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Abstract

The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) neuropsychological battery was
developed to evaluate cognitive impairments associated with Alzheimer’s disease (AD). Previous studies have
suggested that the battery is multi-dimensional, represented by either 3 or 5 dimensions. In this study a principal
factor analysis was conducted using contemporary quantitative methods for determining the number of factors.
Exploratory factor analysis of the CERAD battery and MMSE was conducted using one-half of the CERAD
database (totalN 5 969). Glorfeld’s modification of Horn’s parallel analysis method suggested that there was 1
common factor in the variable matrix. Characterization of patterns of deficits in AD requires supplementation of
measures derived from the CERAD and MMSE with other tests. (JINS, 2004,10, 559–565.)
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INTRODUCTION

An important contribution of the Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD) was the stan-
dardization of a brief neuropsychological battery (CERAD
NP) for use in the diagnosis of Alzheimer’s disease (AD)
and the characterization of severity of cognitive impair-
ment (Morris et al., 1993; Welsh-Bohmer & Mohs, 1997).
The basic battery consists of six measures in addition to the
Mini-Mental State Examination (MMSE, Folstein et al.,
1975): (1) total score on a modified Boston Naming Test;
(2) number of unique responses on a verbal fluency test; (3)
accuracy of design copy (constructional praxis); and three
measures derived from a word-list learning test; (4) imme-
diate recall; (5) delayed recall; and (6) recognition memo-
ry.1 The battery is sensitive to early-stage dementia, reliable
over a 1-month period, and sensitive to change over longer
time spans (Fillenbaum et al., 2002; Morris et al., 1989;

1993; Welsh et al., 1991; 1992). There are now more than
100 published studies of clinically normal individuals or
persons with dementia in which the CERAD NP is used to
characterize neuropsychological function, as well as stud-
ies of other patient groups, such as schizophrenia (McGurk
et al., 2000), depression (Paradiso et al., 1997), and anxiety
(Xavier et al., 2001).

The CERAD NP battery was proposed as assessing three
aspects of cognitive performance considered to be rela-
tively independent by the developers: language, memory,
and praxis (Morris et al., 1989). In support of this concept,
Morris et al. (1989) reported an analysis of the covariation
among the measures generally approximating these do-
mains. However, that analysis is difficult to interpret be-
cause the method of factor extraction, criteria for determining
the number of factors, and rotation were not specified. There
appears to be only one other evaluation of the constructs
represented in the CERAD NP. Collie et al. (1999) studied
healthy older adults and analyzed subsets of items. They
reported that five principal components with Eigenvalues
greater than 1.0, accounting for approximately 63% of the
total variance, appeared to best represent the CERAD battery.

The differences between the findings of these two stud-
ies may reflect sample differences, the measures included
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1The Trail Making Test was added later in the course of the CERAD
project but was not available for most subjects and so was not included in
this study.

Journal of the International Neuropsychological Society(2004),10, 559–565.
Copyright © 2004 INS. Published by Cambridge University Press. Printed in the USA.
DOI: 10.10170S1355617704104098

559

https://doi.org/10.1017/S1355617704104098 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617704104098


in the analysis, and, perhaps, factor extraction methods.
Morris et al. (1989) treated the MMSE as a single measure,
while Collie et al. (1999) represented the MMSE in five
constituent components (attention, language, orientation, re-
call, and registration). Morris et al. (1989) included three
memory measures from the list-learning task (memory over
three trials, delayed recall, and an adjusted correct recogni-
tion score), while Collie et al. (1999) included six; three
immediate memory trials, recall, recognition hits, and rec-
ognition correct rejections.

Specific differences aside, both studies appear to suggest
that the CERAD NP is a multidimensional test battery. How-
ever, such a conclusion may be premature because of at
least three aspects of the methods and procedures in these
two studies.

A purpose of both of these studies was the identification
of the psychological constructs represented in the CERAD
NP. Collie et al. (1999) used principal components analysis
(PCA) to achieve this and we assume this for Morris et al.
(1989) too, because of the widespread popularity of PCA
(Floyd & Widaman, 1995). However, principal compo-
nents do not represent the latent variables (constructs) un-
derlying relations among a set of measures in a sample.
Principal components analysis is a data reduction method, a
mathematical simplification of a correlation0covariance ma-
trix. It does not differentiate between reliable variance and
error variance, or between variance shared by two or more
tests (common variance) and reliable variance unique to
each measure (specific variance, see Rummel, 1970).

Contemporary methodologists recommend the use of ex-
ploratory factor analysis (EFA) to identify the dimensions
underlying the covariation in a set of measures (Floyd &
Widaman, 1995; Gorsuch, 1983; Tabachnik & Fidell, 1996),
especially when the number of variables is small and com-
munalities are not uniformly high (Gorsuch, 1983). Explor-
atory factor analysis considers only reliable variance, and
factor loadings are estimated from only the variance shared
by at least two variables. Exploratory factor analysis is a
latent trait analysis, and so EFA loadings may be thought of
as regression weights that predict observed scores from the
estimated latent constructs (Floyd & Widaman, 1995).

A second matter in the analysis of correlation or covari-
ance structures is the number of factors to be retained for ro-
tation.Two widely used criteria are the number of Eigenvalues
greater than 1 and the scree test, which retains the number of
factors prior to a “bend” in the plot of Eigenvalues against
factor number. Recent studies using Monte Carlo simula-
tions and more quantitative methods of determining the num-
ber of factors in a matrix indicate that the Eigenvalue criterion
is much too liberal, leading to overestimation of the number
of valid factors. Scree is fairly accurate, though less so than
more quantitative methods, perhaps because of the inherent
subjectivity of visual inspection judgments (Zwick & Veli-
cer, 1986). The factor extraction method and factor retention
criteria is likely to have led to an overestimation of the num-
ber of dimensions described for the CERAD battery by Mor-
ris et al. (1989) and Collie et al. (1999).

Multiple measures were derived from single tests in both
studies, which confounds method and trait (construct) vari-
ance (Campbell & Fiske, 1959). Thus, a large verbal mem-
ory factor would be expected when several (3 for Morris
et al., 1989, and 6 for Collie et al., 1999) indices from one
test are included in a single analysis. The separation of
method from construct variance requires that there be mul-
tiple indicators from independent measurements as converg-
ing operations (Garner et al., 1956); without these, method
factors are highly likely (Strauss et al., 2000).

The purpose of the present study was to identify the la-
tent trait structure of the CERAD NP battery in the consor-
tium’s database of over 900 patients. The overarching
hypothesis was that shared variance in the battery would be
accounted for by a single factor. As a brief battery, the
CERAD does not contain multiple indicators of constructs,
and so constructs are likely to be under-specified (Bollen,
1989). Additionally, multiple factors are not invariable in
groups with generalized impairment, such as in dementia,
even when several indicators of presumably distinct con-
structs (e.g., memory, visual–spatial ability, executive func-
tions) are included in the assessment (Strauss & Summerfelt,
2002).

METHODS

Research Participants

The data in this study were derived from the CD of the
database developed by the Consortium to Establish a Reg-
istry for Alzheimer’s Disease (Morris et al., 1989). The
database includes standardized neuropsychological test re-
sults for participants with AD and normal controls at 20
different sites across the United States. Data include entry
visits and such annual follow-up visits as were completed.
For this study, we drew all participants who met NINCDS–
ADRDA criteria (McKhann et al., 1984) for probable or
possible AD at entry into the registry, had Clinical Demen-
tia Rating (CDR; Hughes et al., 1982) scores of 1 (mild) or
2 (moderate), and neuropsychological data at the initial
visit. This resulted in a sample size of 969 persons.

Measures

The CERAD NP (Morris et al., 1993) battery consists of
the following tests: (1) Modified Boston Naming Test, which
measures Confrontation Naming (range of scores: 0–15);
(2) Verbal Fluency, which measures verbal production abil-
ity, semantic memory, and language (range of scores: zero–
high); (3) Word List Memory, a test of verbal memory (range
of scores 0–30); (4) Constructional Praxis, which measures
visuospatial ability (range of scores 0–11); (5) Word List
Recall, which measures delayed verbal memory (range of
scores: 0–10); and (6) Word List Recognition, which also
measures delayed verbal memory (range of scores: 0–20).
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The Mini-Mental State Exam (MMSE, Folstein et al.,
1975) was also administered. Following the approach of
Collie and associates (1999) the MMSE was scored as five
subscales: (1)Orientation, consisting of questions about
the year, season, date, day, month, state, county, town, hos-
pital, and floor; (2)Registration, requiring the subject to
repeat the names of three objects; (3)Attention, spelling
“world” backwards; (4)Recall, consisting of memory for
three objects presented earlier in the test; and (5)Language0
Praxis, consisting of naming two objects, repeating a phrase
spoken by the examiner, following a three-stage command,
reading and obeying a command, writing a sentence, and
copying a simple geometric design. Jones and Gallo’s (2000)
factor analysis of the MMSE in a large community sample
supports this segregation of items, first suggested by Fol-
stein et al. (1975).

Methods of Analysis

The CERAD sample was randomly divided into a deriva-
tion sample (N5 500) and a validation sample (N5 469) of
cases, using only subjects for whom there were complete
demographic data on the first visit. Since correlations are a
function of score distributions, the frequency distributions
of all measures were first examined for skewness.

We determined the number of factors to retain in the
factor analysis using Glorfeld’s (1995) modification of the
Horn (1965) parallel analysis model. One-hundred samples
of random number matrices were generated, each of which
consisted ofN cases andk variables, whereN andk are the
number of subjects in a sample and the number of tests
included in the actual data set, respectively. A principal
components analysis was computed for each random num-
ber correlation matrix. Since the simulated data are ran-
dom, the Eigenvalues reflect chance associations. The
number of factors retained in the factor analysis was the
number for which the Eigenvalues in the CERAD NP analy-
sis exceeded the 95th percentile of the random Eigenvalue
distribution. All analyses were conducted using SPSS 10.1
using syntax by O’Connor (2000).

RESULTS

Characteristics of Participants

All subjects met criteria established by the National Insti-
tute on Neurological and Communicative Disorders and the
Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA; McKhann et al., 1984) for the diagno-
sis of probable (90.5%) or possible AD (9.5%). As a part of
their comprehensive CERAD evaluation, they received a
medical examination, neuropsychological testing, func-
tional screening (Blessed Dementia Rating Scale), and lab-
oratory and neurological examinations. Many subjects had
CT or MRI scans of the brain. To be eligible for CERAD,
subjects had to be free of major co-morbid medical prob-
lems, such as cancer, cardiac or respiratory disease, hyper-

tension, or major depression or psychiatric illness. The
demographic and clinical characteristics of the participants
in the derivation and validation samples are summarized in
Table 1. The mean age of subjects at entry was 72.8 years
(SD 5 8.0); mean education was 12.5 years (SD 5 1.6);
58.9% were female; 81.5% were White and 18.5% were
minorities (mostly African American). According to Clini-
cal Dementia Rating (CDR) Scale staging (Hughes et al.,
1982), 57.6% had mild dementia (CDR5 1) and 42.4% had
moderate dementia (CDR5 2). The participants in the two
samples did not differ for the demographic and clinical vari-
ables summarized in Table 1 (ps . .20).

Neuropsychological Test Performance

The performances of each group on each of the CERAD NP
variables considered for analysis are summarized in Table 2.
CERAD NP batteries were unavailable for 2 subjects and
between 2 and 10 other subjects were missing at least one
test score. Consequently, the factor analyses were based on
the 475 of 500 subjects in the derivation sample with com-
plete NP data. The cross-validation was conducted using
the 438 remaining complete records.

A number of the variables had skewed distributions, as
suggested by scores62 standard deviations from the mean
being outside of the permissible range. Three measures had
extremely skewed distributions. Eighty percent of the sam-
ple had perfect scores on MMSE Registration; 71% had
scores of zero for MMSE Recall; and 61.6% had scores of
zero on delayed recall for the list learning task. Because of
these extreme distributions, these measures were not in-
cluded in subsequent analyses. As shown in Table 2, the
scores of the validation sample did not differ from those in
the derivation sample (ps . .14).

Table 1. Demographic and clinical characteristics of
participants in the derivation and validation samples

Variable

Derivation
sample

(N 5 500)

Validation
sample

(N 5 469)

Mean age (SD) 72.87 (8.20) 72.63 (7.85)
Mean education (SD) 12.69 (6.71) 12.29 (5.44)
Percent female (N) 57.8 (289) 60.1 (282)
Ethnicity

Percent White (N) 80.0 (400) 83.2 (390)
Percent minority (N) 20.0 (100) 16.8 (79)

Diagnosis
Percent with “probable” AD (N) 90.2 (451) 90.8 (426)
Percent with “possible” AD (N) 9.8 (49) 9.2 (43)

CDR
Percent with “mild” AD (N) 58.2 (291) 56.9 (267)
Percent with “moderate” AD (N) 41.8 (209) 43.1 (202)

Mean Blessed ADL (SD) 4.53 (2.42) 4.50 (2.31)

Note. pvalues are derived fromt tests (homogenous variances) and chi-
square tests, as appropriate.
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Factor Analysis

Derivation sample

Based on the evaluation of the score distributions the fol-
lowing variables were included in the factor analysis: Ori-
entation, Attention, and Language0Praxis from the MMSE,
and Total Naming, Verbal Fluency, Constructional Praxis,
and a composite Verbal Memory measure, from the CERAD.
The composite consisted of the average standardized imme-
diate memory and standardized recognition score on the
CERAD list-learning task. This composite was used in-
stead of each component in order to avoid a test-specific
factor. The two measures correlated with anr 5 .41, N 5
475,p , .001.

The seven retained CERAD NP scores were subjected to
principal factor analysis of the correlation matrix, which
standardized all measures to a common metric. Communal-
ities were estimated by squared multiple correlations. The
first factor had an Eigenvalue of 3.471 and the value of the
second was .995. The 95th percentile of the distribution of
random Eigenvalues were 1.229 and 1.146, for the first and
second factors respectively. By both the parallel analysis
criterion and the more liberal Eigenvalue greater than 1.0
criterion, only one factor was necessary to represent the
constructs underlying the shared variance among these
measures.

The factor loadings and communalities in the derivation
sample are presented in the first two columns of Table 3.
The communality is the proportion of variance shared by an
observed score and an underlying construct, which in the
case of a one-factor solution is the squared factor loading.
As may be seen in the table, each of the NP measures, with
the exception of constructional praxis, has good loadings
on this factor. As the communality estimates indicate, the

factor accounts for from one-third to over one-half of the
reliable variance in each of the other variables.

Principal components analyses of 100 random data sets
were computed for the validation sample, as well. Eigen-
values at the 95th percentile were 1.253 and 1.142 for the
first two components. As was found in the derivation sam-
ple, only one factor had an Eigenvalue greater than 1.0.
This Eigenvalue was 3.689; that for the second factor was
.871. These values are similar to those in the derivation
sample. The factor loadings and communalities of the seven
measures are presented in the last two columns of Table 3.
Inspection suggests substantial similarity in the loading pat-
terns. Excellent replication of the solution is suggested by
the coefficient of congruence between these two factors,
which is .998. The coefficient of congruence is an estimate
of the correlation between the factor scores (Gorsuch, 1983).

The common factor accounts for 41–45% of the reliable
variance in the two samples. As Kaufman (1990) describes,

Table 2. Neuropsychological test performance of participants in the derivation and
validation samples

Derivation sample Validation sample

Variable M SD N M SD N
p

value

MMSE
Orientation 5.10 2.50 493 4.93 2.57 461 .29
Attention 3.01 1.87 496 2.89 1.90 465 .31
Registration 2.70 0.66 496 2.65 0.72 465 .28
Recall 0.40 0.70 496 0.41 0.73 465 .87
Language 6.08 171 490 5.91 1.76 464 .14
Praxis 0.38 0.49 494 0.40 0.49 466 .43

Naming 10.25 3.47 498 10.57 3.54 469 .16
Fluency 7.52 3.99 498 7.46 4.26 468 .84
Praxis 6.92 2.79 495 6.84 2.84 462 .69
List learning

Immediate recall 7.54 4.41 494 7.29 4.58 465 .39
Delayed recall 0.73 1.26 490 0.68 1.20 463 .46
Recognition 13.90 3.60 488 13.74 3.68 456 .51

Note. pvalues are derived fromt tests.

Table 3. Factor structure of CERAD NP measures in derivation
and validation samples

Derivation sample Validation sample

Test
Factor
loading Communality

Factor
loading Communality

Orientation .60 .36 .60 .36
Attention .71 .51 .66 .44
Language0praxis .75 .56 .74 .55
Naming .61 .37 .69 .48
Fluency .68 .46 .73 .53
Praxis .48 .24 .56 .31
Memory .65 .42 .68 .46
% Variance 41.53 45.02
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reliable variance consists of common variance, which is
indicated by squared factor loading of a measure, and spe-
cific variance. The latter reflects constructs or traits that are
not shared with other measures in a test battery. Specific
variance may be estimated by the difference between the
communality and the reliability of the test. We estimated
reliability using Chronbach’s alpha for each variable in the
analysis except MMSE attention, since it is a single item
measure. Reliability was estimated in somewhat different
ways for these measures. Coefficient alpha was estimated
across items for Orientation and Language. The total score
for verbal fluency is the sum of the number of responses in
three successive 15-s intervals. We estimated coefficient
alpha based on these three intervals. The reliability of Mem-
ory was estimated from the two components of this score.
The CERAD database provided only the total score for Nam-
ing and so reliability was estimated in a sample of 250
probable and possible AD cases in our local database. In
our database we record the number of correct responses for
high-frequency, medium-frequency, and low-frequency
words separately. We estimated coefficient alpha on the ba-
sis of these three sub-scores. The reliability coefficients
(Table 4) are moderate (.58) to good (.72), particularly con-
sidering the brevity of each measure.

Table 4 displays the estimated variance components of
the CERAD measures other than MMSEAttention, for which
reliability could not be estimated. Comparing the specific
variance of a variable to its error variance can serve to
evaluate the extent to which other constructs might be tapped
by the test (Kaufman, 1990). The orientation measure from
the MMSE, naming, and praxis each have substantial spe-
cific variance, larger in each case than the error variance for
the measure, suggesting that each assesses a construct in
addition to general dementia severity. Indeed, the specific
variance of the praxis score is greater than the variance
associated with the general severity factor. This test had the
lowest factor loading of the six scores. When the praxis
item from the MMSE language0praxis score was included
as a separate variable, a second factor did emerge in the
analysis (Table 5). The first factor accounts for 30–32% of
the reliable variance, while the second factor, defined mainly
by the two praxis measures, accounts for an additional 19%
of reliable variance in the system.

To evaluate the interpretation of the factor as a severity
index, we computed a factor score for each subject. The
variables were first standardized asz scores and then
summed, using both factor scores and unit weighting. As
would be expected for a severity index, there was a substan-
tial difference between the standardized factor score for
CDR mild cases (N 5 536,M 6 SD5 .366 .74 and .316
.55, for factor and for unit weighted scores, respectively)
and the CDR moderate cases (N 5 377,M 6 SD5 2.526
.90 and2.366 .67, for factor and for unit weighted scores,
respectively;ts . 15,ps , .001). Since the distinction be-
tween probable and possible AD is based on an etiological
hypothesis rather than severity of impairment, a difference
between groups for either method of computing a differ-
ence score was not expected (Mdifference, .08, ts , 1).2

DISCUSSION

The replicated results of principal factor analysis of the
CERAD measures that were suitable for factoring suggests

2A factor analysis computed using only probable AD cases produced
comparable results to the factor analysis reported here.

Table 4. Estimates of specific reliable variance in CERAD NP measures

Measure

Variance Orientation Language Naming Fluency Praxis Memory

Reliable variance .72 .64 .77 .60 .64 .58
Common variance .36 .56 .37 .46 .24 .42
Specific variance .36 .08 .40 .14 .40 .16
Error variance .28 .36 .23 .40 .36 .42

Note. Reliability coefficients (coefficient alpha) were based on CERAD data with the exception of
Naming, which was computed from 250 cases in the University Memory and Aging Center. Attention is
omitted since reliability could not be estimated. See text for further explanation.

Table 5. Principal factor analysis loadings with two praxis tests

Derivation sample Validation sample

Factor Factor

Test I II I II

Orientation .63 .12 .62 .13
Attention .52 .51 .51 .43
Language .61 .32 .63 .26
Naming .59 .19 .63 .27
Fluency .65 .21 .71 .23
Praxis .16 .82 .26 .82
Memory .71 .11 .71 .16
MMSE Praxis .16 .61 .16 .63
% variance 29.6 19.0 31.9 18.6

Note.Italicized indicates most salient loadings on each factor.
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that one latent variable of dementia severity accounts for
the shared variance among them and that the components of
the CERAD battery, in conjunction with the MMSE, should
not themselves be used to evaluate potential patterns of
deficits within AD. The specific reliable variance of three
measures, the language subscale of the MMSE, the CERAD
fluency and CERAD memory composite scores, is substan-
tially smaller than the error variance of each, which sug-
gests that these measures assess only the overall severity of
dementia. Orientation, naming and praxis, on the other hand,
have sufficient specific variance in relationship to error vari-
ance to suggest that these may be measuring other con-
structs. However, the specification of such additional
constructs requires additional measures (Tabachnick & Fi-
dell, 1996), as the analysis including an additional praxis
measure demonstrated. Lowenstein et al.’s (2001) analysis
of the more extensive NINCDS–ADRDA neuropsycholog-
ical battery also found a multifactorial structure when mul-
tiple indicators of constructs were evaluated. This suggests
that the CERAD battery be supplemented by additional mea-
sures of naming and praxis when this battery is used do
describe qualitative features of cognition in AD.

Fisher et al. (1999) reported that there were three clusters
or subtypes of AD patient as assessed by CERAD tests. In-
terestingly, memory scores did not differentiate among these
types. The effective discriminators were naming, praxis, and
verbal fluency. The first two of these were also found likely
to have reasonable specific-construct variance in this factor
analysis. This was not the case for verbal fluency, but this
test was the weakest discriminator among patient subgroups
in Fisher et al.’s (1999) report. One implication of these analy-
ses, taken together is that supplementary measures of con-
frontation naming and praxis used in conjunction with the
CERAD tests might be an efficient clinical research ap-
proach to making clearer discriminations among subgroups.

The results of the present analyses were influenced by a
number of decisions about data reduction. We elected to use
MMSE subscales to avoid the loading of a MMSE total
score on multiple factors, should such have emerged. Fisher
et al. (1999) did not include the MMSE in their cluster
analysis. Several CERAD and MMSE variables were ex-
cluded because of highly skewed distributions, which vio-
late assumptions of factor analysis (Tabachnick & Fidell,
1996). The results might have differed some had other cri-
teria for retaining variables been used. The approach in this
study minimizes the influence of method variance in the
factor analysis on the NP battery and the results are strongly
consistent with the hypothesis that a single construct is mea-
sured by the set of instruments. More differentiated assess-
ment of cognitive functions in Alzheimer’s disease would
seem to require supplementary testing.
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