliability scores averaged ,237 
(unspecified statistic) for the com- 

plete battery. Interrater reliability var- 
ied between .90 and .98 (unspecified 
statistics). Content, construct, and cri- 
terion validity are claimed for a non- 
disabled population. Responsiveness 
to clinically important change has not 
been reported, because the purpose 
of the test is discriminative. Terminol- 
ogy about motor quality is well de- 
fined, and a scoring system is avail- 
able. The main limitation of the 
instrument for assessing performance I 

concerns the range of items suitable 
for children who have cerebral palsy. 
Items test mainly high-level motor 
abilities, such as simultaneous upper- 
and lower-limb coordination. We be- 
lieve these items are not usually rele- 

t 

vant for the majority of children with 
cerebral palsy. The Bruininks- 
Oseretsky Test of Motor Proficiency, 
however, does have wide application 
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and value in the assessment of devel- 
opmental delay and clumsiness. 

Movement Assessment 
of Infants 

Chandler and colleagues22 developed 
the Movement Assessment of Infants 
(MAI) for use in discriminating 
among children with motor disorders 
in a high-risk population. The instru- 
ment can be used to assess muscle 
tone (or "readiness to respond to 
gravityW22(p25)), primitive reflexes, au- 
tomatic reactions, and volitional 
movement. For the purposes of this 
review, it. is useful to focus on the 
Volitional Movement section of the 
MAI, because this section describes 
both functional and qualitative com- 
ponents of gross motor behavior. Har- 
ris and cc~lleagues23~24 have reported 
only fair reliability for the overall MAI 
when used with 53 full-term and pre- 
term 4-month-old infants. Pearson 
Product-Moment Correlation Coeffi- 
cients were .72 for total-score inter- 
rater reliability and .76 for test-retest 
reliability. Reliability coefficients for 
the Volitional Movement section were 
generally poor to fair. Interrater reli- 
ability was .65 and test-retest reliabil- 
ity was .16 for the Volitional Move- 
ment iterns. The MAI was initially 
tested for validity in the United States 
on a sample of 35 high-risk children, 
aged newborn to 1 year. Investiga- 
tions of predictive validity have 
yielded values valying from poor 
(Pearson r=  .09-.37) to good (correct 
identification of 74% of children with 
cerebral palsy), depending on the 
study design, sample, and outcome 
standard used.25-2-28 Of interest for this 
review is the common finding of 
three of these studies that the Voli- 
tional Movement section was the best 
predictor of 0utcome.~9 This finding 
indicates the importance of items that 
assess function and performance in 
the prediction of a diagnosis of cere- 
bral palsy. 

Responsiveness, o r  sensitivity to 
change in motor development, of the 
MAI has been studied in comparison 
with responsiveness of the Peabody 
Gross Motor Scale.30 A small sample 
of infants; with Down syndrome 

(N= lo), aged 6 to 42 weeks, showed 
minor changes on the MAI (t=3.99, 
df=9, P <  .01; two-tailed), but not on 
the Peabody Gross Motor Scale (t= 
2.23, df=9, P>.05), over a 6-week 
period. Responsiveness for children 
with a diagnosis of cerebral palsy 
over a longer period of time has not 
yet been established. The MAI has a 
well-constructed scoring system and 
clear item definitions, which encom- 
pass many features of motor dysfunc- 
tion apparent in children who have 
cerebral palsy. As the test was devel- 
oped for very young children, it does 
not include many gross motor items, 
and none are at a level higher than 
walking. The MAI, therefore, has lim- 
ited value for assessing motor perfor- 
mance for a wide range of children 
with cerebral palsy. The MAI is a land- 
mark test, as it was the first to apply 
the assessment of movement perfor- 
mance to children with disordered 
movement. 

Miller Assessment 
of Preschoolers 

MilleP published a screening test, 
the Miller Assessment of Preschoolers 
(MAP), to discriminate among 3- to 
6-year-old children who have delays 
in sensory, motor, and cognitive abili- 
ties. The purpose of the MAP was to 
identlfy children who may have future 
problems in school performance. The 
main test was standardized on 616 
children in the United States. Supple- 
mental appendixes were compiled to 
assess qualitative aspects of language, 
vision, touch, movement, and drawing 
abilities. An interrater reliability coeffi- 
cient (Pearson r =  .98) was obtained 
for a sample of 40 preschool-aged 
children. Test-retest reliability (Pear- 
son r=.81) was obtained for another 
sample of 90 children. Validity has 
been investigated by Miller in four 
categories: content, criterion, con- 
struct, and predictive. Thus, validity 
and reliability coefficients have been 
satisfactory for the main test, but the 
supplemental measures have not yet 
been standardized.32~33 The Quality of 
Movement Supplemental Measure 
includes a wide range of items to as- 
sess motor dysfunction typical of chil- 
dren with cerebral palsy. Terms such 

as "stability" and "hang," however, 
are not well-defined, and scoring is 
limited to a presenvabsent scale, 
which may have limited value in eval- 
uating gradual change in motor be- 
havior. The MAP also includes a mea- 
sure of the child's behavior during 
testing, which may be of value in in- 
terpreting test results. 

Test of Motor and 
Neurological Functions 

DeGangi and c0lleagues3~ developed 
the Test of Motor and Neurological 
Functions (TMNF) for discriminative 
purposes in a high-risk population 
under 1 year of age. This test assesses 
muscle tone, primitive reflexes, and 
automatic postural reactions in spe- 
cific subtests. It also assesses qualita- 
tive movement during functional ac- 
tivities of the Bayley Motor Scale. 
Using a sample of 56 full-term, high- 
risk children in the United States, con- 
struct validity was demonstrated on all 
sections of the test. Atypical qualitative 
movement findings were significantly 
greater for preterm infants at age 0 to 
9 months, but not at age 10 to 12 
months. Discriminative validity was 
reported for only two items on the 
qualitative subtest (arching of trunk, 
neck hyperextension). Excellent inter- 
rater reliability (intraclass reliability 
coefficients = .93-.97) has been re- 
ported for a mixed subsample of chil- 
dren (n=23).35 Responsiveness to 
change was not addressed in the test- 
ing of this discriminative instrument. 
The section of the TMNF that tests 
abnormal movement qualities is com- 
prehensive and uses a descriptive ap- 
proach. Item definitions, however, are 
not available, and scoring is only on a 
presenvabsent basis, making it diffi- 
cult to assess gradual change in chil- 
dren who have cerebral palsy. None- 
theless, the qualitative content of the 
TMNF appears to have excellent po- 
tential for further development of 
measures of motor performance in 
very young children. 

Peabody Developmental 
Motor Scales 

Folio and Dubose36 developed the 
Peabody Developmental Motor Scales 
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(PDMS) as a test having the ability to 
discriminate between motor-delayed 
and nondisabled children. The PDMS 
is also claimed to be able to evaluate 
change over time and to aid in treat- 
ment planning. The normative sample 
was 617 newborn to 7-year-old chil- 
dren in the United States, of whom 
104 had identified developmental mo- 
tor problems. Good test-retest (Pear- 
son r=.88) and interrater reliability 
(Pearson r=  .99) coefficients have 
been reported.37 Predictive validity 
has been reported as poor ( r 5  .GO), 
and concurrent criterion validity with 
the Bayley Motor Scale has been dem- 
onstrated (r= .63-.93).37~38 Responsive- 
ness to change was apparently investi- 
gated in a 12-week pilot study, but the 
results have not been published in 
the scientific literature. Functional 
items are well-defined, and a raw 
score (or scaled score for children 
with handicaps) can be calculated. 
The PDMS has become widely used 
in the assessment of motor delay in 
older children. A lack of items relat- 
ing to quality of movement, however, 
is the main drawback of the test for 
its use in assessing motor perfor- 
mance in cerebral palsy. 

Test of Motor 
Impairment-Henderson Revision 

Stott and colleagues39 have reported 
on the Henderson Revision of the 
Test of Motor Impairment (TOMI-H). 
The test was standardized on a sam- 
ple of 923 children between the ages 
of 5 and 12 years in Canada and Great 
Britain. The test is intended to identify 
motor impairment in areas of manual 
dexterity, ball-handling skills, and bal- 
ance and includes such high-level 
items as jumping over a rope and 
catching with one hand. This version 
of the TOM1 includes a detailed 
checklist of Faults of Motor Control, 
which assesses movement patterns 
and coordination. It also measures 
responses to environmental demands 
in terms of timing and control of 
force during activities as well as be- 
havioral responses. The TOMI-H has 
been reported to have satisfactory 
reliability and concurrent validity co- 
efficients.40t41 Test-retest reliability was 
calculated for 41 children, aged 4 to 

7 years. A Kappa agreement statistic of 
.71 was obtained in the study. Concur- 
rent validity with the Bruininks- 
Oseretsky Test of Motor Proficiency 
was demonstrated (K=.58). The three- 
point scoring system is suitable for a 
discriminative measure designed to 
provide a diagnosis, but may not be 
adequate for the evaluative purpose 
of assessing change. The TOMI-H 
identifies many important motor con- 
trol dimensions in the assessment of 
motor quality, but does so primarily 
for advanced motor activities. 

Objectives-Based Motor Skill 
Assessment Instrument 

Ulrich42 developed the Objectives- 
Based Motor Skill Assessment Instru- 
ment (OBMSAI) as a criterion- 
referenced test. The test is claimed to 
be useful in discriminating between 
handicapped and nonhandcapped 
students as well as in evaluating the 
effectiveness of motor skills programs. 
The test measures 12 advanced gross 
motor skills such as running, hopping, 
leaping, and kicking. Qualitative motor 
components such as body alignment, 
sequencing of movement, and weight 
transfer are assessed on a mastery/ 
nonmastery basis. Reliability estimates 
have been satisfactory, although valid- 
ity and responsiveness studies have not 
yet been reported. Ulrich43 calculated 
test-retest reliability in a sample of 120 
children, aged 3 to 10 years. Kappa 
agreement statistics varied from .62 to 
.84. The test appears to be suitable for 
assessing qualitative aspects of delayed 
development, but may be less useful 
for the disordered movement charac- 
teristic of cerebral palsy. The OBMSAI 
illustrates the approach to movement 
assessment taken by our colleagues in 
the field of adapted physical education. 

Summary 

This review of published measures 
that incorporate quality of movement, 
or motor performance, reveals a wide 
variety of instruments developed orig- 
inally for discriminative and predictive 
purposes. Only two instruments 
(PDMS and OBMSAI) were developed 
with the stated purpose of evaluating 
change. Neither instrument, however, 

has published evidence of responsive- 
ness in detecting clinically important 
change. Subsequently, there appears 
to be a lack of measures of motor 
performance appropriate for use in 
treatment effectiveness studies in 
cerebral palsy. 

The qualitative movement content of 
the instruments reviewed is wide- 
ranging and creative and indicates 
that many authors consider motor 
performance to be imporrant to as- 
sess. Most instruments were devel- 
oped for use either in high-risk set- 
tings or for older children with 
developmental delay. Consequently, 
the range of qualitative items in ind-  
vidual tests is situated either at the 
low or high end of the motor activi- 
ties spectrum. Qualitative item de- 
scriptions vary considerably in detail. 
Some descriptions are appropriate for 
disordered movement, whereas oth- 
ers are more suitable for normal and 
delayed development. Item scoring is 
usually on a dichotomous basis, be- 
cause the primary purpose of most of 
the instruments is to discriminate be- 
tween groups of children. No single 
instrument's item and scoring ar- 
rangements appear to be optimal for 
evaluating movement performance in 
children with cerebral palsy in whom 
small changes may occur over a large 
range of activities. 

A number of issues must be ad- 
dressed in the development of mea- 
sures of movement performance for 
children who have cerebral palsy. 
First, evaluative measures that can 
reliably assess small gradations of 
change in quality of movement are 
needed. Second, measures are 
needed that can assess motor capabili- 
ties across a wide range of children 
who have cerebral palsy, from the 
very young or  severely involved child 
to the older or  mildly involved child. 
Finally, measures of movement per- 
formance must address the character- 
istics of disordered movement that 
make the motor behavior of children 
with cerebral palsy unique. 

There are many challenges in these 
tasks. Previous efforts to measure 
quality of movement, such as those 
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cited in this review, have been instru- 
mental in setting the groundwork for 
future measurement development in 
this area 

References 

1 Guyatt GH, Walter SD, Norman G. Measur- 
ing change over time: assessing the usefulness 
of evaluative instruments. J Chronic Dis. 
1987;40:1;'1-180. 
2 Meenan RF, Anderson JJ, Kazis LE, et al. Out- 
come assessment in clinical trials: evidence for 
the sensitivity of a health status measure. Ar- 
thritis Rheum. 1984;27:13441352. 
3 Rosenbaum PL, Russell DJ, Cadman DT, et 
al. Issues in measuring change in motor func- 
tion in children with cerebral palsy: a special 
communic:ation. Phys Ther 1990;70:125-131. 
4 Bax MC. Terminology and classification of 
cerebral palsy. Dev Med Child Neurol. 
1964;6:295;-297. 
5 Hopkins B, Prechtl H. A qualitative approach 
to the development of movements during 
early infancy. In: Prechtl H, ed. Continuity of 
Neural Function from Prenatal to Postnatal 
L@ Philadelphia, Pa: JB Lippincott Co; 
1984:143-145. 
6 Scherzer AL, Tscharnuter I. Early Diagnosis 
and Therapy in Cerebral Palsy. New York, NY: 
Marcel Dekker Inc; 1982:87-97. 
7 Parrette HP, Hourcade JJ. A review of thera- 
peutic intervention research on gross and fine 
motor progress in young children with cere- 
bral palsy. Am J Occup Ther. 1984;38:462468. 
8 Campbell SK. Measurement in developmen- 
tal therap).: past, present, and future. In: Miller 
L, ed. Developing Norm-referenced Standard- 
ired Tests. Binghamton, NY The Hawonh Press 
Inc; 1989: 1-13, 
9 Russell DJ, Rosenbaum PL, Cadman DT, et 
al. The gross motor function measure: a means 
to evaluate the effects of physical therapy. Dev 
Med Child Neurol. 1989;3 1:341-352. 
10 Harris SR, Brady DK. Infant neuromotor 
assessment instruments: a review. Physical and 
Occupational Theram in Pediatrics 1986;6: 
85-1 17. 
11 Kirshner B, Guyatt GH. A methodological 
framework for assessing health indices. 
J Chronic Dis. 1985;38:27-36. 
12 Bayley N. Bayley Scales of Infant Develop- 
ment. New York, NY The Psychological Corp; 
1969. 
13 Bleck EE. Locomotor prognosis in cerebral 
palsy. Dev Med Child Neurol. 1975;17:1%25. 

14 Carmines EG, Zeller R. Reliability and va- 
lidity assessment. In: Sullivan JL, ed. Quantita- 
tive Applications of the Social Sciences. Lon- 
don, England: Sage Publications Ltd; 1979. 
15 Mitchell SK. Interobserver agreement, reli- 
ability, and generalizability of data collected in 
observational studies. Psycho1 Bull. 1979; 
86:376390. 
16 Stott DH, Moyes FA, Henderson SE. Test of 
Motor Impairment. Guelph, Ontario, Canada: 
Brook Educational Publishing; 1966. 
17 Milani-Comparetti A, Gidoni EA. Pattern 
analysis of motor development and its disor- 
ders. Dev Med Child Neurol 1967;9:625-630. 
18 Ellison PH, Browning CA, Larson B, Denny 
J. Development of a scoring system for the 
Milani-Comparetti and Gidoni method of ad- 
dressing neurologic abnormality in infancy. 
Phys Ther 1983;63:14141423. 
19 Wolanski N, Zdanska-Brincken M. A 
graphic method for the evaluation of motor 
development in infants. Dev Med Child Neurol. 
1969;11:22&241. 
20 Wunh BH. Review of the Wolanski Gross 
Motor Evaluation. Physical and Occupational 
Therapy in Pediatrics, 1980;1:63-70. 
21 Bruininks RH. Bruininks-Oseretsky Test of 
Motor ProJciency. Circle Pines, Minn: Ameri- 
can Guidance Service; 1978. 
22 Chandler LS, Andrews MS, Swanson MW. 
Movement Assessment of Infants: A Manual. 
Rolling Bay, Wash: Child Development and 
Mental Retardation Center; 1980. 
23 Harris SR, Haley SM, Tada WL, Swanson 
MW. Reliability of observational measures of 
the Movement Assessment of Infants. Phys 
Ther. 1984;64:471475. 
24 Haley SM, Harris SR, Tada WL, et al. Item 
reliability of the Movement Assessment of In- 
fants. Physical and Occupational Therapy in 
Pediatrics 1986;6:2 1-39. 
25 Harris SR, Swanson M W ,  Andrews MS, et 
al. Predictive validity of the Movement Assess- 
ment of Infants. Developmental and Behav- 
ioral Pediatrics. 1984;5:336342. 
26 Harris SR. Early detection of cerebral palsy: 
sensitivity and specificity of two motor assess- 
ment tools. J Perinat Med 1987;7:11-15. 
27 Harris SR. Early neuromotor predictors of 
cerebral palsy in low binhweight infants. Dev 
Med Child Neurol. 1987;29:50&519. 
28 Paban M, Piper MC. Early predictors of 
one-year neurodevelopmental outcome for 
at-risk infants. Physical and Occupational 
Therapy in Pediatrics 1987;7: 17-34, 
29 Palisano RJ. Review of research on  reliabil- 
ity and validity of the Movement Assessment of 

Infants. Pediatrics in Physical Therapy 
1989;1:167-172. 
30 Lydic JS, Shon MA, Nelson DL. Comparison 
of two scales for assessing motor development 
in infants with Down's syndrome. Occupa- 
tional Therapy Journal of Research. 1983; 
3:213-221. 
31 Miller LJ. Miller Assessment for Preschool- 
ers. Littleton, Colo: Foundation for Knowledge 
in Development; 1982. 
32 Miller LJ. Longitudinal validity of the Miller 
Assessment for Preschoolers: study 11. Percept 
Mot Skills 1988;66:811-814. 
33 Daniels L. Miller Assessment for Preschool- 
ers: an analysis of score patterns for children 
with developmental delays. Can J Occup Ther. 
1990;57:205-213, 
34 DeGangi GA, Berk RA, Valvano J .  Test of 
motor and neurological functions in high-risk 
infants: preliminary findings. Developn~ental 
and Behavioral Pediatrics 1983;4:182-189. 
35 Valvano J ,  DeGangi GA. Atypical posture 
and movement findings in high risk and pre- 
term infants. Physical and Occupational Ther- 
apy in Pediatrics. 1986;6:71-81. 
36 Folio R, Dubose RF. Peabody Developmen- 
tal Motor Scales. Nashville, Tenn: George Pea- 
body College for Teachers; 1983. 
37 Hinderer KA, Richardson PK, Atwater SW. 
Clinical implications of the Peabody Develop- 
mental Motor Scales: a constructive review. 
Physical and Occupational Therapy in Pediat- 
rics 1989;9:81-106. 
38 Palisano RJ. Concurrent and predictive va- 
lidities of the Bayley Motor Scale and the Pea- 
body Developmental Motor Scales. Phys Ther. 
1986;66:17141719. 
39 Stott DH, Moyes FA, Henderson SE. Test of 
Motor Impairment: Hendenon Revision. 
Guelph, Ontario, Canada: Brook Educational 
Publishing; 1984. 
40 Slaton DS, Nichols PJ. Test of Motor Im- 
pairment. an overview. Physical and Occupa- 
tional Therapy in Pediatrics. 1987;4:91-100. 
41 Riggen KJ, Ulrich DA, Ozmun JC. Reliability 
and concurrent validity of the Test of Motor 
Impairment-Henderson Revision. Adapted 
Physical Education Quarterly. 1990;7:249-258. 
42 Ulrich DA. The Objectives-Based Motor Skill 
Assessment Instrument Carbondale, Ill: South- 
ern Illinois University Press; 1982. 
43 Ulrich DA. Reliability of classification deci- 
sions made with the Objectives-Based Motor 
Skill Assessment Instrument. Adapted Physical 
Education Quarterly. 1984;1:52-60. 

Physical Therapyllrolume 71, Number ll/November 1991 




