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               INTRODUCTION 

 Alzheimer’s disease (AD) compromises episodic memory 
systems, resulting in the earliest symptoms of the disease 
(Budson & Price,  2005 ). Measures of anterograde episodic 
memory are useful in quantifying memory impairment and 
identifying performance patterns consistent with AD or its 
prodromal phase, mild cognitive impairment (MCI; Blacker 
et al.,  2007 ; Salmon et al.,  2002 ). 

 List learning tests are commonly used measures of epi-
sodic memory that offer a means of evaluating a multitude of 
variables relevant to learning and memory. Some of the more 

common verbal list learning tasks are the California Ver  -
bal Learning Test (CVLT; Delis et al.,  1987 ), Auditory 
Verbal Learning Test (AVLT; Rey,  1941 ,  1964 ), Hopkins 
Verbal Learning Test (HVLT; Brandt & Benedict,  2001 ), 
and the Word List Recall test from the Consortium to Estab-
lish a Registry for Alzheimer’s Disease (CERAD; Morris 
et al.,  1989 ). List learning tests have been shown to possess 
adequate sensitivity and specifi city in differentiating par-
ticipants with MCI ( Mdn : sensitivity = .67, specifi city = .86) 
(Ivanoiu et al.,  2005 ; Karrasch et al.,  2005 ; Schrijne-
maekers et al.,  2006 ; Woodard et al.,  2005 ) and AD ( Mdn : 
sensitivity = .80, specifi city = .89) from controls (Berto-
lucci et al.,  2001 ; Derrer et al.,  2001 ; Ivanoiu et al.,  2005 ; 
Karrasch et al.,  2005 ; Kuslansky et al.,  2004 ; Salmon et al., 
 2002 ; Schoenberg et al.,  2006 ), as well as AD from MCI 
( Mdn : sensitivity = .85, specifi city = .83) (de Jager et al., 
 2003 ). 
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   Abstract 

 Measures of episodic memory are often used to identify Alzheimer’s disease (AD) and mild cognitive impairment 
(MCI). The Neuropsychological Assessment Battery (NAB) List Learning test is a promising tool for the memory 
assessment of older adults due to its simplicity of administration, good psychometric properties, equivalent forms, and 
extensive normative data. This study examined the diagnostic utility of the NAB List Learning test for differentiating 
cognitively healthy, MCI, and AD groups. One hundred fi fty-three participants (age: range, 57–94 years;  M  = 74 years; 
 SD,  8 years; sex: 61% women) were diagnosed by a multidisciplinary consensus team as cognitively normal, amnestic 
MCI (aMCI; single and multiple domain), or AD, independent of NAB List Learning performance. In univariate 
analyses, receiver operating characteristics curve analyses were conducted for four demographically-corrected NAB 
List Learning variables. Additionally, multivariate ordinal logistic regression and fi vefold cross-validation was used to 
create and validate a predictive model based on demographic variables and NAB List Learning test raw scores. At 
optimal cutoff scores, univariate sensitivity values ranged from .58 to .92 and univariate specifi city values ranged 
from .52 to .97. Multivariate ordinal regression produced a model that classifi ed individuals with 80% accuracy and 
good predictive power. ( JINS , 2009,  15 , 121– 129 .)  
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 The current study was undertaken to evaluate the diagnostic 
utility of a new list learning test in a sample of older adults seen 
as part of a prospective study on aging and dementia. The Neu-
ropsychological Assessment Battery (NAB; Stern & White, 
 2003a ,  b ) is a recently-developed comprehensive neuro  -
psychological battery that has been standardized for use with 
individuals ages 18 to 97. It contains several measures of epi-
sodic memory, including a List Learning test similar to other 
commonly used verbal list learning tests. The NAB List 
Learning test was developed to “create a three trial learning 
test to avoid the potential diffi culties that fi ve trial tasks 
represent for impaired individuals, include three semantic 
categories to allow for examination of the use of semantic 
clustering as a learning strategy, avoid sex, education, and 
other potential biases, and include both free recall and forced-
choice recognition paradigms” (White & Stern,  2003 , p. 24  ). 

 One major benefi t of the NAB includes the fact that all of 
its 33 subtests, together encompassing the major domains of 
neuropsychological functioning, are co-normed on the same 
large sample of individuals ( n  = 1448), with demographic 
adjustments available for age, sex, and education. This nor-
mative group contains a large proportion of individuals ages 
60 to 97 ( n  = 841), making it particularly well suited for use 
in dementia evaluations. Despite psychometric validation 
(White & Stern,  2003 ), its diagnostic utility has yet to be 
evaluated. 

 For the last several years, several NAB measures have 
been included in the standard research battery in the Boston 
University (BU) Alzheimer’s Disease Core Center (ADCC) 
Research Registry. The BU ADCC recruits both healthy and 
cognitively impaired older adults for comprehensive yearly 
neurological and neuropsychological assessments. After 
each individual is assessed, a multidisciplinary consensus 
diagnostic conference is held to diagnose each individual 
based on accepted diagnostic criteria. Importantly, the NAB 
measures have yet to be included for consideration when the 
consensus team meets to diagnose study participants. There-
fore, the current study setting offers optimal clinical con-
ditions (i.e., without neuropathological confi rmation) for 
evaluating the diagnostic utility of the NAB List Learning 
test. In other words, NAB performance can be judged against 
current clinical diagnostic criteria without the tautological 
error that occurs when the reference standard is based on 
the test under investigation. Samples of participants from the 
BU ADCC Registry were used to evaluate the utility of the 
NAB List Learning test in the diagnosis of amnestic (a)MCI 
and AD. As the diagnostic utility of the NAB List Learning 
test has yet to be examined empirically, the present study 
was considered exploratory.   

 METHOD  

 Participants 

 Participant data were drawn from an existing database—the 
BU ADCC Research Registry—and retrospectively analyzed. 
Participants were recruited from the greater Boston area 

through a variety of methods, including newspaper adver-
tisements, physician referrals, community lectures, and 
 referrals from other studies. Participants diagnosed as cogni-
tively healthy controls consisted of community-dwelling 
older adults, many of whom have neither expressed concern 
about nor been evaluated clinically for cognitive diffi culties. 
Data collection and diagnostic procedures have been de-
scribed in detail elsewhere (see Ashendorf et al.,  2008  and 
Jefferson et al.,  2006 ). Briefl y, after undergoing a comprehen-
sive participant and informant interview, clinical history 
taking (i.e., psychosocial, medical), and assessment (i.e., neu-
rological, neuropsychological), participants were diagnosed 
by a multidisciplinary consensus group that included at least 
two board certifi ed neurologists, two neuropsychologists, and 
a nurse practitioner. Of an initial pool of 490 participants, 18 
were excluded from the present study because English was 
not their primary language. An additional 172 were excluded 
because they were not diagnosed as control, aMCI, or AD. Of 
the remaining 300 participants, 153 completed all relevant 
portions of the NAB List Learning test. These 153 partici-
pants comprised the current sample, from which three groups 
were established: controls (i.e., cognitively normal older 
adults), participants diagnosed with  single or multiple domain 
aMCI (based on Winblad et al.,  2004 ), and participants diag-
nosed with possible or probable AD (based on NINCDS-
ADRDA criteria; McKhann et al.,  1984 ). 

 The sample consisted of 93 women (60.8%) and 60 men 
(39.2%), ranging in age from 57 to 94 ( M  = 73.9;  SD  = 8.1). 
There were 128 (83.7%) non-Hispanic Caucasian partici-
pants and 25 (16.3%) African American participants. The 
data used in the current study were collected between 2005 
and 2007 at each participant’s most recent assessment, which 
ranged from the fi rst to ninth visit ( Mdn  = 4.0) of their longi-
tudinal participation.   

 Measures 

  NAB List Learning Test 

 Administration of the NAB List Learning test begins by tell-
ing the examinee to try to remember a list of 12 words that 
he or she is read three times (List A), followed by testing for 
free recall of the list after a short delay (during which the 
examinee is asked to recall a distractor list, List B). After a 
longer delay of approximately 15 min (during which other 
cognitive tasks are administered), free recall is again tested, 
as well as forced-choice recognition (see the NAB Adminis-
tration, Scoring, and Inter pretation Manual, Stern & White, 
 2003a , for more detail). Four variables were extracted from 
the NAB List Learning test for the current study: List A Im-
mediate Recall, List B Immediate Recall, List A Short Delay 
Recall, and List A Long Delay Recall. These four variables 
were chosen because they are demographically corrected for 
age, sex, and education, are psychometrically sound, and 
evaluate several different aspects of learning and recall 
(White & Stern,  2003 ). Form 1 of the NAB was administered 
to 75 of the current participants and Form 2 (developed and 
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shown to be equivalent to Form 1, White & Stern,  2003 ) was 
administered to 78 participants.    

 Procedure 

 The BU ADCC Research Registry data collection procedures 
were approved by the Boston University Medical Center In-
stitutional Review Board. All participants provided written 
informed consent to participate in the study. Participants 
were administered a comprehensive neuropsychological test 
battery designed for the assessment of individuals with 
known or suspected dementia, including all tests that make 
up the Uniform Data Set (UDS) of the National Alzheimer’s 
Coordinating Center (Beekly et al.,  2007 ; Morris et al.,  2006 ). 
Neuropsychological assessment was carried out by a trained 
psychometrist in a single session. The identifi cation of cogni-
tive impairment in each of the domains assessed (language, 
memory, attention, visuospatial functioning, and executive 
functioning) was based on BU ADCC Research Registry 
procedures, which defi ned psychometric impairment  a priori  
as a standardized score (e.g.,  Z -score, T-score) of greater 
than or equal to 1.5 standard deviation units below appropri-
ate normative means on one or more “primary” variables. 
Primary variables in the memory domain include Trial 3 
and Delayed Recall from the CERAD Word List, and both 
Immediate and Delayed portions of the Logical Memory and 
Visual Reproduction subtests from the Wechsler Memory 
Scales-Revised (WMS-R; Wechsler,  1987 ). WMS-R sub-
tests were administered according to UDS procedures (e.g., 
only Story A from Logical Memory is administered) and no 
other WMS-R subtests were used. 

 In addition to neuropsychological testing, participant in-
formation was also obtained  via  clinical interview with the 
participant and a close informant, neurological evaluation, 
review of medical history, and informant questionnaires.   

 Diagnosis 

 The results from the “primary” neuropsychological variables 
were used by the multidisciplinary consensus team, along 
with social and medical history, neurological examination 
results, and self/informant report (i.e., interviews and ques-
tionnaires), to arrive at a diagnosis for each participant. 
Diagnoses were made based only on information obtained 
during the participant’s most recent visit. The NAB List 
Learning test was not a “primary” neuropsychological vari-
able, and thus, was not considered for diagnostic purposes 
by the multidisciplinary consensus team.   

 Data Analysis 

  Univariate analyses 

 To examine the diagnostic utility of the individual NAB List 
Learning variables, we calculated test sensitivity and speci-
fi city (along with 95% confi dence intervals) by conducting 
receiver operating characteristics (ROC) curve analyses 

using the demographically-corrected T-scores (which cor-
rect for age, sex, and education) for each relevant group 
comparison (i.e., control  vs.  impaired [aMCI or AD], con-
trol  vs.  aMCI, control  vs.  AD, and aMCI  vs.  AD). For the 
purposes of identifying an optimal cutoff score, we used 
Youden’s index (Youden,  1950 ), which identifi es the cutoff 
score that jointly maximizes sensitivity and specifi city. ROC 
curve analyses were conducted for each individual NAB 
List Learning variable to discriminate between the various 
groups. After the optimal cutoff score was selected, sensitiv-
ity and specifi city values were used to calculate positive 
likelihood ratios (PLR) and negative likelihood ratios 
(NLR).  

  Multivariate analyses 

 To examine the diagnostic utility of the four NAB List Learn-
ing variables when considered together, we used multivariate 
ordinal logistic regression, with a negative log-log link func-
tion, using the PLUM procedure in SPSS (version 15.0; 
SPSS, Chicago, IL). All four variables were force-entered 
into the regression model, with the dependent variable coded 
ordinally (control = 0, aMCI = 1, AD = 2).  

  Cross-validation 

 The resultant model was cross-validated using a fi vefold 
cross-validation procedure (Efron & Tibshirani,  1994 ). 
The data set was randomly divided into fi ve groups of 
roughly equal size (for three groups,  n  = 51; for two groups, 
 n  = 50). Four of the fi ve groups were used to estimate 
model parameters and classifi cation accuracy was evalu-
ated on the remainder of the sample. This procedure was 
repeated fi ve times, leaving each group out of the model 
exactly once. The resulting classifi cation accuracy statistics 
are an average of the results from the fi ve cross-validation 
steps.     

 RESULTS 

 A breakdown of the participant demographics among the 
three diagnostic groups is provided in  Table 1 .  Table 1  also 
depicts the level of global impairment for each group, 
based on both Clinical Dementia Rating (CDR; Morris, 
 1993 ) Global Score and Mini-Mental State Exam (MMSE; 
Folstein et al.,  1975 ) scores. Signifi cant group differences 
were found on age (control < aMCI = AD), education (con-
trol > aMCI = AD), CDR Global Score, and average MMSE 
score (control > aMCI > AD).      

 Univariate Analyses 

 Independent samples  t  tests demonstrated signifi cant group 
differences on each of the four NAB List Learning tests 
( Table 1 ). ROC curve analyses for the NAB List Learning 
variables are presented in  Table 2 . The cutoff scores pre-
sented in  Table 2  were chosen to maximize sensitivity and 
specifi city, with equal emphasis on both (Youden,  1950 ). 
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The individual NAB List Learning test variables were able 
to differentiate aMCI from controls ( Mdn : sensitivity = .73; 
specifi city = .71), AD from controls ( Mdn : sensitivity = .89; 
specifi city = .94), and AD from aMCI ( Mdn : sensitivity = .69; 
specifi city = .78). Additional prevalence-free classifi cation 
accuracy statistics (i.e., those independent of base rates, 
such as sensitivity, specifi city, PLR, and NLR) for conven-
tional cutoff scores are provided in  Table 3 .           

 Multivariate Analyses 

 Likelihood ratio and goodness-of-fi t tests revealed that the 
multiple ordinal logistic regression model explained a sig-
nifi cant portion of outcome variance and fi t the data well, 
−2 Log Likelihood  χ  2  (4,  n  = 153) = 127.80;  p  < .01; Pearson 
Goodness of Fit  χ  2  (298,  n  = 153) = 216.86;  p  = 1.00. Of 
the four independent variables, List B Immediate Recall 
(parameter estimate = −0.05; 95% CI = −0.09 to −0.01; Wald 
(1,  n  = 153) = 5.30;  p  = .02) and List A Short Delay Recall 
(parameter estimate = −0.10; 95% CI = −0.15 to −0.05; Wald 
(1,  n  = 153) = 14.5;  p  < .001) were found to be the two that 
contributed signifi cantly to the model. List A Immediate Re-
call (parameter estimate = −0.02; 95% CI = −0.07 to 0.02; 
Wald (1,  n  = 153) = 1.33;  p  = .25) and List A Long Delay 
Recall (parameter estimate = 0.03; 95% CI = −0.08 to 0.02, 
Wald (1,  n  = 153) = 1.11;  p  = .29) were not signifi cant con-
tributors to the model.   

 Cross-validation 

 The estimated classifi cation accuracy of the model using 
cross-validation was 80% (95% CI = 72–88%). In identifying 
aMCI, the model yielded a sensitivity of .47 (95% CI = .17–
.77) and a specifi city of .91 (95% CI = .83–.99; PLR = 4.96; 
NLR = .59). In identifying AD, the model yielded a sensitiv-
ity of .65 (95% CI = .41–.89) and a specifi city of .97 (95% 
CI = .94–.99; PLR = 21.18; NLR = .36). A frequency table 
of predicted by actual diagnosis is presented in  Table 4 . 
 Table 5  presents the positive predictive power (PPP) and 
negative predictive power (NPP) of the ordinal model across 
a range of clinically relevant base rates.            

 DISCUSSION 

 The results of this study show that the NAB List Learning 
test can differentiate between cognitively normal older 
adults and those with aMCI and AD. Univariate analyses 
showed that each of the four variables was able to make 
dichotomous classifi cations with sensitivity values ranging 
from .58 to .92 and specifi city values ranging from .52 to 
.97. For instance, AD was differentiated from controls with 
over 90% sensitivity and specifi city using a cutoff score of 
T  ≤  37 on List A Short Delay Recall or T  ≤  40 on List A 
Long Delay Recall. In addition, AD was differentiated from 
aMCI with over 70% sensitivity and 80% specifi city using 

 Table 1.        Participant demographics and test results            

     Control  aMCI  AD     

 N  98  29  26  a     
 Visit Number ( Mdn )  4.0  4.0  4.0   
 Age   
   M  ( SD )  71.5 (7.8)  76.1 (6.4)  80.6 (6.6)   
 Education   
   M  ( SD )  16.5 (2.4)  14.7 (2.5)  14.7 (2.9)   
 Sex   
  Male ( n )  32  13  15   
  Female ( n )  66  16  11   
 Race   
  Caucasian ( n )  81  24  23   
  Black/AA ( n )  17  5  3   
 CDR Global Score   
  0.0 ( n )  97  12  0   
  0.5 ( n )  1  17  5   
  1.0 ( n )  0  0  13   
  2.0 ( n )  0  0  8   
 MMSE   
   M  ( SD )  29.6 (0.6)  28.0 (1.9)  23.1 (4.6)   
 NAB List Learning T-Scores   
  List A Immediate Recall  52.3 (9.0)  40.4 (10.9)  30.2 (10.0)   
  List B Immediate Recall  51.4 (7.6)  44.3 (8.8)  39.7 (8.8)   
  List A Short Delay Recall  53.1 (8.5)  38.8 (10.7)  28.0 (7.4)   
  List A Long Delay Recall  53.2 (9.2)  38.9 (11.5)  31.0 (6.2)   

       Note . aMCI = amnestic mild cognitive impairment; AD = Alzheimer’s disease; AA = African American; CDR = Clinical Dementia 
Rating; MMSE = Mini-Mental Status Examination; NAB = Neuropsychological Assessment Battery.  
   a     Possible AD:  n  = 6; Probable AD:  n  = 20.    
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a cutoff score of T  ≤  30 on List A Short Delay Recall 
(see  Table 2 ). 

 The multivariate ordinal logistic regression model, which 
incorporated four NAB List Learning variables, yielded an 
overall accuracy estimate of 80% based on fi vefold cross-val-
idation. In particular, the model was able to identify partici-
pants diagnosed with aMCI and AD with high specifi city (.91 
for aMCI and .97 for AD), but lower sensitivity (.47 for aMCI 
and .65 for AD). Taking prevalence into account, the ordinal 
logistic regression model was found to perform best when rul-
ing out aMCI or AD (i.e., higher NPP) at lower base rates and 
when ruling in aMCI or AD (i.e., higher PPP) at higher base 

rates ( Table 5 ). More specifi cally, in settings with clinical base 
rates of aMCI and AD at 20% or below, good performance on 
the NAB List Learning test can yield high confi dence (i.e., 
NPP  ≥  .87) that the patient would not be diagnosed as aMCI 
or AD by our consensus team. Similarly, in a setting with base 
rates of aMCI or AD around 50% or greater, as may be seen in 
a memory disorders clinic, poor performance on the NAB List 
Learning test can provide a high degree of confi dence (i.e., 
PPP  ≥  .72) that the patient would be given a diagnosis of aMCI 
or AD by our consensus team. 

 It should be noted that the current sample excluded indi-
viduals who did not complete the entire NAB List Learning 

 Table 2.        Prevalence-free classifi cation accuracy statistics for NAB List Learning variables at optimal cutoff scores                

   Variable  Optimal cutoff  Sensitivity (95% CI)  Specifi city (95% CI)  PLR  NLR     

 All Impaired (aMCI and AD)  vs.  Control   
  List A Immediate Recall  T  ≤  44  .78 (.65–.88)  .80 (.70–.87)  3.83  0.27   
  List B Immediate Recall  T  ≤  44  .66 (.51–.78)  .79 (.69–.86)  3.05  0.44   
  List A Short Delay Recall  T  ≤  38  .75 (.61–.85)  .97 (.91–.99)  24.35  0.26   
  List A Long Delay Recall  T  ≤  40  .76 (.63–.87)  .97 (.91–.99)  24.95  0.24   
 aMCI  vs.  Control   
  List A Immediate Recall  T  ≤  46  .76 (.57–.90)  .69 (.59–.78)  2.48  0.35   
  List B Immediate Recall  T  ≤  47  .69 (.49–.85)  .62 (.52–.72)  1.83  0.50   
  List A Short Delay Recall  T  ≤  48  .86 (.68–.96)  .72 (.63–.81)  3.13  0.19   
  List A Long Delay Recall  T  ≤  40  .62 (.42–.79)  .97 (.91–.99)  20.28  0.39   
 AD  vs.  Control   
  List A Immediate Recall  T  ≤  40  .85 (.65–.96)  .90 (.82–.95)  8.29  0.17   
  List B Immediate Recall  T  ≤  44  .85 (.65–.96)  .79 (.69–.86)  3.95  0.20   
  List A Short Delay Recall  T  ≤  37  .92 (.75–.99)  .97 (.91–.99)  30.15  0.08   
  List A Long Delay Recall  T  ≤  40  .92 (.75–.99)  .97 (.91–.99)  30.15  0.08   
 AD  vs.  aMCI   
  List A Immediate Recall  T  ≤  30  .58 (.37–.77)  .86 (.68–.96)  4.18  0.49   
  List B Immediate Recall  T  ≤  41  .65 (.44–.83)  .72 (.53–.87)  2.37  0.48   
  List A Short Delay Recall  T  ≤  30  .73 (.52–.88)  .83 (.64–.94)  4.24  0.33   
  List A Long Delay Recall  T  ≤  36  .89 (.70–.98)  .52 (.33–.71)  1.83  0.22   

       Note . PLR = Positive Likelihood Ratio; NLR = Negative Likelihood Ratio; aMCI = Amnestic mild cognitive impairment; AD = Alzheimer’s disease.    

 Table 3.        Prevalence-free diagnostic accuracy statistics for NAB List Learning variables at conventional cutoff scores                                        

   Variable 
 Cutoff 
(T  ≤ ) 

 Impaired  a    vs.  Control  aMCI  vs.  Control  AD  vs.  Control  AD  vs.  aMCI   

 Sn  Sp  PLR  NLR  Sn  Sp  PLR  NLR  Sn  Sp  PLR  NLR  Sn  Sp  PLR  NLR     

 List A Immediate 
 Recall 

 40  .66  .90  6.41  0.38  .48  .90  4.73  0.58  .85  .90  8.29  0.17  .85  .52  1.75  0.30   
 35  .51  1.00  —  0.49  .35  1.00  —  0.66  .69  1.00  —  0.31  .69  .66  2.01  0.47   
 30  .35  1.00  —  0.65  .17  1.00  —  0.86  .58  1.00  —  0.42  .58  .86  4.18  0.49   

 List B Immediate 
 Recall 

 40  .40  .94  6.53  0.64  .28  .94  4.51  0.77  .54  .94  8.79  0.49  .54  .72  1.95  0.64   
 35  .22  1.00  —  0.78  .10  1.00  —  0.89  .35  1.00  —  0.65  .35  .90  3.35  0.73   
 30  .11  1.00  —  0.89  .07  1.00  —  0.93  .15  1.00  —  0.85  .15  .93  2.23  0.91   

 List A Short Delay 
 Recall 

 40  .75  .96  18.26  0.27  .59  .96  14.36  0.43  .92  .96  22.62  0.08  .92  .41  1.57  0.19   
 35  .60  .97  19.60  0.41  .38  .97  12.39  0.64  .85  .97  27.64  0.16  .85  .62  2.23  0.25   
 30  .44  1.00  —  0.56  .17  1.00  —  0.83  .73  1.00  —  0.27  .73  .83  4.24  0.33   

 List A Long Delay 
 Recall 

 40  .76  .97  24.95  0.24  .62  .97  20.28  0.39  .92  .97  30.15  0.08  .92  .38  1.49  0.20   
 35  .64  .98  31.18  0.37  .48  .98  23.66  0.53  .81  .98  39.58  0.20  .81  .52  1.67  0.37   
 30  .35  .99  33.85  0.66  .24  .99  23.66  0.77  .46  .99  45.23  0.54  .46  .76  1.91  0.71   

       Note . aMCI = Mild Cognitive Impairment; AD = Alzheimer’s disease; Sn = Sensitivity; Sp = Specifi city; PLR = Positive Likelihood Ratio; NLR = Negative 
Likelihood Ratio. Dashes represent a value of positive infi nity due to a specifi city of 1.00.  
   a     Includes both aMCI and AD.    
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test, which, for some participants, was due to excessive 
cognitive impairment. In addition, the participants with AD 
in the current study were predominantly in the very mild 
(CDR = 0.5,  n  = 5 [19%]) to mild (CDR = 1.0;  n  = 13 [50%]) 
stages. Because the current sample is generally free from se-
vere impairment, it may be a valid representation of the types 
of patients that clinicians are asked to evaluate for early 
diagnosis. 

 Of the four variables entered into the ordinal logistic re-
gression model, only two were found to contribute signifi -
cantly: List B Immediate Recall and List A Short Delay 
Recall. Despite these fi ndings, the results do not necessarily 
suggest that the nonsignifi cant variables lack value in dif-
ferentiating healthy controls from individuals with aMCI 
from those with AD; in fact, both List A Immediate Recall 
and List A Long Delay Recall, in isolation, can differentiate 
control, aMCI, and AD groups with sensitivity values rang-
ing from .58 to .92 and specifi city values ranging from .52 to 
.97 (see  Table 2 ). However, the results do suggest that these 
nonsignifi cant variables do not lead to a signifi cant increase 
in explanatory power beyond what can be attained after con-
sidering List B Immediate Recall and List A Short Delay 
Recall performance. 

 Despite the fact that the MCI and AD groups were older 
and less educated than the control group, these demographic 
differences are unlikely to be contributing to the current 
results. Although age and education differ across groups, 
the use of demographically-corrected normative data pro-
tects against their potential confounding infl uence. In other 

words, the use of demographically-corrected norms prevents 
age and education from being associated with the indepen-
dent variables. In fact, the NAB Psychometric and Technical 
Manual (White & Stern,  2003 ) illustrates that age accounts 
for 0.0% of the variance and education accounts for 0.0% to 
0.2% of the variance in scores on the independent variables 
that were used in the current study. 

 The classifi cation accuracy of the NAB List Learning test 
compares favorably to published data on other list learning 
tests. For instance, the median sensitivity and specifi city val-
ues of the individual NAB List Learning variables are gener-
ally on par with those seen in tests such as the CVLT, AVLT, 
HVLT, and the CERAD Word List ( Table 6 ). More specifi -
cally, for example, a recent study found that long delay 
free recall on the CVLT differentiated AD from controls 
with a sensitivity of .98 and a specifi city of .88 (Salmon 
et al.,  2002 ), similar to the reported values of NAB List A 
Long Delay Recall in the current study (sensitivity = .92, 
specifi city = .97). However, a major strength of the current 
study is that it validates a single model, developed using 
multiple ordinal logistic regression, that combines several 
list learning variables simultaneously to discriminate be-
tween three diagnostic groups (i.e., control, aMCI, and AD). 
One advantage of this ordinal logistic regression model is 
that it combines the NAB List Learning variables quantita-
tively, yielding results that can be integrated with applica-
ble base rates to estimate diagnostic likelihood. The use of 
this model allows for an empirically-validated, quantitative 
method of combining important variables, as opposed to 
 using clinical judgment for “profi le” analysis, which may be 
susceptible to limitations in human cognitive processing, 
such as interpreting patterns among multiple neuropsycho-
logical test variables (Wedding & Faust,  1989 ).     

 Although the current fi ndings support the diagnostic util-
ity of the NAB List Learning test, the generalizability of the 
current results is limited. For instance, the sample is highly 
educated; data were collected in a research setting where 
many individuals volunteered due to self-awareness of 
memory diffi culties; and the specifi cs of the reference stan-
dard, such as the clinicians participating in the consensus 
team and the assessment protocol used, are unique to our 
setting. Although the sample contains a fair number of Afri-
can American participants (16%), representation of other 
minority groups is lacking. An additional limitation is the 
fact that the NAB List Learning test was not directly com-
pared with other list learning tests in the same sample, pre-
cluding more defi nitive statements about its diagnostic 
accuracy in relationship to alternate tests. Finally, the re-
sults are limited by the reference standard that was used to 
establish a diagnosis. Despite the documented advantages 
of actuarial approaches over subjective approaches to clini-
cal decision making (Dawes et al.,  1989 ; Grove et al.,  2000 ), 
it is important to emphasize that the reference standard used 
in the current study is a multidisciplinary consensus diagno-
sis based on contemporary clinical diagnostic criteria, not 
neuropathological diagnosis. At the present time, diagnosis 
of defi nite AD requires neuropathological confi rmation 

 Table 4.        Frequency of predicted diagnosis by actual consensus 
diagnosis              

       Actual consensus diagnosis   

 Control  aMCI  AD     

 Predicted diagnosis 
 (ordinal model) 

 Control  94  12  3   
 aMCI  4  13  8   
 AD  0  4  15   

       Note . aMCI = Amnestic mild cognitive impairment; AD = Alzheimer’s 
disease.    

 Table 5.        Positive and negative predictive power of the ordinal 
NAB List Learning model at various base rates                  

   Predicted 
diagnosis 
(ordinal model) 

 Base rate   

 1%  5%  10%  20%  33%  50%     

 aMCI   
  PPP  .05  .22  .37  .57  .72  .84   
  NPP  .99  .97  .94  .87  .78  .63   
 AD   
  PPP  .18  .53  .71  .84  .91  .96   
  NPP  1.00  .98  .96  .92  .85  .73   

       Note . aMCI = Amnestic mild cognitive impairment; PPP = Positive Predic-
tive Power; NPP = Negative Predictive Power; AD = Alzheimer’s disease.    
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(McKhann et al.,  1984 ). Consequently, the classifi cation 
accuracy statistics reported herein cannot be interpreted to 
refl ect the likelihood that a patient actually has AD; instead, 
they indicate the likelihood that this specifi c consensus 
diagnostic team would make a particular diagnosis when 
using the assessment methods described above. It should 
also be noted that the consensus diagnosis was made, in 
part, on the basis of other neuropsychological tests, some of 
which are methodologically and psychometrically similar 
to the NAB List Learning test. This may have introduced an 
inherent and unavoidable source of bias. However, the diag-
noses was based on consensus after consideration of a wide 
range of information, thus reducing the likelihood that 
shared method variance between the NAB List Learning 
test and other episodic memory measures would have caused 
signifi cant tautological concerns. 

 From a methodological standpoint, there are other limita-
tions that require future study. The data were analyzed retro-
spectively and at various points in the longitudinal assessment 
of participants. An important line of future research would 
be to longitudinally follow individuals diagnosed with aMCI 
to prospectively examine whether NAB List Learning test 
performance is associated with AD progression. Because the 
current study does not include other dementia subtypes, fu-
ture studies should also examine non-AD dementias. Finally, 
to limit the number of predictor variables in the ordinal 
 logistic regression model, the NAB List Learning variables 
that are considered “secondary” or “descriptive” (White & 
Stern,  2003 ) were excluded. However, these additional vari-
ables may add additional diagnostic utility to the List Learn-
ing test, and future study is warranted. 

 Despite its limitations, the current study has several 
strengths. For instance, diagnostic accuracy statistics are 
pro   vided for a large number of cutoff scores, providing users 
of the test considerable fl exibility in interpreting test results. 
For example, depending on the desired purpose of the ex-
amination, users may wish to choose cutoff scores that place 
a higher value on sensitivity (e.g., clinical settings, where 
false positive errors may preferable to false negative errors) 
or specifi city (e.g., research settings, where false negative er-
rors may be preferable to false positive errors). Users of the 
test may choose to interpret results using traditional cutoff 
scores (e.g.,  Z -scores  ≤  1.5 or 2.0), or to use the empirically-
derived cutoff scores presented herein to emphasize sensitiv-
ity and specifi city equally. In addition, test users may choose 
to examine each test variable individually, or to interpret the 
overall pattern of test scores using the multiple ordinal logis-
tic regression model, which accounts for performance on the 
four primary NAB List Learning variables simultaneously. 
For the latter approach, positive and negative predictive val-
ues are provided for a range of base rates, allowing for a 
more individually tailored approach to test interpretation. An 
additional strength of the study was the lack of tautological 
error, as the NAB List Learning test was not used in diagnos-
tic formulations. Instead, NAB List Learning performance 
was examined independently against the clinical “gold stan-
dard,” a multidisciplinary consensus diagnostic conference. 

 Table 6.        Comparison of sensitivity and specifi city between individual 
variables from the NAB and the AVLT, CERAD, CVLT, and HVLT            

   Test  Variable  Sensitivity  Specifi city     

 MCI  vs.  Control   
  CERAD  IR  a    .33–.73  .80–.93   

 IR  b    .67  1.00   
 DR  c    .83  .60   
 DR  a    .26  1.00   
 DR  b    .81  .86   
 %Ret  c    .89  .55   
 %Ret  a    .33  .66   
 %Ret  b    .62  .90   
 Recognition  a    .33–.70  .93–1.00   
 Recognition  c    .94  .35   

  HVLT  IR  d    .82  .79   
  NAB  List A IR  e    .76  .69   

 List B IR  e    .69  .62   
 List A SDR  e    .86  .72   
 List A LDR  e    .62  .97   

 AD  vs.  Control   
  CERAD  IR  f    .86  .87   

 IR  a    .60–.86  .80–.93   
 IR  g    .95  .89   
 IR  b    .89  1.00   
 DR  f    .74  .82   
 DR  a    .86  1.00   
 DR  g    .92  .89   
 DR  b    1.00  .86   
 %Ret  a    .80  .66   
 %Ret  b    .79  .90   
 Recognition  f    .76  .87   
 Recognition  a    .60–.80  .93–1.00   

  CVLT  IR  h    .95  .89   
 LDR  h    .98  .88   

  HVLT  IR  i    .75  .92   
  AVLT  Trial 1  j    .63  .90   

 Trial 5  j    .80  .43   
 SDR  j    .79  .81   
 LDR  j    .83  .83   

  NAB  List A IR  e    .85  .90   
 List B IR  e    .85  .79   
 List A SDR  e    .92  .97   
 List A LDR  e    .92  .97   

 AD  vs.  MCI   
  HVLT  IR  d    .79  .96   

 IR  k    .91  .69   
  NAB  List A IR  e    .58  .86   

 List B IR  e    .65  .72   
 List A SDR  e    .73  .83   
 List A LDR  e    .89  .52   

       Note . MCI = Mild cognitive impairment; CERAD = Consortium to Estab-
lish a Registry for Alzheimer’s Disease; IR = Immediate Recall; DR = De-
layed Recall; %Ret = Percent Retention; HVLT = Hopkins Verbal Learning 
Test; NAB = Neuropsychological Assessment Battery; SDR = Short Delay 
Recall; LDR = Long Delay Recall; AD = Alzheimer’s disease; CVLT = 
California Verbal Learning Test; AVLT = Auditory Verbal Learning Test.  
   a     Karrasch et al. ( 2005) .  
   b     Ivanoiu et al. ( 2005) .  
   c     Woodard et al. ( 2005) .  
   d     Schrijnemaekers et al. ( 2006) .  
   e     Current study (see  Table 2 ).  
   f     Bertolucci et al. ( 2001) .  
   g     Derrer et al. ( 2001) .  
   h     Salmon et al. ( 2002) .  
   i     Kuslansky et al. ( 2004) .  
   j     Schoenberg et al. ( 2006) .  
   k     de Jager et al. ( 2003) .    



B.E. Gavett et al.128

 The cross-validation of the ordinal logistic regression 
model allows for examination of the degree of precision in 
estimates of sensitivity, specifi city, and overall accuracy. 
Based on the reported confi dence intervals, there is a good 
degree of precision in the ordinal model’s overall accuracy 
(accuracy = 80%; 95% CI = 72–88%) and in the model’s 
specifi city to the diagnosis of both aMCI (specifi city = .91; 
95% CI = .83–.99) and AD (specifi city = .97; 95% CI = .94–
.99). However, in examining the 95% confi dence intervals 
surrounding the sensitivity estimates for both aMCI and AD, 
it is apparent that the sensitivity of the ordinal model is con-
siderably lower and lacking precision. This may be due in 
part to the relatively small sizes of the clinical sample and 
in part due to the negative log-log link function that was used 
in the multiple ordinal logistic regression model. This link 
function makes an  a priori  assumption that the underlying 
distribution of the data is skewed toward “normality.” In 
other words, the model was chosen based on the assumption 
that the prevalence of healthy controls is greater than the 
prevalence of individuals with aMCI and AD. As a result, the 
ordinal logistic regression model may be more prone to false 
negative errors (i.e., reduced sensitivity) than to false posi-
tive errors (i.e., reduced specifi city). This decreased sensitiv-
ity to aMCI and AD may also refl ect the fact that individuals 
with aMCI and AD perform similarly on measures of epi-
sodic memory, and that functional measures may be neces-
sary to improve diagnostic sensitivity once a certain degree 
of cognitive decline has occurred in an individual. Although 
the current results present diagnostic accuracy statistics for 
the NAB List Learning test, it should be emphasized that 
a diagnosis of aMCI or AD cannot be made on the basis of 
a single neuropsychological instrument. 

 The current results demonstrate that the NAB List Learn-
ing test was able to classify older adults into cognitively 
normal, AD, and aMCI groups with accuracy levels similar 
to other published list learning tests (Bertolucci et al.,  2001 ; 
de Jager et al.,  2003 ; Derrer et al.,  2001 ; Ivanoiu et al., 
 2005 ; Karrasch et al.,  2005 ; Kuslansky et al.,  2004 ; Salmon 
et al.,  2002 ; Schoenberg et al.,  2006 ; Schrijnemaekers et al., 
 2006 ; Woodard et al.,  2005 ). The NAB List Learning test 
possesses a large and up-to-date set of demographically-
corrected normative data ( n  = 1441) and it was co-normed 
as part of a comprehensive neuropsychological test battery. 
In addition, it was developed to include two equivalent 
forms; in fact, in the NAB standardization sample ( n  = 
1448), test form accounted for less than 1.5% of the total 
variance seen in List Learning performance (White & Stern, 
 2003 ), making it suitable for clinical re-evaluation and lon-
gitudinal research applications. The fi ndings from the cur-
rent study, along with the overall strengths of the NAB, 
suggest that the NAB List Learning test is an appropriate 
and clinically useful tool for the evaluation of older adults 
with known or suspected Alzheimer’s disease. Although the 
current study did not directly compare the diagnostic utility 
of the NAB List Learning test to other list learning mea-
sures, the classifi cation accuracy data presented herein are 
similar to those reported in the literature investigating the 

diagnostic utility of other list learning tests in control, MCI, 
and AD samples (see  Table 6 ). Future research is warranted 
to make direct comparisons of diagnostic utility to other list 
learning instruments.     
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