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           INTRODUCTION 

 Clinicians appreciate that healthy people can obtain some 
low scores on a test battery. This psychometric principle has 
been supported in the research literature when considering 
performance across batteries of cognitive tests (Axelrod & 
Wall,  2007 ; Binder et al.,  2009 ; Crawford et al.,  2007 ; Heaton 
et al.,  1991 ,  2004 ; Iverson & Brooks,  in press ; Iverson et al., 
 2008a ,  2008b ; Schretlen et al.,  2008 ). 

 The presence of low  memory  scores in healthy people 
(Brooks et al.,  2007 ,  2008 ; Palmer et al.,  1998 ) and the po-
tential impact this has on identifying subtle or prodromal 
memory problems (de Rotrou et al.,  2005 ) are of special 
relevance to neuropsychologists. Palmer et al. ( 1998)  illus-
trated that 39.4% of healthy older adults obtained at least 
one score at or below 1.3 standard deviations ( SD s) and 
12.9% obtained at least one score at or below 2.0  SD s. In 

studies of two large standardization samples, Brooks et al. 
( 2007 ,  2008 ) found that approximately one half of healthy 
older adults with below-average intelligence would meet 
the psychometric criterion for mild cognitive impairment 
(MCI; Petersen et al.,  1999 ). Descriptive studies that high-
light the likelihood of an isolated low memory score provide 
useful information on the potential to misdiagnose memory 
problems in older adults. For example, de Rotrou et al. 
( 2005)  reported that 48% of older adults, who were identi-
fi ed as having MCI at baseline based on the presence of a 
low memory score, had normal cognitive functioning at a 
1-year follow-up. 

 The need to understand normal variability across a battery 
of neuropsychological measures, and thus the presence of 
some low scores in healthy people, should not be limited to 
adults and older adults. To our knowledge, information on 
the base rates of low scores on memory batteries in healthy 
children does not exist, even though performance on these 
batteries is used as the foundation for clinical inferences re-
lating to memory problems. The purpose of this descriptive 
study was to illustrate that the principles of multivariate test 
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interpretation, which have been demonstrated in adults and 
older adults, are applicable to children and adolescents.   

 METHODS  

 Participants 

 Participants for the present study included 1000 healthy chil-
dren and adolescents between 5 and 16 years of age (mean = 
9.7,  SD  = 3.2) from the Children’s Memory Scale (CMS; 
Cohen,  1997 ) standardization sample. An equal number of 
boys and girls were in each age group. Ethnicity included 
68.4% White, 16.1% African American, 11.6% Hispanic, 
and 3.9% as “other.” The sample was stratifi ed by level of 
parent education (i.e., eighth grade or less, 9–11 years, high 
school graduate or equivalent, 1–3 years of technical school 
or college, and 4 or more years of college). 

 The standardization sample was recruited from 149 sites 
from the western, north central, northeastern, and southern re-
gions of the United States. Children were excluded from the 
standardization sample if they were reading below their grade 
level, had repeated a grade, were receiving special education, 
were previously diagnosed with a neurological disorder, or had 
sustained an injury that would have put them at risk for having 
memory problems (Cohen,  1997 ). The treatment of partici-
pants and the collection of data were done in compliance with 
the Helsinki Declaration. Use of the archival CMS data was 
approved by the University of Calgary research ethics board. 

 A subsample of the CMS standardization group ( n  = 209) 
was administered the Wechsler Intelligence Scale for Chil-
dren (Third Version) (WISC-III; Wechsler,  1991 ) as part of a 
linking study. The WISC-III linking sample ranged in age 
from 6 to 16 years (mean = 10.1,  SD  = 2.8), was 48.8% male, 
77.0% White (11.0% African American, 9.6% Hispanic, 
2.4% other), and had a mean WISC-III Full Scale Intelli-
gence Quotient (FSIQ) of 105.3 ( SD  = 14.4, range = 70–
146). Inclusion of the WISC-III linking data allows for 
stratifi cation of the CMS data by level of intelligence 
(i.e., WISC-III FSIQ). Although the subsample with WISC-
III FSIQ data had more people identifi ed as Caucasian com-
pared to the entire sample,  χ  2 (1) = 6.12,  p  = .01, there were 
no statistically signifi cant differences in age ( p  = .08), sex 
( p  = .75), or performance on the CMS index scores ( p  values = 
.32–.71) for the WISC-III subsample compared to the total 
standardization sample.   

 Measures 

 There are six primary subtests on the CMS (i.e., Stories, 
Word Pairs, Dot Locations, Faces, Numbers, and Se-
quences). These six subtests contribute to eight age-ad-
justed index scores, six of which were included in the base 
rate of low scores analyses: Learning, Verbal Immediate, 
Verbal Delayed, Verbal Delayed Recognition, Visual Im-
mediate, and Visual Delayed. The General Memory index 
and the Attention/Concentration index were not included in 
the analyses.   

 Analyses 

 Analyses involved examining performance on all six index 
scores,  simultaneously . The cutoffs used for analyses of the 
CMS data included <16th percentile (<1  SD ; index < 85), <10th 
percentile (index < 81),  ≤ 5th percentile (index  ≤  76), and  ≤ 2nd 
percentile (<2  SD s; index < 70). The prevalence of low CMS 
index scores was examined for the total sample (5–16 years; 
 N  = 1000) and for the three levels of intellectual abilities: below 
average (FSIQ = 70–89;  n  = 30), average (FSIQ = 90–109; 
 n  = 93), and above average (FSIQ = 110+;  n  = 86).    

 RESULTS 

 The base rates of low CMS index scores in children and 
adolescents are presented in  Figures 1  and  2 . Using the 
<1  SD  cutoff score ( Figure 1 ), one or more low index 
scores was found in 37.6% of the total sample and three or 
more low scores were found in 10.6% of the sample. One 
or more index scores <10th percentile was found in 30.2% 
(data not shown), one or more index scores  ≤ 5th percentile 
was found in 22.4% ( Figure 2 ), and one or more index 
scores <2  SD s was found in 12.4% of healthy children 
(data not shown). There were no substantial differences in 
the prevalence of low scores across the age bands. For ex-
ample, the prevalence of one or more index scores  ≤ 16th 
percentile included 47.1% of 5- to 8-year-olds, 43.2% of 
9- to 13-year-olds, and 47.5% of 13- to 16-year-olds. 
These slight, but not substantial, variations were present 
across different cutoff scores and for different numbers of 
low scores.         

 Although age had limited impact on the base rates, intel-
lectual functioning had considerable infl uence on these 
base rates. Compared to children with above-average intel-
ligence, those with below-average intelligence were 7.1 
times more likely, 95% confi dence interval for odds ratio = 
2.9–17.6;  χ  2 (1) = 19.79,  p  < .001, to have one or more scores 
<1  SD  ( Figure 1 ). When considering  ≤ 5th percentile ( Figure 2 ), 
33.3% of children and adolescents with below-average in-
telligence had one or more low index scores compared to 
3.5% with above-average intelligence. In other words, chil-
dren with below-average intelligence were 13.8 times more 
likely than those with above-average intelligence to have 
one or more index scores  ≤ 5th percentile, 95% confi dence 
interval for odds ratio = 3.7–50.86;  χ  2 (1) = 19.91,  p  < .001. 
When considering a more stringent cutoff, such as <2  SD s 
(data not shown), 20.0% of children and adolescents with 
below-average intelligence had one or more low index 
scores compared to 2.0% with above-average intelligence, 
 χ  2 (1) = 10.82,  p  < .001; odds ratio = 10.5 (95% confi dence 
interval = 2.2–48.2).   

 DISCUSSION 

 It is common for healthy people to have some low scores 
across a battery of tests (Axelrod & Wall,  2007 ; Binder et al., 
 2009 ; Brooks et al.,  2007 ,  2008 ; Crawford et al.,  2007 ; 
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Heaton et al.,  1991 ,  2004 ; Iverson & Brooks,  in press ; Iverson 
et al.,  2008a ,  2008b ; Palmer et al.,  1998 ; Schretlen et al., 
 2008 ). As a result, accumulating literature suggests that the 
psychometric interpretation of a test battery should include a 
multivariate approach. In other words, test scores should be 
interpreted simultaneously using empirical data because ex-
amining individual test scores can lead to overinterpretation 
of one or more isolated low scores (Brooks et al.,  2007 , 
 2008 ; de Rotrou et al.,  2005 ; Palmer et al.,  1998 ). To our 
knowledge, this is the fi rst study that examines and presents 
the prevalence of low memory scores in a sample of healthy 
children and adolescents. 

 The results of this descriptive study clearly demonstrate 
that having at least one low memory score is common in 
many healthy children and adolescents. However, it would 
be considered  uncommon  (i.e., prevalence rate of approxi-
mately 10% or less) to have four or more index scores <1 
 SD . There were not any substantial differences in the preva-
lence of low CMS scores across the age groups. In other 
words, prevalence rates were fairly consistent from 5 to 16 
years of age. This is likely the result of using age-adjusted 
standard scores. As the cutoff for identifying cognitive prob-
lems becomes more stringent, the number of low scores be-
low those cutoffs considered uncommon also declines. For 
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 Fig. 1.        Prevalence of low CMS index scores (<1  SD ) by level of intelligence. Total sample  N  = 1000. Intelligence is based 
on WISC-III FSIQ scores and includes below average (FSIQ = 70–89;  n  = 30), average (FSIQ = 90–109;  n  = 93), and 
above average (FSIQ = 110+;  n  = 86). Analyses involved examining all index scores  simultaneously . Analyses included 
six index scores (Learning, Verbal Immediate, Visual Immediate, Verbal Delayed, Verbal Delayed Recognition, and 
Visual Delayed). The Attention/Concentration and General Memory indexes were not included in the analyses. For index 
scores, <16th percentile or <1  SD  is equal to an index <85. Standardization data are from the  Children’s Memory Scale.  
Copyright © 1997 by NCS Pearson, Inc. Used with permission. All rights reserved.    
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 Fig. 2.        Prevalence of low CMS index scores ( ≤ 5th percentile) by level of intelligence. Total sample  N  = 1000. Intelli-
gence is based on WISC-III FSIQ scores and includes below average (FSIQ = 70–89;  n  = 30), average (FSIQ = 90–109; 
 n  = 93), and above average (FSIQ = 110+;  n  = 86). Analyses involved examining all index scores  simultaneously . Analyses 
included six index scores (Learning, Verbal Immediate, Visual Immediate, Verbal Delayed, Verbal Delayed Recognition, 
and Visual Delayed). The Attention/Concentration and General Memory indexes were not included in the analyses. For 
index scores,  ≤ 5th percentile is equal to an index  ≤ 76. Standardization data are from the  Children’s Memory Scale.  Copy-
right © 1997 by NCS Pearson, Inc. Used with permission. All rights reserved.    
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example, having one or more low index score is found in 
37.6% when considering the 1  SD  cutoff but is found in 
22.4% when using the 5th percentile cutoff. Being able to 
determine the number of low CMS scores that would be con-
sidered uncommon is a strength of these analyses. 

 Interpretation of memory performance should be done 
in the context of overall level of intellectual functioning 
(Iverson & Brooks,  in press ). A person who is lower func-
tioning cognitively will have more low scores, and be at 
greater risk for misdiagnosis of memory problems (i.e., 
false positives), than a person who is higher functioning 
(and at greater risk of having a missed diagnosis, i.e., 
false negatives). The number of low index scores (<1  SD ) 
that would be considered uncommon (i.e., approximately 
10% prevalence in the sample) was  four or more  for those 
with below-average intelligence,  three or more  in chil-
dren with average intelligence, and  two or more  for those 
with above-average intelligence. Evidently, some caution 
should be exercised when interpreting test scores by level 
of intelligence in children because illness, injury, and/or 
developmental disorder may produce both intellectual 
and memory impairment in previously healthy children. 
Consequently, both low intelligence quotient (IQ) and a 
high prevalence low memory scores may be very clini-
cally signifi cant, depending on the presenting problem. 
Importantly, although multiple low memory scores may 
not be diagnostic of a specifi c disorder, the presence of 
such low scores, particularly in the context of normal in-
telligence, may indicate a relative weakness in mnemonic 
functions that is typical of some childhood developmental 
(e.g., memory for faces in developmental disorders; 
Williams et al.,  2005 ) or neurological conditions (e.g., 
temporal lobe epilepsy). 

 The existing literature on the prevalence of isolated low 
memory scores across a battery of tests has focused on older 
adults (Brooks et al.,  2007 ,  2008 ; de Rotrou et al.,  2005 ; 
Palmer et al.,  1998 ), particularly in the context of identifying 
memory changes consistent with prodromal dementia or 
MCI. The results of the present study, which considered 
similar analyses of base rates of low memory scores but in a 
pediatric standardization sample, were fairly similar (albeit 
slightly higher) to the results presented by Brooks et al. 
( 2007)  for the Neuropsychological Assessment Battery 
(NAB; Stern & White,  2003 ) Memory module and by Brooks 
et al. ( 2008)  for the Wechsler Memory Scale–Third Edition 
(WMS-III; Wechsler,  1997 ). The similarities across the 
CMS, NAB Memory module, and WMS-III studies are also 
maintained when considering performance stratifi ed by level 
of intelligence. The consistency in fi ndings across different 
memory batteries with very different standardization sam-
ples suggests that the presence of low memory scores is not 
an artifact of any particular battery and is not attributable to 
a particular age group. 

 Iverson and Brooks ( in press ) suggested that clinicians 
and researchers should be familiar with the following fi ve 
psychometric principles when interpreting multiple test 
scores. As suggested, low test scores (1) are common across 

all batteries, (2) depend on where cutoff scores are set, (3) 
depend on the number of tests administered, (4) vary by de-
mographic characteristics of the examinee, and (5) vary by 
level of intelligence. The descriptive analyses presented in 
this article clearly illustrate principles 1, 2, and 5. It will be 
important for future research to examine how different de-
mographic characteristics impact the prevalence of low 
scores and the interpretation of performance on any test bat-
tery. Although it is important for clinicians to understand 
that low scores are common and to consider these principles, 
it can be challenging to consider this information readily in 
everyday clinical practice unless easy-to-use interpretive ta-
bles and/or fi gures are readily available. 

 There are a few limitations to this study that warrant a 
brief discussion. First, like other studies involving a stan-
dardization sample, memory problems were not screened for 
 a priori  in the normative group. Although inclusion in the 
standardization was contingent on not having medical, neu-
rological, or psychiatric conditions that could negatively im-
pact memory performance, it is possible that some children 
and adolescents with memory problems were included. 
However, if a small proportion of the CMS standardization 
sample did have primary memory problems atypical of most 
healthy children, it is likely that this proportion would be 
quite small and unlikely to account for a large percentage of 
the prevalence rates presented in  Figures 1  and  2 . Second, 
the sample of children and adolescents who were part of the 
WISC-III linking study was small in size, consisted of rela-
tively higher functioning youth, and the number of children 
with below-average intelligence was relatively small com-
pared to the other intelligence groups. 

 The inclusion of the WISC-III (Wechsler,  1991 ) as the 
measure of intelligence warrants some discussion. Since the 
standardization and publication of the CMS in 1997, a newer 
version of the Wechsler Intelligence Scale for Children 
(WISC) has been published [e.g., Wechsler Intelligence 
Scale for Children – Fourth Edition (WISC-IV); Wechsler, 
 2003 ]. Although the correlation between the WISC-III and 
the WISC-IV FSIQ scores is high ( r  = .87; Wechsler,  2003 ), 
the WISC-IV yielded slightly lower scores compared to the 
WISC-III. However, given that the CMS sample was given 
the WISC-III approximately 6 years after it was normed and 
published in 1991, and it has been 6 years since the WISC-IV 
was normed and published (i.e., 2003), children’s WISC-IV 
FSIQ scores today  might  be similar to the WISC-III FSIQ 
scores from the CMS standardization sample. Despite these 
similarities in time from publication of the respective WISC 
version, clinicians and researchers should use caution when 
interpreting the prevalence of low scores based on level of 
intelligence that is derived for a measure of intelligence other 
than the WISC-III. Users should also exercise some caution 
when interpreting the prevalence of low CMS scores for 
those with intelligence scores that are close to the cutoff for 
the different IQ ranges. It might be important to consider the 
base rates in the obtained classifi cation as well as the base 
rates in the neighboring classifi cation when drawing any 
conclusions on performance. 
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 Knowing the prevalence of low scores in healthy children 
and adolescents is designed to supplement other psychometric 
interpretive methods (e.g., discrepancies between indexes) 
and clinical decision-making. The results of this study sug-
gest that some caution is needed when interpreting isolated 
low CMS subtest scores as sole evidence of memory im-
pairment. The goal is to use this information to reduce the 
likelihood of misdiagnosing memory problems. The lower 
prevalence of low scores in healthy children of above-aver-
age intelligence also holds potential in reducing the chances 
of a missed diagnosis of memory problems in children and 
adolescents who are higher functioning.     
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