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Abstract

Serial assessments are commonplace in neuropsychological practice and used to document cognitive trajectory for
many clinical conditions. However, true change scores may be distorted by measurement error, repeated exposure to
the assessment instrument, or person variables. The present study provides reliable change indices (RCI) for the Boston
Naming Test, derived from a sample of 844 cognitively normal adults aged 56 years and older. All participants were
retested between 9 and 24 months after their baseline exam. Results showed that a 4-point decline during a 9–15 month
retest period or a 6-point decline during a 16–24 month retest period represents reliable change. These cutoff values
were further characterized as a function of a person’s age and family history of dementia. These findings may help
clinicians and researchers to characterize with greater precision the temporal changes in confrontation naming ability.
(JINS, 2012, 18, 375–378)
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INTRODUCTION

Serial assessments are commonplace in neuropsychological
practice and used to document cognitive trajectory in patients
who undergo neurosurgical, behavioral or pharmacologic
interventions; monitor the natural progression of neuro-
degenerative illness; and identify abnormal patterns of
development in children and adolescents. A position paper
by the American Academy of Clinical Neuropsychology
(AACN; Heilbronner et al., 2010) highlights the ubiquity of
serial cognitive assessments in both clinical and forensic
practice, and emphasizes the need for additional research
to characterize clinical change scores for many neuro-
psychological tests in common use.

The Boston Naming Test (BNT; Kaplan, Goodglass,
& Weintraub, 1983) is one of the most widely used instru-
ments for the assessment of confrontation naming ability
(Rabin, Barr, & Burton, 2005). The reliability and validity of
the instrument are well established (Strauss, Sherman, &

Spreen, 2006) and normative reference values are available
from a variety of sources, including Mayo’s Older Americans
Normative Studies (MOANS) and Older African American
Normative Studies (MOAANS). Numerous studies have
investigated changes in BNT performance across the lifespan
(Albert, Heller, & Milberg, 1988; Au et al., 1995; Connor,
Spiro, Obler, & Albert, 2004; Cruice, Worrall, & Hickson,
2000; Ivnik, Malec, Smith, Tangalos, & Petersen, 1996;
Mitrushina & Satz, 1995; Welch, Doineau, Johnson, & King,
1996), including a relatively large study that detailed the
effects of age, education, and gender on naming ability (Zec,
Burkett, Markwell, & Larsen, 2007). However, few studies
have systematically examined practice effects or reliable
change on the BNT. For instance, a study of 122 older adults
found no practice effect for healthy individuals tested
annually over a 3-year time period (Mitrushina & Satz,
1995), a finding that was also obtained in a 4-year study of 91
healthy elderly Australian participants (Cruice et al., 2000).
Two additional longitudinal studies examined BNT perfor-
mance in older adults, but relied on the 85-item and 15-item
versions of the test and did not provide measures of reliable
change (Au et al., 1995; Kent & Luszcz, 2002). In a study of
353 individuals, Zec, Markwell, Burkett, & Larsen (2005)
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showed that a 4-point decline in BNT scores represents
reliable change over a 9–15 month interval. As noted by the
study authors, however, the BNT was administered without
the provision of semantic or phonemic cues, which may limit
the generalizability of their findings to standard clinical
practice. Furthermore, no index of reliable improvement was
provided.

The goal of the current study is to identify normative rates
of change on the BNT in a large cohort of cognitively normal
adults and provide estimates of reliable decline or improve-
ment over a 9–24 month interval.

METHOD

Participants

Study participants included 844 Caucasian Americans
over the age of 55 who took part in the Mayo Older Adult
Normative Studies (MOANS). Study criteria and recruitment
methodologies for MOANS have been detailed previously
(Ivnik et al., 1990). In brief, all participants were community-
dwelling adults who functioned independently and met the
following inclusion criteria: (1) evaluation by a primary care
physician within 1 year of study entry; (2) independence in
instrumental daily activities as rated by an informant; (3) no
active or uncontrolled medical, neurologic, or psychiatric
condition that could adversely affect cognitive functioning;
and (4) no use of psychotropic medications in sufficient
amounts that could adversely affect cognition.

Only individuals who remained cognitively normal during
all follow-up evaluations, and whose second evaluation
occurred 9–24 months following their baseline exam, were
included in this study. Many individuals had additional sub-
sequent exams: 82.3% were seen a total of 3 times, 70.6% a
total of 4 times, and 58.1% a total of 5 times.

All data were obtained in full compliance with a
research protocol approved by the Mayo Clinic Institutional
Review Board.

Statistical Analyses

Between-group differences were calculated using independent-
sample t tests, and bivariate correlations were used to examine
the relationship between demographic variables and BNT
scores. A reliable change index (RCI) was calculated for all
individuals with follow-up exams between 9 and 24 months,
and then separately for those whose post-test exam occurred
within 9–15 months or 16–24 months from the date of their
baseline assessment. This latter approach provides reference
values for individuals who return for follow-up approximately
1 versus up to 2 years after their initial exam.

A reliable change estimate, adjusted for practice effects,
was calculated based on the standard error of measurement
of the difference (SEdiff; equation 1), where SDx and SDy

represent the standard deviation of baseline and follow-up
BNT scores, respectively, and rxy represents the correlation
between baseline and follow-up scores. A 90% prediction

interval was calculated by multiplying SEdiff by the corre-
sponding value from the normal z-distribution (61.64). This
value was then added to or subtracted from the mean practice
effect, which was determined by subtracting the mean BNT
score at baseline from mean BNT score at follow-up (BNT
time2 – BNT time1). RCI cutoff values were then rounded to
the nearest integer for ease of interpretation.

SEdiff ¼ ½ðSDx2þ SDy2Þð1�rxyÞ�
1=2

ð1Þ

RESULTS

Demographic characteristics and mean BNT data for our
sample are presented in Table 1. Participants ranged in age
from 56 to 99 years of age (M 5 75.9; SD 5 7.6) and, on
average, had some college education (M 5 14.4 years;
SD 5 2.8). Approximately two-thirds of the participants
were female (65.5%). Average length of time between
assessments was 14 months. Six hundred thirty-two partici-
pants were tested in the 9–15 month interval and the
remaining 212 were tested between 16 and 24 months after
their baseline assessment.

Mean BNT raw scores at baseline (M 5 53.4; SD 5 5.6)
and follow-up (M 5 54.0; SD 5 5.5) were in the average
clinical range (age-corrected scaled scores 5 10) based on
published normative data. Less than 1% of all participants
had age-corrected scaled scores of 6 or less at baseline or
follow-up. Mean practice effects did not differ between
cognitively healthy men (M 5 0.63; SD 5 2.5) and women
(M 5 0.53; SD 5 3.1) (t(707.9) 5 .52; p 5 .61, adjusted for
unequal variances) and there was no significant relationship
with education (r 5 .05; p 5 .19). Practice effects declined
with age (r 5 20.11; p 5 .001) and increased with a positive
family history of dementia (r 5 .11; p 5 .001).

The indices of reliable change are summarized in Table 2.
When examining all participants retested at any point
between 9 and 24 months post-baseline, a decline of at least
4 points or an improvement of at least 5 points reflected
reliable change. When examining only those who were
retested approximately 1 year after baseline (9–15 months), a
4-point decline or a 5-point improvement also constituted
reliable change. For those retested 16–24 months after base-
line, a decline of at least 6 points or an improvement of at
least 7 points constituted a reliable change. When considering
age (median split), a decline of 4 points constituted reliable

Table 1. Demographic characteristics (N 5 844) and Boston Naming
Test (BNT) scores

Mean SD Range

Age at baseline (years) 75.9 7.6 56–99
Education (years) 14.4 2.8 4–20
Test–retest interval (months) 14.2 3.1 9–24
BNT score (baseline) 53.4 5.6 24–60
BNT score (follow-up) 54.0 5.5 27–60
Sex (% Male) 34.5
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change for adults younger than 75 years of age and tested
within 9–15 months. For adults 75 years and older and tested
within 9–15 months, or adults younger than 81 years of age
tested within 16–24 months, a decline of 5 points constituted
reliable change. A 7-point decline in adults 81 years and older
and tested within 16–24 months represented reliable change.
Within their respective retest intervals, RCI’s were nearly
identical for those with and without a family history of
dementia.

We examined the frequency of individuals who exceeded
the respective cut-off values for significant change at 9–15
and 16–24 month periods. We expected approximately 5% of
follow-up scores to be above and approximately 5% below the
90% prediction interval. Indeed, 6.2% of healthy participants
declined at least 4 points during the 9–15 month interval and
6.9% increased at least 5 points. Within the 16–24 month
interval, 6.5% of cognitively healthy adults declined at least
6 points and 5.3% improved by 7 points or more.

DISCUSSION

The present study sought to improve the clinical utility of the
BNT by providing reliable change estimates derived from a
large cohort of adults aged 56 and over. All participants were
considered cognitively healthy for the duration of the study,
with more than half obtaining annual follow-up evaluations
for 5 or more years. For all participants regardless of follow-
up interval, a 4-point decline or a 5-point improvement on the
BNT represented significant change. For those individuals
retested approximately 1 year (9–15 months) after baseline, a
4-point decline or a 5-point improvement also represented
statistically significant change in BNT scores. This overlap
was not surprising because three-fourths of the total sample

was retested within the 9–15 month interval. For those
retested 16–24 months after baseline, a decline of at least
6 points or improvement of at least 7 points constituted reliable
change. This broader range for reliable change scores in the
16–24 month interval is likely due to the smaller sample size
and larger standard error of measurement of the difference in
that group.

Increased precision in RCI values also may be obtained by
considering the individual’s age at baseline examination.
Compared to their younger counterparts, older individuals
tended to benefit less from repeated test exposure, as evi-
denced by smaller practice effects, and exhibited less stability
in naming, as evidenced by a larger test–retest correlation
coefficient and wider prediction intervals. Although all study
participants remained clinically normal, it is also possible
that some in the older age group may harbor preclinical
neurodegenerative conditions that contribute to diminished
score stability.

Although a family history of dementia represents an
important risk factor for cognitive decline and subsequent
dementia, there is no discernible difference in BNT change
scores between cognitively normal individuals with or with-
out a family history. It remains possible, however, that in the
presence of a neurodegenerative process, BNT scores for
those with a family history may decline faster than for those
without any family history of dementia.

While the current study provides useful information for
clinicians and researchers about the measurement of change
on the BNT, there are several limitations that bear discussion.
First, RCI values were calculated for individuals whose
initial follow-up occurred 9–24 months after baseline exam;
it is unclear whether these cutoff values apply at shorter or
lengthier test–retest intervals. Second, we were only able to
provide data for a single follow-up assessment rather than

Table 2. Reliable change indices for BNT scores.

N rxy SEdiff 90% PI Practice effect RCI cutoff

All participants (9–24 months) 844 .86 2.94 6 4.82 .56 24ZRCZ15

Time interval (9–15 months)
All participants 632 .84 2.66 6 4.36 .61 24ZRCZ15
Age at baseline

,75 316 .78 2.32 6 3.80 .72 24ZRCZ15
Z75 316 .86 2.95 6 4.84 .49 25ZRCZ16

Family history of dementia
Yes 409 .83 2.57 6 4.22 .59 24ZRCZ15
No 199 .86 2.78 6 4.56 .59 24ZRCZ16

Time interval (16–24 months)
All participants 212 .86 3.64 6 5.97 .43 26ZRCZ17
Age at baseline

,81 106 .84 3.14 6 5.14 .77 25ZRCZ16
Z81 106 .84 4.06 6 6.66 .08 27ZRCZ17

Family history of dementia
Yes 95 .87 3.49 6 5.72 .53 26ZRCZ17
No 115 .87 3.48 6 5.70 .16 26ZRCZ16

Note. rxy 5 test–retest reliability; SEdiff 5 standard error of the difference; Practice effect 5 (BNT time2 mean score –BNT time1 mean
score); PI 5 90% prediction interval; RCI 5 reliable change index adjusted for practice effect. Age at baseline based on median split.
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multiple repeated sessions. Third, the sample consisted only
of Caucasian adults. Given the literature demonstrating
unequal performance on neuropsychological instruments and
differential rates of cognitive decline for Caucasian and
African-American elders (Lucas et al., 2005; Manly et al.,
1998; Pedraza et al., 2009; Wagner et al., 2007), caution
is urged if applying these RCI values to non-Caucasian
samples. Fourth, we were unable to obtain a sufficiently large
clinical sample in which to test the current RCI’s. These
normative change scores need to be validated in independent
clinical samples to establish the generalizability of the current
parameters in various clinical populations.

These results are consistent with those reported by Zec
and colleagues (2005), but extend their findings by providing
RCI parameters for interval decline and improvement; eval-
uating change at two different follow-up time points; and
determining the role of various factors such as age, education,
and family history of dementia on reliable change. Moreover,
our results are consistent with the needs expressed in the
recent AACN position paper to define the normal boundaries
of temporal fluctuations in cognitive test scores. It is hoped
that these results may be useful for clinicians and researchers
to identify individuals who begin to show early decline in
naming ability, and perhaps increase our precision when
evaluating language deficits in progressive conditions such as
semantic dementia and Alzheimer’s disease.
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