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Abstract

Objective: The rate at which people obtain reliably improved or declined cognitive test scores when retested, in the absence of a change
in clinical condition, is largely unknown. The purpose of this study was to illustrate the prevalence of statistically reliable change scores on
memory test batteries in healthy adults and older adults.
Method: Participants included three adult and older adult test-retest samples from memory test batteries. Reliable change scores (reliable
change index with 90% confidence interval and practice effects) were calculated for the indexes and subtests of each battery. Multivariate
analyses involved calculating the frequencies of healthy people obtaining one or more reliably declined or one or more reliably improved
scores when considering all change scores simultaneously within each battery.
Results: Across all batteries, having one or more reliably changed index or subtest score on retest was common. With most batteries, hav-
ing two or more reliably changed scores was uncommon. Those with higher intellectual abilities were more likely to have a change on
retest; however, no significant differences in base rates were found based on education level, sex, or ethnic minority status. Those older
adults who did not have any low memory scores were more likely to improve than decline on retest.
Conclusions: Having a single reliably changed score on retest is common when interpreting a battery of memory measures. This has im-
plications for determining cognitive decline and cognitive recovery, suggesting that multivariate interpretation is necessary.
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Introduction

The thesis of this paper is that it is common for healthy adults and older adults to show “significant changes” in cognitive
functioning when tested a second time. This issue has rarely been studied and it has major implications for clinical practice
and research. Repeated cognitive testing is used for a variety of reasons, such as to evaluate for treatment effects, monitor
recovery from a traumatic brain injury, or determine if a person has experienced a decline in functioning associated with a
neurodegenerative disease, such as Alzheimer’s disease. However, the rate at which people obtain cognitive test scores that
are reliably improved or declined on retesting, in the absence of a change in clinical condition, is largely unknown and likely
much greater than would be predicted from univariate estimates involving the standard normal distribution (i.e., the bell
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curve). Simply put, clinicians and researchers do not have adequate data to determine how common it is to show improvement
or decline on cognitive test scores in healthy adults and older adults who undergo retesting.

There are well established methods for interpreting change on cognitive testing, such as the reliable change methodology
(Barr & McCrea, 2001; Chelune, Naugle, Luders, Sedlak, & Awad, 1993; Heaton et al., 2001; Hinton-Bayre, Geffen,
Geffen, McFarland, & Friis, 1999; Iverson, 1998, 1999, 2001; Iverson, Lovell, & Collins, 2003; Iverson, 2012; Temkin,
Heaton, Grant, & Dikmen, 1999) and standardized linear regression (McSweeney, Naugle, Chelune, & Luders, 1993;
Salinsky, Storzbach, Dodrill, & Binder, 2001; Sawrie, Chelune, Naugle, & Luders, 1996; Sawrie, Marson, Boothe, &
Harrell, 1999; Temkin et al., 1999). These methodologies are important and useful because they allow clinicians and
researchers to estimate the probable range of measurement error surrounding test-retest difference scores, and then draw
inferences about whether an individual patient or subject has experienced a statistically reliable improvement or worsening
in performance. A limitation with using these methods in clinical practice is that they are calculated on the basis of a single
test-retest score, and inherently assume that only one test has been administered (i.e., each change score is considered in
isolation as if it was a single statistical analysis). In clinical practice and research, however, multiple tests are administered
and interpreted. Therefore, these methods might accurately estimate the likelihood of change if a single test is administered
and interpreted, but they will under-estimate the likelihood of change if multiple tests are given. For example, Iverson and
colleagues illustrated that it is uncommon to have a statistically reliable worsening on computerized cognitive testing when
only a single score is considered, but when several scores are considered simultaneously it is fairly common for healthy
people to obtain at least one reliably lower score on a brief computerized battery (Iverson et al., 2003). Woods and collea-
gues also illustrated that multiple change scores need to be considered on retest (Woods et al., 2006). When considering
retest scores for all 14 neuropsychological variables in healthy adults and adults with medically stable human immunodefi-
ciency virus (HIV), Woods et al. reported that it was uncommon to have 7 or more scores reliably improve or reliably
decline on retest in both controls and the clinical group.

The purpose of this study is to illustrate the prevalence of statistically reliable change scores on memory testing in healthy
adults and older adults. We hypothesized that having at least one large improvement or decline on memory testing would be
common when applying the reliable change methodology to several test scores simultaneously.

Methods

Participants

The participants for this study were from the test-retest samples in the standardization process for their respective published
memory batteries. These batteries were the (a) Neuropsychological Assessment Battery, Memory Domain (NAB; Stern &
White, 2003) and (b) Wechsler Memory Scale, Fourth Edition (WMS-IV; Wechsler, 2009).

Measures

Test-retest data were considered for all 10 NAB Memory subtest scores (List Learning A Immediate Recall, List
Learning B Immediate Recall, List Learning A Short Delayed Recall, List Learning A Long Delayed Recall, Shape
Learning Immediate Recognition, Shape Learning Delayed Recognition, Story Learning Phrase Unit Immediate Recall,
Story Learning Phrase Unit Delayed Recall, Daily Living Memory Immediate Recall, and Daily Living Memory Delayed
Recall) in the entire retest sample. The NAB retest sample also administered the Reynolds Intellectual Screening Test
(RIST; Reynolds & Kamphaus, 2003).

For the WMS-IV, test-retest data were considered separately for the adult battery (16–69 years) and the older adult battery
(65–90 years) due to differences in the subtests administered. For ages 16–69, all 5 WMS-IV index scores (Auditory Memory
Index, Visual Memory Index, Immediate Memory Index, Delayed Memory Index, and Visual Working Memory Index) and
10 WMS-IV primary subtest scores (Logical Memory I, Logical Memory II, Verbal Paired Associates I, Verbal Paired
Associates II, Designs I, Designs II, Visual Reproduction I, Visual Reproduction II, Spatial Addition, and Symbol Span) were
considered. For ages 65–90, four WMS-IV index scores (Auditory Memory Index, Visual Memory Index, Immediate
Memory Index, and Delayed Memory Index; the older adult battery does not include a Visual Working Memory Index) and
seven primary WMS-IV subtest scores (Logical Memory I, Logical Memory II, Verbal Paired Associates I, Verbal Paired
Associates II, Visual Reproduction I, Visual Reproduction II, and Symbol Span) were considered. The WMS-IV retest sample
was also administered the Wechsler Adult Intelligence Scale, Fourth Edition (Wechsler, 2008).

1027B. L. Brooks et al. / Archives of Clinical Neuropsychology 31 (2016); 1026–1036



Analyses

Computation of the reliable change index (RCI) was done through a modification of the method proposed by Jacobson and
Truax (1991), which has been used previously to present change scores that can be interpreted clinically (for example, see
Iverson, 2012). The reliable change methodology allows the clinician to estimate measurement error surrounding test-retest dif-
ference scores using information commonly presented in the test manuals (i.e., standard deviations [SDs] at Time 1 and Time 2,
and test-retest correlations). For this study, we used RCI with a 90% confidence interval (CI) and included practice effects.
Practice effects are defined as the difference in mean group scores between Time 2 and Time 1, which is subsequently added to
the RCI. The steps for calculating reliable change scores are provided below and Table 1 shows the values used in this study.

(1) SEM1 = −SD r1 12 SD from Time 1 multiplied by the square root of 1 minus the test-retest coefficient.

(2) SEM2 = −SD r1 12 SD from Time 2 multiplied by the square root of 1 minus the test-retest coefficient.

(3) RCI = +SEM SEM1
2

2
2 Square root of the sum of the squared SEMs for each testing occasion.

(4) RCI 90%CI = RCI × 1.64.

(5) RCI 90%CI accounting for practice effects:
(a) Reliable improvement = Positive RCI (90%CI) plus practice effect.
(b) Reliable decline = Negative RCI (90%CI) plus practice effect.

Frequency distributions for reliable change scores were computed for each battery, including the prevalence of 0, 1, 2, and so
forth. reliable change scores when all change scores are considered simultaneously (multivariate interpretation). This was done for
(a) any reliable change (either improvement or decline), (b) reliable improvement only, and (c) reliable decline only. Frequency
distributions were further stratified by (a) participant education (≤12 years or >12 years), (b) level of overall intellectual abilities
(≤50th percentile or >50th percentile), (c) sex (male or female), and (d) ethnicity (Caucasian or not Caucasian [i.e., African
American, Asian, Hispanic, and Other]) to further evaluate the key principles of multivariate base rates that have been previously
reported (Brooks, Strauss, Sherman, Iverson, & Slick, 2009b; Brooks & Iverson, 2012; Brooks, Iverson, & Holdnack, 2013;
Iverson & Brooks, 2011). Further analyses were carried out to determine whether those healthy adults and older adults who would
be deemed to have memory impairment based solely on test performance (e.g., one or more memory scores <1.5 SDs below the
mean; did not include working memory scores) were more or less likely to have reliably changes scores on retest. Analyses to
determine whether frequencies differed across any groups were done using chi-square analyses with odds ratios (ORs) being pre-
sented when results are significant. Due to the large number of analyses and potential for Type I errors, alpha was set at p < .01.

Results

Descriptions of the test-retest samples are presented in Table 2. Mean retest intervals for the adult memory batteries ranged
from about 3 weeks on the WMS-IV to approximately 6 months on the NAB Memory Module. Samples are roughly evenly
split between sexes and have a higher proportion of Caucasians. The frequencies of reliable change scores, when considering
each score in isolation (univariate analyses), are presented at the bottom of Table 2. The mean percentages of healthy people
who obtain a reliably different score on retest are approximately at the expected 10% range for both indexes and subtests, and
are generally symmetrical for declined (approximately 5%) and improved (approximately 5%).

The multivariate frequencies of reliable change subtest scores on the NAB Memory Module are presented in Table 3. In
this retest sample, 57.9% had one or more reliably different subtest scores in any direction. In the NAB retest sample, 31.6%
had one or more reliably declined subtest scores and 33.7% had one or more reliably improved subtest scores [χ2(1) = 0.77,
p = .38]. Those with higher intellectual abilities (RIST > 100) were more likely to have a reliable decline on retest compared
to those with lesser intellectual abilities (RIST ≤ 100) [χ2(1) = 13.68, p < .001, OR = 7.0 (95%CI = 2.1–24.2)]. Those with
lesser intellectual abilities (RIST ≤ 100) were not more likely to have one or more reliably improved NAB Memory subtest
scores compared to those with higher intellectual abilities [RIST > 100; χ2(1) = 1.48, p = .22]. When stratifying by education
level (i.e., 12 or fewer years vs. more than 12 years), there were no significant differences in the prevalence rates of reliably
declined [χ2(1) = 0.01, p = .96] or reliably improved [χ2(1) = 0.08, p = .78] subtest scores. There were not differences in the
NAB subtest reliable change base rates between males and females [declined: χ2(1) = 5.23, p = .02; improved: χ2(1) = 1.04,
p = .31] or between Caucasian and non-Caucasian [declined: χ2(1) = 0.04, p = .55; improved: χ2(1) = 0.14, p = .71].

Multivariate base rates of reliable change scores for the WMS-IV are presented in Table 4. The occurrence of one or more
reliably changed index scores (any direction) was found in 26.1% of the WMS-IV 16–69-year-old retest sample. In this
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sample, 11.9% had one or more reliably declined index scores and 15.7% had one or more reliably improved index scores
[χ2(1) = 0.53, p = 0.47]. There were no significant differences in the base rates of reliably declined [χ2(1) = 4.3, p = .04] or
reliably improved [χ2(1) = 0.03, p = .86] index scores when considering intellectual abilities that are either WAIS-IV FSIQ ≤
100 or WAIS-IV FSIQ > 100. When stratifying by education level (i.e., 12 or fewer years vs. more than 12 years), there were
no significant differences in the prevalence rates of reliably declined [15.4% and 8.7%, respectively; χ2(1) = 1.42, p = .23] or
reliably improved [10.8% and 20.3%, respectively; χ2(1) = 2.30, p = .13] index scores. There were not differences in the

Table 1. Reliable change scores used for the NAB and WMS-IV

Subtest and index names SD1 SD2 r12 SEM1 SEM2 SEdiff Mean
PE

90%CI

Declined Improved

NAB
Memory Index 13.8 14.2 0.67 7.9 8.2 11.4 5.6 −14 +25
List Learning List A Immediate Recall 9.0 9.4 0.34 7.3 7.6 10.6 1.9 −16 +20
List Learning List B Immediate Recall 10.1 10.1 0.40 7.8 7.8 11.1 −1.5 −20 +17
List Learning List A Short Delayed Recall 9.3 9.8 0.41 7.1 7.5 10.4 1.3 −16 +19
List Learning List A Long Delayed Recall 9.5 8.7 0.39 7.4 6.8 10.1 2.8 −14 +20
Shape Learning Immediate Recognition 10.2 11.4 0.43 7.7 8.6 11.5 3.7 −16 +23
Shape Learning Delayed Recognition 10.1 11.2 0.40 7.8 8.7 11.7 2.0 −18 +22
Story Learning Immediate Recall 9.8 8.5 0.58 6.4 5.5 8.4 2.3 −12 +17
Story Learning Delayed Recall 9.0 8.9 0.57 5.9 5.8 8.3 2.3 −12 +16
Daily Living Memory Immediate Recall 10.0 9.2 0.49 7.1 6.6 9.7 4.8 −12 +21
Daily Living Memory Delayed Recall 10.8 10 0.53 7.4 6.9 10.1 1.4 −16 +18

WMS-IV, 16–69 year battery
Logical Memory I 2.9 2.6 0.72 1.5 1.4 2.1 1.9 −2 +6
Logical Memory II 2.8 2.9 0.67 1.6 1.7 2.3 2.3 −2 +7
Verbal Paired Associates I 3.1 3.4 0.76 1.5 1.7 2.3 2.3 −2 +6
Verbal Paired Associates II 3.0 2.7 0.76 1.5 1.3 2.0 1.0 −3 +5
Verbal Paired Associates II Word Recall 2.9 3.2 0.74 1.5 1.6 2.2 0.9 −3 +5
Designs I 2.9 3.4 0.73 1.5 1.8 2.3 1.1 −3 +5
Designs II 2.7 3.2 0.72 1.4 1.7 2.2 1.7 −2 +6
Visual Reproduction I 2.8 2.8 0.62 1.7 1.7 2.4 1.9 −3 +6
Visual Reproduction II 2.8 3.0 0.59 1.8 1.9 2.6 2.8 −2 +8
Spatial Addition 2.8 3.0 0.74 1.4 1.5 2.1 0.8 −3 +5
Symbol Span 3.0 3.1 0.72 1.6 1.6 2.3 0.6 −4 +5
Auditory Memory Index 14.1 14.4 0.81 6.1 6.3 8.8 11.5 −3 +26
Visual Memory Index 14.8 16.6 0.8 6.6 7.4 9.9 12.1 −5 +29
Visual Working Memory Index 14.4 15.6 0.82 6.1 6.6 9.0 4.3 −11 +20
Immediate Memory Index 14.9 15.6 0.81 6.5 6.8 9.4 12.4 −3 +28
Delayed Memory Index 13.9 15 0.79 6.4 6.9 9.4 13.7 −2 +30

WMS-IV, 65–90 year battery
Logical Memory I 2.9 3.3 0.77 1.4 1.6 2.1 2.0 −2 +6
Logical Memory II 2.7 2.8 0.71 1.5 1.5 2.1 2.1 −2 +6
Verbal Paired Associates I 2.8 2.9 0.76 1.4 1.4 2.0 1.7 −2 +5
Verbal Paired Associates II 2.7 2.7 0.77 1.3 1.3 1.8 1.1 −2 +5
Verbal Paired Associates II Word Recall 2.8 2.7 0.72 1.5 1.4 2.1 1.2 −3 +5
Visual Reproduction I 3.1 3.1 0.79 1.4 1.4 2.0 1.8 −2 +6
Visual Reproduction II 2.8 3.1 0.64 1.7 1.9 2.5 1.8 −3 +6
Symbol Span 2.8 3.0 0.69 1.6 1.7 2.3 0.6 −4 +5
Auditory Memory Index 12.9 14.5 0.82 5.5 6.2 8.2 10.6 −3 +25
Visual Memory Index 14.6 17.0 0.79 6.7 7.8 10.3 11.0 −6 +28
Immediate Memory Index 13.9 14.2 0.84 5.6 5.7 7.9 12.4 −1 +26
Delayed Memory Index 13.1 14.4 0.80 5.9 6.4 8.7 11.0 −4 +26

Notes: SD = standard deviation; r12 = retest correlation; SEM = standard error of measurement; PE = practice effect (mean Time 2−mean Time 1);
NAB = Neuropsychological Assessment Battery (Stern and White, 2003); WMS-IV = Wechsler Memory Scale, Fourth Edition (Wechsler, 2009).

NAB: Reproduced by special permission of the Publisher, Psychological Assessment Resources, Inc. 16204 North Florida Avenue, Lutz, Florida 33549, from
the Neuropsychological Assessment Battery by Robert A. Stern, Ph.D., and Travis White, Ph.D., Copyright 2001, 2003 by PAR, Inc. Further reproduction is
prohibited without permission from PAR, Inc.

WMS-IV: Standardization data from the Wechsler Memory Scale, Fourth Edition (WMS-IV). Copyright © 2009 NCS Pearson, Inc. Used with permission. All
rights reserved.
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WMS-IV Index base rates between males and females [declined: χ2(1) = 1.99, p = .16; improved: χ2(1) = 0.21, p = .64] or
between Caucasian and non-Caucasian [declined: χ2(1) = 0.84, p = .36; improved: χ2(1) = 0.01, p = .98].

For the WMS-IV subtests, 62.5% of this sample had one or more reliably different scores in any direction. One or more
reliably declined subtest scores was found in 33.6% and one or more reliably improved subtest scores was found in 39.1% of

Table 3. Cumulative percentages of the NAB Memory sample with reliably different subtest scores on retest when considering all change scores
simultaneously

Number of subtest scores Total sample RIST < 100 RIST ≥ 100 Education Education
≤12 years >12 years

Cumulative percentages with number of reliably declined NAB memory subtest scores
Zero 68.4 82.4 59.3 68.0 68.6
1 or more 31.6 11.8 40.7 32.0 31.4
2 or more 10.5 2.9 13.6 20.0 7.1
3 or more 2.1 2.9 1.7 4.0 1.4
4 or more 2.1 2.9 1.7 4.0 1.4
5 or more 2.1 2.9 1.7 4.0 1.4
6 or more 2.1 2.9 1.7 4.0 1.4

Cumulative percentages with number of reliably improved NAB memory subtest scores
Zero 66.3 58.8 71.2 64.0 67.1
1 or more 33.7 41.2 28.8 36.0 32.9
2 or more 8.4 17.6 3.4 8.0 8.6
3 or more 3.2 5.9 1.7 — 4.3
4 or more 1.1 2.9 — — 1.4

Notes: RIST = Reynolds Intellectual Screening Test (Reynolds & Kamphaus, 2003). All 10 NAB Memory subtest scores were considered (List Learning A
Immediate Recall, List Learning B Immediate Recall, List Learning A Short Delayed Recall, List Learning A Long Delayed Recall, Shape Learning
Immediate Recognition, Shape Learning Delayed Recognition, Story Learning Phrase Unit Immediate Recall, Story Learning Phrase Unit Delayed Recall,
Daily Living Memory Immediate Recall, and Daily Living Memory Delayed Recall).

Reproduced by special permission of the Publisher, Psychological Assessment Resources, Inc. 16204 North Florida Avenue, Lutz, Florida 33549, from the
Neuropsychological Assessment Battery by Robert A. Stern, Ph.D., and Travis White, Ph.D., Copyright 2001, 2003 by PAR, Inc. Further reproduction is pro-
hibited without permission from PAR, Inc.

Table 2. Test-retest sample characteristics for the adult memory batteries

Demographics NAB memory WMS-IV

Adult Older adult

N 95 173 71
Mean age, years (SD) 50.5 (17.6) 40.7 (17.0) 75.6 (7.4)
Mean retest interval, weeks (range) 27.6 (22.3–37.7) 3.2 (2.0–12.0) 3.2 (2.0–12.0)
Sex (% female) 66 51 59
Ethnicity (% Caucasian) 73 69 85
Univariate frequencies of reliable change scores Decline Improve Decline Improve Decline Improve
Indexes
Mean percent of sample 2.2 3.3 3.9 5.2 3.6 6.1
SD —

a
— 0.8 0.6 1.8 2.5

Range — — 3.0–4.7 4.5–6.0 1.4–5.6 2.9–8.7
Subtests
Mean percent of sample 6.9 7.4 4.5 5.4 3.0 7.1
SD 3.7 3.0 2.0 2.2 1.3 3.5
Range 0–11.6 3.2–11.6 2.3–7.9 2.6–8.8 1.4–4.3 2.8–12.7

Notes: Univariate frequencies of reliable change scores represent the mean percentage of the sample identified as reliably declined or reliably improved if con-
sidering each change score in isolation. For example, 3.0–4.7% of adults showed a reliable decline on each of the five WMS-IV indexes, with and average
decline of 3.9% (and expected base rate of 5%, based on the 90%CI for reliable change).
aNAB Memory yields only one index score, so multivariate analyses cannot be computed. SD = standard deviation.
NAB: Reproduced by special permission of the Publisher, Psychological Assessment Resources, Inc. 16204 North Florida Avenue, Lutz, Florida 33549, from
the Neuropsychological Assessment Battery by Robert A. Stern, Ph.D., and Travis White, Ph.D., Copyright 2001, 2003 by PAR, Inc. Further reproduction is
prohibited without permission from PAR, Inc.

WMS-IV: Standardization data from the Wechsler Memory Scale, Fourth Edition (WMS-IV). Copyright © 2009 NCS Pearson, Inc. Used with permission. All
rights reserved.
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the sample [χ2(1) = 0.83, p = .36]. There were no significant differences in the base rates of reliably declined [χ2(1) = 4.11,
p = 0.04] or reliably improved [χ2(1) = 0.35, p = .55] subtest scores when considering intellectual abilities that are either
WAIS-IV FSIQ ≤ 100 or WAIS-IV FSIQ > 100. There were not differences in the WMS-IV subtest base rates between males
and females [declined: χ2(1) = 2.83, p = .09; improved: χ2(1) = 0.62, p = .43] or between Caucasian and non-Caucasian
[declined: χ2(1) = 0.57, p = .45; improved: χ2(1) = 0.03, p = .88].

In the 65–90 year olds who were given the older adult battery, 25.0% of the WMS-IV sample had one or more reliably
changed index scores on retest (Table 5). In this older adult sample, 7.4% had one or more reliably declined index scores and
19.1% had one or more reliably improved index scores [χ2(1) = 4.10, p = .04]. There were no significant differences in the
base rates of reliably declined WMS-IV index scores in those older adults with lesser versus higher intellectual abilities
[χ2(1) = 0.10, p = .75]. However, those older adults with higher intellectual abilities (WAIS-IV FSIQ > 100) were more
likely to have one or more reliably improved WMS-IV index scores compared to those with lesser intellectual abilities
[WAIS-IV FSIQ ≤ 100; χ2(1) = 9.05, p = .003, OR not computed due to zero count in one cell]. When stratifying by educa-
tion level (i.e., 12 or fewer years vs. more than 12 years), there were no significant differences in the prevalence rates of reli-
ably declined index scores [10.3% and 3.4%, respectively; χ2(1) = 1.13, p = .29] or reliably improved index scores on retest
[31.0% and 13.2%, respectively; χ2(1) = 4.64, p = .03]. There were not differences in the WMS-IV Index base rates for older
adults when comparing males and females [declined: χ2(1) = 0.78, p = .38; improved: χ2(1) = 1.37, p = .24] or when compar-
ing Caucasian and non-Caucasian [declined: χ2(1) = 0.21, p = .64; improved: χ2(1) = 0.53, p = .47].

In the 65–90-year-old sample, 52.2% had one or more reliably different WMS-IV subtest scores in any direction. One or
more reliably declined subtest scores was found in 13.4% of this sample, but older adults were significantly more likely to have
one or more reliably improved subtest scores [43.3% of the sample; χ2(1) = 14.69, p < .001, OR = 4.9 (95%CI = 2.0–12.7)].
When stratifying by education level (i.e., 12 or fewer years vs. more than 12 years), there were no significant differences in the
prevalence rates of reliably declined [40.0% and 27.9%, respectively; χ2(1) = 2.08, p = .15] or reliably improved [36.7% and
41.2%, respectively; χ2(1) = 0.27, p = .60] subtest scores. There were not significant differences in the base rates of reliably

Table 4. Cumulative percentages of the WMS-IV adult sample with reliably different scores on retest when considering all change scores simultaneously

Total WAIS-IV WAIS-IV Education Education
Sample FSIQ < 100 FSIQ ≥ 100 ≤12 years >12 years

Cumulative percentages with number of reliably declined WMS-IV scores
Number of index scores
Zero 88.1 81.8 93.8 84.6 91.3
1 or more 11.9 18.2 6.3 15.4 8.7
2 or more 5.2 6.1 4.7 6.2 4.3
3 or more 0.7 — 1.6 — 1.4
4 or more — — — — —

Number of subtest scores
Zero 66.4 57.4 74.6 60.0 72.1
1 or more 33.6 42.6 25.4 40.0 27.9
2 or more 9.4 16.4 3.2 13.3 5.9
3 or more 1.6 — 3.2 1.7 1.5

Cumulative percentages with number of reliably improved WMS-IV scores
Number of index scores
Zero 84.3 84.8 85.9 89.2 79.7
1 or more 15.7 15.2 14.1 10.8 20.3
2 or more 6.0 4.5 6.3 3.1 8.7
3 or more 2.2 3.0 — — 4.3
4 or more 0.7 — — — 1.4

Number of subtest scores
Zero 60.9 63.9 58.7 63.3 58.8
1 or more 39.1 36.1 41.3 36.7 41.2
2 or more 9.4 8.2 9.5 6.7 11.8
3 or more 3.1 3.3 3.2 1.7 4.4

Notes: For ages 16–69, all five WMS-IV index scores (Auditory Memory Index, Visual Memory Index, Immediate Memory Index, Delayed Memory Index,
and Visual Working Memory Index) and 10 WMS-IV primary subtest scores (Logical Memory I, Logical Memory II, Verbal Paired Associates I, Verbal
Paired Associates II, Designs I, Designs II, Visual Reproduction I, Visual Reproduction II, Spatial Addition, and Symbol Span) were considered.

Standardization data from the Wechsler Memory Scale, Fourth Edition (WMS-IV). Copyright © 2009 NCS Pearson, Inc. Used with permission. All rights
reserved. Standardization data from the Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-IV). Copyright © 2008 NCS Pearson, Inc. Used with permis-
sion. All rights reserved.

1031B. L. Brooks et al. / Archives of Clinical Neuropsychology 31 (2016); 1026–1036



declined WMS-IV subtest scores for older adults based on intellectual abilities [χ2(1) = 0.18, p = .67]. Older adults with higher
intellectual abilities were statistically more likely to have one or more reliably improved WMS-IV subtest scores compared to
older adults with lesser intellectual abilities [χ2(1) = 7.18, p = .007, OR = 5.2 (95%CI = 1.3–22.6)]. When stratifying by educa-
tion level (i.e., 12 or fewer years vs. more than 12 years), there were no significant differences in the prevalence rates of reliably
declined [13.2% and 13.8%, respectively; χ2(1) = 0.01, p = .94] or reliably improved [44.7% and 41.4%, respectively;
χ2(1) = 0.08, p = .78] subtest scores. There were not differences in the WMS-IV subtest base rates for older adults when com-
paring males and females [declined: χ2(1) = 0.09, p = .77; improved: χ2(1) = 0.34, p = .56] or when comparing Caucasian and
non-Caucasian [declined: χ2(1) = 0.01, p = .99; improved: χ2(1) = 0.8, p = .78].

The rates of reliable change scores in those deemed to have low memory scores (i.e., “memory impairment”) are pre-
sented in Table 6. For 16–69 year olds, memory impairment is found in 27.3% at Time 1 and is found in 13.3% at Time 2.
For 65–90 year olds, memory impairment is found in 14.9% at Time 1 and in 9.0% at Time 2. There were no significant
differences in the prevalence rates of change scores depending on how memory impairment was defined (e.g., considering
an isolated low score or considering multiple low scores; all ps > .05), so results are presented using one or more scores
<1.5SDs in order to maximize group sizes. In adults on the WMS-IV, those with “memory impairment” were not more
likely than those without memory impairment to have one or more scores reliably decline on retest [42.9% vs. 30.1%;
χ2(1) = 1.85, p = .17] or reliably improve on retest [54.3% vs. 33.3%; χ2(1) = 4.69, p = .03]. In older adults on the WMS-
IV, those with “memory impairment” were not more likely than those without memory impairment to have one or more
scores reliably decline on retest [20.0% vs. 12.3%; χ2(1) = 0.44, p = .51] or reliably improve on retest [30.0% vs. 45.6%;
χ2(1) = 0.85, p = .36]. In both adults and older adults, those with “memory impairment” had similar rates of showing a reli-
able decline on retest as they did a reliable improvement on retest (all ps > .05). For older adults, those who did not have
memory impairment were more likely to show improvement than to show decline when retested [χ2(1) = 15.40, p < .001,
OR = 6.0 (95%CI = 2.1–17.4)].

Table 5. Cumulative percentages of the WMS-IV older adult sample with reliably different scores on retest when considering all change scores
simultaneously

Total WAIS-IV WAIS-IV Education ≤12 Education
Sample FSIQ < 100 FSIQ ≥ 100 years >12 years

Cumulative percentages with number of reliably declined WMS-IV scores
Number of index scores
Zero 92.6 95.2 93.1 89.7 96.6
1 or more 7.4 4.8 6.9 10.3 3.4
2 or more 1.5 — — 2.6 —

3 or more 1.5 — — — —

4 1.5 — — — —

Number of subtest scores
Zero 86.6 85.7 89.7 89.7 69.0
1 or more 13.4 14.3 10.3 10.3 31.0
2 or more 4.5 4.8 6.9 2.6 10.3
3 or more 1.5 4.8 — — —

Cumulative percentages with number of reliably improved WMS-IV scores
Number of index scores
Zero 80.9 100 65.5 86.8 86.2
1 or more 19.1 0 34.5 13.2 13.8
2 or more 5.9 — 13.8 5.3 3.4
3 or more — — — 2.6 —

4 — — — — —

Number of subtest scores
Zero 56.7 76.2 37.9 55.3 58.6
1 or more 43.3 23.8 62.1 44.7 41.4
2 or more 6.0 — 6.9 2.6 10.3
3 or more 1.5 — — — 3.4

Notes: For ages 65–90, four WMS-IV index scores (Auditory Memory Index, Visual Memory Index, Immediate Memory Index, and Delayed Memory Index)
and seven primary WMS-IV subtest scores (Logical Memory I, Logical Memory II, Verbal Paired Associates I, Verbal Paired Associates II, Visual
Reproduction I, Visual Reproduction II, and Symbol Span) were considered.

Standardization data from the Wechsler Memory Scale, Fourth Edition (WMS-IV). Copyright © 2009 NCS Pearson, Inc. Used with permission. All rights
reserved. Standardization data from the Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-IV). Copyright © 2008 NCS Pearson, Inc. Used with permis-
sion. All rights reserved.
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Discussion

This study illustrated persuasively that it is common for people to have at least one large change in performance on mem-
ory testing when several memory tests are administered. The changes in performance were not unidirectional and reflective of
practice effects; they were bidirectional. This finding was present in healthy adults and older adults, and occurred for norma-
tive scores that were both age adjusted and demographically adjusted. These results are consistent with prior studies illustrat-
ing that it is common to have one or more reliable change scores on retesting (Iverson et al., 2003; Woods et al., 2006), and
have important implications for clinical practice and research when trying to determine if a patient or research participant has
shown improvement or worsening in memory functioning over time.

Multivariate base rates of reliable change scores far exceed the expectations from interpretation of single reliable change
scores. When considering a single reliable change score in isolation, a 90%CI around the change score (adjusted for prac-
tice effects) should result in approximately 10% of healthy people showing a reliable difference when retested (i.e., ~5%
showing a reliable decline and ~5% showing a reliable improvement; as shown in Table 2). Across the memory batteries in
this study, the prevalence rates for having one or more reliable change scores (in either direction) was 25–26% for index
scores and ranged from 52% to 63% for subtest scores. Having one or more reliable declines in performance was found in
7–12% for index scores and 13–34% for subtest scores. Having one or more reliable improvements was found in 16–19%
for index scores and 34–43% for subtest scores across samples and batteries. In general, prevalence rates for reliable
change scores on both indexes and subtests become uncommon with two or more reliably declined or two or more reliably
improved scores, and in some scenarios it is only uncommon to have three or more reliably changed retest scores. Clearly,
considering multiple reliable change scores can easily result in misinterpretation of retest performance if a clinician is ex-
pecting univariate prevalence rates.

These results are related to and align with other multivariate interpretive considerations for cognitive testing. There is
now a large and mature body of evidence illustrating that when a battery of cognitive test scores are interpreted, it is com-
mon for healthy adults to obtain one or more unusually low scores (Brooks & Iverson, 2010; Brooks, Iverson, & White,
2009a; Brooks, Holdnack, & Iverson, 2011; Brooks et al., 2013; Iverson, Brooks, White, & Stern, 2008). Similarly, within
a single domain of cognitive functioning, such as working memory (Brooks et al., 2013; Iverson, Brooks, & Holdnack,
2012), episodic memory (Brooks, Iverson, Holdnack, & Feldman, 2008; Brooks, Iverson, & White, 2007; Brooks et al.,
2009a), executive functioning (Brooks, Iverson, Lanting, Horton, & Reynolds, 2012), and processing speed (Brooks et al.,
2013; Iverson et al., 2012), a substantial minority of healthy adults and older adults will obtain one low score. The preva-
lence of low scores when simultaneously interpreting multiple scores is attributable to several factors, including: the num-
ber of scores being interpreted (e.g., there is a direct relation between the number of scores interpreted and the number of
expected low scores or reliable change scores obtained); the cutoff score being used for interpretation (e.g., more lenient
cutoff scores will produce more low scores or more reliable change scores); and the strength of the intercorrelations
between the scores being considered (e.g., lower intercorrelations between tests will produce higher rates of low scores or
higher rates of reliable change scores).

Table 6. Base rates of reliable change subtest scores for those who do or do not meet criteria for “memory impairment”

Meets criteria for “Memory Impairment” Does not meet criteria for “Memory
Impairment”

Number of subtest scores that reliably change on retest Reliably declined Reliably improved Reliably declined Reliably improved

Adults (16–69 years)
Zero 57.1 45.7 69.9 66.7
1 or more 42.9 54.3 30.1 33.3
2 or more 17.1 14.3 6.5 7.5
3 or more 2.9 5.7 1.1 2.2

Older adults (65–90 years)
Zero 80.0 70.0 87.7 54.4
1 or more 20.0 30.0 12.3 45.6
2 or more — — 5.3 7.0
3 or more — — 1.8 1.8

Note: SD = standard deviation. “Memory impairment” was defined as having one or more subtest scores that were more than 1.5 SDs below the mean. Note,
however, that these are considered normal control subjects with low memory score, not a clinical sample. Analyses are based on the WMS-IV standardization
sample. Standardization data from the Wechsler Memory Scale, Fourth Edition (WMS-IV). Copyright © 2009 NCS Pearson, Inc. Used with permission. All
rights reserved.
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These multivariate interpretation studies also illustrate that the rate of obtaining low scores varies by race, level of edu-
cation, and level of intellectual ability (for discussions, see Brooks et al., 2009b; Brooks & Iverson, 2012; Brooks et al.,
2013; Iverson & Brooks, 2011), which was partially replicated when considering these reliable change scores (e.g., those
with higher intellectual abilities were more likely to show reliable change on retest, but education, sex, and ethnicity were
not factors in the prevalence of change scores for these samples). It is also expected that when clinicians interpret multiple
index-level discrepancy scores (for example, discrepancies between intelligence and memory or verbal intelligence vs. pro-
cessing speed), the base rate of having one unusual discrepancy is considerably greater than is reported in test manuals and
computer scoring programs because those base rates consider the prevalence of each discrepancy in isolation (not consider-
ing multiple discrepancies simultaneously, as is usually done in clinical practice) (Crawford, Allum, & Kinion, 2008;
Crawford, Anderson, Rankin, & Macdonald, 2010). These studies on the multivariate base rates of low scores, reliable
change scores, and significant discrepancy scores have considerable implications for how we identify cognitive impairment,
how we track potential cognitive decline, and how accurately neuropsychological testing can contribute to the diagnosis of
disease (Ganguli et al., 2011; Jak et al., 2009; Jak et al., 2009; Litvan et al., 2012; Schinka et al., 2010). Additional
research is needed to drill deeper into these findings and better understand factors, other than a change in actual function-
ing, that are related to large test-retest changes on cognitive test scores. Prior research has supported the use of Monte
Carlo simulation for multivariate base rates of low scores (Brooks & Iverson, 2010), so it is possible that this method could
prove to be powerful for better understanding these psychometric factors when interpreting large amounts of change
scores.

There are some limitations to this study that should be considered. The samples used in this study were fairly small, and
we could not stratify them by multiple levels of education, intellectual ability, or ethnicity. Therefore, we could not adequately
explore the relationship between these factors and the likelihood of having large change scores. This study used RCI as the
methodology for interpreting change scores, so the results may differ if a different method of interpreting change scores is
employed (e.g., regression). However, RCI was chosen because it can be readily calculated by clinicians and researchers for
any score using the test-retest information presented in technical manuals. Other methods, such as regression, require access
to the raw standardization data. Nonetheless, regression modeling could be used to better explore additional factors relating to
change scores. The reader should note that there is some circularity to the analyses in this study. The retest samples were used
to derive the reliable change scores, and then subsequently used to evaluate the multivariate base rates of these reliable change
scores. Although this is the same process as has been used in many past studies involving base rates of low test scores (i.e.,
standardization sample used to derive the test scores, then base rates considered in the same data), having second independent
samples to validate the results may be helpful. And finally, it is important to consider that the test-retest intervals of these
standardized measures (mean number of weeks ranging from 3 to 28) may not directly reflect retest intervals for clinical as-
sessments. This does not mean that the information provided by this study is dubious, but it does suggest that generalizability
could be limited and further research is needed on the multivariate base rates of reliable change scores with longer retest
intervals.

Determining whether there has been improvement or worsening in cognitive functioning is a complicated process that in-
volves a series of steps and an understanding of several psychometric concepts. Variability in scores over time might relate to
measurement error, situational factors, and practice effects—and changes in test performance may or may not reflect true
changes in cognitive functioning. The clinician or researcher must consider carefully the potential influences of (a) initial level
of performance, (b) practice effects, (c) regression to the mean, (d) measurement error, and (e) motivational factors (see
Iverson, 2012 for a discussion of these issues). One of the most important factors to consider is level of performance during
initial testing. The effects of practice and regression vary in relation to initial test scores. Low scores are likely to be higher
on retesting due to situational factors, practice, and regression to the mean. High scores are less likely to improve due to prac-
tice and, in contrast, they are more likely to worsen due to regression and situational factors. The present study illustrates that
a large improvement or decline in memory test performance is much more likely to occur when several tests are administered,
as is usually the case in clinical practice.
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