
Potential for misclassification of mild cognitive
impairment: A study of memory scores on the Wechsler
Memory Scale-III in healthy older adults

BRIAN L. BROOKS,1 GRANT L. IVERSON,1,2 JAMES A. HOLDNACK,3 and
HOWARD H. FELDMAN4

1British Columbia Mental Health & Addiction Services, Riverview Hospital, Coquitlam, British Columbia
2Department of Psychiatry, Faculty of Medicine, University of British Columbia, Vancouver, British Columbia
3The Psychological Corporation, San Antonio, Texas
4Division of Neurology, Faculty of Medicine, University of British Columbia, Vancouver, British Columbia

(Received July 10, 2007; Final Revision December 23, 2007; Accepted January 1, 2008)

Abstract

The psychometric criterion of mild cognitive impairment (MCI) generally involves having an unusually low score
on memory testing (i.e., 21.5 SDs). However, healthy older adults can obtain low scores, particularly when multiple
memory measures are administered. In turn, there is a substantial risk of psychometrically misclassifying MCI in
healthy older adults. This study examined the base rates of low memory scores in older adults (55–87 years;
n5 550) from the Wechsler Memory Scale–Third Edition (WMS-III; Wechsler, 1997b) standardization sample. The
WMS-III consists of four co-normed episodic memory tests (i.e., Logical Memory, Faces, Verbal Paired Associates,
and Family Pictures) that yield eight age- and demographically-adjusted standard scores (Auditory Recognition and
Working Memory tests not included). When the eight age-adjusted scores were examined simultaneously, 26% of
older adults had one or more scores at or below the 5th percentile (i.e., 21.5 SDs). On the eight demographically-
adjusted scores, 39% had at least one score at or below the 5th percentile. There was an inverse relationship
between intellectual abilities and prevalence of low memory scores, particularly with the age-adjusted WMS-III
scores. Understanding the base rates of low scores can reduce the overinterpretation of low memory scores and
minimize false-positive misclassification. (JINS, 2008, 14, 463–478.)
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INTRODUCTION

The diagnosis of amnestic mild cognitive impairment (MCI)
requires, in part, objective evidence of memory impairment
(Collie & Maruff, 2002; Davis & Rockwood, 2004; Feld-
man & Jacova, 2005; Petersen, 1995, 2004; Petersen et al.,
1994, 1999, 2001; Winblad et al., 2004). Although there is
not full consensus on the definition of a low memory score
(Bennett, 2003; Dubois et al., 2007; Luis et al., 2003), many
clinicians and researchers consider an age- and education-

adjusted score that is at least 1.5 standard deviations (SDs)
below the mean to be unusually low and sufficient to meet
psychometric criteria for amnestic MCI (see two recent con-
sensus papers: Gauthier et al., 2006; Portet et al., 2006).
There has been consistent evidence that individuals with
amnestic MCI (i.e., both single and multiple domain amnes-
tic MCI) are at a significantly higher risk of progressing to
dementia (10–15% per annum) than those with normal cog-
nitive functioning (Bennett, 2003; Bischkopf et al., 2002;
Bruscoli & Lovestone, 2004; DeCarli, 2003; Luis et al.,
2003; Modrego, 2006; Panza et al., 2005; Shah et al., 2000;
Smith et al., 2006; Tuokko & Frerichs, 2000). However,
MCI remains a challenging entity to define and provide
prognosis for on an individual basis.

As it is currently conceptualized and measured, MCI con-
tains both true positives (i.e., those individuals who will
progress to dementia in time) and false positives (i.e., those
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with long-standing and static relative weaknesses, revers-
ible causes of poor performance on memory measures, sit-
uational influences on performance, or measurement error,
broadly defined). The presence of both true and false posi-
tives in those people labeled with MCI is empirically sup-
ported by a large literature (see Table 1). The majority of
research on older adults with prodromal dementia tends
to focus on those who eventually progress to a diagnosis of
dementia, but often fails to identify the characteristics of the
large percentage of those who remain stable or are deemed
to have normal cognitive abilities at a future assessment.

When assessing for the presence of amnestic MCI, clini-
cians and researchers must be aware of and remain cautious
against misdiagnosing a healthy older adult as having cog-
nitive impairment. Without knowledge of base rates of low
scores, it is possible to overinterpret isolated low scores
and, in turn, make erroneous diagnoses. Although a cutoff
of 1.5 SDs below the mean might suggest that only 7% of
healthy adults will be false positives on any given memory
measure, in clinical practice and research settings, multiple
measures are administered and interpreted simultaneously.
Blackford and LaRue (1989) noted that “. . . in a memory
battery with many measures, the chances are substantial
that at least one score will fall into the impaired range”
(p. 303). A small amount of empirical literature supports
this concept.

Palmer et al. (1998) presented data on 132 healthy older
adults between 50 and 79 years of age (M 5 63.8 years;
SD5 7.7). This sample was administered a flexible battery
of measures, including five memory measures [Wechsler
Memory Scale–Revised (WMS-R) Logical Memory,
WMS-R Visual Reproduction, Rey Osterrieth Complex Fig-
ure, Warrington’s Recognition Memory Test-Words, and War-
rington’s Recognition Memory Test-Faces], that provided
10 age-adjusted scores. When performance on the memory
measures was examined simultaneously, nearly 40% had
one or more low test scores and nearly 17% had two or
more low test scores (i.e., �1.3 SDs below the mean). When
considering scores in the frankly impaired range (i.e., 2
SDs below the mean), 13% of the healthy older adults had
one or more extremely low memory scores.

Brooks et al. (2007) provided the base rates of low mem-
ory scores for the Memory Module of the Neuropsycholog-
ical Assessment Battery (NAB; Stern & White, 2003).
Participants were 742 healthy older adults between 55 and
79 years of age (M5 68.1 years; SD5 6.6 years) obtained
from the standardization sample. The NAB Memory Mod-
ule consists of four measures (List Learning, Shape Learn-
ing, Story Learning, and Daily Living Memory) that provide
10 demographically-adjusted T scores. When all 10 mem-
ory scores were examined simultaneously, 30.8% of healthy
older adults had one or more scores 1.5 SDs below the
mean and 16.4% had one or more frankly impaired scores
(i.e., below the 2nd percentile). Brooks et al. (2007) also
reported that the base rates of low memory scores increase
substantially as intellectual abilities decrease. For example,
56.5% of older adults with low average intellectual abilities

obtained one or more low memory scores (i.e., 21.5 SDs)
compared with 18.0% with superior intellectual abilities.

These studies suggest that there is substantial risk of mis-
diagnosing MCI using the psychometric criterion of an
unusually low memory score. For example, in Brooks et al.
(2007), 30.8% of healthy older adults would psychometri-
cally meet the Petersen et al. (1994, 1999, 2001) criterion
for MCI. de Rotrou et al. (2005) referred to those patients
who were diagnosed with MCI at baseline, but who were
later found to have returned to normal cognitive abilities, as
having “accidental MCI.” It is noteworthy that there are
numerous studies with longitudinal data that often contain a
subset of patients who no longer meet criteria for MCI at
follow-up (see Table 1 for a review of the literature). Of
course, it is important to consider that the studies presented
in Table 1 represent samples from various sources, that con-
tain differential base rates of actual early dementia (i.e.,
clinic sample versus community sample), and who were
identified using diverse methods (i.e., screening instru-
ments alone versus more elaborate diagnostic procedures).
Despite these caveats, these rates of return to normal cog-
nitive abilities, which would be considered the potential
rates of false-positive misdiagnosis at time 1, are not trivial.

In a neuropsychological assessment, accuracy in diagnos-
ing MCI (and subsequently predicting later dementia)
depends on knowing how often low memory scores are
obtained in healthy people. Clinicians administer multiple
tests and the results are interpreted in combination. There-
fore, it is critical to be informed of the base rates of low
scores across a battery of memory tests. Unfortunately, there
have been very few studies in this area. The purpose of this
study is to demonstrate how often healthy older adults obtain
low memory scores on the Wechsler Memory Scale–Third
Edition (WMS-III; Wechsler, 1997b) and consider its impli-
cations for MCI diagnosis. This descriptive study aims to
improve the psychometric accuracy for detecting true mem-
ory impairments using the WMS-III, while at the same time
minimizing false positives for those older adults who do
not have a prodromal neurodegenerative disease.

METHOD

Participants

Participants for the present study included healthy
community-dwelling older adults from the United States
(n5 550), selected from the WMS-III standardization sam-
ple. The sample ranged in age from 55 to 87 years (M 5
72.8 years; SD 5 9.0 years) and had an average of 11.7
years of education (SD5 3.0 years). Within this study, 42%
of our sample was male, 85.3% Caucasian, 8.9% African
American, 4.4% Hispanic (non-Caucasian), and 1.5%
grouped as “other.” Demographically-adjusted norms were
not included for those listed as “other” (n5 8).

The standardization sample was recruited from 28 cities
across the United States. The treatment of participants and
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Table 1. Studies involving patients with mild cognitive impairment at baseline who present with normal neurocognitive
abilities at follow-up

Type of MCI0
study authors Description of sample MCI criteria Memory measures

Follow-up
duration

Percent
“normal” at
follow-up

Amnestic MCI

(Loewenstein et al.,
2007)

Clinic sample;
Mean age5 77.5
(SD5 5.0); United States

Memory scores 1.5 SDs
below “expected” values

Fuld Object-Memory Evaluation total recall score;
WMS-III Logical Memory delayed recall;
WMS-R Visual Reproduction delayed recall

1 year 7.7%

(Fischer et al., 2007) Community sample;
75 years old; Austria

Memory score 1.5 SDs
for age

CERAD Verbal Memory 2.6 years 16.2%

(Perri et al., 2007) Clinic sample;
50–80 years old; Italy

At least one “pathological”
memory score

15-Word List immediate recall; 15-Word List delayed
recall; Short Story Recall

2 years 17.2%

(Fisk et al., 2003) Community-dwelling;
65 years and older; Canada

Memory “impairment”
undefined; subjective
memory complaints
not required

Benton Visual Retention Test; Bushke Cued Recall Test;
Auditory Verbal Learning Test

5 years 31.2%

(Alexopoulos et al.,
2006)

Clinic sample; 55 years
and older; Germany

“Impairment” in the
memory domain

Memory measures not listed 3.5 years 40%

(Larrieu et al., 2002) Community sample;
65 years and older; France

Memory score 1.5 SDs
for age and education

Benton Visual Retention Test 2 years 41.4%

(Kryscio et al., 2006) Community sample;
60 years and older;
United States

Memory score 1.5 SDs
for age

Wechsler Logical Memory; Benton Visual Retention Test
number correct; Benton Visual Retention Test number of
errors; Word List total learning score; Word List delayed
recall score; Word List savings score; Word List maximum
recalled minus delayed recall

1.1 years 52.5%

(Ganguli et al., 2004) Community sample;
Mean age5 72.9
(SD5 5.9); United States

Memory score 1.5 SDs
below the mean for cohort

CERAD 10-item Word List delayed recall 4 years 55%

(Ritchie et al., 2001) Recruited from a general
practitioner research network;
60 years and older; France

Memory score “abnormal”
for age

Delayed recall of names; Delayed recall of faces
associated with names

1 year 92.6%

Mixed MCI subtypes, including aMCI

(Zanetti et al., 2006) Community sample;
65 years and older; Italy

Memory score
1.5 SDs below age- and
education-based norms

Prose Recall; Verbal Paired Associated Learning Test;
Rey Complex Figure

3 years 0%

(Ravaglia et al., 2006) Clinic sample;
Mean age5 76.0
(SD5 8.4); Italy

Any score 1.5 SDs
compared to age-
and education-norms

Rey 15 word immediate recall; Rey 15 word delayed
recall; Prose memory test

2.8 years 4%

(Loewenstein et al.,
2007)

Clinic sample;
Mean age5 77.5
(SD5 5.0); United States

Memory and
nonmemory scores
1.5 SDs below
“expected” values

Fuld Object-Memory Evaluation total recall score;
WMS-III Logical Memory delayed recall;
WMS-R Visual Reproduction delayed recall

1 year 6.7%

(Yaffe et al., 2006) Clinic sample;
Mean age5 72.9
(SD5 9.3); United States

“Moderate to severe
impairment” in memory
or other cognitive domain

WMS-III Logical Memory; WMS-III Visual
Reproduction

3.1 years 7%

(Gabryelewicz et al.,
2006)

Clinic sample;
Mean age5 69.3
(SD5 7.2); Poland

“Impairment” in
memory only or memory
plus one other domain

Auditory learning of 10 words; delayed recall of
10 words; recognition of 10 words; delayed recall of
Rey Complex Figure

3.1 years 7.6%

(Alexopoulos et al.,
2006)

Clinic sample; 55 years
and older; Germany

“Impairment” in the any
domain, including memory

Not reported. 3.5 years 17.1%

(Maioli et al., 2007) Clinic sample;
Mean age5 72.8
(SD5 6.6); Italy

“Impairment” on test score
(memory for amnestic,
nonmemory for other types)

Not reported. 1.2 years 17.3%

(Busse et al., 2006) Community sample;
75 years and older;
Germany

Total scores on the SIDAM3

1.5 SDs below age- and
education-norms; subjective
memory complaints
not required

SIDAM (Structured interview for the diagnosis of
dementia of the Alzheimer’s type, multi-infarct
dementia, and dementia of other aetiology according
to ICD-10 and DSM-III-R)

4.3 years 18.8%

(Wolf & Gertz, 2006) Clinic sample;
Mean age5 66 years
(SD5 7.9); Germany

Cutoff for total score
on SIDAM3 used for
psychometric criteria

SIDAM (Structured interview for the diagnosis of
dementia of the Alzheimer’s type, multi-infarct
dementia, and dementia of other aetiology according
to ICD-10 and DSM-III-R)

2.7 years 20%

(de Rotrou et al., 2005) Clinic sample;
Mean age5 70 years
(SD5 4.0); France

Any score 1.5 SDs
for age, education, and
gender on memory or
executive measures

WMS-R Logical Memory immediate recall; Rey Auditory
Learning Test immediate recall; Rey Auditory Learning
Test total immediate recall; Rey Auditory Learning Test
delayed recall; Memory Efficiency Profile Test immediate
recall; Memory Efficiency Profile Test delayed recall

1 year 48%

Note. MCI 5 mild cognitive impairment; ICD-10 5 International Classification of Diseases–Tenth Edition; DSM-III-R 5 Diagnostic and Statistical Manual of Mental
Disorders–Third Edition, Revised5 SIDAM 5 Structured interview for the diagnosis of dementia of the Alzheimer’s type, multi-infarct dementia, and dementia of other
aetiology according to ICD-10 and DSM-III-R. CERAD5 Consortium to Establish a Registry for Alzheimer’s Disease.
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the collection of data were done in compliance with the
Helsinki Declaration. Participants were included if they were
medically and psychiatrically healthy, based on a self-
report questionnaire. The exclusion criteria included
color-blindness, uncorrected hearing loss and0or visual
impairment, upper extremity motor problems that might
interfere with testing, current treatment for alcohol or drug
dependence, consumption of three or more alcoholic bev-
erages on two or more nights per week, having sought atten-
tion from a professional for memory or cognitive problems,
a history of traumatic brain injury involving loss of con-
sciousness for 5 or more min and0or requiring hospitaliza-
tion for more than 24 hr, any medical or psychiatric condition
that could potentially impact cognitive functioning (e.g.,
stroke, epilepsy, brain surgery, encephalitis, meningitis, mul-
tiple sclerosis, Parkinson’s disease, Huntington’s chorea,
Alzheimer’s disease, schizophrenia, or bipolar disorder), or
currently receiving any treatment for a medical or psychi-
atric condition (e.g., electroconvulsive therapy or any anti-
depressant, anxiolytic, or neuroleptic medication; The
Psychological Corporation, 1997).

Measures

The WMS-III (Wechsler, 1997b) is a battery of memory
measures designed to evaluate working memory, learning,
immediate and delayed recall, and recognition of infor-
mation presented in verbal and visual modalities. The
WMS-III was developed for adults 16 to 89 years of age and
was normed using a stratified, U.S. representative sample
of 1,250 healthy adults. Age-adjusted and demographically-
adjusted (i.e., age, education, sex, and ethnicity) norms are
available. The reader is directed to other sources (e.g., Heaton
et al., 2003; Taylor & Heaton, 2001) that provide informa-
tion on the process of adjusting WMS-III scores for the
demographic variables.

The WMS-III is composed of four primary tests that eval-
uate immediate and delayed episodic memory: Logical
Memory (recall and recognition for a short story); Faces
(recognition of faces); Verbal Paired Associates (recall and
recognition for 8 word pairs); and Family Pictures (recall
for scenes involving a fictitious family). The Auditory Rec-
ognition primary score, the tests from the Working Memory
Index (e.g., Letter–Number Sequencing and Spatial Span),
and the five optional tests were not included in the present
analyses.

Intellectual abilities were estimated using the Wechsler
Test of Adult Reading (WTAR; The Psychological Corpo-
ration, 2001). The WTAR is a measure of single word read-
ing, which requires the reading and pronunciation of words
with irregular grapheme-to-phoneme translation. The WTAR
does not rely on comprehension or knowledge of word mean-
ing, but rather relies on previous learning. An advantage of
the reading-recognition paradigm is that it is relatively
unaffected by mild neurological changes (i.e., Lezak et al.,
2004; Strauss et al., 2006).

The WTAR was co-normed with the Wechsler Adult Intel-
ligence Scale–Third Edition (WAIS-III; Wechsler, 1997a).
Therefore, the WTAR reading score can be combined with
demographic variables to estimate intellectual abilities (i.e.,
WTAR-demographically-predicted FSIQ). The WTAR-
demographically predicted FSIQ was chosen as the mea-
sure of predicted overall intellectual abilities because (a) it
is brief to administer, (b) it is appropriate for use up to the
age of 89 years, (c) the WTAR performance remains rela-
tively stable in the presence of mild cognitive declines, and
(d) the WTAR has very strong reliability across the older
adult age groups (i.e., internal consistency reliability, r 5
.92–.95; test–retest reliability, r 5 .94; The Psychological
Corporation, 1997).

Analyses

The prevalence of low WMS-III memory scores was calcu-
lated for both the age- and demographically-adjusted nor-
mative data by using four cutoff scores that might be
routinely used in clinical practice or in research. The cut-
offs, along with the corresponding age-adjusted standard
score (M5 10; SD5 3) and the demographically-adjusted
T score (M 5 50; SD 5 10), included (1) at or below the
16th percentile or 21 SD (i.e., SS 5 7 or T 5 40), (2) at
or below the 9th percentile (i.e., SS5 6 or T5 36), (3) at
or below the 5th percentile (i.e., SS5 5 or T5 34), and (4)
at or below the 2nd percentile or 22 SDs (i.e., SS 5 4 or
T5 30).

The prevalence of lowWMS-III age- and demographically-
adjusted memory scores was examined for the entire older
adult sample (ages 55–87) and across different levels of
estimated intellectual abilities (WTAR-Demographics Pre-
dicted FSIQ), including unusually low (FSIQ , 80), low
average (FSIQ5 80–89), average (FSIQ5 90–109), high
average (FSIQ 5 110–119), and superior0very superior
(FSIQ5 1201). The prevalence of low age-adjusted scores
WMS-III is also presented across different levels of educa-
tion (e.g., less than 8 years, 9–11 years, 12 years, 13–15
years, and 161 years). The analyses were completed with
(1) all eight primary memory subtest scores, (2) the four
immediate memory primary subtest scores, and (3) the four
delayed memory primary subtest scores. Working memory
tests (e.g., Letter–Number Sequencing and Spatial Span),
secondary scores, or Index scores were not included in these
analyses.

RESULTS

Age-Adjusted WMS-III Scores

The base rates of low WMS-III primary test scores in older
adults, when simultaneously considering the eight primary
age-adjusted scores, are presented in Table 2. In the total
sample (n 5 550), approximately 64% had one or more
scores and nearly 18% had four or more scores at or below
the 16th percentile (i.e., 21 SD). One or more memory test
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scores at or below the 5th percentile was found in just over
25% of older adults, and 14% had two or more scores below
this cutoff. One or more frankly impaired memory scores
(at or below the 2nd percentile or 22 SDs) were found in
nearly 13% of healthy older adults.

Substantial differences in the prevalence of low scores
were found across the levels of estimated intellectual abil-
ities. For example, in older adults with estimated low aver-
age intellectual abilities, 43.3% had one or more scores at
or below the 5th percentile compared with 21.4% with esti-
mated high average intellectual abilities [n 5 98; x2(1) 5

9.41; p 5 .002; odds ratio (OR) 5 2.8, 95% confidence
interval (CI) 5 1.4–5.4]. It was uncommon (9.5%) for an
older adult with estimated low average intellectual abilities
to have three or more scores at or below the 5th percentile.
In older adults with estimated high average intellectual abil-
ities, it was uncommon (10.2%) to have two or more scores
at or below the 5th percentile.

The base rates of low WMS-III immediate memory and
delayed memory subtest scores are presented in Table 3. In
the total sample, 18.9% had one or more immediate mem-
ory scores at or below the 5th percentile and 4.0% had two

Table 2. Base rates of low scores (age-adjusted) on the WMS-III primary memory subtests in healthy older adults
across levels of estimated intellectual abilities

WTAR-demographics predicted FSIQ

Entire older
adults sample

Unusually
low

Low
average Average

High
average

Superior0
very superiorNo. of

scores below
cutoff % C% % C% % C% % C% % C% % C%

No. of
scores below

cutoff

�16th %ile �16th %ile
8 0.5 0.5 3.1 3.1 2.7 2.7 — — — — — — 8
7 2.4 2.9 18.8 21.9 5.4 8.1 1.0 1.0 — — — — 7
6 4.5 7.4 18.8 40.7 8.1 16.2 2.9 3.9 4.1 4.1 — — 6
5 4.0 11.4 6.3 47.0 6.8 23.0 3.5 7.4 3.1 7.2 — — 5
4 6.5 17.9 6.3 53.3 9.5 32.5 8.0 15.4 1.0 8.2 — — 4
3 8.9 26.8 12.5 65.8 13.5 46.0 9.3 24.7 3.1 11.3 5.0 5.0 3
2 17.8 44.6 15.6 81.4 16.2 62.2 18.6 43.3 20.4 31.7 5.0 10.0 2
1 19.5 64.1 9.4 90.8 17.6 79.8 20.8 64.1 18.4 50.1 25.0 35.0 1
0 35.8 100 9.4 100 20.3 100 35.9 100 50.0 100 65.0 100 0

�9th %ile �9th %ile
8 0.4 0.4 — — 2.7 2.7 — — — — — — 8
7 0.5 0.9 3.1 3.1 1.4 4.1 0.3 0.3 — — — — 7
6 1.1 2.0 9.4 12.5 0.0 4.1 1.0 1.3 — — — — 6
5 3.5 5.5 25.0 37.5 2.7 6.8 1.3 2.6 4.1 4.1 — — 5
4 3.5 9.0 3.1 40.6 9.5 16.3 2.6 5.2 3.1 7.2 — — 4
3 4.4 13.4 0.0 40.6 9.5 25.8 4.8 10.0 2.0 9.2 — — 3
2 13.5 26.9 15.6 56.2 17.6 43.4 14.1 24.1 8.2 17.4 10.0 10.0 2
1 15.5 42.4 21.9 78.1 17.6 61.0 14.1 38.2 13.3 30.7 20.0 30.0 1
0 57.8 100 21.9 100 39.2 100 61.9 100 69.4 100 70.0 100 0

�5th %ile �5th %tile
5 0.5 0.5 3.1 3.1 — — 0.3 0.3 1.0 1.0 — — 5
4 1.8 2.3 6.3 9.4 4.1 4.1 1.3 1.6 0.0 1.0 — — 4
3 3.3 5.6 18.8 28.2 5.4 9.5 1.6 3.2 3.1 4.1 — — 3
2 8.5 14.1 9.4 37.6 14.9 24.4 8.3 11.5 6.1 10.2 — — 2
1 11.6 25.7 12.5 50.1 18.9 43.3 10.6 22.1 11.2 21.4 5.0 5.0 1
0 74.2 100 50.0 100 56.8 100 77.9 100 78.6 100 95.0 100 0

�2nd %ile �2nd %ile
3 1.3 1.3 — — 5.4 5.4 1.0 1.0 — — — — 3
2 2.5 3.8 12.5 12.5 4.1 9.5 1.6 2.6 1.0 1.0 — — 2
1 9.1 12.9 25.0 37.5 17.6 27.1 7.7 10.3 5.1 6.1 — — 1
0 87.1 100 62.5 100 73.0 100 89.7 100 93.9 100 100 100 0

Note. MWS-II5Wechsler Memory Scale–Third Edition; WTAR5Wechsler Test of Adult Reading; FSIQ5 Full-scale IQ. Entire older adults sample,
N5 550. There are eight age-adjusted memory subtest scores that were considered for these analyses (Logical Memory I and II, Verbal Paired Associates
I and II, Faces I and II, and Family Pictures I and II). Letter–Number Sequencing, Spatial Span, and Auditory Recognition Delayed were not included.
There are slight variations due to rounding. Cutoff scores included: �16th percentile (�1 SD or SS�7); �9th percentile (SS�6); �5th percentile (SS�5);
and �2nd percentile (�2 SD or SS�4). WTAR-demographics predicted full-scale IQ included: Unusually low (,80; n 5 32); Low average (80–89;
n5 74); Average (90–109; n5 312); High average (110–119; n5 98); Superior0very superior (1201; n5 20).
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Table 3. Base rates of low immediate and delayed memory subtest scores (age-adjusted) on the WMS-III in healthy older adults
across levels of estimated intellectual abilities

WTAR-demographics predicted FSIQ

Entire older
adults sample

Unusually
low

Low
average Average

High
average

Superior0
very superiorNo. of

scores below
cutoff % C% % C% % C% % C% % C% % C%

No. of
scores below

cutoff

Immediate Memory Subtests

�16th %ile �16th %ile
4 2.5 2.5 18.8 18.8 6.8 6.8 1.0 1.0 — — — — 4
3 7.1 9.6 15.6 34.4 13.5 20.3 5.4 6.4 6.1 6.1 — — 3
2 12.9 22.5 34.4 68.8 20.3 40.6 12.2 18.6 5.1 11.2 — — 2
1 30.5 53.0 18.8 87.6 28.4 69.0 32.7 51.3 32.7 43.9 20.0 20.0 1
0 46.9 100 12.5 100 31.1 100 48.7 100 56.1 100 80.0 100 0

�9th %ile �9th %ile
4 1.3 1.3 9.4 9.4 4.1 4.1 0.3 0.3 — — — — 4
3 3.3 4.6 15.6 25.0 5.4 9.5 2.2 2.5 1.0 1.0 — — 3
2 6.7 11.3 21.9 46.9 14.9 24.4 3.8 6.3 7.1 8.1 — — 2
1 21.5 32.8 21.9 68.8 27.0 51.4 22.8 29.1 13.3 21.4 20.0 20.0 1
0 67.3 100 31.3 100 48.6 100 70.8 100 78.6 100 80.0 100 0

�5th %ile �5th %ile
3 0.4 0.4 — — — — 0.3 0.3 1.0 1.0 — — 3
2 3.6 4.0 15.6 15.6 6.8 6.8 2.2 2.5 2.0 3.0 — — 2
1 14.9 18.9 25.0 40.6 32.4 39.2 12.5 15.0 9.2 12.2 5.0 5.0 1
0 81.1 100 59.4 100 60.8 100 84.9 100 87.8 100 95.0 100 0

�2nd %ile �2nd %ile
2 0.7 0.7 — — 1.4 1.4 1.0 1.0 — — — — 2
1 8.0 8.7 18.8 18.8 24.3 25.7 5.1 6.1 4.1 4.1 — — 1
0 91.3 100 81.3 100 74.3 100 93.9 100 95.9 100 100 100 0

Delayed Memory Subtests

�16th %ile �16th %ile
4 2.0 2.0 15.6 15.6 5.4 5.4 0.6 0.6 — — — — 4
3 7.8 9.8 31.3 46.9 13.5 18.9 5.8 6.4 5.1 5.1 — — 3
2 14.2 24.0 3.1 50.0 20.3 39.2 15.7 22.1 7.1 12.2 5.0 5.0 2
1 28.5 52.5 31.3 81.3 31.1 70.3 31.1 53.2 21.4 33.6 20.0 25.0 1
0 47.5 100 18.8 100 29.7 100 46.8 100 66.3 100 75.0 100 0

�9th %ile �9th %ile
4 0.5 0.5 — — 2.7 2.7 0.3 0.3 — — — — 4
3 2.9 3.4 21.9 21.9 1.4 4.1 1.6 1.9 3.1 3.1 — — 3
2 8.4 11.8 15.6 37.5 14.9 19.0 7.1 9.0 6.1 9.2 — — 2
1 22.4 34.2 21.9 59.4 29.7 48.7 22.8 31.8 16.3 25.5 20.0 20.0 1
0 65.8 100 40.6 100 51.4 100 68.3 100 74.5 100 80.0 100 0

�5th %ile �5th % tile
3 0.4 0.4 6.3 6.3 — — — — — — — — 3
2 3.6 4.0 12.5 18.8 6.8 6.8 2.6 2.6 2.0 2.0 — — 2
1 16.9 20.9 28.1 46.9 21.6 28.4 15.7 18.3 17.3 19.3 5.0 5.0 1
0 79.1 100 53.1 100 71.6 100 81.7 100 80.6 100 95.0 100 0

�2nd %ile �2nd %ile
2 1.3 1.3 3.1 3.1 4.1 4.1 0.6 0.6 — — — — 2
1 6.0 7.3 25.0 28.1 6.8 10.9 5.4 6.0 3.1 3.1 — — 1
0 92.7 100 71.9 100 89.2 100 93.9 100 96.9 100 100 100 0

Note. MWS-II5Wechsler Memory Scale–Third Edition; WTAR5Wechsler Test of Adult Reading; FSIQ5 Full-scale IQ. Entire older adults sample,
N5 550. There are four age-adjusted immediate memory subtest scores (Logical Memory I, Verbal Paired Associates I, Faces I, and Family Pictures I) and
four age-adjusted delayed memory subtest scores (Logical Memory II, Verbal Paired Associates II, Faces II, and Family Pictures II) that were considered
for these analyses. There are slight variations due to rounding. Cutoff scores included: �16th percentile (�1 SD or SS�7); �9th percentile (SS�6); �5th

percentile (SS�5); and �2nd percentile (�2 SD or SS�4). WTAR-demographics predicted full-scale IQ included: Unusually low (,80; n5 32); Low
average (80–89; n5 74); Average (90–109; n5 312); High average (110–119; n5 98); Superior0very superior (1201; n5 20).
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or more low immediate memory scores. When the base rates
of immediate memory scores were stratified by level of
predicted intellectual abilities, 39.2% of older adults with
estimated low average intellectual abilities obtained one or
more scores at or below the 5th percentile compared with
12.2% of older adults with estimated high average intellec-
tual abilities [x2(1) 5 16.86; p , .001; OR 5 4.6; 95%
CI5 2.2–9.8]. With the delayed memory tests, 20.9% had
one or more delayed memory scores at or below the 5th
percentile and 4.0% had two or more low scores. When
stratified by level of predicted intellectual abilities, 28.4%
of older adults with estimated low average intellectual abil-
ities obtained one or more low delayed memory scores at or

below the 5th percentile compared with 19.3% of older
adults with estimated high average intellectual abilities.

There were notable differences in the prevalence of low
WMS-III age-adjusted subtest scores across levels of edu-
cation for the eight primary scores (Table 4), the four imme-
diate memory scores (Table 5), and the four delayed memory
scores (Table 5). In older adults with 8 or fewer years of
education or 9–11 years, 34.9% and 41.8% had one or more
primary scores at or below the 5th percentile, respectively
(see Table 4). In older adults with 12 years, 13–15 years,
and 161 years of education, one or more scores at or below
the 5th percentile was found in 17.7%, 14.6%, and 25.8%,
respectively. These differences across levels of education

Table 4. Base rates of low scores (age-adjusted) on the WMS-III primary memory subtests in healthy older adults
across levels of education

Levels of education

,8 years 9–11 years 12 years 13–15 years 161 yearsNo. of
scores below

cutoff % C% % C% % C% % C% % C%

No. of
scores below

cutoff

�16th %ile �16th %ile
8 — — — — 0.5 0.5 — — 2.7 2.7 8
7 8.1 8.1 — — 1.6 2.1 — — 0.0 2.7 7
6 4.9 13.0 14.3 14.3 2.1 4.2 — — 4.1 6.8 6
5 4.9 17.9 6.0 20.3 4.3 8.5 — — 4.1 10.9 5
4 9.8 27.7 14.3 34.6 4.8 13.3 2.4 2.4 1.4 12.3 4
3 11.4 39.1 16.7 51.3 7.0 20.3 8.5 10.9 1.4 13.7 3
2 17.9 57.0 9.5 60.8 19.3 39.6 17.1 28.0 24.3 38.0 2
1 23.6 80.6 14.3 75.1 20.3 59.9 23.2 51.2 12.2 50.2 1
0 19.5 100 25.0 100 40.1 100 48.8 100 50.0 100 0

�9th %ile �9th %ile
8 — — — — — — — — 2.7 2.7 8
7 1.6 1.6 — — 0.5 0.5 — — 0.0 2.7 7
6 0.8 2.4 2.4 2.4 1.6 2.1 — — 0.0 2.7 6
5 4.9 7.3 8.3 10.7 1.6 3.7 — — 4.1 6.8 5
4 8.1 15.4 4.8 15.5 1.1 4.8 — — 4.1 10.9 4
3 5.7 21.1 6.0 21.5 5.3 10.1 2.4 2.4 0.0 10.9 3
2 15.4 36.5 21.4 42.9 11.8 21.9 12.2 14.6 6.8 17.7 2
1 17.1 53.6 14.3 57.2 14.4 36.3 7.3 21.9 25.7 43.4 1
0 46.3 100 42.9 100 63.6 100 78.0 100 56.8 100 0

�5th %ile �5th %ile
5 — — 1.2 1.2 1.1 1.1 — — — — 5
4 2.4 2.4 6.0 7.2 0.0 1.1 — — 2.7 2.7 4
3 5.7 8.1 6.0 13.2 1.6 2.7 — — 4.1 6.8 3
2 8.9 17.0 10.7 23.9 8.6 11.3 7.3 7.3 6.8 13.6 2
1 17.9 34.9 17.9 41.8 6.4 17.7 7.3 14.6 12.2 25.8 1
0 65.0 100 58.3 100 82.4 100 85.4 100 74.3 100 0

�2nd %ile �2nd %ile
3 1.6 1.6 2.4 2.4 0.5 0.5 — — 2.7 2.7 3
2 3.3 4.9 6.0 8.4 2.7 3.2 — — 0.0 2.7 2
1 8.1 13.0 19.0 27.4 7.5 10.7 8.5 8.5 4.1 6.8 1
0 87.0 100 72.6 100 89.3 100 91.5 100 93.2 100 0

Note. MWS-II5Wechsler Memory Scale–Third Edition. Sample sizes across the levels of education included: ,8 years (n5 123); 9–11 years (n5 84);
12 years (n5 187); 13–15 years (n5 82); 161 years (n5 74). There are eight age-adjusted memory subtest scores that were considered for these analyses
(Logical Memory I and II, Verbal Paired Associates I and II, Faces I and II, and Family Pictures I and II). Letter–Number Sequencing, Spatial Span, and
Auditory Recognition Delayed were not included. There are slight variations due to rounding. Cutoff scores included: �16th percentile (�1 SD or SS�7);
�9th percentile (SS�6); �5th percentile (SS�5); and �2nd percentile (�2 SD or SS�4).
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Table 5. Base rates of low immediate and delayed memory subtest scores (age-adjusted) on the WMS-III in healthy older adults
across levels of education

Levels of education

,8 years 9–11 years 12 years 13–15 years 161 yearsNo. of
scores below

cutoff % C% % C% % C% % C% % C%

No. of
scores below

cutoff

Immediate Memory Subtests

�16th %ile �16th %ile
4 6.5 6.5 1.2 1.2 1.6 1.6 — — 2.7 2.7 4
3 6.5 13.0 19.0 20.2 5.3 6.9 — — 6.8 9.5 3
2 20.3 33.3 19.0 39.2 10.2 17.1 8.5 8.5 5.4 14.9 2
1 33.3 66.6 26.2 65.4 32.6 49.7 34.1 42.6 21.6 36.5 1
0 33.3 100 34.5 100 50.3 100 57.3 100 63.5 100 0

�9th %ile �9th %ile
4 1.6 1.6 1.2 1.2 1.1 1.1 — — 2.7 2.7 4
3 6.5 8.1 7.1 8.3 2.1 3.2 — — 0.0 2.7 3
2 9.8 17.9 11.9 20.2 3.7 6.9 2.4 2.4 8.1 10.8 2
1 22.8 40.7 27.4 47.6 23.0 29.9 15.9 18.3 14.9 25.7 1
0 59.3 100 52.4 100 70.1 100 81.7 100 74.3 100 0

�5th %ile �5th %ile
3 — — — — 1.1 1.1 — — — — 3
2 6.5 6.5 8.3 8.3 0.5 1.6 — — 5.4 5.4 2
1 18.7 25.2 23.8 32.1 12.3 13.9 11.0 11.0 9.5 14.9 1
0 74.8 100 67.9 100 86.1 100 89.0 100 85.1 100 0

�2nd %ile �2nd %ile
2 — — 4.8 4.8 — — — — — — 2
1 11.4 11.4 13.1 17.9 7.0 7.0 3.7 3.7 4.1 4.1 1
0 88.6 100 82.1 100 93.0 100 96.3 100 95.9 100 0

Delayed Memory Subtests

�16th %ile �16th %ile
4 4.9 4.9 1.2 1.2 1.1 1.1 — — 2.7 2.7 4
3 11.4 16.3 17.9 19.1 5.3 6.4 — — 5.4 8.1 3
2 17.1 33.4 22.6 41.7 13.4 19.8 6.1 6.1 10.8 18.9 2
1 35.8 69.2 26.2 67.9 26.2 46.0 29.3 35.4 24.3 43.2 1
0 30.9 100 32.1 100 54.0 100 64.6 100 56.8 100 0

�9th %ile �9th %ile
4 — — — — 0.5 0.5 — — 2.7 2.7 4
3 4.9 4.9 4.8 4.8 1.6 2.1 — — 4.1 6.8 3
2 13.0 17.9 14.3 19.1 7.5 9.6 1.2 1.2 4.1 10.9 2
1 29.3 47.2 29.8 48.9 16.6 26.2 15.9 17.1 24.3 35.2 1
0 52.8 100 51.2 100 73.8 100 82.9 100 64.9 100 0

�5th %ile �5th %ile
3 0.8 0.8 1.2 1.2 — — — — — — 3
2 2.4 3.2 10.7 11.9 2.7 2.7 — — 4.1 4.1 2
1 23.6 26.8 21.4 33.3 11.8 14.5 11.0 11.0 20.3 24.4 1
0 73.2 100 66.7 100 85.6 100 89.0 100 75.7 100 0

�2nd %ile �2nd %ile
2 2.4 2.4 1.2 1.2 0.5 0.5 — — 2.7 2.7 2
1 3.3 5.7 13.1 14.3 6.4 6.9 4.9 4.9 2.7 5.4 1
0 94.3 100 85.7 100 93.0 100 95.1 100 94.6 100 0

Note. MWS-II5Wechsler Memory Scale–Third Edition. Sample sizes across the levels of education included: ,8 years (n5 123); 9–11 years (n5 84);
12 years (n5 187); 13–15 years (n5 82); 161 years (n5 74). There are four age-adjusted immediate memory subtest scores (Logical Memory I, Verbal
Paired Associates I, Faces I, and Family Pictures I) and four age-adjusted delayed memory subtest scores (Logical Memory II, Verbal Paired Associates
II, Faces II, and Family Pictures II) that were considered for these analyses. There are slight variations due to rounding. Cutoff scores included: �16th

percentile (�1 SD or SS�7); �9th percentile (SS�6); �5th percentile (SS�5); and �2nd percentile (�2 SD or SS�4).
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were also present in both the immediate and the delayed
memory scores (Table 5).

Demographically-Adjusted WMS-III Scores

The prevalence of low WMS-III primary test scores in older
adults is presented in Table 6. In the total sample (n5 542),

over two thirds (i.e., 70%) had one or more scores at or
below the 16th percentile (i.e.,21 SD) and nearly 24% had
four or more scores below this cutoff. One or more memory
scores at or below the 5th percentile were found in 39% of
older adults, and one or more extremely low memory scores
(i.e., at or below the 2nd percentile) were found in nearly
22% of healthy older adults.

Table 6. Base rates of low scores (demographically-adjusted) on the WMS-III primary memory subtests in healthy older adults
across levels of estimated intellectual abilities

WTAR-Demographics Predicted FSIQ

Entire older
adults sample

Unusually
low

Low
average Average

High
average

Superior0
very superiorNo. of

scores below
cutoff % C% % C% % C% % C% % C% % C%

No. of
scores below

cutoff

�16th %ile �16th %ile
8 0.7 0.7 — — 4.2 4.2 0.3 0.3 — — — — 8
7 3.3 4.0 15.6 15.6 4.2 8.4 2.3 2.6 3.1 3.1 — — 7
6 5.0 9.0 9.4 25.0 2.8 11.2 5.8 8.4 4.1 7.2 — — 6
5 6.6 15.6 6.3 31.3 2.8 14.0 8.1 16.5 6.2 13.4 — — 5
4 8.1 23.7 15.6 46.9 9.7 23.7 7.8 24.3 6.2 19.6 — — 4
3 14.2 37.9 6.3 53.2 20.8 44.5 13.0 37.3 15.5 35.1 15.8 15.8 3
2 14.6 52.5 15.6 68.8 15.3 59.8 14.3 51.6 15.5 50.6 15.8 31.6 2
1 17.5 70.0 9.4 78.2 12.5 72.3 19.5 71.1 16.5 67.1 31.6 63.2 1
0 29.9 100 21.9 100 27.8 100 28.9 100 33.0 100 36.8 100 0

�9th %ile �9th %ile
8 0.4 0.4 9.4 9.4 2.8 2.8 — — — — — — 8
7 1.1 1.5 0.0 9.4 0.0 2.8 0.6 0.6 1.0 1.0 — — 7
6 2.0 3.5 0.0 9.4 1.4 4.2 1.9 2.5 4.1 5.1 — — 6
5 3.9 7.4 0.0 9.4 4.2 8.4 4.5 7.0 4.1 9.2 — — 5
4 4.4 11.8 12.5 21.9 6.9 15.3 3.6 10.6 2.1 11.3 — — 4
3 9.8 21.6 15.6 37.5 8.3 23.6 9.7 20.3 8.2 19.5 15.8 15.8 3
2 17.5 39.1 25.0 62.5 16.7 40.3 17.5 37.8 18.6 38.1 5.3 21.1 2
1 16.1 55.2 9.4 71.9 22.2 62.5 16.2 54.0 12.4 50.5 21.1 42.2 1
0 44.8 100 28.1 100 37.5 100 45.8 100 49.5 100 57.9 100 0

�5th %ile �5th %ile
7 0.4 0.4 — — — — — — — — — — 7
6 0.7 1.1 — — 2.8 2.8 0.3 0.3 3.1 3.1 — — 6
5 1.7 2.8 3.1 3.1 0.0 2.8 1.9 2.2 2.1 5.2 — — 5
4 1.1 3.9 0.0 3.1 1.4 4.2 0.3 2.5 4.1 9.3 — — 4
3 5.5 9.4 9.4 12.5 8.3 12.5 5.5 8.0 2.1 11.4 5.3 5.3 3
2 13.7 23.1 9.4 21.9 13.9 26.4 14.0 22.0 14.4 25.8 15.8 21.1 2
1 15.9 39.0 34.4 56.3 15.3 41.7 16.2 38.2 9.3 35.1 10.5 31.6 1
0 61.1 100 43.8 100 58.3 100 61.7 100 64.9 100 68.4 100 0

�2nd %ile �2nd %ile
6 0.4 0.4 — — — — — — 2.1 2.1 — — 6
5 0.0 0.4 — — — — — — 0.0 2.1 — — 5
4 0.7 1.1 — — — — 0.6 0.6 2.1 4.2 — — 4
3 2.6 3.7 6.3 6.3 2.8 2.8 1.9 2.5 3.1 7.3 5.3 5.3 3
2 6.5 10.2 9.4 15.7 8.3 11.1 5.5 8.0 8.2 15.5 5.3 10.6 2
1 11.4 21.6 12.5 28.2 13.9 25.0 11.4 19.4 10.3 25.8 10.5 21.1 1
0 78.4 100 71.9 100 75.0 100 80.5 100 74.2 100 78.9 100 0

Note. MWS-II5Wechsler Memory Scale–Third Edition; WTAR5Wechsler Test of Adult Reading; FSIQ5 Full-scale IQ. Entire older adults sample,
N 5 542. There are eight demographically-adjusted memory subtest scores that were considered for these analyses (Logical Memory I and II, Verbal
Paired Associates I and II, Faces I and II, and Family Pictures I and II). Letter–Number Sequencing, Spatial Span, and Auditory Recognition Delayed were
not included. There are slight variations due to rounding. Cutoff scores included: �16th percentile (�1 SD or T score � 40); �9th percentile (T score � 36);
�5th percentile (T score � 34); and �2nd percentile (�2 SD or T score � 30). WTAR-demographics predicted full-scale IQ included: Unusually low (,80;
n5 32); Low average (80–89; n5 72); Average (90–109; n5 308); High average (110–119; n5 98); Superior0very superior (1201; n5 19).
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There was a gradual decrease in the prevalence of low
scores as estimated intellectual abilities increased. When
considering primary scores at or below the 5th percentile,
56.3% with estimated unusually low intellectual abilities
had one or more low scores. In older adults with low aver-
age, average, or high average estimated intellectual abili-
ties, 41.7%, 38.2%, and 35.1%, respectively, had one or
more scores at or below the 5th percentile. In older adults
with estimated superior0very superior intellectual abilities,
31.6% had one or more scores at or below the 5th percentile.

The prevalence of low demographically-adjusted WMS-III
immediate and delayed memory scores is presented in
Table 7. In the total sample, 29.1% had one or more and
8.3% had two or more immediate memory scores at or below
the 5th percentile. The prevalence of low immediate mem-
ory scores was fairly consistent across the levels of esti-
mated intellectual abilities. On the delayed memory scores,
29.7% of the total sample had one or more and 8.1% had
two or more scores at or below the 5th percentile. The prev-
alence of low delayed memory scores was fairly consistent
across estimated intellectual abilities.

DISCUSSION

The purpose of this study was to illustrate how often healthy
older adults get low memory scores when multiple memory
measures from the WMS-III are considered simultaneously.
Specifically, the objectives were (a) to evaluate the fre-
quency with which healthy older adults might meet the psy-
chometric criteria for MCI when tested with multiple
memory measures and (b) to provide tables to clinicians
and researchers with known false-positive rates. This study
expands the findings presented by Palmer et al. (1998),
Loewenstein et al. (2006), and Brooks et al. (2007), which
demonstrate that isolated low memory subtest scores are
common in healthy older adults, and presents the base rates
of low memory scores for the most commonly used mem-
ory battery in North America (Rabin et al., 2005).

In the present study, we examined the prevalence of low
memory scores, both age- and demographically-adjusted,
in a large sample of healthy older adults (n5 550 for age-
adjusted; n 5 542 for demographically-adjusted) between
55 and 89 years of age from the WMS-III standardization
sample. Regardless of the cutoff scores used, low memory
scores are increasingly frequent when multiple memory mea-
sures are administered and interpreted simultaneously. When
simultaneously examining the eight age-adjusted WMS-III
subtest scores, it was uncommon (i.e., ,10%) for older
adults to have three or more scores that were at or below the
5th percentile (i.e., 1.5 SDs below the mean). Across the
eight demographically-adjusted scores, it was also un-
common (i.e., ,10%) to have three or more low scores.
If we simultaneously consider only the four delayed mem-
ory scores, it was uncommon to obtain two or more scores
at or below the 5th percentile for both the age- and
demographically-adjusted scores. In other words, it was com-
mon for healthy older adults to get zero or one low delayed

memory subtest score. The fact that it is common for healthy
older adults to have one WMS-III delayed memory subtest
score 1.5 SDs below the mean calls into question the valid-
ity of the current psychometric criteria for MCI (i.e., a mem-
ory score more than 1.5 SDs below the mean). Essentially,
if the four delayed memory scores are interpreted simulta-
neously then 20% (age-adjusted normative scores) to 30%
(demographically-adjusted normative scores) of healthy older
adults will meet psychometric criteria for MCI. If the clini-
cian or researcher requires two or more memory scores
(considering all 8 immediate and delayed scores) to fall
1.5 SDs below the mean, then the presumed false-positive
rate for MCI would be 14.1% using the age-adjusted norms
and 23.1% using the demographic-adjusted norms. Thus,
researchers and clinicians should consider these prevalence
of low scores data carefully when evaluating individual
patients or designing inclusion criteria for prodromal demen-
tia studies.

The inclusion of both age- and demographically-adjusted
scores is an important contribution of this study. Having
both types of WMS-III normative scores provides clini-
cians and researchers with a substantial amount of impor-
tant information when interpreting test performance in older
adults. Correcting test scores for demographic variables is
generally viewed as an important contribution to neuropsy-
chology for reducing the likelihood of misclassifying cog-
nitive status in persons with lower education or in certain
ethnic groups (Collie et al., 1999; Heaton et al., 1996, 2003,
2004; Marcopulos et al., 1999), although there is still work
to be done to properly account for differences that might
affect test performance (e.g., Manly, 2005, 2006; Manly &
Echemendia, 2007). If using the demographically-adjusted
scores is not appropriate, then the clinician is still able to
account for years of education and estimated intellectual
ability when interpreting the prevalence of low WMS-III
scores.

There were some notable differences in the prevalence
rates of low scores between the age- and demographically-
adjusted normative scores. The prevalence of low scores on
the WMS-III was generally greater for the demographically-
adjusted scores compared with the age-adjusted scores. For
example, having at least one score at or below the 5th
percentile was found in 25.7% of older adults using the
age-adjusted scores but was found in 39.0% with the
demographically-adjusted scores. The differences in base
rates of low scores between age- and demographically-
adjusted scores reflect differences in the normative pro-
cesses used. Age-adjusted scores were derived using nor-
malized Z-score transformation of the subtest mid-point
percentiles. This norming method enables subtests that have
skewness, which is common in neuropsychological tests, to
have comparable percentile scores across measures. Regres-
sion based approaches, which were used when adjusting for
demographic factors, do not account for skewness or het-
eroscedasticity along the regression line, regardless if it is a
linear or nonlinear approach. This can result in regressed
norms that may over- or underestimate the theoretical rela-

472 B.L. Brooks et al.

https://doi.org/10.1017/S1355617708080521 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617708080521


Table 7. Base rates of low scores (demographically-adjusted) on the WMS-III immediate and delayed memory subtests
in healthy older adults across levels of estimated intellectual abilities

WTAR-Demographics Predicted FSIQ

Entire older
adults sample

Unusually
low

Low
average

Average High
average

Superior0
very superiorNo. of

scores below
cutoff % C% % C% % C% % C% % C% % C%

No. of
scores below

cutoff

Immediate Memory Subtests

�16th %ile �16th %ile
4 3.7 3.7 15.6 15.6 6.9 6.9 2.6 2.6 2.1 2.1 — — 4
3 8.7 12.4 6.3 21.9 5.6 12.5 9.1 11.7 13.4 15.5 — — 3
2 16.1 28.5 18.8 40.7 19.4 31.9 16.2 27.9 14.4 29.9 — — 2
1 29.9 58.4 28.1 68.8 30.6 62.5 28.2 56.1 32.0 61.9 57.9 57.9 1
0 41.7 100 31.3 100 37.5 100 43.8 100 38.1 100 42.1 100 0

�9th %ile �9th %ile
4 1.3 1.3 9.4 9.4 2.8 2.8 0.6 0.6 — — — — 4
3 3.9 5.2 0.0 9.4 2.8 5.6 3.9 4.5 7.2 7.2 — — 3
2 10.5 15.7 12.5 21.9 16.7 22.3 9.4 13.9 10.3 17.5 — — 2
1 30.1 45.8 40.6 62.5 33.3 55.6 29.9 43.8 27.8 45.3 31.6 31.6 1
0 54.2 100 37.5 100 44.4 100 56.2 100 54.6 100 68.4 100 0

�5th %ile �5th %ile
3 2.2 2.2 3.1 3.1 2.8 2.8 1.9 1.9 3.1 3.1 — — 3
2 6.1 8.3 9.4 12.5 8.3 11.1 4.2 6.1 10.3 13.4 — — 2
1 20.8 29.1 25.0 37.5 26.4 37.5 21.4 27.5 14.4 27.8 21.1 21.1 1
0 70.8 100 62.5 100 62.5 100 72.4 100 72.2 100 78.9 100 0

�2nd %ile �2nd %ile
3 0.6 0.6 — — — — — — 3.1 3.1 — — 3
2 2.0 2.6 6.3 6.3 — — 1.6 1.6 4.1 7.2 — — 2
1 12.0 14.6 12.5 18.8 22.2 22.2 10.7 12.3 8.2 15.4 21.1 21.1 1
0 85.4 100 81.3 100 77.8 100 87.7 100 84.5 100 78.9 100 0

Delayed Memory Subtests

�16th %ile �16th %ile
4 3.7 3.7 6.3 6.3 6.9 6.9 3.9 3.9 1.0 1.0 — — 4
3 10.3 14.0 31.3 37.6 4.2 11.1 10.1 14.0 10.3 11.3 — — 3
2 18.5 32.5 12.5 50.1 30.6 41.7 18.2 32.2 12.4 23.7 15.8 15.8 2
1 28.6 61.1 28.1 78.2 22.2 63.9 31.8 64.0 26.8 50.5 21.1 36.9 1
0 38.9 100 21.9 100 36.1 100 36.0 100 49.5 100 63.2 100 0

�9th %ile �9th %ile
4 0.9 0.9 — — 2.8 2.8 0.6 0.6 1.0 1.0 — — 4
3 5.5 6.4 15.6 15.6 4.2 7.0 5.2 5.8 6.2 7.2 — — 3
2 13.1 19.5 25.0 40.6 11.1 18.1 12.3 18.1 9.3 16.5 15.8 15.8 2
1 26.0 45.5 21.9 62.5 27.8 45.9 27.9 46.0 23.7 40.2 15.8 31.6 1
0 54.4 100 37.5 100 54.2 100 53.9 100 59.8 100 68.4 100 0

�5th %ile �5th %ile
4 0.6 0.6 — — — — — — 1.0 1.0 — — 4
3 0.9 1.5 — — 2.8 2.8 0.6 0.6 3.1 4.1 — — 3
2 6.6 8.1 9.4 9.4 4.2 7.0 6.8 7.4 7.2 11.3 5.3 5.3 2
1 21.6 29.7 25.0 34.4 22.2 29.2 22.4 29.8 17.5 28.8 26.3 31.6 1
0 70.3 100 65.6 100 70.8 100 70.1 100 71.1 100 68.4 100 0

�2nd %ile �2nd %ile
3 0.4 0.4 — — — — — — 2.1 2.1 — — 3
2 2.0 2.4 — — 2.8 2.8 1.6 1.6 3.1 5.2 5.3 5.3 2
1 14.4 16.8 25.0 25.0 11.1 13.9 13.6 15.2 18.6 23.8 5.3 10.6 1
0 83.2 100 75.0 100 86.1 100 84.7 100 76.3 100 89.5 100 0

Note. MWS-II5Wechsler Memory Scale–Third Edition; WTAR5Wechsler Test of Adult Reading; FSIQ5 Full-Scale IQ. Entire older adults sample,
N5 542. There are four demographically-adjusted immediate memory subtest scores (Logical Memory I, Verbal Paired Associates I, Faces I, and Family
Pictures I) and four demographically-adjusted delayed memory subtest scores (Logical Memory II, Verbal Paired Associates II, Faces II, and Family
Pictures II) that were considered for these analyses. There are slight variations due to rounding. Cutoff scores included: �16th percentile (�1 SD or
T score � 40); �9th percentile (T score � 36); �5th percentile (T score � 34); and �2nd percentile (�2 SD or T score � 30). WTAR-demographics
predicted full-scale IQ included: Unusually low (,80; n 5 32); Low average (80–89; n 5 72); Average (90–109; n 5 308); High average (110–119;
n5 98); Superior0very superior (1201; n5 19).
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tionship between the actual mid-point percentile and the
standardized score (Holdnack, 2007). In addition, the change
in metric from a scaled score (M5 10; SD5 3) to a T score
(M5 50; SD5 10) returns a greater level of precision than
the original measurement unit (e.g., 103 scaled score units
to 1010 scaled score units). This change in metric may be
accounted for by rounding scores up (because percentiles
represent the percentage of cases below a specific score) to
the nearest third of a standard deviation unit (e.g., 37.5 to
40 or 40.5 to 43 or 43.5 to 47, and so forth). Despite the
methodological concerns associated with regression-based
norms, these issues do not invalidate the need for using
demographic adjustments when interpreting the WMS-III
scores. Applying the base rate data provided in this study
aids the clinician in a more sophisticated use of these norms
for clinical and diagnostic decision making. When using the
demographically-adjusted normative data for the WMS-III
subtest scores, the clinician should appreciate that healthy
adults are likely to get low scores (more low scores than
with the age-adjusted norms). Using the tables presented in
this study will help the clinician put memory performance
in context—and not overinterpret isolated low test scores.

Clinicians and researchers are often concerned with iden-
tifying those tests that are most sensitive to memory impair-
ment found in very early dementing illnesses. Unfortunately,
this information cannot be determined with the present data
for two reasons. First, no clinical subjects with known early
dementia were included in this study. Second, based on the
normalizing method for creating the age-adjusted scaled
scores, there should not be a difference in base rates of low
scores from subtest to subtest in the older adults standard-
ization sample. In other words, the test performance was used
to create the normative scores and thus, all scores are nor-
mally distributed. Knowing which tests are more sensitive to
early dementia requires an examination of test performance
in a clinical sample of patients. With the demographically-
adjusted norms, differences can and do emerge (as seen in
the Results section). However, presenting data at a subtest-
by-subtest level and evaluating this information in a clinical
sample is beyond the scope of this study.

Consistent with the results presented by Brooks et al.
(2007), the present study also found that older adults with
lesser intellectual abilities have higher base rates of low
WMS-III scores and would be more likely to be misclassi-
fied as having MCI. For example, nearly 30% of healthy
older adults with low average intellectual abilities will
meet psychometric criteria for MCI. The difference in the
prevalence rates across estimated intellectual abilities was
more apparent with the age-adjusted scores than with the
demographically-adjusted scores. It is possible that correct-
ing for demographic variables, particularly education, atten-
uates the relationship between WTAR-demographics
predicted intellectual ability and the prevalence of low scores.
WTAR performance is positively correlated with both intel-
ligence and education.

The prevalence of low age-adjusted scores was also strat-
ified by level of education. Older adults with lower levels

of education are more likely to obtain low scores compared
with those with higher levels of education. That is, older
adults with fewer years of education are more likely to be
misdiagnosed as having cognitive impairment and those
with more years of education are more likely to have their
cognitive problems missed in a diagnosis. It is unclear why
older adults with 16 or more years of education had base
rates for the delayed memory scores that were higher than
those with 12 years or 13–15 years and more similar to
those with 9–11 years of education. However, this is likely
a sampling artifact related to differences in the number of
cases found in these groups. Heaton et al. (2003) previously
demonstrated, using the age-adjusted WAIS-III0WMS-III
Index (factor) scores, that having fewer years of education
placed a healthy adult at risk for being misdiagnosed as
having cognitive impairment. In addition, Heaton et al.
(2003) suggested that those with more than a high school
level of education would need to demonstrate a more sub-
stantial decline in cognitive abilities compared with those
with less than high school to be identified as having cogni-
tive impairment. Clearly, clinicians and researchers should
be concerned with both misdiagnosis and missed diagnosis
of cognitive impairment.

One possible explanation for the percentage of healthy
older adults with low memory scores is that human neuro-
cognition is highly variable (Matarazzo & Prifitera, 1989)
and individuals can have long-standing relative weaknesses
that do not impact their day-to-day functioning. Schretlen
et al. (2003) illustrated that nearly two thirds of healthy
people across the lifespan had discrepancies of at least 3
SDs between their highest and lowest scores on a battery of
neuropsychological measures. Even when test performance
outliers were removed from the analyses, the mean discrep-
ancy between their highest and lowest scores was still 2.7
SDs. “Both the complexity of the human central nervous
system and individual differences in the organization of
neural circuits on which various mental abilities depend
argue against the likelihood that any individual will be
endowed with identical levels of ability across all domains
of cognitive functioning” (p. 864, Schretlen et al., 2003).
That is, variability in neurocognitive test performance is
the rule, rather than the exception. To more appropriately
deal with this variability, clinicians need to be informed
and consider base rates information when interpreting test
performance.

The literature on older adults who are diagnosed with
MCI illustrates that a certain percentage, when followed
longitudinally, no longer meet criteria for MCI (see Table 1)
and they are referred to as “returning to normal cognition”.
de Rotrou et al. (2005) referred to this as “accidental MCI”
to denote the likelihood that those people were misdiag-
nosed at the initial assessment. This kind of backcrossing
from MCI to normal would not be consistent with a neuro-
degenerative disease and likely represents the inherent dif-
ficulty with accurately identifying those who will versus
those who will not eventually progress to dementia. How-
ever, it is unlikely that Petersen et al. (1994) initially con-
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ceptualized all persons with MCI as being prodromal to
dementia, but rather to represent a clinician’s uncertainty
regarding the patient’s current presentation. It is hopeful
that knowing the prevalence of low memory scores will
decrease clinician uncertainty.

Of course, it is possible that a small percentage of older
adults in the WMS-III standardization sample, the NAB
standardization sample (Brooks et al., 2007), and0or the
Palmer et al. (1998) study could actually have had MCI.
This continues to be a concern with normative samples in
neuropsychology (e.g., Ritchie et al., 2007). However, fairly
rigorous exclusion criteria were used with this sample with
the goal of including only neurologically and psychiatri-
cally healthy older adults. Thus, the base rates of low mem-
ory scores might be underestimated given the healthy status
of this older adult sample (in contrast to older adults with a
variety of medical and minor psychiatric problems). In addi-
tion, using the rigorous exclusion criteria when collecting
the standardization data suggests that the likelihood of MCI
in older adults from a standardization sample would be less
than the population prevalence of MCI (i.e., likely 3% to
6%, but with substantial variance depending on sample and
methods used; see Feldman & Jacova, 2005, for a review).
Unfortunately, a definitive answer to this issue is not know-
able with these samples, and further longitudinal research
is required.

The concept that healthy adults and older adults get some
low scores when a battery of neuropsychological measures
are administered and interpreted is not new. For nearly two
decades, Heaton and colleagues have presented data for the
Halstead-Reitan Battery that illustrates this concept (Heaton
et al., 1991, 2004). In addition, this concept has been briefly
examined for the Wechsler battery of tests. In a study of six
factor scores from the WAIS-III0WMS-III (i.e., verbal com-
prehension, perceptual organization, processing speed, work-
ing memory, auditory memory, and visual memory), Taylor
and Heaton (2001) reported that 46% of the standardization
sample obtained one or more factor scores below 1 SD.
Moreover, Holdnack et al. (2006) illustrated how base rates
across multiple test scores were useful in differentiating
child clinical populations with mild, moderate, and severe
disabilities from healthy controls. Children with moderate
to severe disability showed not only a higher rate of multi-
ple low scores but also infrequently had scores above the
mean related to their disability. Future clinical studies of
MCI and Alzheimer’s disease may wish to consider the
prevalence of both impaired and higher than the mean score
on targeted cognitive functions.

Low memory scores are common in healthy older adults,
increase with lower levels of intellectual functioning and0or
fewer years of education and might represent normal human
variability on testing, a long-standing relative weakness
(without a recent change in functioning), or measurement
error, broadly defined. Based on the existing research exam-
ining the base rates of low scores (Brooks et al., 2007;
Crawford et al., 2007; Heaton et al., 1991, 2004; Iverson
et al., 2006, 2008a, 2008b; Palmer et al., 1998), it is unlikely

that this concept is specific to the WMS-III. Rather, this
finding likely represents a poorly understood psychometric
phenomenon across all fixed and flexible neuropsycholog-
ical batteries.

The base rate data presented in this article are ready for
clinical and research use. Tables 2–7 greatly enhance the
routine use of the WMS-III and facilitate the simultaneous
interpretation of multiple memory test scores with older
adults in clinical and research settings. Clinicians and
researchers can use these tables to determine the false-
positive rates when interpreting performance across several
memory measures or determining inclusion in a study. It is
hopeful that this information, in conjunction with corrobo-
rative information (e.g., collateral interview and other med-
ical investigations), will improve diagnostic accuracy with
older adults. The next step is to apply these psychometric
base rate data to archival or prospective samples of clinical
patients to identify optimal cutoff scores for identifying
memory impairment associated with neurodegenerative
disease.

It is important that clinicians and researchers be well
informed of the prevalence of low memory scores in healthy
older adults and conceptualize performance based on intel-
lectual abilities when interpreting scores. Misclassifying a
healthy older adult as having MCI, and informing that per-
son that 10–15% of people with MCI convert to a diagnosis
of dementia each year, can potentially have seriously adverse
consequences to the patient, family, healthcare system, and
society in general. We believe that the base rates informa-
tion provided in this study are one step toward improving
the psychometric accuracy (i.e., positive and negative pre-
dictive values) when assessing for the presence of memory
impairment using the WMS-III, and in return, minimize the
chances of “accidental MCI.”
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