Reliability and Score Differences

Introduction

Consistency of measurement across items and testing occa-
sions is an important attribute of good instruments.
Because important decisions about the treatment or place-
ment of children may rely on information from the M-P-R,
several different types of reliability estimates were calcu-
lated. Both classical test-theory and item-response theory
(IRT) approaches to reliability estimation were employed.
Since some users of the M-P-R may be less familiar with
IRT approaches to reliability, classical reliability coeffi-
cients were seen as an essential adjunct to IRT information.

When testing professionals employ conventional norm-
referenced scales, information such as standard scores
and classical reliability coefficients are used in setting
confidence intervals around scores reported to teachers,
parents and others. When Rasch-based growth scales are
employed, the user is referred to Appendix E where the
standard errors are provided for each possible score. (As
the confidence interval is truly different for each and
every score, the Rasch confidence intervals are prefer-
able.) The section on Test-Information Curves provides a
visual representation of the measurement error and the
accuracy at the different growth scores which is valuabl
for those using the Rasch-based growth scores, though it

others who may make critical decisions about
Whichever approach is used, this
mates of the internal consistenc
standard error of measureme
curves for the various scales and

Figure 8.1 presents estimates of the internal-consistency
reliability of the Cognitive Battery scales. Importantly,
because Cronbach’s (1957) alpha coefficients were
employed, the estimates in Figure 8.1 are estimates of

the lower bound of internal reliability (Lord, 1980). This
is a measure that examines whether the items test the
same content, based upon consistency of response. Note
that each of the scales spans a large range of ages, but
that each estimate was calculated on the children within
the designated age group of the normative sample. Thus,
the reliability estimates are not inflated by developmen-
tal growth, as they would if calculated on the entire
normative sample. The reliability coefficients in Figure
8.1 are the basis for the standard error of measurement,
significance of score differences (standard error of the
difference), and other important elements of classical test
interpretation. For these reasons, lower-bound estimates
of internal consistency wer, d most beneficial to
prevent over interpretatio differences between
scores. Because ignts exceed .90, the
level of reliability considered excel-
lent, and useful ed decisions about
individual chi 996, p. 100). Fundamen-
tally, highgi sistehcy means that the items
are highly intercorrelated and

the Cognitive Battery (40 and 19 items,
ctively, compared to 59-238 for the other scales)
orter scales are typically lower in reliability than
mger scales. However, even reliabilities in the .77
range are found in prominent cognitive batteries (e.g.,
some of the subtests of the Wechsler scales, Wechsler,
1991). As compared to the longer scales, the Memory
and Speed scales should be used for generating clinical
hypotheses, and not for decisions about individual chil-
dren’s placement or diagnosis. Due to the difficulties in
accurately measuring memory and speed in infants, the
scales begin around 18 months of age with norms at 23
months of age. Also, as shown in Figure 8.1, Receptive
Language begins at 13 months, due to the lesser degree

Figure 8.1 Internal Consistency (Alpha) Reliability Coefficients for the Cognitive Battery Scales of the M-P-R

Cognitive Battery Scales

Age Group Number Developmental

in Months of Subjects Index Cognitive
0-12 195 .98 .96
13-24 161 .97 .93
25-48 340 .98 .95

49+ 372 .97 .92

Average

Reliability .98 .94

Receptive
Language Fine Motor Memory Speed Visual Motor
— .94 — — .95
.93 .90 .70 .70 .92
.96 .92 .84 .84 .90
91 .87 .74 74 .82
.94 91 77 T7 91
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Figure 8.2 Internal Consistency (Alpha) Reliability Coefficients for the Gross Motor Battery and
Social-Emotional, Self-Help/Adaptive and Language Scales of the M-P-R

Remaining Scales

Age Group Number of Gross Motor Social-Emotional Self-Help/ Language Expressive
in Months Subjects Total Development Adaptive Total Language
0-12 195 .96 94 94 — —
13-24 161 .94 .90 .93 .98 .97
25-48 340 .92 .94 .94 .98 .97
49+ 372 .90 .92 .93 97 .96
Average
reliability .93 .93 .94 .98 .97

of vocabulary development in infants, and the difficul-
ties in measuring “‘communication”, without vocabulary
development.

Figure 8.2 shows the internal consistency estimates for
the Gross Motor Battery total, the Social-Emotional,
Self-Help/Adaptive and Language scales. Again, the reli-
abilities are very strong, and allow the examine
confidence in using the scales in making decisions about
individual children (Gregory, 1996).

Conventional Standard Errors of Measure

The conventiona
consistency relia
the standard sco

anddrd deviation of
e square root of 1.0
minus the reliability coefficie ote that for Rasch-
based growth scores, e value has a standard
error associated with it (see section on Growth Scores).
The conventional standard errors of measurement for the
M-P-R scales are useful for placing conventional confi-
dence intervals around obtained scores and, generally,
for examiners and parents/ guardians to appreciate the
degree of error in any test score. One traditional method
of forming confidence intervals is to add or subtract a
numerical amount (based on the SEM) from a given

obtained score. Intervals constructed from one SEM

is expected to occur 68 per cent
classic percentage of the normal
one SD of the mean. If an individ-
d numerous times (hypothetically), his or
ed Scores would theoretically form a normal
SEM as the standard deviation of the obtained
or greater confidence, a 95 per cent confidence
al can be formed from just under two SEM’s (1.96
,added or subtracted from the obtained score).

An example of the construction of SEM confidence
intervals is as follows.

An 11-month-old girl was administered the
Cognitive scale. She obtained a standard score of
110. As shown in Figure 8.3, the SEM for the
Cognitive scale, at this age, is 3.00 (15 times the
square root of [1.0 minus the reliability of .96]). A
68 per cent confidence interval around the obtained
score would be 107 to 113, and a 95 per cent confi-
dence interval would be approximately 104 to 116.
The parents could be told, with 95 per cent certainty,
the child’s true score is in the 104 to 116 range. This
will help them to understand the error factor in all
such test scores.

Figure 8.3 Conventional Standard Errors of Measurement for the Cognitive Battery Scales of the M-P-R

Cognitive Battery Scales

Age Group Number Developmental
in Months of Subjects Index Cognitive
0-12 195 212 3.00
13-24 161 2.60 3.97
25-48 340 212 3.35
49+ 372 2.60 4.24

Receptive

Language Fine Motor Memory Speed Visual Motor
— 3.67 — — 3.35
3.97 4.74 8.26 8.26 4.24
3.00 4.24 6.00 6.00 4.74
4.50 5.7 7.65 7.65 6.36
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Figure 8.4 Conventional Standard Errors of Measurement for the Gross Motor Battery
and Social-Emotional, Self-Help/Adaptive and Language Scales of the M-P-R
Remaining Scales

Age Group Number of Gross Motor Social-Emotional Self-Help/ Language Expressive

in Months Subjects Total Development Adaptive Total Language
0-12 195 3.00 3.67 3.67 — —
13-24 161 3.67 474 3.97 212 2.60
25-48 340 424 3.67 3.67 212 2.60
49+ 372 474 424 3.97 2.60 3.00

Table 8.5 Scaled Score Means, Standard Deviations and Test-Retest Correlations
for the M-P-R Developmental Scales, Minus Expressive Language
Cognitive Battery Scales
Developmental Receptive Fine Visual Social- Self-
Index Cognitive  Language Motor Motor Speed Emotional  Help

Correlation .89 .87 .90 .90 .90 .84 .89 .84
Time 1 Mean 94.3 97.8 98.4 99.7 98.2 94.6 3. 102.9 105.3
Time 1 SD 11.9 18.4 14.1 11.2 10.5 28.9 . 19.1 14.2
Time 2 Mean 94.0 994 100.6 100.8 101.4 102.5 101.5 104.7
Time 2 SD 32.7 21.2 14.6 10.8 12.9 10.8 15.8 11.0
Test-Retest Reliability Coefficients i . etest correlations for the Examiner

A sample of 41 children, ages 3 to 70 (median 44) wer
administered the Cognitive Battery on two occasions. an ed the Examiner Rating Scale following the
letion of the Cognitive Battery. The diagonal ele-
are the scale reliabilities. One should note that
the developmental scales. The nu e fngry” is substantially lower than “organized”. This does
not necessarily mean this scale exhibits measurement prob-

lems, but that children who are angry in the testing setting

cognitive scales show very small practice effe i Figure 8.6 Internal Consistencies (alpha)
for Examiner Rating Scale

on developmental tests (e.g., Bayley, 1993). In this case, Examiner Rating Scale
there was very little change from the first (Time 1) to the Scales Under 18 months 18 months Up
second (Time 2) testing. Attention 49

Fearful .86
Reliability of Temperament Measures, Emotionality 73
Parent and Examiner Angry .78
The measures addressed above are developmental in Active .90
nature. A stable, gradual increase in score, with age, Organized .95

would be expected for these scales. Reliability, for these
measures, means the scales measure very similar content

(alpha) and that the behaviors would not change across Figure 8.7 Internal Consistencies (alpha)
time (test-retest). for Temperament Rating Scales

Parent Temperament Rating
Alphas for the measures are shown in Figure 8.6 and Scales Under 18 mo. 18 mo. Up
Figure 8.7. As one would expect, these reliabilities are Easy 77 .94
not terribly high for the very young children, but much Difficult .67 .81
higher for children 18 months of age and older. Fearful .68
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Figure 8.8: Examiner Rating Scale Test-Retest Reliability,
3 Weeks (Diagonal elements are reliability,
upper right are first test left column by retest top row.)

Retest
Test Angry Active Organized
Angry .53 -.33 -.09
Active .66 19
Organized .90

may not have an angry temperament, and are angry much
of the time. They may have been upset as a “state” rather
than as a “trait”. Something may have happened at that par-
ticular time, such as they were not allowed to go out and
play. However, children who are “organized” in the testing
setting, are also likely to be “organized” at the retest
setting, and are likely to have an “organized” temperament.

Infant Language and Memory Scales

The Infant Language and Memory scales are just small
scales that assess children’s emerging social communica
tive responses (infant language) and infant memory

Figure 8.9 Information

Developmental Index

(including object permanence). These are not central
scales of the M-P-R, but rather are ways to examine
these emerging abilities in research studies, and to better
understand a child’s performance. Behaviors like this,
assessed in very young children, on very short measures,
tend not to be as stable as measures of cognitive abilities,
especially at older ages. Still, they provide valuable
information for certain purposes. The internal consis-
tency (alpha) for the brief Infant Language scale is .62.
(This scale is not added into the 12 - item Parent Report
of Expressive Language, but is meant to supplement that
data for interpretative purposes.) The internal consis-
tency (alpha) for the Infant Memory scale is .74. This is
i dded into the Memory scale in the

9 shows the test information curves for the
ental Index and several other Growth Scales,

Develoy

elopmental Scales

Receptive Language

Test Information

Test Information

330 343 357 37 384 308 412 425 439 453 466 480

Growth Score

Fine Motor

Test Information

3 351 362 313 384 395 406 417 428 439 450 461 472 483
Growth Score

390 398 405 413 421 428 436 444 452 459 467 475 483
Growth Score

Expressive Language

Test Information

405 413 421 428 436 444 451 459 467 475
Growth Score
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Figure 8.9 Continued Information Curves for Developmental Scales

Overall Language

Test Information

420 429 437 446 455 463 472
Growth Score

Gross Motor

Test Information

300 313 327 341 354 368 382 395
Growth Motor,

Note: One of the reasons for the depre.
does not begin until part of the way thr

Social Emotional Development

Test Information

56 462 68

418 456 466 475

428
Growth Score

437 a7

or young children in the Developmental Index is that Receptive Language

consisting of all Rasch-scaled items.
clearly show the ranges where there is the greatest accu-
racy in assessing the individuals score. Unlike the
traditional standard error of the measure which is identi-
cal across all test score values, here it can clearly be seen
that there is greater accuracy (lower standard error of the
measure) in the middle of the range and lower accuracy
in the extremities. While not a graph or standard errors,
similar data is available in the standard error table for the
Raw to Rasch conversions (See Appendix). Knowing
where the greatest accuracy levels exist can be important
when more permanent, irreversible decisions are being
made with information from a test such as the M-P-R
scale scores. As you can see in these graphs, most of the
curves are not excessively steep and have a fairly flat
peak. This means they have good discrimination across a
range of ability (age). It also shows that test information

is lower for very young children and therefore, for that
group, test data should be held as being less reliable. One
should use the Rasch standard error of the measure to
assure a sufficiently broad range of possible true scores.
It also shows that, unless someone needs to look at
changes in growth scores across time or if the child’s
abilities are several years delayed, children should be
moved on to other measures at 6-years of age.

Differences Between Standard Scores

A description of the use of score differences in the inter-
pretation of the M-P-R was provided in Chapter 6. Tables
for identifying score differences — both statistical sig-
nificance and frequency of differences in the normative
sample— are provided in Figure 6.2 and the Appendix.
This section of the manual describes first the formula
employed in the development of those tables. Some
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Figure 8.10a Score Differences for Statistical Significance (Cognitive Battery Scales)

Standard Score Differences Required for Statistical Significance at the .05 Level
by Age Group for the Cognitive Battery M-P-R Scales

Age in Cognitive vs. Cognitive vs. Fine Motor vs. Visual Motor Visual Motor Memory
Months Receptive Language Fine Motor Receptive Language vs. Speed vs. Memory vs Speed
0-12 — 9.29 — — — —
13-24 11.00 12.12 12.12 18.20 18.20 22.90
25-48 8.81 10.59 10.18 14.99 14.99 16.63
49+ 12.12 13.94 14.25 19.50 19.50 21.20

Note: See elsewhere in Chapter 8 for details on the calculation and use of these values.

tables that arise from these formula can be useful in the
interpretation of test data.

Figures 8.10a-e employed the same age categories, and
the same internal consistency reliability coefficients as
those included in the earlier sections of this chapter. The
age groupings were 0 - 12, 13 - 24, 25 - 48, and 49
months or more. For ease of use, the differences betwee
scores, is listed at the .68 level. Usually, one will want to
approximately double this value (multiply it b
1.96 or 2) because of its widely recognized s
avoidance of the clinical-hypothesis levels
helps to reduce over-interpretation
Differences needed for significance were

employing a normal curve value, t or the
.05 level) and the standard errorgfot th EM)
of each score, as s in Formul . This is

discussed early i

Formula 8.1:
SEDiff. = 15* [SQRT(SEM1*SEM 1 + SEM2*SEM?2)]
The formula for the standard error of measurement is the
familiar one shown in Formula 8.2, below.

Formula 8.2:
SEM = 15*SQRT (1.0 - reliability)

Where reliability (r) is the internal consistency estimate

ference scores and the cumulative distributions
ed in percentiles for each pair. Clinically mean-
dercentiles were identified and listed in the
appendix table—the 1, 2, 3, 5,10, 15 and 25 percentile
points. These percentile points are the most relevant for
clinical interpretation, because it is the rarity of the dif-
ference (low percentile points) that is of greatest
importance clinically. As typically found in other cog-
nitive batteries, a rule of thumb is to accept differences
as clinically important when they occur in 15 per cent
or less of the normative sample. For example, for the
difference between the Cognitive and Fine Motor
scales, a difference of at least 13 points is needed to
form clinical hypotheses. Note that the value 13 is not
quite significant at the .05 level as shown in the table.
To consider both significance and frequency, a magni-
tude of at least 14 points of difference is therefore,
needed. For decisions about children’s placements or
sensitive diagnoses based on differences, you should

Figure 8.10b Score Differences for Statistical Significance (Cognitive Battery with Additional Scales)
Standard Score Differences Required for Statistical Significance at the .05 Level by Age Group
for the Differences Between Scores on the Cognitive Battery and Other M-P-R Measures

Age in Cognitive vs. Cognitive vs. Expressive Language Social-Emotional vs. Fine Motor vs.
Months Gross Motor Total Language vs Receptive Language Self-Help/Adaptive Gross Motor
0-12 — 8.32 — 10.17 9.29
13-24 10.60 8.82 9.30 12.12 11.75
25-48 10.59 707 7.78 10.17 11.75
49+ 12.46 9.75 10.60 11.38 14.55

Note: See elsewhere in Chapter 8 for details of the calculation and use of these values.

132 © 2004 by Stoelting » 620 Wheat Lane » Wood Dale, IL 60191 ¢ Merrill-Palmer-R * Manual * Cat. No. 37064M



Figure 8.10c Score Differences at Several Significance Levels (Cognitive Battery Scales)
Values of Standard Score Differences at Various Percentiles of the Normative Sample
of the M-P-R Language Scales used for All Ages of Children

Cognitive vs. Cognitive vs. Social-Emotional vs. Fine Motor vs.

Percentile Gross Motor Fine Motor Self-Help/Adaptive Gross Motor
25% 19 11 15 20
15% 24 13 19 25
10% 28 15 22 29
5% 32 19 28 35
3% 36 22 33 38
2% 40 26 38 40
1% 44 30 42 43

Note. For ages 1 to 78 months. See Chapter 8 for details of The calculation and use of these values. Clinical tradition suggests using
difference values that are relatively rare (15% for hypotheses or 5% or less for sensitive decisions).

Figure 8.10d Score Differences at Several Significance Levels (Cognitive Battery
Values of Standard Score Differences at Various Percentile
of the M-P-R Language Scales used for Age

Cognitive vs. Cognitive vs. Expressive Language vs.
Percentile Receptive Language Total Language Receptive age Receptive Language
25% 9 15 16
15% 12 19 20
10% 15 22 23
5% 18 27 21 28
3% 20 32 24 32
2% 21 28 34
1% 28 31 38

Note. Use for ages 12 months and above.
using difference values that are relative

Figure 8.10e Score Differences at Several Significang use only rare differences (5 per cent or less in fre-
(Supplemental Scales) quency), such as 19 points in this case (which is clearly
Values of Standard Score Differences at Various statistically significant).

Percentiles of the Normative Sample for the
Supplementary M-P-R Scales in the Cognitive Battery ~ Factor Analyses of the Examiner Rating

for use with Ages 12 Months and Above of Test Session Behavior

Visual Motor Visual Motor Memory A lengthy series of exploratory factor analyses were con-

Percentile vs. Speed vs. Memory vs. Speed ducted in the final selection of items for the Examiner
25% 14 13 14 Rating of Test Session Behavior. Analyses at the item
15% 18 16 17 level were conducted first, using principal component
10% 22 17 19 and maximum-likelihood factor analyses with varimax
5% 26 23 22 and direct-oblimin rotations. These were followed by
3% 28 26 25 principal-axis factor analyses of the subscales to verify
2% 32 28 28 the second-order factors that constitute the composite
1% 34 32 34 scores. All analyses were conducted on typical children
Note. Use with ages 12 months and above only. See Chapter 8 for from the standardization sample. Each series of analysis
Details of calculation and use of these values. Clinical tradition will be described, with emphasis on the subscale analy-
suggests using difference values that are relatively rare (15% for ses. It was felt that the (extensive) details of the item
hypotheses or 5% and less for sensitive decisions). factor analyses went beyond the scope of this test
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manual, and that the composite scores should be empha-
sized because they have wider applicability, and higher
reliability, than the subscales.

Because the Examiner Rating scale had the full standard-
ization sample of the M-P-R, matching the size (N =
1,068) of the standardization sample, extensive analyses
at each of several age levels were possible. The first
stage of data analysis was a comparison of principal-
component analyses (equamax rotations) the first 15
items by themselves which were aimed at younger chil-
dren and infants. Fewer responses (N = 195) were
available there versus the larger sample for older age
items. Items were those from the original 62-item
version of the Examiner Rating Scale employed in the
standardization study for the M-P-R (see Chapter 7).
Exploratory analyses using maximum-likelihood extrac-
tion with direct-oblimin rotation were also inspected. A
set of fairly reliable subscales were identified by the size
of factor loadings from these analyses, as shown i
Figure 8.11. These scales, varying in reliability from .78
to .94, were identified clusters of items that we
sensus” across the various types of facto
calculated. In each analysis, 3 factors e
younger children and 5 factors emerg
children. Factors were identified based

factor with factor loadings abo
nal consistency reli

Figure 8.12).

Because the subscales in Figur 0 were shown to cor-
relate among themselv cause Rasch scaling of
the items (Wright & Lineacre, 1999) suggested two
primary dimensions, higher-order factor analyses
(Gorsuch, 1983) were conducted on the subscales. As
shown also in Figure 8.11, the “positively” labeled
scales (organized, compliant, active, and attentive) were

clustered together on a factor labeled “Easy Child.” The
other scales (angry, emotional, and fearful) were found to
cluster on a second major factor labeled “Difficult
Child.” Some evidence was present in the factor analyses
and in the Rasch scaling that the “fearfulness” items
could be separated from the other Difficult Child sub-
scales. The reliability of these new longer, higher order
scales were then calculated and showed excellent levels
of reliability (see Figure 8.2 and Figure 8.12).

Figure 8.11 Factor Loadings on Higher-Level Factor Analysis of
Clear Internally Consistent Content Subscales, Identified in Item

Easy Child Difficult Child
Factor Factor
.83
a7
.76 (-.46)
72 (-.51)
78 71
Emotional .84 .83
Fearful .83 72

Figure 8.12 Internal Consistency Reliability (Alpha) of the Easy
Child, Difficult Child, and Fearfulness Scales of the Examiner
Rating of Test Session Behavior

Age Levels

(Months) Easy Child Difficult Child Fearfulness
18 -24 .90 .78 .82
25-48 .94 .85 .86
49-78 .94 .64 .68
Average .92 .83 .81
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Validity and Research Studies

Evidence of test validity traditionally includes content-
related, criterion-related and construct-related evidence,
collected over time, from a series of research studies. Such
evidence should be examined for each of the interpreta-
tions of test scores (e.g., multiple uses of the same test
score), rather than for the test or test scores per se (Amer-
ican Psychological Association, 1999). Messick (1980)
emphasized the overall importance of construct-related
evidence, but also introduced some new categories, such as
“consequential validity” which is the study of the effects of
using test results on the people and organizations that use
tests. Thus, there is not a single index of validity, such as a
correlation with another test, that can represent the validity
of all possible test interpretations. This chapter presents the
validity research conducted on the M-P-R, to date.

Content-Related Evidence of Validity

Gregory (1996) stated that “content validity is deter-
mined by the degree to which the questions, tasks, or
items on a test are representative of the universe of
behavior the test was designed to sample (p. 108).”
Several types of systematic sampling of item content,
examination of the “fit” of each item to the unidimen-
sional construct underlying a given scale, and other type
of evidence will be described for the M-P-R.

The need for accurate assessment of a wide rang
dren, including those who are ing

developing in exceptional ways,
cultures, point to the need for to

responding. The M-P-R emphasizes t
manipulatives to assess various dimensions of cognitive,
language, motor, and behavioral development.
Developmental abilities are defined as those behavioral
and cognitive skills that show a “growth” trend, in
typical children, across the first several years of life.
Many of these skills can be tested with toys, blocks, pic-
tures, and “game-like” tasks, for purposes of “child
friendly” assessment. The original Merrill Palmer Scales
(Stutsman, 1931) provided a “hands on” assessment of
developmental abilities for children ages 18 to 60
months. The original scales were widely used in special
education, especially for children with hearing difficul-
ties, speech and language delays and autism. Hence, the
M-P-R was designed to have some of the same content
and usefulness as the original scale, but with extensions
into infancy, and expanded coverage of all areas required
by IDEA (1997) legislation.

The project to revise, expand, and standardize the M-P-R,
has been a multi-year effort, with some Federal grant
support and extensive field testing. Each task was care-
fully scrutinized by the 57 examiners in the tryout phase
and the 100 examiners in the standardization phase, to
assure that the materials and subtests in each of the scales
would be effective, and easily administered to children.
After completing their assigned cases, examiners com-
pleted a series of questionnaires to obtain content and
procedural ratings of each subtest. Only subtests with
uniformly high ratings were retained without revision
(see Chapter 7). Some of the subtests of the Tryout
Edition, such as Action Words and Secret Code were
deleted because they requir, | responses (expres-
sive language).

mer Scales were
g to Carroll’s (1993)
became apparent the orig-
ide “array of factors, collected
tutsman (1931), developed by
¢ major facets represented in the
included fluid reasoning; various

t; speed of processing (e.g., quickness in
e assembly), and expressive and receptive language
development. Because these were precisely the types of
elopmental subdomains needed for a comprehensive
cognitive assessment, additional items were developed
for nearly all these existing areas of content.

After certain items were eliminated for modernization
and child-safety purposes (e.g., the 1930’s style puzzle
pictures, the button task and the “pink tower), major clas-
sifications of items were expanded into full subtests. The
area of expressive language (e.g., in the original “action
agents” verbal fluency questions) was separated from the
Cognitive Battery, after the Tryout Edition, a separate
Expressive Language scale was developed. Separating
Expressive Language from the Cognitive Battery
allowed the M-P-R to continue the traditional role of the
original Merrill-Palmer Scales in the assessment of chil-
dren with communication difficulties. Also, to assure
consistent content and construct validity, Teaching Items,
at the starting points of each subtest, were designed to
verify that children would clearly understand the assess-
ment task, prior to completing each type of item. The
total collection of subtests, particularly in the Cognitive
Battery, was designed to tap as many cognitive, fine
motor and receptive language abilities as possible, within

9
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testing-time constraints. The M-P-R was, thus, designed
on the basis of a unifying model of abilities (Carroll, 1993)
with the Cognitive Battery emphasizing limited English
language expression. In addition, Spanish language exam-
iner prompts were added, to increase the usage of the test
among children with limited English proficiency.

Pilot versions of subtests, in the age range of 1-18
months, were examined with particular focus on identi-
fying effective toys for infant assessment. Pilot testing
was followed by a comprehensive Tryout Edition admin-
istration to more than 500 children, ages 1 month to 7
years of age. Finally, 1068 (additional data was collected
to allow for the analysis of Native-American perform-
ance but are not included in the 1068 figure) children
were tested on an improved Standardization Edition,
using a national sample representative of SES and ethnic
backgrounds. Studies of internal reliability, factor analy-
ses, Rasch item and test scaling, and test bias were
conducted on both the Tryout and Standardizatio
Editions, and were used to establish subtests reflective of
major cognitive, motor, language, and behavio

(e.g., with the Bayley Scales of Infant
Stanford-Binet 5th Edition, Leiter

and content dimensions. Conte
various ethnic minorities, and
the 57 examiners i i
examiners in the
iar with cultur:
items. Items wit

sting), famil-
38, inspected all
nsistency (item-total
bias, or poor ratings

published version of the test. For a complete discussion
of these activities, see earlier chapters, including Chapter
7. Chapter 7 also reviewed some of the developmental
steps related to content validation. Consult Chapter 7 for
a discussion of the research basis for the Cognitive
Battery, the Gross Motor Scale, and the various Rating
Scales, which underwent careful development and
review by experts and examiners, in both Tryout and
Standardization Editions.

Kamphaus (1993) has emphasized the importance of
including empirical item analysis as a category of evi-
dence for content validity. Chapter 7 discussed several
aspects of the conventional item analyses conducted
on both the Tryout and Standardization Editions of the
M-P-R. Additionally, extensive analyses of items, using
item-response theory, were completed at both phases of

test development, and in the final adjustment of tasks for
the published edition. As Reckase (1996), Lord (1980),
and Wright and Stone (1979) have emphasized, item
selection with IRT methodology can provide a more
uniform measurement (in the sense of measurement error
or “test information”) up and down the scale continuum.
This was achieved in the M-P-R by employing the Rasch
(1980) program WINSTEPS (Lineacre, 2002) to
examine comprehensively the characteristics of items.
Two major types of evidence for item acceptability are
particularly related to content validity: a) the fit of the
items to unidimensional scales within each content
domain (and within each ability domain such as cogni-
age, fine motor), and b) absence of
ctioning (DIF, Holland & Wainer,

ined “following the screening of poorly fitting
r example, the entire set of Developmental
ognitive Battery) items were analyzed in one
analysis of 327 items with the normative sample
=1,068). Measures of model-data-fit for the Rasch
model included mean-square-fit indexes (information-
weighted “in fit” and outlier weighted “out fit”) and their
standardized equivalents. Each of these values, along
with item discrimination (item-to-total correlations) was
inspected for all items; with misfitting items removed in
most cases. In the Cognitive Battery, for example, only
11 items (3%) out of 327 had standardized outfit values
exceeding 3.0, and only 23 items (11%) out of 327
exceeded 2.0. Standardized in-fit values showed a
similar trend. Mean-square-fit indexes were originally
described by Wright and Stone (1979) and detailed by
Linacre and Wright (1990).

Through studies of differential item functioning (DIF),
the refined scales of this published edition of M-P-R
showed exceptional similarity in the correlations of dif-
ficulty parameters for each subgroup. In other words,
groups were quite similar in the ordering of items on the
underlying Rasch scales, denoting fairness of measure-
ment across groups. As explained in Hambleton and
Swaminathan (1985), item bias can be examined by
comparing item parameters across subgroups. In the case
of the M-P-R, separate Rasch-difficulty calibrations
were derived for pairs of subgroups including male and
female, Caucasian and African-American and Caucasian
and Hispanic groups. Separate calibrations for each item
were then plotted on item scatterplots, and the pattern of
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plotted points examined in comparison to a 45-degree
line and a best-fitting line. Confidence intervals, based
on standardized values, were then used to identify any
outliers from the linear relationships that signal consis-
tency across groups. Only a very small number of items
were detected as falling outside the confidence zones for
these scatterplots, and most of these items were removed
from the M-P-R.

Both the model-data-fit analyses and the item-bias
studies are related to content validity in the following
way: Except for rare instances, the M-P-R items consis-
tently measure the underlying construct dimensions
(developmental abilities) of the intended task, and are
relatively free from the influence of extraneous variables
such as ethnic differences. In other words, the items
appear to measure developmental abilities directly,
without the interference of “nuisance” variables. Thus,
content-related evidence of validity was established by a
combination of careful item-response theory analysis;
item selection or item development based on review of
the literature; scaling verification (to establish consis-
tency with development theory); expert review, and
empirical studies of internal consistency.

Criterion-Related Evidence of Validity

The word “criterion” is typically defined as an i
societal indicator or outcome suc
reaching a sales quota, or acc
measured by grades in gradu
status” (e.g., developmental d

test score interpretations (e.g., cutting scores on the DI
scale) and important societal criteria. Evidence of classi-
fication accuracy of M-P-R scores, often considered
criterion-related evidence, is presented in the section on
Consequential Validity in this chapter. The correlations
between M-P-R scores and various criterion tests will be
discussed first, followed by statistical comparisons of
various atypical groups. Finally, a section on consequen-
tial validity evidence follows.

Correlation with the Bayley Scales

of Infant Development Second Edition

A sample of 34 children, ages 1 to 39 months, was
administered both the Bayley Scales (BSID-2) and the
M-P-R Developmental Scales. The sample included 44%
females and 56% males with a mixture of geographic and
ethnic backgrounds. Caucasians composed 44% of the

sample, 6% were African-American and 50% were
Hispanic. The sample was composed of all typical (nor-
mative) cases. Parental education level was 28% less than
high school (HS), 22% HS or GED, and 50% post-HS.

Figure 9.1 presents the means, standard deviations and
correlations between the main Bayley score (the Mental
Scale) and M-P-R scores. The correlation between the
Mental Scale and the overall cognitive composite score
(Developmental Index) of the M-P-R is high, .92, as are
the correlations with the Fine Motor, Receptive Lan-
guage, Expressive Language and Memory scores, despite
the small sample. For the Bayley Motor Scale, only the
correlation with gross motord which is what would
e most widely used
erica, the correla-

Figure 9.1
Correlation
and M-P-R Cognitive Battery Scores

Correlations,
M-P-R Rasch to
Bayley Raw
Mean SD Mental  Motor
102.32 1227 .92 .57
101.70 10.52 .76 G2
Fine Motor 103.95 14.74 .86 49
Receptive Language 98.74  10.58 .92 .61
Expressive Language  103.00 15.45 .98 .36
Memory 95.35 12.58 .85 .76
Speed of Processing 104.23 12.69 48 .07
Visual Motor 100.62 11.12 .65 .23
Gross Motor 103.92 15.32 .51 .81
Social-Emotional Dev.  92.53  22.51 .79 .54
Self-Help/Adaptive 10049 17.53 .56 .31
Bayley Mental Scale 99.60 19.59
Bayley Motor 99.70 12.70

Note: Number of subjects = 24 Mental Scale (correlations with
Expressive Language and Parent Report Scales are lower)

When M-P-R and Bayley Mental Scale Standard Scores
were correlated, overall the four cognitive domain corre-
lations were strong. The highest correlation (other than
the Developmental Index with its high item number) was
the receptive language scale. This was somewhat surpris-
ing as the Bayley is not extremely verbally based. An
additional study was conducted for 17 children from the
Bayley/M-P-R sample who were given the Motor Scale
of the Bayley. The Bayley Motor Scale correlated .81
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with the M-P-R Gross Motor total score. Means of the
two scores showed a slightly higher mean for the M-P-R
score (99.7 for the Bayley Motor Scale and 103.92 for
the M-P-R Gross Motor total) with slightly higher stan-
dard deviations for the M-P-R (Bayley 12.7 and M-P-R
15.32). Generally the correlations were as would be
expected with the highest correlation with the gross
motor scale of the M-P-R (.81) and moderately high cor-
relation for fine motor (.49). One can speculate that the
high receptive language correlation (.61) was due to the
verbal instructions for motor performance, though the
high correlation with memory is unclear.

Correlation with the
Leiter International Performance Scale—Revised

A sample of 40 children, ages 37 to 78 months (median
58 months), were given both the Leiter-R Brief 1Q (4
subtests of the Visualization and Reasoning Battery) and
the M-P-R Cognitive Battery. The sample included 56%
females, 44% males, and a mixture of geographic ane
ethnic backgrounds. Caucasians composed 81% of the
sample and the rest (19%) were African-Americ,

Emotional Development an
standard score correlati

nd Correlations Between
itive Battery Scores
Correlation with
Leiter-R  Standard

Figure 9.2 Means,
the Leiter-R Brief 1Q and M-P-R

Score Mean SD Rasch Score

M-P-R Scores
Developmental Index 97.60 15.40 97 .94
Cognitive 98.83 16.42 .94 .89
Fine Motor 98.61 15.43 .96 .86
Receptive Language 98.06 14.98 .95 .85
Memory 98.93 1231 91 .75
Speed of Processing 101.75 13.41 .93 .83
Visual Motor 96.04 15.62 .96 .84
Language Total 103.06 16.81 .84 .84
Expressive Language 98.81 16.12 71 .50
Gross Motor Total 107.08 12.69 .70 .53
Social-Emotional

Developmental Total 99.08 15.02 .76 48

Self-Help/Adaptive Total 107.17 12.18 .75 .34

Leiter-R Brief 1Q 103.25 11.70

Figure 9.2 presents the means, standard deviations and
correlations between Leiter-R Brief IQ score and M-P-
R scores. The correlation between the Leiter-R Brief
IQ and the Developmental Index (DI) of M-P-R is
quite high (.97 and .94). The Leiter-R score is about 5
points higher than the M-P-R DI score, which may be
due to the exclusive non-verbal (and cognitive) content
of the Leiter-R. As an indicator of construct validity,
note that the correlation of Leiter-R and M-P-R
Receptive Language (which requires only nonverbal
item responses) is higher than its correlation with the
M-P-R Expressive Language scale, or the Language
Total score.

was tested on both the M-P-R
gom the Stanford-Binet Intelligence
(SB5, Roid, 2003). The Abbreviated
was administered by giving the first two

ge sensitive scores” (CSS), the Rasch-based
imilar to the M-P-R growth scores.

All of the correlations between the scales were signifi-
cant beyond the .01 level. Correlations with the SB5 for
two age groups are in the range (.76 - .90) with Gross
Motor and Parent Reports slightly lower. often observed
in correlational studies across cognitive batteries (Roid
& Miller, 1997). Another typical pattern is the higher
correlation of receptive language scales as compared to
expressive language scales (Roid, 2003). This data
showed that there was similarity in the general pool of
cognitive ability tapped by both tests.

Demographics and Mean Scores of Special Groups

There were a total of 6 special criterion groups exam-
ined with the M-P-R and the demographics of each
group are described below. For each child in each
group, examiners obtained documentation from
parents, guardians, teachers, or officials in local agen-
cies to verify the diagnosis or group membership. In
nearly all cases, scores from nationally standardized
instruments (e.g., published 1Q, motor skills, and lan-
guage tests) were available along with agency
placements or DSM-1IV criteria for each child. Informed
consent was obtained for all parents prior to testing.
Following the demographic description of each sub-
sample, tables of mean scores for the Cognitive and
Gross Motor Batteries are presented showing the mean
profiles of each group. A further study of premature
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Figure 9.3 Correlations for 2 and 3 Year Olds (Row 1), 4 to 6 Year Olds (Row 2) and M-P-R Standard Score Means and
Standard Deviations for total Sample Between M-P-R Growth Scores and SB-5 Abbreviated Battery Change-Sensitive Score

Scales
Value Dev. Fine Recept. Visual Expr. Total Gross Social Self-
Type Index Cog. Motor Lang. Motor Speed  Memory Lang. Lang. Motor Emot. Help
2 &3 .80 .81 .83 .75 74 .87 .83 .60 .85 .57 .63 74
r-4&up .86 .90 .78 .66 .74 .87 .83 .78 .72 .50 .82 .81
Mean 1044 1049 106.8 104.2 105.5 103.4 103.9 103.9 1021 96.3 102.7  104.0
SD 13.8 12.0 121 13.5 11.4 141 141 16.5 16.4 14.5 17.4 13.6

infants is presented in the section “Construct-Related
Evidence of Validity.”

1. Significant Cognitive Delay (Mild, Moderate
or Severe Mental Retardation)
The M-P-R was administered to 32 children who
were diagnosed with severe cognitive delay or
mental retardation. Their age ranged from 18 to 70
months (median = 56). The sample was made up of
34% female and 66% male children, with 16% of
the parents having less than a high school education,
59% had a high school diploma or a GED, and 25%
of the parents received an education beyond high
school. These children were divided among all four
regions of the U.S., with most (78%) living in th
West. The ethnic diversity among the participants
consisted of 53% Caucasian, 9% African-A
6% Asian, and 31% Hispanic descent.

2. Premature Infants
The M-P-R was administere

months (median = 11). The sample consisted of 36%
female and 64% male children, with 23% of parents
having a high school diploma or a GED, and 77%
having an education beyond high school. These chil-
dren were divided among all four regions of the U.S.,
with the highest percentage (49%) from the South.
The ethnic diversity among the participants consisted
of 56% Caucasian, 10% African-American, 3%
Asian, and 31% Hispanic descent.

3. Severe Speech/Language Delay
The M-P-R was administered to 43 children with
documented delays in either speech or language
development. Their age ranged from 24 to 73
months (median = 47 months). The sample was
made up of 35% female and 65% male children,
with 9% of their parents receiving less than a high

school education, 33% having a high school
diploma or a GED, and 58% receiving an education
beyond high school. These children were divided
regionally, with 2% liyi the Northeast, 33%

sample included
-American racial

Hard-of-Hearing Conditions
dren with deafness or severe
§. The sample included children
nths (median 49 months) with 44%

ents having less than a high school education,
0% having high school diplomas or GED, and 44%
f having education beyond high school. Geograph-
ically, there were 6% from the Midwest, 67% from
the South, and 27% from the West. Of the 18 children,
72% were of Caucasian origin, 11% African-American
origin, and 17% Hispanic ethnicity.

5. Severe Motor Delay or Deviation
The M-P-R was administered to a small sample of
15 children who had severe motor delays or devia-
tions (Cerebral Palsy, etc.). Their age ranged from
10 to 77 months (median = 50 months). The sample
consisted of 60% female and 40% male children,
with 20% of parents having a less than high school
education, 33% with high school diploma or a GED,
and 47% having an education beyond high school.
These children were divided among three regions of
the U.S. (excluding the Northeast), with the highest
percentage (60%) from the West. The ethnic diver-
sity among the participants consisted of 73%
Caucasian non-Hispanic and 27% Hispanic origin.

6. Autistic Spectrum Disorders
There were 14 children with well-documented diag-
noses of autism or autistic spectrum disorders. The
sample included children ages 36 to 75 months
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(median 53 months) with 29% females and 71%
males. Parents of these children were diverse in edu-
cational background, with 21% of the parents
having less than a high school education, 29%
having high school diplomas or GED, and 50% of
having education beyond high school. Geograph-
ically, there were 29% from the Midwest, 21% from
the South, and 50% from the West. Of the 14 chil-
dren, 36% were of Caucasian origin, 14%
African-American, 14% Asian, and 36% Hispanic
ethnicity.

Figure 9.4 presents the mean standard scores for each of
the scales completed by the special-group samples
described above. Interesting patterns of means are found,
but the reader is cautioned to be reserved in interpreting
patterns, due to the small N size of some of the groups,
and due to the mixed nature of age distributions between
groups. The means of the cognitive delay group are uni-
formly low, as expected, and those of the deafness
hard-of-hearing group and speech/language delay group
are low on Receptive Language, as expected.

multiple-handicapping conditions in some
most scores, the standard deviatiq in th
groups exceeds the normative
presence of some se

Evidence of Consequential Validity

The concept of consequential validity was introduced by
Messick (1980) to emphasize the social consequences of
using tests to make decisions about people and institu-
tional usage of specific test interpretations. Social
consequences include the effects on children who are
diagnosed with conditions that may have pejorative
labels (e.g., mental retardation) and the effects of using
particular score levels or score differences to place
groups of children in special education programs.
Readers should note that these consequences are due to
certain uses, interpretations, or regulations concerning

ontrol of the test developer, authors or
ifically, the developers can make recom-
s on test use and give interpretive cautions, but
s of the test in the field may vary greatly from

contributing to evidence of consequential validity.

The Merrill-Palmer has traditionally been used for
important decisions related to the assessment of children
in special education and children who show develop-
mental delays in cognitive, motor, or language abilities.

pling fluctuation d with caution. ~ Following ethical guidelines (e.g, American
Standard Score Means and Standard Deviations (SD) for Special Groups
Means (SD) for Each Scale

Developmental

Group DI C FmM RL M S VM GM*

1. Cognitive Delay 42.0 49.6 47.0 —_— 53.6 60.3 48.9 54.3
(25.7) (26.4) (26.5) (26.0) (24.1) (22.7) (26.3)

2. Premature Infants 93.5 94.2 90.8 —_— —_— —_— 92.1 90.9
(22.5) (22.3) (19.6) (18.0) (24.0)

3. Speech Delay 80.8 85.8 87.2 76.4 87.3 86.5 88.1 90.6
(20.3) (22.7) (21.5) (15.2) (21.1) (19.0) (20.1) (22.0)

4. Deaf/Hard-of-Hearing 84.7 92.5 94.4 72.8 95.4 93.4 95.5 83.9
(20.5) (21.9) (21.0) (19.5) (20.1) (18.9) (21.6) (25.4)

5. Motor Delay 70.6 76.5 72.3 734 73.9 80.6 74,3 70.9
(32.6) (35.8) (33.9) (25.4) (31.0) (38.8) (33.3) (31.3)

6. Autistic Spectrum 52.5 58.7 58.9 54.2 68.3 69.4 57.1 75.5
(24.9) (30.7) (26.3) (15.6) (22.9) (23.2) (23.2) (15.0)

*DI = Developmental Index, C = Cognitive, FM = Fine Motor, RL = Receptive Language, M = Memory, S = Speed,

VM = Visual Memory, GM = Gross Motor

Note. For descriptions of sample see the section “Demographics and Mean Scores of Special Groups.”
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Psychological Association, 2002), test scores such as
those from M-P-R should never be used in isolation to
make important decisions about children. Multiple
sources of data, including multiple tests, observations by
parents and teachers, and meetings between examiners
and parents should all be employed in the pursuit of
accurate decisions about children. However, because test
scores are often perceived as important elements of the
decision process, studies of their accuracy remain impor-
tant. Thus, this section presents studies of the accuracy of
certain M-P-R score usage on the classification of chil-
dren into special groups, and the consequences of
measurement error on that classification.

Classification Accuracy of M-P-R Scores
for Various Decisions

Classification accuracy is defined as the number of
correct classifications identified by a specific “cutpoint”
on a test scale (e.g., an IQ less than 70 for mental retarda-
tion) or other measurement scale. Correct classifications
(“hits”) include both “positive” classifications (as in the
medical meaning of identifying a person “positive” for an
illness) and “negative” classifications (as in the absence
of illness). Classification research relies on the presence
of data on two kinds of previously identified subject
“typicals” who have an absence of any delay or disability
condition, and “atypicals” who have a documented

lished by multiple criteria in
behavior level and Development
is done in medical research, the
classification statistics were calculated:

» Total Hit Rate - The total percentage of children cor-
rectly classified, whether correctly classified as
atypical or typical children.

» Specificity - The percentage of children previously
identified as typical who are correctly classified.

* Sensitivity - The percentage of children previously
identified as atypical who are correctly classified.
 False Negatives - The total percentage of children who

are truly atypical, but incorrectly classified as typical.

* Fualse Positives - The total percentage of children who
are truly typical, but incorrectly classified as atypical.

The seriousness and social consequences of false identi-
fication often varies with different decisions in different
settings. If a social stigma is connected with the decision
(e.g., mental retardation), the false positive error can
have lasting ramifications and possible negative social

consequences. If the decision is either positive or
reversible, such as placement in a temporary home treat-
ment program, false positive errors may be less
problematic and, in fact, the false negative (not identify-
ing the child who needs treatment) may be more serious.

As part of the standardization study for M-P-R, docu-
mented cases of cognitive delay, premature birth, and
speech or language delay were identified and tested.
When these atypical cases were contrasted with match-
ing typical cases from the M-P-R normative sample,
classification studies were possible and are reported in
the sections that follow. First, classification statistics
will be presented for the iden ion of cognitive delay
(mental retardation), del, 04 prematurity, and

¢

NOT be used as the sole
ognitive delay, studying their
ations remains important, as dis-
8sification statistics were derived
ps of children: 32 atypical cases

ction), and a selected sample of 448 typical
en from the M-P-R normative sample. The typical
ample was restricted in age range (37 to 70 months) to
atch the age range of the atypical sample, but still showed
the characteristics of a nationally representative sample
of children as described in Chapter 7. The section on
“Demographics and Mean Scores of Special Groups” in
the previous part of this chapter presented the demograph-
ics of the atypical sample for these analyses. The M-P-R
score cutpoint was set between scores of 69 and 70 on the
Cognitive, Fine Motor, and Receptive Language scales,
using the cutpoint usually employed by school districts for

Figure 9.5 Diagram of Classification Accuracy Categories

Identification by M-P-R-R Score

Typical Atypical
Real Typical A B A+B
True Negative False Positive
Real Atypical C D CcC+D
False Negative True Positive
Total
A+B+C+D

(A + B) / Total = Total Hit Rate
A/ (A + B) = Specificity
D/ (C + D) = Sensitivity
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Figure 9.6 Percentages of Classification for M-P-R Cognitive Battery Scores Using Cutpoints to Identify Cognitive Delay (Mental
Retardation), Delays Due to Prematurity, and Speech/Language Delays with the M-P-R Cognitive Battery

Score Cutpoint Total Hits
Cognitive Delay
Cognitive Scale (< 70) 98.5
Fine Motor Scale (< 70) 99.3
Receptive Language (< 70) 99.6
Delay Due to Prematurity
Fine Motor Scale (< 86) 78.3
Speech/Language Delay
Receptive Language (< 85) 83.9
Receptive Language (< 80) 89.6

Specificity Sensitivity False Positive ~ False Negative
98.8 91.7 1.1 0.4
99.5 95.8 0.4 0.2
99.8 95.7 0.2 0.2
81.5 39.1 174 4.6
84.8 69.0 14.3 1.8
91.5 571 8.0 2.4

the identification of mental retardation (two standard devi-
ations below the mean of 100). Figure 9.6 shows the
number of subjects, and the classification statistics for the
identification of cognitive delay.

Figure 9.6 shows an excellent level of classificatio
accuracy for the identification of cognitive delay (mild
or greater mental retardation) by using a cutpoi
on any of the three scales listed. Very few subj

including the false positive (t
called atypical) and

Identification of D 'mature(Pre-term) Infants

Because premature infants are oftén found to have delays
in cognitive, fine mot anguage abilities (until
some of them “catch up” later in childhood), the accu-
racy of using M-P-R with this special population was
studied. Unlike cognitive delay, one would not expect
that a test would have a high sensitivity in identifying
premature children. The reason is that the majority of
premature children do catch up with age peers and we are
just identifying those that do not catch up. Full data and
background information was available for 39 atypical
(premature) cases and 281 typical cases in the same age
range. See the section on “Demographics and Mean
Scores of Special Groups” for a description of the atypi-
cal sample. The typical cases were drawn from the
M-P-R normative sample, ages 2 to 35 months of age
and mother’s education high-school or greater, to match
the characteristics of the atypical sample. Figure 9.6
shows a lower degree of classification accuracy for the

in premature infants as compared
ognitive delay. The Fine Motor
lassification because it had the
m the special group of documented
e Figure 9.4). After experimenting with
tpoints, Figure 9.6 shows the recommended
etween 85 and 86 on the Fine Motor scale. The
y (identification accuracy within the premature
group) was particularly low (39%) and the percent-
["fatlse positive errors were quite high (17%). Thus,
M-P-R should be used with caution if the sole purpose is
to use standard scores with a cut-point methodology to
screen premature infants. Better uses of the M-P-R would
be for annual assessments of premature infants to track
progress on the M-P-R growth scales.

Identification of Speech/Language Delay

Given the nature of speech and language delays, an M-P-
R language scale was chosen for the analyses. The largest
number of subjects was available for the Receptive
Language (RL) scale (698 typical and 43 atypical cases),
as compared to the Expressive or Total Language scales;
hence RL scores were used in the study reported in Figure
9.6. See the section on “Demographics and Mean Scores
of Special Groups” for a description of the 43 cases with
speech/language delays. The 698 typical cases were
drawn from the M-P-R normative sample, ages 24 to 73
months of age, to match the age range of the atypical
sample. Several cutpoints were investigated and those at
80 and 85 produced the best results. The cutpoint at 85
was the more accurate than the cutpoint of 80 within the
documented cases of speech/language delay (69.0),
although it resulted in a sizeable (14%) rate of false pos-
itive errors. The cutpoint at 80 was less accurate in the
atypical sample (57.1%) but showed reduced false posi-
tive errors (8%).
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Patterns of Performance Across Different Scales for Special Populations

Developmental Index Standard Score
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Current effect: F(7, 749)=62.868, p=0.0000
(Computed for covariates at their means)
Vertical bars denote 0.95 confidence intervals
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Profiles of Special Populations
One way to examine the classification of populations is
through an examination of the patterns of the strengths
and deficits of the special populations. Tests should
provide results that are consistent with the research data
and clinical examination. For example: one would
expect that low scores on cognitive tests and depression
in other scales would be found in individuals with deve
opmental disabilities/retardation and those with speech
delays should have their greatest deficits in the 1
areas of the assessments. The series of graphs
patterns of performance across the differe
number of different special populations.

Summary of Classification Results
Recommended Procedures
The user should
attempting to us
identification of
infants, or speec

elays in premature
. The applications of
M-P-R with the clearest, positiy@consequential validity
include use of the cogfliti ore in identification of
cognitive delay. In addition, the M-P-R scores show
power to suggest clinical hypotheses such as delay due to
prematurity, speech/language delays, and other develop-
mental delays. However, users should carefully study the
degree of error shown in Figure 9.6 and take this infor-
mation into account when attempting to make decisions
about children with M-P-R scores. Of all the compar-
isons shown in Figure 9.6, the use of M-P-R to identify
cognitive delay is clearly the most superior and is recom-
mended when employed within the context of multiple
sources of data on each child.

Construct-Related Evidence of Validity
Construct-related evidence of validity is gathered from a

variety of correlational and experimental studies aimed
at demonstrating that the instrument truly measures the

Current effect: F(7, 1159)=60.474, p=0.0000
(Computed for covariates at their means)
Vertical bars denote 0.95 confidence intervals

Gross Motor

Typical ~ Cog Delay  Pre-term Speech Hearing  Mot. Delay  Autistic ADHD
Group
Current effect: F(7, 816)=24.992, p=0.0000

(Computed for covariates at their means)
Vertical bars denote 0.95 confidence intervals

Dical  CogDelay  Presterm  Speech Hearing  Mot. Delay  Autistic ADHD

Group

construct intended. Cronbach and Meehl (1955) defined
construct validity as a complex of evidence, gained from
a lengthy series of research studies, showing that the
instrument measures the construct intended. The
research must show empirical trends and effects pre-
dicted by the construct in relationship to other constructs
in a “nomological net” of hypothesized relationships.
Types of evidence include age trends, differences
induced by experimental intervention, convergent and
discriminant correlations with other measures of the
same and different construct-measures (Campbell &
Fiske, 1959), verification of scale dimensionality, and
other studies. Many of these studies were completed on
the Tryout and Standardization Editions of the M-P-R
and more will be likely to appear in the research litera-
ture following the initial publication of the test.

Age Trends

Because cognitive processes are known to mature in con-
junction with the development of the brain and
neurological functions, measures of cognitive skills typ-
ically follow “growth curves.” The M-P-R was
developed with growth curves in mind and all items in
the Pilot and Tryout phases were inspected using per-
centage-correct data on each item for each age group.
Items not showing sensitivity to age were inspected
closely and most were discarded unless they served a
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Figure 9.7 Line Graph Showing Mean Scores on M-P-R of
Developmental Index Growth Scores for Age Groups (1 to 78
Months) with Fitted Quadratic and Cubic Trend Curves

Plot of Means
550

Growth Score Values

300

1 7 13 19 25 31 37 43 49 55 61 67 73

Months

function of introducing or concluding a task. Details of
item development and the cycles of revision in the M-P-R
project were provided in Chapter 7. A quick examination
of the normative tables in Appendices A will show that
the median raw scores on each of the tasks increased sys-
tematically across age groups in the M-P-R normative
sample. These consistent age trends reflect the growt
curves embedded in the raw data of the M-P-R standard-
ization.

As shown in Chapter 6, the M-P-R
the clearest example of the dev
data — the scale location of e

shows the graph of the means across age groups. The age
groups in Figure 9.7 were defined as the children at each
month of age, where age-group samples ranged from
only 3 cases to as many as 20 (median 11 cases). Various
smooth curves were fitted to the age-group data in
Figure 9.7, with quadratic and cubic trends showing
excellent fit (multiple squared correlation between
means and age in months of .99).

Because the Rasch-based growth scale has some excel-
lent equal-interval properties, it is very useful for
showing growth trends across age groups. The trend in
the progression of Growth-Scale means was fitted to quad-
ratic and cubic regression lines, as shown in Figure 9.7,
producing a huge F-value to test the significance of the
regression, with a multiple squared correlations of .99.
The growth curve shows an increasing upward trend

through the age range, with some slowing of growth after
36 months of age.

Cross-Battery Age Equivalence on the Growth Scale

Evidence of construct validity for the M-P-R
Developmental Index (Growth score conversion) is pro-
vided by a comparison of age equivalent values across
test batteries. Rasch-based scores similar to the M-P-R
Growth Scale have been employed on a number of other
published tests. Beginning with the development of the
W-scale (Woodcock & Dahl, 1973), all of the editions of
the Woodcock-Johnson Psychoeducational Battery
(Woodcock & Johnson, 1977; 1989; Woodcock,
ed the Rasch-based

(Roid & Miller, 19
Rasch-based score
M-P-R. The
Edition (SB§

ame scaling for its
wth Scales” as in the
ntelligence Scales, Fifth
so employed Rasch-based
, calling them “change sensitive
case, the Rasch-based scores
age equivalent values. Figure 9.8

SCO

s expected, slightly lower in developmental age
guivalent as compared to the more verbal tests or scales.
The M-P-R age equivalents are particularly consistent
with the Woodcock-Johnson Revised edition; thus
demonstrating construct validity for the M-P-R
Developmental Index scores.

Figure 9.8 Rasch-based Age Equivalence Values
for M-P-R and Several Other Tests
Growth score values

Age in

Months ~ M-P-R DI Leiter-R  SB5-Full  SB5-NV  WJ-R
6 358 — — — —
12 386 — — — —
24 425 425 430 425 425
36 449 440 447 441 447
48 464 453 460 453 463
60 478 464 470 465 474

Note: M-P-R DI is the M-P-R Developmental Index overall growth
score conversion to age equivalents. Leiter-R is the Brief-1Q Growth
score values. SB5-Full is the Full Scale 1Q equivalent. SB5-NV is the
Nonverbal 1Q equivalent. WJ-R values are age equivalents (e.g., 3
years 0 months for 36 months) on the 1989 edition for which
printed age equivalent tables were provided.
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Factor Analyses of the Tryout Edition
As presented previously in Chapter 7, a series of
exploratory factor analyses were conducted on the
typical children in the tryout sample, using the SPSS
factor analysis routines. Multiple analyses were con-
ducted on data from Levels 3, 4, and 5 where measures
of a wide array of cognitive abilities were available from
the data. Total scores from tasks representing cognitive,
fine motor, and language skills were standardized using
means and standard deviations of 6-month age groups
(e.g., 36-41, 42-47, 48-53 months, etc.) and converting
the resulting scores to a scaled-score metric (mean 10,
SD 3). A range of principal components analyses, princi-
pal axis and maximum likelihood factor analyses were
conducted using both varimax (orthogonal) and promax
(oblique) factor rotations. Subsamples of approximately
80 subjects at each of three age levels (3, 4, and 5) were
examined for factor structure among the tasks at their
age-appropriate level. Criteria for factor extraction were
eigenvalues greater than 1.0 and rotation to simple stru

ture using squared multiple correlations in the diagonal
for the principal axis and maximum likelihood
Factor identification and naming was based

variance in the scores: 1) a mi
and language-based crystallized
spatial factor com
tasks, and 3) a
Level 4, four fac xed crystallized
factor, 2) a visualiza-
tion factor (hidden figures), 3) d of processing (time
to assemble puzzles), fine-motor factor on
puzzle assembly accuracy. At Level 5, fluid reasoning,
crystallized (picture vocabulary), and fine motor (design
copying) factors emerged. This series of factor analyses
established that the new M-P-R was multi-factorial in
composition, showed differentiation among the cognitive
abilities measured, and promised to provide important
subscores for memory, visualization, fine motor, and

language.

Principal Components Residual Analyses to Establish
Unidimensionality in the Rasch Scales

As part of the item-response theory analyses of each of
the major scales in the M-P-R, principal components
analyses of the residual variance among the items were
conducted for all the M-P-R scales. Using the WIN-
STEPS program (Lineacre, 2002), items with residual
variance loadings were identified from Rasch analyses of

Figure 9.9 Principal Components (Standardized Residual) Factor
Plot of M-P-R Fine Motor Items from the Standardization Edition
Showing Locations of Items on the Factor by Difficulty Dimensions
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the M-P-R Standardization Edition. These items showed
evidence of measuring dimensions outside the unidimen-
sional factor underlying the Rasch scaling of the
majority of items. For example, approximately 10 items
measuring dimensions other than cognition were identi-
fied in scaling analyses of the 170 Cognitive scale
standardization items by conducting principal compo-
nents analyses of the residual variance remaining after
extraction of the major cognitive dimension underlying
the 170 items. Figure 9.9 shows an example of the stan-
dardized residual factor plots printed for each M-P-R
scale. In the top left corner of Figure 9.9 are items
labeled A, B, and C that showed evidence of loading on
a residual factor separate from the main measurement
dimension (fine motor ability) underlying the rest of the
items. Items such as A, B, and C were removed from the
M-P-R for the final, published edition to create greater
unidimensionality to the M-P-R scale. (See Chapter 7 for
more details of the analyses conducted on the M-P-R
Standardization Edition leading to the Final Edition.)

Factor Analyses of the Final Edition:

Conventional Exploratory Analyses of Scores

When the hypothesized construct dimensions underly-
ing a composite test score (e.g., the Developmental
Index of M-P-R) are visible from exploratory factor
analysis, construct-related evidence of validity for that
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test score is demonstrated. A series of principal-axis
factor analyses were performed on the major composite
scores of the M-P-R. Employing the conventional
method used for published cognitive and developmen-
tal tests, analyses were conducted on random samples
of typical subjects in the normative sample at various
age levels. As recommended in the factor-analysis liter-
ature (e.g., Gorsuch, 1983), samples of 100 or more
were formed by combining data into three age levels:
13 to 36 months (N = 100), 37 to 54 months (N = 141),
and 55 to 78 months (N = 134). Children 12 months of
age or less were excluded because the Receptive and
Expressive Language scores were not available in this
age group (due to the lack of sufficient development of
language at these young ages). This strategy allowed
the analyses to include all the scores in the M-P-R
Developmental Index-Cognitive, Receptive Language,
and Fine Motor scores.

The factor analyses employed squared multiple correla-
tions as communality estimates in the diagonal of the
correlation matrices and relied on scree tests (Cattell,
1966) to assist in the selection of the number of factors.
Equamax rotations to simple structure were employed
with the principal-axis factor extraction so that the thre
main factors emerging in the analyses would be treated
equally in terms of factor variance. As shown ind
9.10, results clearly showed the presence of the
mental index factor along wi
Motor/Self-Help and Social/Ad
the combination of Cogniti
Receptive Language scores in

Figure 9.10 Fact

Index are clearly shown by the high factor loadings for
these scores on the first factor in Figure 9.10. Patterns
of factor loadings varied somewhat across age groups,
partially due to the different collections of tasks
employed at each age and partially due to developmen-
tal trends. For example, the low loading of the Gross
Motor score on the Motor/Self-Help factor at ages 13 to
36 months may be due to the greater interrelationship
among all abilities at those ages (as shown from the
loadings on Expressive Language and Cognitive scores
at that age level). Also, the Self-Help/Adaptive score is
known to measure a diverse collection of skills, shifting
from adaptive behaviors in the younger ages to more
self-care behaviors in the levels. The moder-
ate and varied relationshi sive Language (EL)
makes intuitive sense,

ingheach fagtor. Loadings in parenthesis are
imgfbelow .30, and may have occurred
peasurement error. The number of

ported in the previous chapter, extensive factor
alysis of the factor structures of these rating scales
demonstrated their dimensionality. These studies demon-
strate that the dimensionality of the sub-scales was
reliable and relationships between scales is provided.

of Major M-P-R Scores on the Developmental Index,

Motor/Self-Help, and Social/Adaptive Factors across Three Age Levels

Developmental Index Motor/Self-Help Social/Adaptive
Score 13-36  37-54 55+ All 13-36 37-54 55+ All 13-36 37-54 55+ All
Cognitive .86 .87 .86 .89 .38 31 (.22) (.22)
Fine Motor .85 .65 .81 .78 (.27) .38 (.26) 31 (.21)
Receptive
Language .89 .75 .84 .81 (.29) (.23) (.25)
Expressive
Language (.28) 37 .62 48 .60 A1 27 A1 .32
Gross Motor 44 .68 .43 .37 (.22)
Social-
Emotional (.21) .34 (.26) 72 .84 .80 .75
Self-Help/
Adaptive .68 45 .62 .75 .64 .57 .58

Note: Small factor loadings of .20 and below are not shown. Loadings in bold print are the hypothesized variables defining each factor.
Loadings in parenthesis are less significant, being below .30, and may have occurred due to sampling or measurement error. The number
of subjects in each age group was 100, 141, and 134, respectively, with a total sample of 375 children.

Telephone: (630) 860-9700  Fax: (630) 860-9775 » email: psychtests@stoeltingco.com © website: stoeltingco.com/tests 147



Unidimensionality of the Other M-P-R Scales.

Extensive Rasch scaling analyses were conducted on the
Social-Emotional and Self-Help/Adaptive scales of the
M-P-R. To establish unidimensionality of these scales,
principal component analyses of the residual variance
among the items were completed, similar to the analysis
reported in Figure 9.9 earlier in this chapter. Any items
showing deviation from the central variance among the
items was flagged and considered for deletion from the
scales, as demonstrated for the outlier items in Figure 9.9.
These analyses provided evidence of construct validity
for these additional M-P-R scales.

Summary

Based on all the analyses presented in this chapter, the
M-P-R shows consistent evidence of validity from
content-analysis studies with extensive item analysis
data. Also, extensive criterion-related studies showed
excellent results for concurrent correlations and the clas-
sification accuracy in identifying cognitive delay. Finally,
several analyses of age trends, consistency of age equiv-
alents across published test batteries, dimensionality of
scores, and other data showed strong evidence of con-
struct-related validity. Researchers are encouraged to
continue studies of construct-related issues, particularly
with future ery factor analyses.

N
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