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Abstract

The Controlled Oral Word Association (COWA) test is used to assess phonemic fluency

and executive function. Formal validation of test scores is important for accurate cognitive
evaluation. However, there is a dearth of psychometric validation among American Indian
adults. Given high burden of dementia risk and key contextual factors associated with cognitive
assessments, this represents a critical oversight. In a large, longitudinal population-based

cohort study of adult American Indians, we examined several validity inferences for COWA,
including scoring, generalization, and extrapolation inferences, by investigation of factor structure,
internal consistency, test—retest reliability, and differential test functioning. We found adequate
unidimensional model fit, with high factor loadings. Internal consistency reliability and test—
retest reliability were 0.88 and 0.77, respectively, for the full group. COWA scores were lowest
among the oldest, lowest education, bilingual speakers; group effects for sex and bilingual status
were small; age effect was medium; and education effect was largest. However, Wide Range
Achievement Test (WRAT) score effect was stronger than education effect, suggesting better
contextualization may be needed. These results support interpretation of total COWA score,
including across sex, age, or language use strata.

Keywords
verbal fluency; validity; reliability; differential item functioning; American Indian

Standardized cognitive assessments rely on formal psychometric analysis for accurate,
precise test interpretability and to support a validity argument in clinical applications (Lezak,
2012). Psychometric assessments, which may include validity, reliability, and valuation of
test standards for diagnostics, are well-established among majority populations such as U.S.
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non-Hispanic Whites (NHW) for most tests, including the Controlled Oral Word Association
(COWA) test (Tombaugh et al., 1999). However, many minoritized populations, such as
American Indians, have not been systematically included in psychometric evaluations of
most standard tests, and when minority groups differ meaningfully from the majority in
either diagnostic or normative standards, such oversights are likely to preclude clinicians
and researchers from making valid diagnostic inference (Kiselica et al., 2021; Manly et

al., 1998; Pedraza et al., 2012; Rivera Mindt et al., 2010). Given high risk of vascular and
Alzheimer’s-related cognitive injury in American Indians (Mehta & Yeo, 2017; Suchy-Dicey
et al., 2021; Suchy-Dicey, Howard, et al., 2022; Zhang et al., 2008), and clear disparities in
cognitive test performance, compared with the majority population (Suchy-Dicey, Verney, et
al., 2020; Suchy-Dicey et al., 2022; Verney et al., 2019), formal psychometric evaluation of
cognitive tests is critically needed for this vulnerable population.

COWA normative test data are available for NHW aged 16 to 90 years, with standards
accounting for age, sex, and education strata (Harvey & Siegert, 1999; Rodriguez-Aranda
& Martinussen, 2006; Ruff et al., 1996). Some normative studies of COWA have identified
no associations with age (Axelrod & Henry, 1992; Bolla et al., 1990; Ruff et al., 1996),
although modest negative correlations with older age have been documented (Libon et al.,
1994). Sex differences have been reported, with females performing better than males (Bolla
et al., 1990; Ruff et al., 1996), although the evidence is mixed (Boone, 1999; Saykin et al.,
1995; Tombaugh et al., 1999). Longer tenure of formal education has also been associated
with better COWA performance (Ruff et al., 1996; Selnes et al., 1991; Tombaugh et al.,
1999; Verney et al., 2019). In one sample of cognitively normal, English-speaking U.S.
residents, higher education, but neither age nor sex, were associated with test performance
in preliminary analyses (Ruff et al., 1996); however, a three-way analysis of variance
identified that sex as an effect modifier for the relationship between education and COWA
test performance, with women scoring better in the highest educational group and men
scoring poorer in the lowest educational group. Despite the large bolus of data available,
no single study has produced COWA normative data across all age, sex, and education
strata; instead, meta-analyses combined findings from multiple study samples to produce
metanorms (Adesope et al., 2010; Barry et al., 2008; Loonstra et al., 2001).

COWA Performance in American Indians

Sociodemographic features have been identified as independently associated with COWA
test performance in American Indians (Verney et al., 2019). The Cerebrovascular Disease
and its Consequences in American Indians Study (CDCALI), an ancillary cohort within
the 30-year Strong Heart Study (SHS) representing community-dwelling tribal members
across four states, identified younger age, female sex, longer educational tenure, higher
income, and decreased bilingual capacity as positively associated with higher scores

on COWA among American Indian elders aged 65-95. A steep decline in scores was
observed after 75 years of age. Summary cognitive test scores for this cohort suggest that
cognitive test score distributions are overall lower in American Indian adults compared
with majority populations (Suchy-Dicey, Verney, et al., 2020), with study medians near
or below conventional thresholds used to define cognitive impairment or dementia in
NHW (Adesope et al., 2010; Barry et al., 2008; Loonstra et al., 2001). Whether a
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majority of individuals score proportionally lower than their peers from the majority
population due to the influence of sociodemographic and health disparities, or whether some
unidentified subset of individuals with clinically significant cognitive syndromes is lowering
the population-wide estimates is yet unknown. However, the prevalence of subjective
cognitive impairment is present in only 17% of American Indian elders (Centers for Disease
Control and Prevention, 2019), suggesting that conventional diagnostic thresholds have
poor specificity for subjective symptoms. This disparity highlights a clear and urgent need
for formal psychometric evaluation of standardized cognitive tests, with the concomitant
establishment of population-relevant, appropriate score thresholds for valid and precise test
score interpretations for encounters with members of this population.

Sociocultural Disparities in COWA Performance

Multiple factors may be needed to contextualize cognitive test performance, most commonly
age, sex, and education (Lezak, 2012; Tombaugh et al., 1999). Of these, education may
have poorer contextual relevance in American Indian elders’ test performance than for
other populations, such as NHW. Education is a proxy variable for baseline function,

or crystallized function, which is not expected to change substantively after childhood;
however, in American Indians, tenure of formal education is poorly correlated with
crystallized intelligence (Suchy-Dicey et al., 2022), suggesting that formal educational
experiences were of varying quality and/or that many American Indian elders obtained
substantive learning outside of the classroom (Sayegh et al., 2014). The first U.S. Federal
standards against forced removal of children for placement into residential schools or
foster care were not established until the Indian Child Welfare Act in 1976 (Lomawaima
& McCarty, 2006; Lynch, 1990), with a legacy of Indigenous trauma (Running Bear et

al., 2019), depression, maladaptive behaviors (Enoch & Albaugh, 2017; Lomawaima &
McCarty, 2006), cultural and linguistic losses (Lynch, 1990), and premature illness and
mortality (Jack & Secwepemc Cultural Education Society, 2000) affecting a majority of
American Indians now as young as middle age. In addition to higher likelihood of traumatic
educational experiences, American Indians are also more likely to have shorter educational
tenure, although this may be counterbalanced with extracurricular learning that is not
captured in conventional measures of educational tenure (Mervis, 2009; Scribner & Cole,
1973). Therefore, although years of formal education is overall low, performance on tests
related to baseline function, or crystallized intelligence, is generally high (Suchy-Dicey

et al., 2022). Thus, psychometric evaluation of COWA, accounting for baseline function,
comparing either direct measure of crystallized intelligence or its conventional proxy
measure of educational tenure, is needed for valid score contextualization.

Language skills, such as capacity and frequency of use of other languages, are also vital

to the interpretation of tests of verbal or phonemic fluency and executive function, such as
COWA. Bilingual status has been associated with better executive function (Bialystok et al.,
2008; Costa et al., 2008; Prior, 2010) and may protect against cognitive decline (Bialystok
et al., 2007; Craik et al., 2010; Crane et al., 2010) via improved working memory and
functional connectivity. In contrast, managing multiple languages, especially under pressure
such as during standardized testing, may increase cognitive load, posing a disadvantage

in efficient information processing (Adesope et al., 2010; Liu & Wu, 2021). Data from
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the SHS and CDCAI study suggest that higher bilingual capacity is inversely associated
with test performance on COWA (Verney et al., 2019), supporting the hypothesis of higher
cognitive load with delay in information processing for those reporting frequent use of

other languages. Furthermore, because bilingualism is closely connected to identity and
expression and because childhood educational experiences may have influenced language
expression and learning, frequent or proficient use of native language, in addition to English,
is likely to pose a critical factor for interpretation and contextualization of verbal skill test
performance in this population.

Knowledge Gaps and Objectives of Our Study

Despite the high prevalence of health disparities influencing cognitive status and the
importance of contextual factors in cognitive test performance, most cognitive tests,
including the COWA, have not been formally psy- chometrically evaluated in Indigenous
U.S. populations, including American Indians (\erney et al., 2019). Group differences exist
by age, sex, and education, with some factor interactions, in NHW; these factors—as well
as bilingual status—are likely to serve as key contextual features for American Indians. It is
unknown to what degree population disparities in overall population scores, or association
patterns with contextual features, might persist if contributing sociodemographic and health
disparities and historical traumas were removed; however, until public health programs can
achieve health equity, population-specific score interpretation may be needed.

Our study aims to formally establish psychometric bases for using and interpreting COWA
scores among American Indians aged 65-95 years, with key contextual features including
age, sex, baseline cognitive function, and bilingual status (Kane, 2013). For validity, we
examined several inferences within a use and interpretation validity framework (Lissitz,
2009). We examine a scoring inference to evaluate whether COWA test scores accurately
represent a differential endorsement of the cognitive domain measured. For this, we conduct
factor analysis to examine scores across different levels of functioning, with an underlying
model consistent with the theory of assessing verbal fluency. For generalizability, we
examine whether the conditions of observation represent universal sampling conditions for
the cognitive domain assessed; for this, we evaluate internal consistency and test-retest
reliability. For extrapolation, we assess whether test score performance accurately represents
individual functioning; for this, we evaluate contextual features including age, sex, education
and baseline cognitive function, and bilingual status. Differential functioning of subscores
across strata is used to assess equality of measurement properties, controlling for latent
ability. In this work, we focus on groups with varying language proficiency to highlight
group differences resulting from language proficiency versus test interpretation.

Investigating measurement properties, including inferences for score validity,
generalizability, and extrapolation of the COWA will help establish sex, age, education,
and language contributions to score performance and a basis for overall score interpretation
in American Indian elders. The findings from this study will provide the first estimates of
the psychometric validity of COWA in this population, providing a better understanding of
this and all cognitive test assessments to improve research and clinical evaluation in this
vulnerable population.
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Setting and Participants

From 1989 to 1991, the SHS recruited middle-aged individuals from any of 13 partnering
tribes and communities in the Northern Plains, Southern Plains, and Southwest United
States (Lee et al., 1990). In 2010-2013, when SHS participants were 65-95 years old, all
surviving participants were invited to undergo detailed cognitive testing, brain imaging, and
clinical examinations as part of the SHS ancillary CDCAI study (Suchy-Dicey et al., 2016);
these examinations were repeated in 2017-2019, with the addition of measures related

to Alzheimer’s disease (Suchy-Dicey et al., 2022). Every effort was made for complete
cohort ascertainment, with >85% recruitment of survivors at CDCAI Visit 1 (V= 817) and
>75% at CDCAI Visit 2 (V= 403). Evaluation of survival bias from original to CDCAI
Visit 1 based on cardiovascular risk features and events suggested that participants were
younger and healthier than those who did not survive but not significantly different in
vascular risk (Suchy-Dicey et al., 2018). Other reports from this cohort have characterized
socioeconomic, language, and cultural features in relation to cognition in this population
(Suchy-Dicey et al., 2016, 2022; Suchy-Dicey, Eyituoyo, et al., 2022; Suchy-Dicey, Verney,
et al., 2020; Verney et al., 2019). All participating tribal review boards, Indian Health
Service, and institutional review boards approved study activities; all participants provided
written informed consent.

Data Collection Procedures

Both SHS-CDCAI examination visits involved detailed questionnaires and cognitive
testing with identical protocols. Field centers conducted the examinations, with the
cognitive tests and interviews administered by personnel specially trained for these
neuropsychological examinations. Quality control efforts included regular feedback by
clinical neuropsychologists in test administration procedures. Cognitive test instruments
were first double-scored, then brought to an adjudication panel consisting of the

project lead, epidemiologist, neuropsychologist, and all research coordinator personnel for
open discussion and concurrence. The same individuals scored all instruments at both
examinations. All data were double-entered into study databases for data verification.

COWA.—The COWA test, one of two commonly used versions which use either letters F,
A, SorC, F, L isdesigned to provide a score reflective of verbal or phonemic fluency and
executive function (Barry et al., 2008). Participants are asked to generate and pronounce
as many English words as possible beginning with each of the letters F, A, and S in three
serial trials or tasks lasting 1 minute each. Proper nouns, numbers, and repeated words

are not allowed, and considered errors. The number of words produced for each letter is
summarized by total and correct responses within and across the three letters. Previous
studies of COWA document internal consistency reliability with alpha coefficients ranging
from .87 to .91 (Bassuk & Murphy, 2003; McDowell et al., 1997; Tombaugh et al., 1996),
and Pearson’s test—retest stability coefficients ranging from .78 to .85 (Bassuk & Murphy,
2003; Grace et al., 1995).
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Other Measures.—Participant’s self-reported age (60-69, 70-79, 80 + years), sex, years
of formal education (12 years or fewer, 13 or more years), and ability to speak their

native language (not at all, a little, moderately well, very well). Native language speaking
capacity is also an index of bilingual status as all participants are fluent in English as a
requirement for participation in SHS. Wide Range Achievement Test Version 4 reading
test (WRAT), a measure of achievement and crystallized intelligence, is a sensitive proxy
of premorbid function and is not expected to decline or change substantively throughout
adulthood (Casaletto et al., 2015; Veizel & Zibulsky, 2013).

Data Analyses

Validity of the Unidimensional Model.—COWA test structure was examined using
confirmatory factor analysis (CFA) with robust maximum likelihood estimation to evaluate
whether scores accurately capture the construct of verbal (phonemic) fluency and executive
function. Based on standard guidance (Benton et al., 1994), COWA administrators
recommend evaluating and interpreting a single, total score, suggesting a unidimensional
construct. Thus, these analyses specified a one-factor model with three-letter scores. Model
fit was evaluated with indices including root mean square error of approximation (RMSEA <
0.08 (Brown, 2015), standardized root mean square residual (SRMR < 0.05; Muthén, 1998-
2004), comparative fit index (CFI = 0.90; Browne & Cudeck, 1992), and Tucker—Lewis
index (TLI = 0.90; Muthén, 1989). Confidence intervals are reported with the RMSEA
estimate to aid fit evaluation, as the estimate can have artificially large values with models
with low degrees of freedom. Even though it is suggested that the RMSEA not be used with
such models (Kenny et al., 2015), the index is reported for completeness.

Generalizability: Internal Consistency Reliability.—COWA score reliability was
examined based on parameter estimates from the CFA model, using the omega coefficient
to examine internal consistency reliability estimates for the total sample and across age,
sex, education, and language use categories (McDonald, 1999). Omega values = 0.90

are considered adequate for individual decisionmaking and > 0.8 adequate for research
(Nunnally, 1994).

Generalizability: Test—Retest Reliability.—Pearson’s correlation coefficients were
used to examine test—retest reliability, comparing the two longitudinal examination visits
(2010-2013, 2017-2019). Benjamini—Hochberg’s false discovery rate was used to control
for multiple comparisons (Benjamini & Hochberg, 1995).

Extrapolation: MIMIC Model Primary Analysis.—Multiple indicator multiple cause
(MIMIC) structural equation model was used to first examine an extrapolation inference
(Figure 1). Also referred as known group differences, MIMIC estimates whether total
COWA scores differentiate across various grouping variables, including sex, age, education,
and language ability in an expected direction. To aid interpretation of the MIMIC model,
language skills were dichotomized: speaks native language (bilingual with English) either
not at all or a little, versus moderately or very well. Second, differential indicator analysis
(DIF) was examined across the two language ability groups for each of the three-letter tasks,
controlling for sex and age. Third, for any indicator that resulted in statistical significance
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from Step 2, a subsequent model was examined, with education as a mediating variable
(Cheng et al., 2016). Effect sizes were calculated and converted to d'to be on a common
metric (Lenhard & Lenhard, 2016), with 0.2, 0.5, and 0.8 benchmarks representing small,
medium, and large effect sizes, respectively (Lakens, 2013).

Secondary Analysis Comparing WRAT Versus Education.—Education tenure
(length) is a proxy measure for baseline function, often conceptualized as crystallized
intelligence. However, education tenure may not be accurate proxy for achievement, baseline
function, or crystallized intelligence, with poor factor correlation (Suchy-Dicey et al., 2022).
Education was used in primary analyses because it was provided by all participants and

is the conventional contextual measure for cognitive evaluation. However, WRAT reading
scores were also considered in secondary models. WRAT was only collected at Visit 2 and
is thus available in only 403 participants. Initial data quality checks suggested WRAT scores
were missing not at random among those at Visit 2 (Baraldi & Enders, 2010; Widaman,
2006), whereas age and sex are both significant predictors of missingness, as would be
expected. MIMIC models comparing education with WRAT were estimated on a restricted
sample of only those who attended Visit 2 (Little, 1988).

Study Sample

As in previous reports (Suchy-Dicey et al., 2016; Suchy-Dicey, Shibata, et al., 2020), the
study population (/= 818) was older and majority female (Table 1). Mean tenure education
was around 12-13 years, and majority were at least moderately bilingual. Mean correct
words for the COWA test (total score) was approximately 24 at each of the two visits, and
mean correctly pronounced WRAT reading words (WRAT score) was approximately 41 at
Visit 2.

Structure and Scoring: Unidimensional Model

The unidimensional or single-factor model of verbal fluency and executive function (e.g.,
COWA total correct score) using the F, A, and S tasks yielded adequate model fit: x%(1) =
9.74, p< .01, CFI =0.99, SRMR = 0.04, RMSEA = 0.10 (95% confidence interval [CI]:
0.05, 0.17). The RMSEA CI contains the value of 0.08, a model fit criterion for this study,
justifying moving forward with this model. In addition, RMSEA is biased upward in models
with low degrees of freedom, and CFl and SRMR are recommended in such instances (Shi
et al., 2022). Given three indicators of the construct, the A and S pattern coefficients were
constrained to be equal, to gain 1 degree of freedom to obtain model fit indices. In the
just-identified model, the factor loadings were high, and similar across F, A, and S scores
(loadings = 0.84, 0.88, and 0.82, respectively), justifying the constraint to fit indices.

Generalizability: Internal Consistency Reliability

The internal consistency reliability estimate for the overall score with the total sample was
w = .88 (Table 2). Internal consistency reliability estimates were adequate across subgroups,
ranging from 0.84 to 0.90, with the highest value associated with the 70-0 to 79-year-old age
group and the lowest value associated with the 65- to 69-year-old age group.
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Generalizability: Test—Retest Reliability

Means were similar over the two study visits for all groups (Table 3) but were lowest among
those in the highest age group (above age 80), the lowest education group (with less than

12 years of education), or those who are bilingual (speak their native language [very well]).
Pearson’s correlation coefficients between Visit 1 and Visit 2 ranged from .70 to .80 across
all pairwise comparisons of sex, age, education, and bilingual strata. The lowest reliability
correlation (r=.70) was among those who speak their native language moderately well. the
largest reliability correlation (r=.80) was among those who speak their native language very
well. Within-group pairwise comparisons were not statistically significant.

Extrapolation: MIMIC Model Primary Analysis

In MIMIC models, results for Step 1 identified significant COWA score differences across
sex, age, education, and language groups (Table 4). Sex had a small effect, with females
scoring higher than males (&= 0.20). Bilingual status also had a small effect, with poorer
or less bilingual ability corresponding to better COWA scores (¢=0.15). Age had a
medium effect, with younger scoring higher than older (&= 0.49). Education had the largest
effect, with more education corresponding to higher COWA scores (= 0.80). In Step 2,
where each letter subtest was regressed onto language ability groups to examine differential
difficulty on these tasks, there were no statistically significant differences among F, A, or S
scores (p > .05). Given nonsignificant results in Step 2, mediation models for Step 3 were
not completed.

Secondary Analysis: WRAT Versus Education

Using a restricted sample (i.e., Visit 2 only) to compare education effect against WRAT
score effect (Table 5), Step 1 model fit with education showed similar results as the full
sample, demonstrating proof of concept for restricted sample. In this model, education (d=
0.096, p<.05) and age (d=0.32, p < .05) had significant relationships with COWA total
score; sex and bilingual fluency did not. Comparatively, the model with WRAT scores in
place of education, variables for sex, age, and language were not statistically significant,
but the effect size associated with age remained consistent (&= 0.32 vs. 0.26). In that
model, WRAT scores were statistically significant, with a large effect size (¢=1.24, p
<.05). In Step 2, where each letter subtest score was regressed onto language ability
groups to examine differential difficulty on these tasks, controlling for overall fluency, no
statistically significant differences were found for individual word (F, A, or S) scores. Given
nonsignificant results in Step 2, the mediation models for Step 3 were not completed. The
standardized parameter estimates using the full sample are presented in Table 5. Step 2 was
only conducted once across the two models (education and WRAT) because these variables
were not involved in assessing differential test effects.

Discussion

This study is investigated inferences to support the validity, generalizability, and stratum-
specific use of COWA scores among American Indian adults aged 65-95 years. As most
studies with the COWA have focused on NHW, this investigation provides needed evidence
on the use of COWA in a racialized and historically marginalized population. Our results
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support inferences that COWA can be used as a unidimensional score, that COWA total
correct score has adequate internal consistency and stability reliability estimates, in accord
with prior work in other populations, and that controlling for sex, age, and education,
individuals with greater bilingual capacity perform less well on COWA—similar to previous
findings (Verney et al., 2019). In contrast to expectation and adjusting for overall fluency;,
no evidence was found that scores on individual word list tasks (F, A, or S subscales)

were different based on native language proficiency (i.e., bilingual status), nor evidence of
differences by age or sex. However, there were differences between effect of WRAT score,
a direct measure of premorbid function, compared with education, a proxy for premorbid
function. In aggregate, the evidence supports the use of COWA in this population, with the
caveat that some additional inferential or contextual work is needed.

Future Directions: Heterogeneity and Intersectionality

Even though some of the validity inferences were supported, key aspects of the assessment
should not be overlooked. First, American Indian participants are not a singular or
homogeneous group, and there may be some contexts for which these inferences may

not apply. Given that key factors influencing cognitive function and testing (Zahodne et
al., 2017, 2021) include age, sex, education, language, mood, and socioeconomics, those
who differ meaningfully in these areas may require additional evaluation, with test norms
minimally developed according to age, sex, and educational strata.

Also, research utilizing intersectional frameworks could be explored, to highlight the
influence of structural and historical inequities on cognition and cognitive testing

(Cole, 2009; Crenshaw, 1989; Rosenthal, 2016). Such a multilevel framework might
simultaneously examine both personal (e.g., depression) and structural (e.g., discrimination)
factors (Settles et al., 2016), providing researchers and clinicians with a more nuanced
understanding of interlocking systems of privilege and oppression.

Educational Context

The findings comparing direct (WRAT score) and indirect (tenure of education) measures
of premorbid function are important to valid score contextualization. Prior reports have
detected poor correlation between these measures in this population (Suchy-Dicey et

al., 2022); the current analyses build on those findings, by reporting that WRAT score
outperforms education in COWA score validity and generalizability inferences. American
Indian educational paths and experiences vary considerably; however, some contributing
factors include extracurricular sources of learning, traumatic experiences contributing to test
anxiety, and poor educational quality at many schools, altogether reducing the utility of
education as a metric. Collectively, WRAT or other measure of crystallized intelligence
may be more valid, precise, and accurate in quantifying premorbid function, although
future research will need to psycho- metrically validate, compare, and evaluate meaningful
population strata for any such measure, in this or any other population.

Community and Cultural Context

An additional, key element for interpreting cognitive test scores is the test administration
context. Conducting standardized neuropsychological research in a community setting
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can be challenging due to issues of procedural suitability in environments with limited

prior exposure to standardized testing, limited access to specialty health care such as
neuropsychology clinics, limited support for common sensory or motor limitations, and
inadequate accommaodation of cultural perspectives in available testing formats. Our field
center teams have developed methodologies to maximize success in guiding community-
based elders through such test materials. For COWA, because many elders regularly use
non-English languages or may have limited structural linguistic knowledge, our field center
staff worked to ensure that the rules regarding non-allowable words were clear, providing
examples using a nontested letter prior to starting. Participants were allowed to set the
testing pace and given a brief break between letters if needed. Consideration of physical
comfort involved selection of test environment, transportation support, provision of snacks,
use of technological resources such as large font screens, and careful attention to participant
rapport. Finally, our teams conduct regular consultations with community members and
participants as equal partners to ensure the centralization of research subjects at the center of
the research paradigm.

This work is not without limitations. First, inferences were selected based on the secondary
nature of data analysis; future work may identify additional inferences to test or exploratory
analyses to conduct, with novel data collection efforts. In addition, some implications are
not yet addressed; for example, whether COWA scores are able to identify early cognitive
decline is unaddressed due to the as-yet unavailability of a gold standard for cognitive
impairment and dementia (Cizek et al., 2008). As such data become available, such analyses
will provide informative guidance for clinicians in score interpretation. Third, although these
analyses were structured in a manner consistent with clinical practice and with guidance
from test developers, and limited to confirmatory factor analysis due to the nature of the

test structure, exploratory analyses to examine different factor model structures may be of
interest, when additional data become available. Finally, this work included American Indian
adults aged >65 years; future analyses may expand to include other age groups, or other
Indigenous or minoritized populations.

In conclusion, formal validation of cognitive tests such as COWA is important for the valid
evaluation of cognition and dementia. This study demonstrates COWA score validity and
quantifies associations with age, sex, education, and language use in American Indians, an
underserved and unique population. The impact of this work includes the three inferences
for a validity argument, but with explicit acknowledgment of novel assessment needed

in different contexts, assessment protocols needed to account for such contexts, and the

need to empirically examine additional inferences tied to decision-making, diagnostics, and
intersectionality. These findings provide a novel understanding of cognitive test performance
in American Indians and are intended to help guide future clinical and research efforts in
vascular, Alzheimer’s, and related dementias.
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Step 1: Do the groups differentiate on F, A, and S words correctly produced?

Sex Age Lang Edu

Verbal
Fluency

Step 2: Do different language groups exhibit DIF on F, A, or S word production above sex and age?
Note: * p <.05

Sex Age Lang*

Verbal
Fluency

Page 16

Step 3: Does education level mediate the relationship between language differenceson F, A, or S word production,

controlling for sex and age?

Sex Age Lang

Verbal
Fluency

Figure 1.
A Schematic Example of the MIMIC Framework for Mediated DIF Models.

Note. MIMIC = multiple indicator multiple cause; DIF = differential indicator analysis.
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Table 1.

Selected Participant Characteristics Among American Indian Participants.

Visit 1 Visit 2
Group 2010-2013  2017-2019
Total N 818 403
Age, M (SD) 730(5.9)  78.0(47)
Female, % 67.5 70.4
Years of education, M (SD) 12.6 (2.7) 13.0 (2.6)
Bilingual ability: moderately or very well, %  39.4 33.7
COWA score, M (SD) 24.4(11.4) 243 (111)
WRAT score, M (SD) — 40.6 (9.2)

Note. WRAT scores were not measured at Visit 1. WRAT = Wide Range Achievement Test.
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Omega Internal Consistency Reliability Estimates in COWA Scores, by Study Strata.

Table 2.

Group N A
Total 818 .88
Sex
Male 264 .89
Female 549 .88
Age in years
65-69 279 .84
70-79 413 .90
80 + 121 .89
Education in years
<12 438 .88
>13 375 .86
Native language spoken well
Not at all 260 .89
Alittle 233 .86
Moderately well 106 .88
Very well 214 .89

Note. Q = omega internal consistency reliability estimate; COWA = Controlled Oral Word Association.
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Table 3.
Test—Retest Correlations in COWA Scores, by Study Strata.

Group M (SD) Visit1 M (SD) Visit2  Pearson’sr
Total 24.4 (11.4) 24.3 (11.1) 77
Sex

Male 23.4 (11.5) 225 (11.3) 75

Female 24.8 (11.4) 25.1 (11.0) 77
Age in years

60-69 26.9 (10.3) 26.5 (11.0) .76

70-79 23.7 (11.7) 22.8 (11.1) 76

80 + 20.7 (11.7) 21.5 (9.9) 80
Education in years

<12 20.5 (10.0) 21.1 (10.0) 76

>13 28.9 (11.3) 27.4 (11.3) 73
Native language spoken well

Not at all 26.0 (11.5) 25.4 (11.6) 79

A little 25.1 (10.9) 24.0 (11.6) 75

Moderately well ~ 27.2 (12.2) 24.3 (11.3) 70

Very well 20.3 (10.3) 23.0 (9.4) 80

Note. COWA = Controlled Oral Word Association.

All Pearson correlations were significant, p < .05; all pairwise comparisons of stability coefficients were insignificant, p > .05.
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