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Abstract

OBJECTIVES: To test whether a relatively complex model of human cognitive abilities based on 

Cattell-Horn-Carroll (CHC) theory, developed mainly in English-speaking samples, adequately 

describes correlations among tests in the Longitudinal Aging Study in India–Diagnostic 

Assessment of Dementia (LASI-DAD), and to develop accurate measures of cognition for older 

individuals in India.

DESIGN: LASI-DAD participants were recruited from participants aged 60 years and older from 

14 states in the core LASI survey, with a stratified sampling design.

SETTING: Participants were interviewed at home or in a participating hospital, according to their 

preferences.

PARTICIPANTS: Community-residing older adults aged 60 years and older (N = 3,224).

MEASUREMENTS: A variety of cognitive tests were administered during two pretests and 

chosen for their appropriateness for measuring cognition in older adults in India and suitability for 

calibration with the core LASI survey and the Harmonized Cognitive Assessment Protocol.

RESULTS: We evaluated the factor structure of the test battery and its conformity with a classical 

CHC factor model that incorporated measurement models for general cognition, five broad 

domains (orientation, executive functioning, language/fluency, memory, and visuospatial), and five 

narrow domains (reasoning, attention/speed, immediate memory, delayed memory, and recognition 

memory) of cognitive performance. Model fit was adequate (root mean square error of 
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approximation = 0.051; comparative fit index = 0.916; standardized root mean squared residual = 

0.060).

CONCLUSION: We demonstrated configural factorial invariance of a cognitive battery in the 

Indian LASI-DAD using CHC theory. Broad domain factors may be used in future research to 

rank individuals with respect to cognitive performance and classify cognitive impairment. J Am 

Geriatr Soc 68:S11-S19, 2020.
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INTRODUCTION

Cognitive functions can be organized into domains of ability, including memory, attention, 

language, visuo-spatial, and others. Impairment in certain functions may be indicative of an 

underlying brain disorder, such as dementia, stroke, or traumatic brain injury. There are over 

500 neuropsychological tests available for use clinically and in research that are designed to 

measure one or more of these cognitive functions.1

There is no strong consensus about how many domains exist empirically.2 For example, 

should immediate and delayed episodic memory be separate, or is memory an adequate 

factor? Are receptive and expressive language domains distinguishable from one another? 

Given a sufficiently broad range of cognitive tests in a large enough and diverse sample, 

factor analysis methods can be used to address these issues by distinguishing different 

domains.3–6 Factor analysis can provide such clarity through quantification of what model—

in other words, what domains and subdomains—best describes the correlations among tests. 

Clinically, establishing the factor structure of a neuropsychological test battery can facilitate 

interpretation of test results for differential diagnosis (e.g., does a problem with serial 7 

subtraction indicate an attentional deficit or a numeracy problem). Moreover, cognitive 

domains can be used for validation of new tests: a clinician who implements a test or devises 

a new test intended to measure a domain can correlate scores on the new test with scores of 

tests from that domain as well as other domains to evaluate convergent and divergent 

validity.

Complicating the search for adequate cognitive domains, there are no “domain-pure” tests of 

a given domain; for instance, a test of category fluency requires expressive language ability, 

long-term episodic memory, and even some degree of organizational ability (e.g., executive 

function) to provide responses within the required category (e.g., animals).7 Again, factor 

analysis methods are used to isolate common variability between tests designed to measure a 

domain. Such common variability can represent the domain, sans extraneous measurement 

error or nondomain variance that is not shared by other tests.

The factor structure of a neuropsychological test battery offers insight into the abilities 

tested by the battery.8 Derived from intelligence research rather than clinical 

neuropsychology,9 Cattell-Horn-Carroll (CHC) taxonomy is a comprehensive attempt to 
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organize human cognitive abilities. This theory is an integration of previous theoretical 

models of fluid and crystallized intelligence,10–12 coupled with Carroll’s13 three-stratum 

theory in which individual differences in cognition are organized into major (e.g., broad 

domains), minor (e.g., narrow domains), and general sources. Although there are many 

applications of CHC theory to data,14 common features of CHC-derived models are 

classification of cognitive tests into narrow (e.g., reasoning and attention/speed), broad (e.g., 

executive functioning and memory), and general cognitive ability.15 Clinically, the general 

and broadest domains are typically of most interest; however, the narrow domains may have 

utility for differential diagnoses.9,15

An important limitation of previously published multiple-domain factor analyses of 

cognitive batteries is that many, if not most, have been conducted among samples composed 

of U.S. and European populations who took tests administered in just one or a few 

languages, such as English or Spanish.16 The structure of domains for tests administered in 

other languages is worth exploring in greater detail because translation issues as well as 

cultural differences in how certain stimuli are understood can lead to different test 

interpretations. Cross-national research provides an opportunity to identify drivers of both 

individual variation and population average differences across different groups defined by 

country and language; however, such research mandates the use of tests that carry the same 

meaning across cultures and countries. In particular, India represents a heterogeneous 

population in terms of language, culture, and socioeconomic characteristics.17 Classical 

tests, such as the Tower of Hanoi (a measure of problem solving), have been shown to not 

perform as well in India as in Western countries,18 calling into question their utility as a 

measure of cognitive functioning that means the same thing across people. As a further 

example, a common test of general language comprehension is to ask participants to read 

and follow a command (e.g., close your eyes), but often illiterate persons are asked instead 

to follow the example of an interviewer who closes his/her eyes. It is arguable whether this 

modified item can still be considered a test of language comprehension.

The objectives of this study were to evaluate the factor structure of a broad cognitive test 

battery in India, and in particular to test whether a hierarchical, multiple-domain model 

based on CHC taxonomy, developed mainly from English-speaking samples, adequately 

describes the correlations among tests. We additionally tested whether the factor structure 

was similar across 10 languages of administration in our sample.

METHODS

We used data from the Longitudinal Aging Study in India– Diagnostic Assessment of 

Dementia (LASI-DAD). This is a substudy of the core LASI study, which starting in 2010 

recruited over 70,000 participants aged 45 years and older from all 29 states in India using a 

stratified, multistage area probability sample.19 LASI collected rich cognitive testing and 

other information from participants. LASI-DAD leveraged the LASI sampling framework to 

administer a more detailed neuropsychological battery, based largely on tests from the 

Harmonized Cognitive Assessment Protocol (HCAP) from the U.S. Health and Retirement 

Study (HRS), to a subsample of 3,300 adults aged 60 years and older in 14 states. LASI-

DAD oversampled individuals with lower scores on cognitive tests in the core LASI survey. 
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Participants were interviewed at home or in a participating hospital, according to their 

preferences.

Variables

The cognitive test battery in LASI-DAD was adapted from tests in the HCAP.20 The HCAP 

battery was designed to assess cognitive impairment without dementia and dementia in the 

HRS and has been successfully adapted in the United States, England, Mexico, China, and 

South Africa.21 For LASI-DAD, some culturally and logically appropriate modifications 

were made to the HCAP, including identification of tests less dependent on schooling and 

literacy.

We organized tests into broad domains (orientation, executive functioning, language/fluency, 

memory, and visuospatial) and further into narrow subdomains to be consistent with CHC 

theory of human cognitive abilities. Tests included in the cognitive battery are in Table 1. 

Tests were assigned to domains based on a priori knowledge and theory. The broad domains 

reflect largely well-accepted categories of cognitive functioning,1 whereas narrower domains 

serve to further partition domains with more tests (in this study, memory and executive 

functioning). The domain to which a test belongs is partly dependent on other tests in the 

battery; more tests of a domain, such as language, may merit stronger evidence for narrower 

subdomains, such as expressive versus receptive or semantic versus nonsemantic aspects of 

language.

There were 11 questions assessing orientation to time (e.g., name the current month, year, 

and season) and place (e.g., state and city); further subdomain classifications for time and 

place proved unnecessary in preliminary analyses. Memory tests included immediate, 

delayed, and recognition recall of a 10-word list22; immediate, delayed, and recognition 

recall of the logical memory story recall test (names of person and places were modified 

from the original so that the Indian population could relate to it),23 immediate and delayed 

recall of the Brave Man story learning test,20 and a three-object recall task administered over 

three trials. Additionally, delayed recall of the constructional praxis test, which requires 

participants to remember a prior drawing,24,25 was used to measure delayed memory. For the 

three-object recall task, the first of three trials was a registration task. The second trial was 

administered a few minutes later, but only if participants could not name all objects during 

the first trial. Analogously, a third trial followed a few minutes after the second trial only if 

the three objects could not be recalled at trial 2. This administration is designed to ascertain 

learning of new material, which is memory.1 To score this item for use in factor analyses, we 

summed the trials, giving three points per trial and assigning 3s if the second or third trials 

were skipped.

Reasoning ability, a narrow domain of executive functioning, was represented by the Raven 

progressive matrices task,26 clock drawing,27 and two trials of the go/no-go test.28 Although 

clock drawing also reflects planning and visuospatial ability, and the go/no-go test also 

requires response control and sustained attention, there is an element of reasoning ability 

underlying each of these items that we sought to represent in a narrow domain. Attention/

speed, a second narrow domain of executive functioning, was represented by a numeracy 

task,20 backwards day counting,29 symbol cancelation,30 and the digit span forwards and 
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backwards tasks.22 We included attention/processing speed as a narrow subdomain of 

executive functioning rather than its own factor because each of the available items also 

require elements of executive functioning (e.g., planning and response control) and thus the 

factor should be correlated with the other executive functioning factor. More generally, 

inability to distinguish attention/speed from executive functioning is a common problem for 

large epidemiological studies that do not administer high-quality tests of processing speed in 

sufficient number to support an independent factor.31

The language/fluency domain was represented by animal naming,32 writing or saying a 

sentence,29 phrase repetition,29 naming of common objects by sight (watch and pencil),29 

naming common objects from the Community Screening Instrument for Dementia (elbow, 

hammer, store, and pointing to a window and a door),33 naming described objects (scissors 

and coconut),34 following a read or acted command to close one’s eyes, and comprehending 

and doing a three-stage task.29 In preliminary analyses, we explored semantic (e.g., animal 

naming and naming objects) and nonsemantic narrow subdomains for the language factor, 

but these factors were too highly correlated to be meaningfully different.

Visuospatial function was measured by constructional praxis (drawing a circle, rectangle, 

cube, and diamond) and interlocking pentagons.24

Analysis Plan

We used descriptive statistics, including means and proportions, to describe the LASI-DAD 

sample. Table 1 shows the percentage of observations with missing data on each cognitive 

test; no variable was missing more than 15% in the sample, so as is common in survey data, 

we imputed most missing observations (see Supplemental Information for details). We then 

estimated a series of unidimensional factor analysis models for each narrow and broad 

cognitive domain. Variance in the factors represents only the shared variance among 

indicators given the estimated factor model, as opposed to the total variance of each 

indicator. In this way, factors are thought to minimize random error in tests that is not shared 

by other tests. These factors are designed to represent cognitive domains. Once adequate fit 

was obtained for each model, we combined each measurement model into a hierarchical 

multiple domain factor analysis that included a general factor and that represented all 

domains (Figure 1).

To improve fit of the unidimensional domain models to the data that did not fit well initially, 

we considered adding theory-based residual correlations that allowed particular sets of items 

within domains to be correlated with each other over and above the correlation accounted for 

by the factor. Model fit was evaluated based on a set of a priori cutoffs for the comparative 

fit index (CFI), root mean square error of approximation (RMSEA), and the standardized 

root mean squared residual (SRMR).35 We characterized model fit as perfect if the CFI = 1 

and RMSEA = 0 and SRMR = 0, good if CFI ≥ 0.95 and RMSEA ≤ 0.05 and SRMR ≤ 0.05, 

adequate if CFI ≥ 0.90 and RMSEA ≤ 0.08 and SRMR ≤ 0.08, and poor if either CFI < 0.9 

or RMSEA > 0.08 or SRMR > 0.08. We chose this combination of fit statistics because each 

statistic has advantages and disadvantages. Although low SRMR implies low model 

residuals, it does not incorporate model complexity and may be partial to overly complex 

models. The RMSEA provides an index of model discrepancy per degree of freedom (which 
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accounts for model complexity); however, it tends to improve with larger sample size. The 

CFI compares an estimated model with a hypothetical null baseline model, which may itself 

be incorrect. Together, these three statistics considered in conjunction minimize the risk of 

choosing a bad model.36

After developing the final model, we then tested for differences in the correlational structure 

by language; the LASI-DAD sample translated cognitive tests into 11 languages. Tests might 

have a different correlational structure in different language groups attributable to 

differences in translations and cultural factors. To evaluate this, multiple-group versions of 

the best-fitting hierarchical confirmatory factor analysis (CFA) were fit to evaluate whether 

tests varied by language group. We tested three levels of invariance: configural, metric, and 

scalar.37 Configural invariance is met when tests are related to the same physiological factors 

across language groups. Metric invariance tests whether the magnitude of correlations 

(factor loadings) of tests with their underlying factor is equal across groups. Satisfaction of 

metric invariance implies the tests comparably measure their underlying cognitive domain in 

different languages. Scalar invariance tests whether tests are similarly difficult across 

language, where difficulty is defined relative to other tests. Satisfaction of scalar invariance 

implies metric invariance and further that cognitive test thresholds for impairment are 

comparable across groups. In this analysis, due to small numbers, we excluded people tested 

in English (N = 10).

The LASI-DAD study by design included people with probable dementia. In main analyses, 

we included all participants because the goal was to test a CHC factor structure in a 

representative sample in India. However, dementia may affect the correlational structure of 

some tests.2 Because of this, we reran models in a subsample of N = 733 participants known 

to not have dementia at the time of interview, based on an online clinical consensus 

procedure.21 From the full sample of N = 3,224 LASI-DAD participants, adjudicated clinical 

dementia rating (CDR) scores are available for N = 829 participants, of whom N = 96 had a 

CDR of one or higher.

All factor analyses were estimated using the weight least squares estimator in Mplus 
software.38

RESULTS

The N = 3,224 LASI-DAD participants were on average 69 years old (range = 60–104 years) 

(Table 1). Just over half of the sample was female (54%), and just over half had at least 1 

year of education (53%). Of those with any education, N = 1,436 (84%) had completed a 

secondary school education or less (Table 1); educational attainment was inversely related 

with age, such that younger cohorts were more likely to obtain more education (data not 

shown). Interviews were conducted in 11 different languages; Hindi was the most common 

language of administration. Statistics for cognitive test scores are also provided in Table 1.

Unidimensional CFAs of individual domains each provided good, adequate, or perfect fit to 

the data (Table 2). The worst fit, which was still adequate, was evident for the reasoning and 

attention/speed domains, both of which comprised the broad executive functioning domain; 
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this is consistent with the notion that these domains incorporate tests that measure related 

but more heterogeneous cognitive processes (e.g., set shifting and planning) compared with, 

for example, tests of language or of memory.39 We were able to improve the fit of the 

unidimensional model of immediate memory by allowing an additional, or residual, 

correlation specifically between the Brave Man and logical memory immediate recall. For 

the delayed memory factor, the same was the case for the counterparts of these tests. Fit for 

the reasoning factor was improved as well by including a residual correlation between the 

two go/no-go trials.

Supplementary Table S1 lists item parameters (loadings and thresholds) for each item from 

each single domain CFA. All standardized factor loadings were in an acceptable range (0.4–

0.9 on a 0 to 1 scale). As evidence of unidimensionality, no standardized loadings were 

exceptionally higher than others in a given domain.

We estimated a full hierarchical model, including broad domains for memory and executive 

functioning that were second-order factors as well as the general factor. The overall fit of 

this model was adequate (Table 2). Standardized loadings are shown in Figure 1: all loadings 

were relatively uniform, suggesting the domains were not dominated by a particular test. 

Factor loadings for the general factor with the broad domains were all high (between r = 

0.84 and r = 0.99), suggesting a high degree of shared covariance among the domains. In 

addition to the within-domain residual correlations mentioned earlier, fit for the hierarchical 

multiple domain factor analysis was further improved by including a residual correlation 

between immediate and delayed subtests of the Brave Man story, immediate and delayed 

subtests for logical memory, and immediate and delayed 10-word recall.

We evaluated levels of measurement invariance of the hierarchical CFA by language. Across 

data sets, absolute fit was acceptable for multiple-group models conforming to configural 

(RMSEA = 0.054; CFI = 0.912; SRMR = 0.077), metric (RMSEA = 0.039; CFI = 0.912; 

SRMR = 0.110), and scalar invariance (RMSEA = 0.049; CFI = 0.919; SRMR = 0.101). 

These absolute fit statistics suggest the CFA provides an adequate—and comparable—fit for 

the structure of cognitive domains in each language. Relative fit statistics, reflecting 

differences in relative distributions of tests by language, did not appear to differ significantly 

between configural and scalar invariance (χ2 = 505.5; df = 531; P = .79).

When we reestimated the domain-specific and final models among N = 733 participants 

known to not have dementia, fit statistics for unidimensional and hierarchical models did not 

change considerably (Supplementary Table S2).

DISCUSSION

We evaluated the factor structure of the LASI-DAD neuropsychological test battery, and 

demonstrated configural measurement invariance with a CHC-inspired measurement model 

that is popular in Western models of human cognition. Clinically and for research purposes, 

the broad domains of memory, executive functioning, orientation, visuospatial ability, and 

language/fluency may be used to rank people and to classify cognitive impairment in future 

work.
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The correlations among variables in the HCAP battery, adapted for LASI-DAD, are well 

described by five broad cognitive domains: orientation, executive functioning, language/

fluency, memory, and visuospatial ability. Intercorrelations among these broad domains are 

represented by a general factor. Executive functioning items were further divided into 

narrow subdomains of reasoning and attention/speed. Memory items were further divided 

into narrow subdomains of immediate, delayed, and recognition memory. Although our final 

model included these broad and narrow domains, other organizations are possible. For 

example, we might drop narrow domains and instead estimate a factor analysis with general 

and broad factors only; such a model was inconsistent with CHC theory, which we sought to 

test. Conversely, there could be other narrow domains, such as semantic and nonsemantic 

language subdomains of language/fluency; when we evaluated this in LASI-DAD (results 

available on request), the correlation between these two factors was above r = 0.97, which 

suggests those domains are indistinguishable. That said, other narrow domains are possible.

Estimation of domains for cognitive functioning, rather than a general factor, is a choice 

motivated not just by statistical considerations but also scientific and clinical needs. 

Clinicians suspecting deficits in certain cognitive abilities may be inclined to evaluate tests 

of those particular abilities, rather than assessing general mental status through an 

examination such as the Mini-Mental State Examination (MMSE)40 or the Hindi-MMSE.29 

Assessment of function across multiple domains can also reveal impairment on one or 

multiple cognitive domains, which can be useful clinically and in research (e.g., Crane and 

colleagues41 evaluated relative impairments in several cognitive domains and were able to 

isolate genetic and neuropathological risk factors specific to subtypes of dementia patients).

Advantages of this study include a large, well-characterized sample of Indian older adults 

with detailed neuropsychological testing that was designed to include instruments from 

HCAP that are comparable to the HRS. There are some study limitations as well. We did not 

include tests of crystallized cognitive abilities, and so the CHC model tested here is not as 

complete a representation of cognitive abilities as it could be. An additional limitation is that 

the tests selected to represent certain domains are often imperfect measures of those 

domains. For example, with respect to what we call reasoning, clock drawing also taps 

planning and visuospatial ability, whereas the go/no-go test also measures response control 

and sustained attention. In the particular case of this narrow domain, as for all domains in 

the final model presented in this study, tests were assigned a priori based on substantive 

theory by neuropsychologists and the final solution was validated by the uniformity of 

standardized loadings, as indicated in Figure 1. A final limitation of this study is that 

education is profoundly related to later-life cognitive outcomes.42–44 Educational systems 

are rapidly changing in India; although we noted that 47% of participants in this cross-

sectional sample had no formal education, we also noted that amount of education was 

inversely proportional to age. The World Bank estimates that 75% of children aged 7 to 10 

years were literate in 2011.45 Thus, as younger cohorts that have more education, different 

occupational exposures, and other early life determinants of later-life cognition age into 

older adulthood, findings from this study will need to be updated.

In conclusion, we found that a CHC model of cognitive abilities adequately characterizes the 

factor structure of the LASI-DAD adaptation of the HCAP battery, an extensive battery of 
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tests that is being deployed in several other studies around the world. Although this model is 

more complex than many in neuropsychology because of the incorporation of broad and 

narrow domains, it adequately represents the factor structure in LASI-DAD and has potential 

future research uses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Structural equation model diagram of the hierarchical confirmatory factor analysis: results 

from Longitudinal Aging Study in India–Diagnostic Assessment of Dementia (N = 3,224). 

Note: Latent variables (shown in circles) representing general cognition, broad, and narrow 

cognitive domains were formed from sets of observed cognitive tests (shown in boxes). 

Residual correlations between test scores are shown with curved double-headed arrows. 

Numbers on the paths are standardized factor loadings, with a range from 0 to 1, 

Gross et al. Page 12

J Am Geriatr Soc. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



representing the strength of the relationship (e.g., a correlation) between a test item and a 

latent variable, or among latent variables.
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