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Previous studies have documented validity evidence of neuropsychological measures in the assessment of dementia. However, 
known cognitive test measures were mostly validated as separate measurements rather than asconstituents of a whole battery. 
In this study, the neuropsychological battery (CERAD-K) and neuropsychiatric measures were acquired in older adults with 
Mild Cognitive Impairment, dementia of Alzheimer’s Disease (AD), and Vascular dementia (VD). The assessment measures 
and demographic information were used to predict two validity criteria: dementia severity (CDR) and dementia type (AD or 
VD). A correlation between a single test measure and the target criteria indicated univariate validity, whereas relative impor-
tance among multiple regression models indicated the multivariate validity of a single measure as a constituent of the battery. 
We identified that test measures including the Boston Naming Test, Trail Making Test, and Word List Recall were predictive of 
the clinical outcome criteria as univariate validity; however, this strength of association did not remain consistent when evalu-
ated in terms of multivariate validity. Regarding the multivariate validity, measures including Word List recognition, and neu-
ropsychiatric impairment showed robust validity. This contrasting validity indices between univariate and multivariate frame-
works may be owing to shared information between other measures, which can distort the conclusions of validity evidence. 
The findings suggest that the validity of a neuropsychological test differs as a function of the target criteria and whether ad-
ministered as a whole battery. The findings suggest that the validity of a neuropsychological measure differs as a function of 
the criteria of clinical context and whether tested under a comprehensive battery. 
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Introduction

Neuropsychological assessment aims to clarify neurological con-

ditions and describe detailed characteristics of functional impair-

ment (Fields et al., 2011). Typically, combined batteries of ratings 

and test scores are integrated during interpretation, which subse-

quently leads to clinical decisions (Vakil, 2012). Individuals with 

dementia due to specific types of neurological diseases are also ad-

ministered with a known set of test batteries that were validated to 

have clinical utility in diagnosing and describing the severity and 

differential pathology types (Elahi & Miller, 2017). 
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Ongoing examinations on the validity of neuropsychological 

tests have established cornerstones of how clinicians should select 

and construct a set of tests that can be applied to target illness 

(Garb & Schramke, 1996). The previous examinations on test va-

lidity, however, have shown how individual test evidences their va-

lidity as separate measurements. Here, the logical gap lies in the 

fact that test measures are not validated as a whole set as a battery 

even when practitioners integrate multiple measures acquired 

from a set of tests. Thus, the individual tests that constitute a neu-

ropsychological battery should evince their validity under the 

context of battery composition, rather than as a single indepen-

dent measure (Russell et al., 2005). Also, a test battery should cover 

a wide range of clinical purposes since potential clinical condi-

tions are yet unnarrowed. It is likely that previously validated tests 

examined under a single measurement may not be generalized as 

valid tests within a whole battery. 

The scope of the test validity also regards how the tests are 

quantified of their validity. One of the main approaches to evi-

dence the test validity is to show the extent of concurrency and 

predictability to the clinical outcome of interest (Anastasi, 1950; 

Strauss & Smith, 2009). While the criterion validity of a single test 

measure can be examined as a univariate association between the 

test measure and clinical outcome, the validity of a whole set of 

tests can be examined as a multivariable association between test 

measures and clinical outcomes. In this case, the validity of a sub-

test can be evaluated in terms of its accountability of whole sub-

tests (i.e., actuarial method), and this approach tends to provide 

more reliable and accurate diagnostic findings (Carlew et al., 2023; 

Fountain-Zaragoza et al., 2021). Specifically, there can be cases 

when a test is not useful among a whole comprehensive neuropsy-

chological battery yet shows a sound univariate validity because 

the shared redundancy between the tests is not considered in the 

univariate examinations. If a test measure shares predictive value 

with other comprising measures, then the test validity can be un-

dermined, whereas greater uniqueness of a test leads to larger va-

lidity as constituents among a battery. This multivariable nature of 

the test battery can directly be tested with quantifiable metrics 

and the resulting quantified validity index can aid as the rationale 

for selecting specific tests that have been determined by experi-

enced clinicians. 

Recent studies have utilized how combining multiple measures 

can aid findings in dementia assessment. For example, previous 

studies have shown that the reliability of diagnostic classification 

on mild cognitive impairment can be enhanced when conjointly 

using multiple measures rather than applying a single test cutoff 

(Bondi & Smith, 2014; Graves et al., 2020). Other multivariable ap-

proaches combined as a predictive model showed the potential to 

enhance the utility in the assessment of dementing outcomes 

(Chapman et al., 2010; Kwak et al., 2022; Nation et al., 2019; Stal-

lard et al., 2022). Despite the evidence of the enhanced predictabil-

ity of multivariate approaches, previous studies lacked detailed ex-

aminations of how individual measures contribute to the total cri-

terion validity which would be referenced in the clinician’s deci-

sion in test selection. In order for clinicians to aid battery con-

struction, the subtests should be subject to validity evaluation 

(Garb & Schramke, 1996). 

Another issue in quantifying the validity of neuropsychological 

battery is how the test validities can differ by the clinical context of 

the assessment and validity criterion. In the case of dementia as-

sessment, for example, a particular test can claim its validity under 

differential diagnosis of dementia types, whereas some other tests 

may retain validity in predicting overall daily functioning (Bruun 

et al., 2018; Fields et al., 2010; Kwak et al., 2021; Nyenhuis et al., 

2004). Neuropsychological test information may have differing 

utility in either identifying biological etiology in a medical context 

or assessing ecological functioning in a rehabilitation context. In-

deed, a test with evidence of both aspects would be the most desir-

able case, the tests can also play a role under a specific validity 

context. A direct comparison of the two validity contexts has not 

been thoroughly examined in the studies of dementia assessment 

instruments. 

Concurring knowledge of neuropsychological test validities is 

converged mostly based on the examination of each test as a single 

measure. This could lead to profoundly different conclusions. For 

example, a test that requires multiple processes (e.g., verbal fluen-

cy, trail making test) can exhibit strong utility in predicting clini-

cal outcomes of interest. But the very conclusion may not coincide 

when tested under multiple sets of measures that are typically ad-

ministered as a battery. To our knowledge, this discrepancy be-

tween univariate versus multivariate validity has not been exam-
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ined previously.

Thus, the current study aimed to examine how measures of 

neuropsychological assessment are predictive of (1) overall func-

tional impairment across the spectral population of cognitive im-

pairment, and (2) differential diagnosis between Alzheimer’s dis-

ease and vascular dementia. In this way, each assessment measure 

is evaluated for whether retains criterion validity under specific 

clinical contexts. 

Methods

Participants

The older adults with cognitive impairment were retrospectively 

recruited from SMG-SNU Boramae Medical Center for Dementia 

from January 2012 to January 2021. The retrospective dataset was 

extracted from the in-house clinic database available. The partici-

pants underwent both neuropsychological assessment and struc-

tured clinical interview. This study was conducted under the Dec-

laration of Helsinki, and the protocol was approved by the Institu-

tional Review Board of SMG-SNU Boramae Medical Center for 

Dementia (IRB No. 10-2020-295). The current study included older 

adults with Mild Cognitive Impairment (MCI), dementia of Al-

zheimer’s Disease (AD), and Vascular dementia (VD). The clinical 

diagnosis of the probable or possible AD and MCI was based on the 

National Institute of Neurological and Communicative Disorders 

and Stroke and AD and Related Disorders Association (NINCDS-

ADRDA) and the core clinical criteria of MCI (Albert et al., 2011; 

McKhann et al., 1984). The VD was diagnosed according to the 

National Institute of Neurological Disorders and Stroke/Associa-

tion Internationale pour la Recherche et l’Enseignementen Neuro-

sciences criteria (Román et al., 1993). The other dementia types 

were not considered as analyses of interest due to insufficient sam-

ple size. In cases of multiple follow-ups, the diagnosis and test mea-

sures of the first neuropsychological evaluation were analyzed.

Subjects suspected or diagnosed with dementia types other than 

AD or VD were not included in the analysis, including Lewy body 

dementia and frontotemporal lobe dementia. In addition, those 

identified or suspected of significant neurological or psychiatric 

conditions including traumatic brain injury, meningioma, subdu-

ral hemorrhage, normal pressure hydrocephalus, delirium, intel-

lectual disabilities, and psychotic disorders were excluded. We 

confined our predictive analysis within the dementia staging of 

‘moderate’ impairment (Clinical Dementia Rating sum of box 

score ≤15.5) (O’Bryant, 2008). The group size differed across di-

agnoses (MCI: n=1,025; AD: n=1,262; VD: n=266), and the va-

lidity evaluation set was comprised of two sets: (1) cognitive im-

pairment severity (MCI, AD, and VD; n=2,553), (2) differential 

diagnosis (AD and VD; n=1,528). Descriptive statistics and histo-

grams are shown in Table 1 and Figure 1.

Neuropsychological assessment

All participants were administered the Korean version of the Con-

sortium to Establish a Registry for Alzheimer’s Disease neuropsy-

chological battery (CERAD-K) (Lee et al., 2002). The battery mea-

sures multiple domains of cognitive function and facilitates the di-

agnosis of MCI and dementia. The battery contains the following 

subtests: Semantic fluency (the number of correct animal words; 

four blocks of 15s interval), Boston Naming Test, Word List Recall 

(immediate, delayed), Word List Recognition (subtraction of the 

number of false positives from the number of true positives), and 

Constructional Praxis (copy, recall). The additional subtests in-

cluded in CERAD-K was Trail Making Test A/B (TMT-A and B). 

The TMT measured the total time spent completing the tasks. The 

test administration had set the maximum time limit at 360 s 

(TMT-A) and 300 seconds (TMT-B) based on administration in-

struction in CERAD-K (Seo et al., 2006). The score was interpolat-

Table 1. Demographic Characteristics

Total MCIa ADa, b VDa, b

Mean (SD)/Frequency 
n 2,553 1,025 1,262 266
Age 76.60 (7.80) 73.26 (7.26) 79.14 (7.15) 77.47 (7.96)
Education 7.37 (5.07) 8.31 (4.68) 6.66 (5.15) 7.17 (5.51)
Sex (M : F) 1618:935 593:432 873:389 152:114
Global CDR 0.80 (0.47) 0.50 (0.07) 0.97 (0.50) 1.14 (0.59)
CERAD-Total 44.35 (15.18) 55.87 (10.44) 36.77 (12.73) 35.95 (13.03)
NPI 6.72 (4.12) 4.43 (3.96) 7.16 (5.67) 7.90 (5.99)
GDS 6.14 (5.28) 6.23 (4.09) 6.93 (4.07) 7.62 (4.27)

Note. CDR= Clinical Dementia Rating; MCI= Mild Cognitive Impairment; 
AD= dementia of Alzheimer’s disease; VD=Vascular dementia; NPI=Neu­
ropsychiatric Inventory; GDS=Geriatric Depression Scale.
aIncluded in analysis of Validity A (dementia severity), bIncluded in analy­
sis of Validity B (dementia type). 
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ed as the maximum time limit (360s or 300s) in the cases when the 

TMT was aborted or not feasible due to the following reasons: ex-

ceeded the time limit, unable to understand the rule, or commit-

ted more than five errors. The scores (seconds) were inverted to 

have the same directional interpretation. The raw scores without 

demographic adjustment were used in the analyses. The battery 

was administered by trained clinical psychologists and trainees 

supervised by board-certified psychologists. 

Neuropsychiatric Inventory (NPI) was used to characterize be-

havioral, social, and affective symptoms that are relevant to de-

menting illness (Choi et al., 2000; Cummings et al., 1994). The 

NPI was based on the semi-structured interview administered to 

the patients’ informants or caregivers, if available, and rated by 

clinical psychologists. It consists of 12 separate items assessing 

neuropsychiatric disturbances, including delusion, hallucination, 

agitation/aggression, depression/dysphoria, anxiety, elation/eu-

phoria, apathy/indifference, disinhibition, irritability/lability, ab-

errant motor behavior, sleep, and appetite. The symptom severity 

was rated based on observable behaviors that signify each symp-

tom (e.g., expression of sadness and tears in depression/dysphoria 

item). Each item was rated from 0 to 3 scores across severity levels 

(0: No symptom, 1: Symptoms causes mild distress, 2: Symptoms 

are intractable and cause distress, 3: Symptoms are present with 

major distress). The summed score of 12 items was used to indi-

cate overall behavioral abnormalities. 

As a routinely assessed component of depressive symptoms, the 

self-reported depressive symptoms were assessed with the Korean 

version of the short-form Geriatric Depression Scale (GDS) (Bae & 

Cho, 2004). Questions from the original GDS which had the high-

est correlation with depressive symptoms in validation studies 

were selected for the short version with 15 items (Sheikh & Yesav-

age, 1986).

The validity criterion of overall functional impairment was as-

sessed with the sum of box scores of Clinical Dementia Rating 

(CDR-SB). The CDR is a semi-structured interview developed to 

provide a global summary of dementia severity. The CDR is useful 

for staging and tracking the course of neurodegenerative progres-

sion (Fillenbaum et al., 1996; Morris et al., 1997; Morris, 1997). In 

addition, the sum of boxes score was calculated by summing im-

pairment in six domains of daily cognitive categories (memory, 

orientation, judgment, community affairs, home and hobbies, and 

personal care), which provides a more fine-grained measure of 

functional disturbances within the same category of a global score 

or clinical diagnosis (Lynch et al., 2005; O’Bryant, 2008). The 

trained clinical psychologists administered the structured inter-

view and the ratings. As noted in the administration standard, the 

decisions of CDR scoring were based on the information gathered 

in a structured interview but not on neuropsychological test per-

Figure 1. Age distribution of subgroups. 
Note. (A) AD in light red and VD in dark red. (B) Female in green and male in blue. 
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formance. The global CDR score ranged from 0 to 1 (MCI), 0.5 to 

3 (AD and VD). The CDR-SB ranged from 0.5 to 9 (MCI), 0.5 to 15 

(AD), and 1 to 15 (VD). 

Statistical analysis

The individual measures that comprise the neuropsychological 

assessment (i.e., CERAD-K subscores, NPI, GDS) were each ex-

amined for clinical validity. Criterion validity was evaluated in 

how each test measure precisely tracks the target criteria. In the 

regression models, independent (explanatory) variables constitute 

test measures, and the dependent variable holds as a criterion to be 

predicted. The first validity criterion (Validity A) was overall im-

pairment severity (i.e., CDR-SB), and was evaluated with total 

variance explained (R2) in linear regression models. The second 

validity criterion (Validity B) was evaluated as the classification 

performance of the measures on differential diagnosis (i.e., AD-

VD). The classification of the logistic regression models at varying 

cutoffs was summarized as the Area Under Curve (AUC). 

The extent of the validity (i.e., validity index) was evaluated with 

both univariate and multivariate approaches. The univariate ap-

proach simply calculates the pairwise correspondence of the mea-

sure to the criterion variable. The multivariate approach fits the 

multiple regression model to the criterion variable as a whole while 

excluding a specified target test measure. The decreased amount 

of accuracy metrics (AUC or R2) after excluding the target test rep-

resented indices of multivariate validity. Multivariate validity in-

dex aimed to indicate the unique proportion of information 

among the given set of the total battery. 

The validity examination was conducted by two sets of predic-

tors: (1) cognitive test subscores (CERAD-K), and (2) compiled 

subtest scores of CERAD-K, demographics, and neuropsychiatric 

measures. This is because several subtest scores in the CERAD-K 

result from the common source of test stimuli and procedures 

which thus produce autoregressive scores, leading to underestimat-

ed uniqueness of test scores. In Word List Recall, for example, Im-

mediate Recall inherently has high auto-correlations with Delayed 

Recall and Recognition scores, which would lower the uniqueness 

of each subtest. Thus, the subsequent multivariate analysis was 

conducted after summing the scores under the same subtest unit 

(Word list: immediate recall, delayed recall, delayed recognition; 

Construction: copy and delayed reproduction; Fluency: 15 seconds 

interval scores; TMT: Type A and B) in addition to demographics 

and neuropsychiatric variables (NPI and GDS). 

The correspondence with the two validity criteria was exam-

ined, which indicated the extent to which the test holds validity in 

either clinical context. The mismatching order of effect size be-

tween univariate and multivariable testing indicated a differing 

clinical value of the assessment measurements. Lastly, the full re-

gression models examined total explanatory accuracy with the 

given measures.

Figure 2. Univariate and multivariate validity of neuropsychological tests on dementia severity (CDR-SB).
Note. (A) Results with neuropsychological subtest set. (B) Results combined with demographics and neuropsychiatric measures. Y-axis (A-sided 
scale) and blue line indicate univariate associations (R2) between the assessment variables and CDR-SB. Y-axis (B-sided scale) and orange line in­
dicate multivariate contribution (decrease in R2 when excluded) in the multiple regression model. The subtests are sorted in descending order of 
univariate validity. CDR-SB =Clinical rating scale-sum of boxes; WR1/2 =Word list immediate/delayed recall; Wrecg =Word list recognition; 
Cons1/2 =Constructional praxis copy/delayed; TMTa/b =Trail making test A and B; Flu1-4 =Animal fluency (four blocks of 15s interval); 
Boston=Boston naming test; NPI=Neuropsychiatric Inventory; GDS=Geriatric Depression Scale.
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Results

When examining the difference between univariate and multi-

variate correspondence with CDR-SB (Validity A), the overall ten-

dency of consistency showed that the measures of high univariate 

association also showed higher multivariate importance (Figure 

2). Specifically, however, Word Recall immediate (WR1) and Bos-

ton Naming Test showed a large discrepancy, showing generally 

low validity in the multivariate approach (Figure 2A). That is, the 

test scores were associated with CDR-SB individually, but the 

unique explanatory information was minimally provided. When 

examined while including demographics and neuropsychiatric 

variables with more summarized cognitive scores, NPI showed 

the most distinctive validity difference (Figure 2B). NPI was not 

the strongest predicting feature as a single univariate score but the 

multivariate index was superior to other cognitive test measures. 

With the same analytic approach, the difference between uni-

variate and multivariate classification accuracy on dementia types 

(AD vs. VD, Validity B) (Figure 3). Again, the overall tendency 

showed a general correspondence in that measures of high uni-

variate validity also showed higher multivariate validity. However, 

specific patterns showed notable discrepancies. While TMT-A 

worked as a relatively superior univariate classifier of dementia 

types, it provided almost nonexistent information in the multivar-

iate model (Figure 3A). Moreover, Word Recall delayed (WR2) 

was not uniquely informative in the multivariate model contrary 

Figure 3. Univariate and multivariate validity of neuropsychological tests on the differential diagnosis of dementia types (AD vs. VD).
Note. (A) Results with neuropsychological subtest set. (B) Results combined with demographics (age) and neuropsychiatric measures (NPI). Y-axis 
(A-sided scale) and blue line indicate univariate classification accuracy (AUC) on dementia types. Y-axis (B-sided scale) and orange line indicate 
multivariate contribution (decrease in AUC when excluded) in the multiple regression model. The subtests are sorted in descending order of uni­
variate validity.
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to its strong association in the univariate model. When examined 

by including demographics and neuropsychiatric variables, age 

showed the strongest validity on the classification in both univari-

ate and multivariate models (Figure 3B). 

When mapping the validity indices on the two dimensions of 

the validity criterion, measures were dispersed as having relatively 

higher and lower validity in each context (Figure 4). In the univar-

iate approach, the measures did not represent specific validity, and 

multiple measures reflected both of the validity criteria. When ex-

amined as a multivariate approach, the Word List Recognition 

score showed the highest validity in both contexts of validity indi-

ces (Figure 4B). Furthermore, TMT-A and the initial performance 

of animal fluency (Flu1; performance in 1-15s) showed high con-

tributions in predicting dementia severity, while constructional 

praxis and relatively later phases of animal fluency (Flu2, 4; per-

formances in 16-30s, 46-60s) showed higher discriminating valid-

ity. Boston Naming Test, Trail Making B, Word List, and interim 

phase of animal fluency (Flu3; performance in 31-45s) showed 

minimal validity indices under both validity criteria. On the con-

trary, the univariate validity index shows that TMT-A has superior 

validity over other tests when examined as a univariate approach 

(Figure 4A). Similarly, the univariate approach was less dependent 

on the type of validity, showing that tests were high in both of the 

validity types. 

Lastly, the full regression model that included all of the predictors 

showed moderate levels of correspondence (adjusted R2 = 0.588, 

AUC= 0.680; Table 2). 

Discussion 

The current study examined the validity of individual measures 

that comprise neuropsychological assessment of dementia. The 

validity of assessment measures was evaluated in predicting de-

mentia severity and differentiating dementia types (AD versus 

VD). The result generally showed that tests with high correspon-

dence to the validity criterion as a single measure also showed 

high unique contributions among a whole assessment battery, in-

dicating that univariate validity partly reflects multivariate validi-

ty. However, there were also notable discrepancies in the validity 

indices. Although the test has shown a strong association with the 

Table 2. Multivariate Models that Explain the Clinical Outcome of Dementia Severity (CDR-SB) and Dementia Type (AD vs. VD).

Outcome 
  (Dependent variable)

Dementia severity (CDR-SB) Dementia type (AD < VD)
B SE p-value B SE p-value

Age 0.013 0.006 .032 -0.028 0.010 .005
Education 0.089 0.010 < 10-16 0.063 0.016 < 8 × 10-5

NPI 0.186 0.009 < 10-16 0.013 0.013 .307
GDS -0.032 0.011 .003 0.018 0.019 .336
WR 1 -0.042 0.013 .002 0.030 0.023 .185
WR 2 -0.156 0.030 2 × 10-7 0.030 0.060 .614
Wrecg -0.161 0.017 < 10-16 0.074 0.027 .007
Cons 1 -0.142 0.024 3 × 10-9 -0.124 0.038 .001
Cons 2 -0.071 0.020 3 × 10-4 0.079 0.041 .053
TMT-A 0.005 0.001 < 10-16 0.002 0.001 .007
TMT-B 0.000 0.001 .831 -0.001 0.002 .593
Fluency 1 -0.164 0.022 3 × 10-13 -0.061 0.040 .128
Fluency 2 -0.101 0.028 4 × 10-4 -0.113 0.058 .052
Fluency 3 -0.071 0.033 .031 -0.009 0.063 .884
Fluency 4 -0.099 0.033 .003 -0.231 0.077 .003
Boston -0.073 0.017 2 × 10-5 0.013 0.029 .652
N 2,553 1,528
Full model Adjusted R2 = 0.588 AUC = 0.680

Note. CDR-SB = Clinical rating scale-sum of boxes; AD = dementia of Alzheimer’s disease; VD = Vascular dementia; WR1/2 = Word list immediate/delayed 
recall; Wrecg = Word list recognition; Cons1/2 = Constructional praxis copy/delayed; TMT-A/B = Trail making test A and B; Flu1-4 = Animal fluency (four 
blocks of 15s interval); Boston = Boston naming test; NPI = Neuropsychiatric Inventory; GDS = Geriatric Depression Scale. 
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criterion as a single score, fewer test scores remained valid in the 

multivariate model. Specifically, Word List Recognition showed 

the highest multivariate validity in both of the clinical criteria, 

whereas other subtest measures including TMT, construction, and 

fluency tests showed validity under either specific validity criteria 

(i.e., dementia severity or differential diagnosis of AD and VD). 

One of the main purposes of the study was to examine whether 

the validity metric of assessment measures depends on the frame-

work of univariate or multivariate testing. When comparing the 

validity index between univariate and multivariate approaches, 

there was a tendency for a corresponding pattern. In other words, 

the test measures with high accountability as a single test tend to 

contain larger unique information among the multiple regression 

model that accounts for the validity criterion. For example, the 

Word List memory test showed favorable validity in both univari-

ate and multivariable validity, and the subsequent measures tend 

to follow the ranks correspondingly. Based on the high propor-

tional weight of AD, verbal memory measures were also indicative 

of functional impairment due to neurological disease (Belleville et 

al., 2017). 

However, there are several notable discrepancies that the order-

ing of univariate importance does not map into multivariate im-

portance. In the criterion of dementia severity (Validity A), Word 

Recall (Immediate) and Boston Naming Test scores showed a mod-

erate level of bivariate association with the CDR-SB, whereas their 

accountability became nullified among the total battery set. In the 

criterion of dementia type (Validity B), the discrepancy was pro-

found in TMT-A and Word Recall delayed scores. This indicates 

that the Word Recall (Immediate) and BNT measures contained 

redundant information that was mostly shared by other test mea-

sures in predicting AD spectrum severity. 

Another notable finding was the unique contribution of NPI in 

predicting dementia severity. NPI qualitatively differs from other 

cognitive test performances in that the measured domain of socio-

affective function is distinct from classical neurocognitive do-

mains and that the source of information comes from the behav-

ioral disturbances observed by clinicians, caregivers, and infor-

mants (Delgado et al., 2019; Sachdev et al., 2014). Such uniqueness 

of the information may have led to relatively higher multivariate 

validity compared to the univariate index. Our findings support 

an indispensable role of acquiring neuropsychiatric symptoms in 

characterizing the progression of dementia that are not replaced 

with classical cognitive tests (Ismail et al., 2016, 2017). Although 

the significance of NPI in the assessment of dementia severity is 

not a novel finding itself, the conspicuous discrepancy between 

the univariate and multivariate indices indicates an irreplaceable 

value the NPI measure can provide.  

It was also examined whether the test measures can effectively 

distinguish prevalent types of dementia. Previous findings have 

shown that VD is more sensitively detected by tests of frontal lobe 

function or executive/speed domain under the time-limited pro-

tocol, whereas AD is more subject to specific memory processing 

which in turn leads to noticeable differences in subtest validity  

indices (Jang et al., 2017; Mathias & Burke, 2009; Oosterman & 

Scherder, 2006; Vasquez & Zakzanis, 2015). In the current evalua-

tion of diagnostic validity, well-documented measures of episodic 

memory and executive/speed function also showed favorable mul-

tivariate validity. For example, the low score in Word List recogni-

tion was specific to the deficit in AD, and the low fluency test score 

was specific to VD, which was indicated by indices of high multi-

variate validity. 

Despite the general alignment with the previous findings, how-

ever, some of the inconsistent findings need detailed discussion. 

The notable finding was shown in BNT score and TMT-A. In the 

previous meta-analysis of the neurocognitive difference between 

AD and VD, the picture naming test showed a moderated effect 

size (d= -0.4) (Mathias & Burke, 2009) but our findings showed 

that the picture naming test (BNT) included in the CERAD-K 

battery was moderately valid only as a single test score but not as  

a combined element among the battery. This rather discordant 

finding may be due to the way a test contributes to the prediction 

as a common or specific variance. The components of expressive 

language function reflected in the picture naming test may be 

more abundantly measured from the fluency test, leaving the test 

utility redundant (Greenaway et al., 2009). It is also possible that 

the subtest included in the BNT was more reflective of content-

based semantic knowledge rather than process-based efficiency 

(Ackerman, 2022), and this tendency may be especially so in the 

population of a wide range of education levels (Kim et al., 2017). 

Another notable measure in AD-VD differing measure was 
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TMT-A, which showed minimalized multivariate validity con-

trary to univariate validity in distinguishing AD from VD. This 

result contrast with the previous literatures that notes TMT as 

useful measure in detecting presence of subcortical or frontal le-

sions (Bagnoli et al., 2012; Ghafar et al., 2019). Since the previously 

summarized meta-analysis has examined the test measure as a 

single predictor, the finding may not generalize to the validity un-

der the constituent of the whole neuropsychological battery. These 

contrasting results indicate that test measures with similar uni-

variate utility may show disagreeing multivariate utility when 

composed as a total battery set. 

Overall, the current study is suggestive of the cautious perspec-

tive in interpreting the validity evidence of neuropsychological 

measures. Most of the widespread research design reports the 

group comparison result between AD versus MCI, AD versus 

healthy controls, or AD versus other dementia types which in turn 

aggregated as univariate meta-analytic analyses. Though the uni-

variate validity evidence is intuitive in determining the utility of a 

test, we have suggested that some of the instruments do not retain 

their validity as a comprehensive set. In practice, clinicians ac-

knowledge the inter-mixture of the information provided by each 

measure but the decisions regarding the selection and construc-

tion of neuropsychological battery heavily rely on the qualitative 

aptness of the clinician. Our framework suggests that such clinical 

decision-making of battery construction can be aided by more di-

rect quantification of test validity. This actuarial approach may 

not always coincide with clinical intuition but can buttress the 

possible human bias made under univariate research findings. 

There are several limitations that require future investigation. 

First, there are varying sets of neuropsychological batteries used 

for the assessment of dementia, and the current study lacked some 

of the popular instruments that have shown robust validity (e.g., 

Digit Symbol Substitution, vegetable/fruit fluency, logical memo-

ry). The indices of multivariate indices can be easily affected by 

the presence of homologous tests with high collinearity, and add-

ing these tests can alter the main conclusions. Since the CERAD 

battery was initially developed for diagnosing AD with additional 

extensions of executive/speed subtests (Seo et al., 2006, 2008), 

more flexible utilization of the battery may be required in identi-

fying other dementia types. 

Another critical limitation of the study was the scope of validity 

criterion that targets dementia types. There are other varying 

types of dementia that require differential diagnosis in practice 

other than AD and VD, and current examinations suggest little 

information regarding the validity criterion in other contexts of 

differential diagnosis. Since the current study only compared the 

two types of dementia, the index of Validity B may or may not re-

flect the pathology of certain dementia pathology. This issue is 

also relevant in that the index of Validity A more likely to reflect 

the severity of the AD spectrum rather than the severity of general 

dementing pathology. The populational characteristics and pro-

portions of dementia types that the current dataset covers can af-

fect the relative weight of the validity criterion toward specific di-

agnoses. Moreover, the resulting Validity B may only reflect the 

prototypic correspondence to the single category side of AD (i.e., 

presence or absence of AD-specific pattern) rather than reflecting 

the effect of VD. Further data on other dementia types should be 

integrated in order to develop the validity index that differentiates 

‘unspecified non-AD’ or ‘specific non-AD.’ 

Lastly, another remaining issue of test selection regards that the 

validity index does not fully represent the cost-efficiency of neuro-

psychological measures. Indeed, the number of administered tests 

is proportional to the time and effort required for the total assess-

ment, and a test can be excluded from the battery if it does not pro-

vide incremental information regarding clinical criteria (Donders, 

2020; Hunsley & Meyer, 2003). There are, however, there are more 

complex issues, in that not every measure requires the same amount 

of time and effort to administer. Some test produces a score with 

minimal time while some test measures require anteceding proce-

dures (e.g., delayed recall and recognition). In the case of NPI, the 

single sum score may require a huge amount of cost including the 

semi-structured interview with an informant while the Boston 

Naming Test requires a shorter time to administer, which suggests 

that the measures should not be compared on an equal starting line. 

Thus, a test can be justified as valid if it requires minimal cost, 

whereas a costly test should prove its expensive utility accordingly. 
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