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Abstract:

An item bank of cognitive items targeting the spectrum of cognitive function, with a focus on
advanced dementia was developed with data from residents in long term services and supports
(LTSS) settings. Latent variable models, including item response theory and factor analyses
were applied to fifty items from multiple cognitive screening measures assessing memory, ori-
entation, naming, attention, calculation, and following directions. Because the intent was to
use the item bank to measure overall cognition, subdomains were not modeled. Factor analyses
tested for essential unidimensionality, followed by application of an item response theory-based
graded response model, including differential item functioning to examine measurement equiv-
alence. The total sample size was 6,921, with 1,874 (27.1 %) males and 5,040 (72.9 %) females.
The average age was 82.5 (SD = 11.0). There were 1,089 (16.2 %) Black, 498 (7.4 %) Hispanic,
and 5,136 (76.4 %) White respondents. The average number of years of education was 9.1 (SD
= 5.5). Estimates of reliability across age, education, race, and sex subgroups were high with
most > 0.96. Cognitive function of the participants in the study varied from no to minimal
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impairment (552 or 8.0 %); mild (2,000 or 28.9 %); moderate (2,686 or 38.8 %); severe (1,328
or 19.2 %) to very severe impairment (355 or 5.1 %). Items with low information and substan-
tial DIF were recommended for removal. The final recommended item bank includes 38 items.
Future work with this item bank may include development of computerized adaptive tests and
short-forms.

Keywords: item bank, cognition, dementia, item response theory, factor analysis

Several health-related item banks that also contain measures of cognition exist; how-
ever, most of these efforts have been focused on applied cognition and have not in-
cluded populations of advanced age with more advanced cognitive impairment or
those living in long term services and supports (LTSS) settings. Examples include
Neuro-QOL, (Gershon, Lai, Bode, Choi, Moy, Bleck, Miller, Peterman, & Cella,
2012), the Patient-Reported Outcomes Measurement Information System (PROMIS;
Cella, Riley, Stone, Rothrock, Reeve, Yount, Amtmann, Bode, Buysse, Choi, Cook,
DeVellis, DeWalt, Fries, Gershon, Hahn, Pilkonis, Revicki, Rose, Weinfurt, & Hays,
2010; Cella, Yount, Rothrock, Gershon, Cook, Reeve, Ader, Fries, Bruce, & Rose,
2007; Reeve, Hays, Bjorner, Cook, Crane, Teresi, Thissen, Revicki, Weiss, Hamble-
ton, Liu, Gershon, Reise, Lai, & Cella, 2007), the Activity Measure for Post-Acute
Care (AMPAC; Haley, Coster, Andres, Ludlow, Ni, Bond, Sinclair, & Jette, 2004)
and more recently, the Functional Assessment in Acute Care Multidimensional Com-
puterized Adaptive Test (FAMCAT) applied cognition item bank. The latter bank,
focused on applied cognition general concerns, including functional deficits associ-
ated with cognitive complaints was described and evaluated for DIF (Cheville, Wang,
Yost, Teresi, Ramirez, Ocepek-Welikson, Ni, Marfeo, Keeney, Basford, & Weiss,
2021; Teresi, Ocepek-Welikson, Ramirez, Kleinman, Wang, Weiss, & Cheville,
2022). The NIH Toolbox (Fox, Zhang, Amagai, Bassard, Dworak, Han, Kassanits,
Miller, Nowinski, Giella, Stoeger, Swantek, Hook, & Gershon, 2022; Gershon, Wag-
ster, Hendrie, Fox, Cook, & Nowinski, 2013) contains a cognitive test battery, includ-
ing attention, working memory, processing speed and crystallized cognitive abilities;
however, this bank has not included many individuals of advanced age or from LTSS
settings.

Aims

The goal of this project was to develop an item bank of cognitive screening items for
use across all stages of dementia, including advanced dementia. Latent variable item
response theory and factor analyses models were used. The aims of these analyses
were to: 1) compile a pool of cognitive screening items from individuals in LTSS; 2)
examine the dimensionality and reliability of the pool; 3) perform differential item
functioning (DIF); and 4) based on the analyses of DIF and examination of the
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information provided by the items, select a final set of items that may comprise an
item bank for potential use in computerized adaptive testing (CAT) and construction
of short-forms. This set of analyses may serve as a reference for professionals engaged
in the development of CATs and short-forms for use with LTSS populations. Ulti-
mately, the item bank would be available electronically in the medical record assess-
ment protocol for use by clinicians. An item bank containing screening items could
produce more efficient screening in applied settings for which economies of time and
effort are prioritized. Such settings could include clinics, hospitals, home health care
as well as institutional LTSS.

Differential Item Functioning

An important step in selecting items for item banks is to examine measurement equiv-
alence, to identify a form of item bias. Socio-demographic characteristics including
education, age, and racial and ethnic background can result in differential performance
on cognitive items such that group differences in item response do not reflect true
group difference in cognitive ability. Item banks are constructed after removing items
with high impact DIF or providing separate calibrations for certain groups. An alter-
native is to flag selected items as “enemy” items that are not administered. Given the
extensive previous research examining some of the items used commonly, when items
were identified here with DIF congruent with that identified in earlier studies, the
practice was to remove the items from the bank. Research conducted over the past
three decades has demonstrated the necessity of examining measurement equivalence
in cognitive measures. Previous analyses have focused on DIF in cognitive screening
measures (Crane, van Belle, & Larson, 2004; Stump, Monahan, & McHorney, 2005)
and other neuropsychological tests with respect to race/ethnicity and education (Te-
resi, Holmes, Ramirez, Gurland, & Lantigua, 2001). For example, screening measures
have evidenced DIF by education (Escobar, Burnam, Karno, Forsythe, Landsverk, &
Golding, 1986; Jones & Gallo, 2002; Stump et al., 2005; Teresi, Golden, Cross, Gur-
land, Kleinman, & Wilder, 1995; Valle, Hough, Kolody, Cook-Gait, Velazquez, &
Jimenez, 1991). Those with less education at the same level of cognition than those
with higher education were more likely to answer some items incorrectly. Groups with
lower education as contrasted with those with higher education have evidenced greater
difficulty with items requiring the performance of math (e.g., serial subtraction) and
language-based (e.g., spelling backwards, write a sentence) tasks. DIF in cognitive
test items has also been observed for sex. Jones and Gallo (2002) detected sex-DIF in
a cognitive screening measure, concluding that a large proportion of sex differences
in cognitive impairment were explained by item bias. Women showed more difficulty
with serial subtractions, and men on language-related tasks. Similarly, Dubbelman
and colleagues (2020), examining functional impairment among memory clinic pa-
tients in eight countries, documented sex DIF on items related to tasks stereotypically
associated with sex-norms.
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Education DIF has been observed in neuropsychological measures (Gibbons, Crane,
Mehta, Pedraza, Tang, Manly, Narasimhalu, Teresi, Jones, & Mungas, 2011; Mungas,
Widaman, Reed, & Tomaszewski Farias, 2011). DIF in subjective cognitive assess-
ment and applied cognition measures has also been observed (Teresi, Kleinman,
Ocepek-Welikson, 2000). Fieo, Ocepek-Welikson, Kleinman, Eimicke, Crane, Cella,
and Teresi (2016) examined DIF in the Patient Reported Outcomes Measurement In-
formation System (PROMIS®; Cella et al., 2007; Reeve et al., 2007); in that study
little DIF of high magnitude was observed. One item showed DIF by several methods,
and with a higher magnitude for race/ethnicity: “It has seemed like my brain was not
working as well as usual”.

DIF has been documented in measures used frequently to assess cognition (Crane et
al., 2004; Fieo et al., 2016; Filshtein, Chan, Mungas, Whitmer, Fletcher, DeCarli, &
Farias, 2020; Stump et al., 2005; Teresi et al., 2001). For instance, items from the
Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975), a
widely used cognitive screening measure, have evidenced DIF with respect to race
and/or ethnicity, language, and education level (see Escobar et al., 1986; Hohl, Grund-
man, Salmon, Thomas, & Thal, 1999; Jones & Gallo, 2002; Marshall, Mungas, Wel-
don, Reed, & Haan, 1997; Morales, Flowers, Gutierrez, Kleinman, & Teresi, 20006;
Orlando-Edelen, Thissen, Teresi, Kleinman, & Ocepek-Welikson, 2006; Teresi et al.,
1995; Valle et al., 1991). An in-depth discussion about putative causes of DIF on
specific MMSE and other cognitive screening items can be found in Ramirez, Teresi,
Holmes, Gurland, and Lantigua (2006). Modification based on DIF analyses i.e., item
removal or separate calibrations, may be pertinent contingent upon the use and appli-
cation of the specific measure (Teresi, Ramirez, Jones, Choi, & Crane, 2012).

Method

Description of the Item Pool

Data for this item pool was obtained from residents in LTSS settings, including home
care, day care, independent living, assisted living and nursing homes. Fifty items with
the most complete responses from all studies were selected for the pool.

Items were taken from multiple cognitive screening measures and were posited to be
essentially unidimensional. The potential subdomains represented included memory
(e.g., remembering age, month, year of birth); orientation (knowing the name of the
facility, the city, town and state, the month and year); naming (naming a pencil,
watch); attention (spelling world backwards, counting backwards from 20 to 1, count-
ing backwards from 100 by 7); calculation (making change); following directions
(fold a paper, following simple commands). Because the intent was to use the item
bank to measure overall cognition including in advanced dementia and among indi-
viduals in LTSS settings, subdomains were not modeled and as shown below, strong
support for unidimensionality of the item set was observed.
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Cognitive Assessment Scales

Scales from which items were obtained are described briefly. The Comprehensive
Assessment and Referral Evaluation (CARE) Mental Status Questionnaire (CMSQ)
was developed cross-nationally for use in community settings (Copeland, Kelleher,
Kellet, Gourlay, Gurland, Fleiss, & Sharpe, 1976; Golden, Teresi, & Gurland, 1983;
Golden, Teresi, & Gurland, 1984; Gurland, Fleiss, Goldberg, Sharpe, Copeland,
Kelleher, & Kellet, 1976; Gurland, Golden, Teresi, & Challop, 1984; Gurland, Ku-
riansky, Sharpe, Simon, Stiller, & Birkett, 1977-1978; Gurland, & Wilder, 1984; Te-
resi, Golden, & Gurland, 1984; Teresi, Golden, Gurland, Wilder, & Bennett, 1984.
The INCARE (institutional version of the CARE) was developed from a series of
cross-national institutional studies conducted from 1977-1979 (Mann, Wood, Cross,
Gurland, Schreiber, & Haefner, 1984). The INCARE Cognitive Screening Measure
determines the ability of the individual to respond to increasingly complex questions.
Included in the screen are assessments of (a) arousal, (b) level of alertness, simple
commands, (d) cognitive functioning, (orientation, memory, calculation / attention),
(e) range of motion and ambulation, and (f) affect. The psychometric properties are
good to excellent across many community and institutional U.S. and cross-national
samples.

The measure contains items from five cognitive screening measures: 1) The Blessed
Memory-Information-Concentration Test (Blessed, Tomlinson, & Roth, 1968) con-
tains 26 items measuring orientation, memory, and calculation/attention. Typical
items are: “cannot spell own name,” “does not recall dates for World War 1,” “does
not know correct hour of the day.” 2) The ten-item Kahn-Goldfarb Mental Status
Questionnaire (MSQ; Kahn, Goldfarb, Pollack, & Gerber, 1960) contains items such
as: “does not know own age,” “does not know year of birth,” “does not know today’s
date.” 3) The Standardized Mini-Mental State Examination (SMMSE; Folstein et al.,
1975; Molloy, Alemayehu, & Roberts, 1991) contains 20 items measuring attention,
calculation, recall, and language. The SMMSE tests also the ability to follow verbal
and written commands. Memory is measured by asking the respondent to recall a list
of three objects memorized earlier. Typical orientation items are: “cannot name city
s/he is in,” “does not know the current year.” Attention is measured by asking the
respondent to spell the word “world” backwards or to calculate “serial 7’s” (serial 7s
is not in the SMMSE but was included from earlier studies in this data set), and to
follow the commands for folding a piece of paper. 4) The Short Portable Mental Sta-
tus Questionnaire (SPMSQ; Pfeiffer, 1975) contains ten items tapping cognitive abil-
ity. Typical items are “does not know place of birth,” “does not know name of facil-
ity,” “does not know day of the week.” 5) The Care Diagnostic Scale (CAREDIAG)
has been studied using several advanced psychometric models, including analyses of
its relationship to dementia diagnosis (Gurland, Wilder, Cross, Teresi, & Barrett,
1992; Teresi, Kleinman, Ocepek-Welikson, Ramirez, Gurland, Lantigua, & Holmes,
2000). This scale has been found to be more culturally fair than others (Ramirez et al.,
2006; Teresi, 2007). Nine items in the bank were similar in content to the Montreal
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Cognitive Assessment (MoCA; Nasreddine, Phillips, Bedirian, Charbonneau, White-
head, Collin, Cummings, & Chertkow, 2005).

Item Responses. As described earlier, fifty unique items with the most complete re-
sponses were used. Nevertheless, items evidenced missing data for a variety of rea-
sons, including non-response because the subjects were not continuously alert. A spe-
cial ‘missing’ response category (7 — ‘Response not ratable’) was used and recoded
into an additional worst valid response (2 in the case of binary items). Another non-
response was a refusal to answer a question, the lowest response option, which in
keeping with clinical practice in cognitive assessment was recoded into an incorrect
response. No other missing responses were recoded or prorated. Items were coded
as 0 for “correct”, 1 for “incorrect” and 2 for “no response or response not rateable”.
The latter category reflects a higher level of cognitive incapacity and includes answers
that are off the point, or not given due to end-stage impairment affecting communica-
tion ability. There were also nine items with counts of errors that have more than 3
and up to 7 categories.

Psychometric Approach
Unidimensionality and Local Independence

Although cognitive subdomains were represented by the item pool, the goal was to
determine if the resulting item bank could be used to select items across subdomains
for assessment. Thus, model assumptions were examined with respect to the entire
item pool. Unidimensionality is an assumption underlying item response theory mod-
els used to develop CATs, and when performing the DIF analyses. Essential unidi-
mensionality was examined through a merged exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA; Asparouhov & Muthén, 2009) performed by fit-
ting a unidimensional model with polychoric correlations using Mplus (Muthén &
Muthén, 2011). The comparative fit index (CFI) and root mean square error of ap-
proximation (RMSEA) were evaluated as indicators of fit (Bentler, 1990). The ex-
plained common variance (ECV), estimated as the percent of observed variance ex-
plained (Reise, Moore & Haviland, 2010; Rodriguez, Reise, & Haviland, 2016) in-
formed whether the observed variance covariance matrix was close to unidimension-
ality (Sijtsma, 2009).

Local independence, another IRT assumption was assessed with the generalized,
standardized local dependency chi-square statistics (Chen & Thissen, 1997) provided
in IRTPRO (Cai, Thissen, & du Toit, 2011).
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Model for IRT

Because the items were ordinal, the analyses were conducted using the graded re-
sponse model (Samejima, 1969). Ordered responses, x = k and k = 1,2,...m are as-
sumed, in which g; is the discrimination (slope) for item i and bj the difficulty param-
eters for response category k:

P(x = k) = P*Kk) - P*(k+1) = 1/ 1 + exp[-ai0-bw)] - 1/ 1+ exp[-ai0-bu:1)].

P*(k) is the item characteristic curve (ICC) describing the probability that a response
is in category k or higher, for each value of 6 (see also Orlando-Edelen et al., 2006;
Thissen, 1991).

There are k-1 boundary response functions describing the cumulative probability of
responding in category k or higher. The item characteristic curve (ICC) that relates
the probability of an item response to the underlying state, e.g., cognition (denoted 6),
measured by the item set is characterized by location (severity) parameter(s) (denoted
b) and a discrimination parameter (denoted a), proportional to the slope of the curve.

DIF Assessment Using IRT

One method for examining measurement equivalence is DIF analyses, which in this
set of analyses was focused on differences in item performance after conditioning on
a cognitive trait. DIF occurs when the probability of item category endorsement dif-
fers across comparison groups when holding the trait constant. DIF is demonstrated
by parameters and ICCs that are different across the subgroups examined. If tests of
the equivalence of the a parameters (indicative of non-uniform DIF) are not signifi-
cant, tests of group differences in the b parameters (indicating uniform DIF) are per-
formed, constraining the a parameters to be equal.

The item response theory likelihood ratio (IRTLR) method tests a series of IRT mod-
els established by fixing and freeing parameters. The method for DIF detection was a
comparison of parameters from nested models using a variant of the Wald test based
on Lord’s chi-square (Cai et al., 2011; Langer, 2008; Lord, 1980; Teresi, Kleinman,
& Ocepek-Welikson, 2000; Woods, Cai, & Wang, 2013). The Wald test for DIF fol-
lows the model proposed by Lord (1980) in which vectors of IRT item parameters are
compared; the model was extended for polytomous data by Cohen, Kim, and Baker
(1993). The Wald test is asymptotically equivalent to the likelihood ratio test
(Thissen, 1991). IRTPRO (Cai et al., 2011) software was used for the DIF analyses.
Age, sex, education, and race/ethnicity DIF were examined.

Anchor Items. The comparison groups were linked on the cognition construct, and the
mean and variance estimated for the target groups studied (while setting the reference
group mean to 0 and variance to 1). After the initial determination of items with DIF,
the anchor set was studied iteratively (Orlando-Edelen et al., 2006; Wang, Shih, &
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Sun, 2012; Woods, 2009). Items showing DIF were excluded from the anchor set at
each iteration until no items showed DIF, and this set was used for final determination
of DIF. A model was constructed with all parameters constrained to be equal across
comparison groups for the anchor items, and item parameters for all studied items
freed to be estimated distinctly. An overall simultaneous joint test of differences in
the a or b parameters was performed followed by step down tests for group differences
in the a parameters, followed by conditional tests of the b parameters. Uniform DIF
was detected when the b parameters differed and non-uniform DIF when the a param-
eters differed. Orthogonal contrasts were used. The final p value was adjusted for
examination of number of items in the analysis, i.e., 50 items (final significant p <
0.001; Bonferroni, 1936).

Evaluation of DIF Magnitude and Effect Sizes. Expected item scores were
examined as measures of magnitude. An expected item score is the sum of the
weighted (by the response category value) probabilities of scoring in each of the pos-
sible categories for the item. The method used for quantification of the difference in
the average expected item scores was the non-compensatory DIF index (NCDIF;
Raju, van der Linden, & Fleer, 1995). Cutoff values established based on simulations
(Fleer, 1993; Flowers, Oshima, & Raju, 1999) were used in the estimation of the mag-
nitude of item-level DIF. The square root of NCDIF provides an effect size in terms
of the original metric. For example, the cutoff values were 0.0540 for polytomous
items with four response options, 0.0240 for three and 0.0060 for two response cate-
gories (Raju, 1999). Thus, for a polytomous item with four response categories, the
recommended cutoff corresponds to an average absolute difference of 0.232 (almost
one quarter of a point) on a four-point scale (see Raju, 1999; Meade, Lautenschlager,
& Johnson, 2007). An additional effect size measure (T1) proposed by Wainer (1993)
and extended for polytomous data by Kim, Cohen, Alagoz, and Kim (2007) was also
examined with a recommended cutoff of 0.10 (Wainer, 1993). T(1) is the sum of the
differences both positive and negative, and divided by N. The theta and item parame-
ter estimates for the two groups were equated using iterative purification of equating
constants (Seybert & Stark, 2012) and placed on a common metric. See Kleinman and
Teresi (2016) for a detailed description of the procedures, and Orlando-Edelen,
Stucky, and Chandra (2015), Chalmers, Counsell, and Flora (2016), and Chalmers
(2018) for extensions of this approach.

Evaluation of DIF Impact. Aggregate-level impact was evaluated, examining ex-
pected scale score functions. Expected item scores were summed to produce an ex-
pected scale score which provides evidence regarding the effect of DIF on the total
score. Group differences in these scale response functions provide overall aggregated
measures of DIF impact. (See Kleinman & Teresi, 2016; Teresi, Wang, Kleinman,
Jones, & Weiss, 2021). Final DIF designations were based on three criteria: (1) Wald
test showing a significant DIF in the ‘a’ and/or ‘b’ parameters after an adjustment for
multiple tests; (2) NCDIF test above the recommended threshold; and (3) the T(1) test
if it exceeds 0.1.



COGNITIVE SCREEN ITEM BANK FOR DEMENTIA 11

Evaluation of Reliability and Information. Reliability was evaluated by decomposing
the scale score into the sum of the item scores, and the contribution of the common
term or communality. McDonald’s (McDonald, 1999) Omega Total (), a reliability
estimate that is based on the proportion of total common variance explained, was also
calculated. Both Cronbach’s alpha (Cronbach, 1951) and ordinal alpha based on pol-
ychoric correlations (Zumbo, Gadermann, & Zeisser, 2007) were calculated. Addi-
tionally, IRT-based reliability measures were examined at selected points along the
underlying latent continuum. Finally, the item and test information functions were
calculated and graphed.

Missing Responses. As described earlier, consistent with clinical applications of
screening scale items, two types of missing data were coded as valid responses: a) a
non-response on an item because a patient was not continuously alert through the in-
terview or b) a patient refused to answer an item. Dimensionality analyses were con-
ducted with the sample which included the remainder of missing data. The assumption
for missing data was missing at random; therefore, pairwise estimation of the covari-
ance matrix using weighted least square estimation was used. The approach is ex-
plained in the Mplus v.6 manual (Mplus, Chapter 14, Special Modeling Issues, p.435).
Sensitivity analyses were performed using listwise deletion to provide confirmation
of the results of factor analyses described below.

IRTPRO implements the method of Maximum Likelihood (ML) and expectation max-
imization (EM) item parameter estimation (Bock-Aitkin EM is the default; IRTPRO
v.5 Guide, p.5; IRTPRO-Estimation-Methods.pdf, p.3) while the score was estimated
by the expected a posteriori (EAP) estimator (IRTPRO v.5 Guide, p. 209). Therefore,
DIF analyses were also conducted with the total sample including missing data.

Correlations Among the Original Scales and Theta Estimates

Pearson correlations of the 50-item summary scores and theta estimates of cognitive
functioning with the five original measure sum-scores, BLESSED, SMMSE, CMSQ,
MSQ, and SPMSQ were calculated.
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Results

Sample

The total sample size was 6,921 which included item-level missing responses. The
sample sizes were reduced with listwise deletion (see Table 1 for details).

Levels of cognitive function were based on theta estimates associated with the 50-
item set and varied from no to minimal impairment (at 0 < -1.5; n = 552 or 8.0%);
mild (-1.5 <0 <-0.5; n = 2,000 or 28.9 %); moderate (-0.5 <0 < 0.5; 2,582 or 37.3
%); severe (0.5 <0 < 1.5; 1,432 or 20.7 %) to very severe impairment (8 > 1.5; 355
or 5.1 %).

In terms of the studies and settings represented, there were a total of 18 studies (14 in
nursing homes, 7 = 5,395 or 78.0 %; 2 in Assisted Living facilities, n = 778 or 11.2
%; 2 community samples (home health care and day care), n = 748 or 10.8 %). Data
from the different samples were collected between January 1992 and February 2020.

Tests of Model Assumptions

Unidimensionality There was strong support for the unidimensionality of the item set
for both the pairwise and listwise deletion of data approaches. The principal compo-
nents analyses showed that the ratio of component 1 to 2 was very large (11.6 and
11.5) and the first component explained 56 % of the variance for both approaches to
modelling missing data.

An examination of the model fit statistics was used as an additional test of dimension-
ality. Model fit indices supported the essential unidimensionality of the item pool set.
Results of the CFA (Mplus) analysis with pairwise deletion of missing data for the
unidimensional and two factor CFA were: CFI = 0.930 and 0.962; RMSEA = 0.068
and 0.051. Model fit statistics for the listwise deletion of missing data for the unidi-
mensional and two factor CFA were: CFI = 0.929 and 0.964; RMSEA = 0.067 and
0.049. The two factor CFA did not improve the model fit appreciably for either ap-
proach to treatment of missing data (see Table 2). The ECV for the total sample was
83.6 (see Table 3).
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Table 1.
Cognition Item Pool: Demographics

Sample characteristics Total n Percent Liisc::izf ddaetlae- Percent
Total sample 6,921 3,504
Age
<65 520 7.6 224 6.4
66 - 75 904 13.1 449 12.9
76 - 85 2,304 335 1,235 35.5
86 - 95 2,715 39.5 1,412 40.5
>95 436 6.3 163 4.7
Total age 6,879 100.0 3,483 100.0
Average age (SD) 82.5(11.0) 82.3(11.8)
Minimum age 20 20
Maximum age 107 107
Education
No education 804 16.5 474 18.3
Grades 1-8 1,132 23.2 527 20.3
Grades 9 - 12 1,971 40.3 1,038 40.0
More than high school 978 20.0 558 21.5
Total education 4,885 100.0 2,597 100.0
Average number of years (SD) 9.1 (5.5) 9.2 (5.3)
Minimum years 0 0
Maximum years 22 22
Race / ethnicity
Black 1,089 16.2 469 13.7
Hispanic 498 7.4 186 5.4
White 5,136 76.4 2,773 80.9
Total race / ethnicity 6,723 100.0 3,428 100.0
Sex
Male 1,874 271 923 26.3
Female 5,040 72.9 2,581 73.7

Total Sex 6,914 100.0 3,504 100.0
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Table 2
Cognition Item Pool: Factor Loadings/Structure for One and Two Factor Solutions by Total Sample
(Mplus v.6.1, Weighted Least Squares Mean and Variance (WLSMV) Estimation, OBLIMIN Rotation)

Pairwise deletion Listwise (n = 3,504)

It(;m ltem name Item label 1 Fac- 2 Factors 1 Fac- 2 Factors struc-
A(SE) A1 A2  AN(SE) A1 A2
1 BLESS1R Spelling name 0.74 0.67 0.75 0.76 0.69 0.77
2  MSQ6R Age 0.75 0.76 0.66 0.76 0.77 0.67
3 MSQ7R Month of birth 0.75 0.71 0.73 0.75 0.72 0.73
4  MSQ8R Year of birth 0.72 0.7 0.68 0.71 0.69 0.68
5 SPMSQ2R Birthplace 0.67 0.64 0.65 0.64 0.59 0.64
6 MSQ1R Where are we 0.92 0.93 0.62 0.92 0.94 0.66
7  S22R What do people 0.92 0.93 0.60 0.91 0.93 0.64
8  S23R What is the name  0.82 0.84 0.69 0.81 0.84 0.68
9 S23AR What floor are we  0.79 0.79 0.71 0.79 0.78 0.72
10 MSQ2R Street address of 0.75 0.78 0.62 0.75 0.78 0.63
11 BLESS8R What city (town)is  0.69 0.72 0.58 0.70 0.73 0.6
12 SMMSE4R What county are 0.71 0.73 0.63 0.70 0.72 0.63
13 S24CR What state are we  0.75 0.74 0.7 0.77 0.74 0.74
14  BLESS7R How long at this 0.66 0.69 0.56 0.67 0.7 0.56
15  MSQ4R Current month 0.85 0.87 0.73 0.86 0.87 0.75
16 MSQ3R Today’s date 0.79 0.82 0.66 0.80 0.83 0.67
17 BLESS12R Day of the week 0.82 0.84 0.7 0.81 0.84 0.69
18  MSQ5R Current year 0.87 0.87 0.76 0.86 0.87 0.77
19 BLESS15R Current season 0.79 0.78 0.74 0.79 0.78 0.73
20 BLESS14R Hour of the day 0.78 0.77 0.73 0.78 0.76 0.73
21  BLESS13R Part of the day 0.80 0.77 0.77 0.81 0.77 0.78
22 S57R Test of touching 0.73 0.64 0.76 0.75 0.63 0.79
23 S60R Recall interview- 0.68 0.71 0.57 0.68 0.72 0.57
24 CMSQ10R Interviewer's 0.76 0.78 0.66 0.76 0.78 0.65
25 SMMSE7R No ifs, ands, or 0.59 0.5 0.63 0.57 0.48 0.61
26 SMMSES8R Name pencil 0.76 0.64 0.79 0.82 0.71 0.83

N
<

SMMSE9R Name wristwatch 0.81 0.71 0.83 0.85 0.75 0.86
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Pairwise deletion

Listwise (n = 3,504)

Item
4 ltem name Item label 1 Fac- 2 Factors 1 Fac- 2 Factors struc-
A (SE) A A2  AN(SE) A1 A2
28 SMMSE10R  Spell world back- 0.76 0.66 0.79 0.74 0.63 0.78
29 SMMSE11R  Close your eyes 0.75 0.66 0.76 0.74 0.65 0.76
30 SMMSE12R Folding paper 0.64 0.56 0.67 0.61 0.52 0.64
31 SMMSE13R  Write sentence 0.77 0.65 0.8 0.76 0.64 0.8
32 SMMSE14R  Drawing pentagon  0.60 0.5 0.64 0.55 0.45 0.6
33 BLESS16R Father’s first 0.64 0.54 0.67 0.64 0.55 0.67
34 BLSS16AR How much  0.61 0.55 0.62 0.60 0.54 0.61
35 BLESS17R Name of a school  0.69 0.62 0.69 0.71 0.65 0.70
36 BLESS18R Occupation 0.70 0.66 0.68 0.71 0.67 0.70
37 SMMSE6R Apple, table, 0.62 0.53 0.66 0.62 0.52 0.65
38 SMMSE15R  Apple, table, 0.71 0.71 0.64 0.71 0.72 0.65
39 MSQ9R Current president  0.81 0.82 0.73 0.81 0.82 0.72
40 MSQ10R Previous  presi- 0.74 0.74 0.67 0.73 0.74 0.66
41 BLESS21R Dates for WW1 0.70 0.64 0.71 0.70 0.63 0.71
42 BLESS22R Dates for WW2 0.78 0.74 0.77 0.78 0.73 0.76
43 BLESS23R List months back- 0.78 0.71 0.78 0.77 0.7 0.78
44  BLESS24R Countfrom1to20 0.81 0.68 0.85 0.84 0.71 0.87
45 SMMSE10AR Serial 7s 0.86 0.61 0.9 0.84 0.57 0.88
46 BLESS25R Count backwards 0.91 0.66 0.94 0.91 0.62 0.94
47 S82R Point to the quar- 0.73 0.61 0.77 0.78 0.66 0.81
48 S83R How would you 0.79 0.69 0.81 0.80 0.69 0.83
49 S70R Verbal repetiton  0.68 0.59 0.72 0.67 0.58 0.71
50 BLESS26R Recall John  0.69 0.69 0.63 0.69 0.69 0.63
Model fit statistics: 0.930 0.962 0.929 0.964

NOTE on the items of the measures: BLESS — The Blessed Memory-Information-Concentration Test;
CMSQ - The CARE (Comprehensive Assessment and Referral Evaluation) Mental Status Questionnaire;
MSQ — Mental Status Questionnaire; SMMSE — The Standardized Mini-Mental State Examination;
SPMSQ — The Short Portable Mental Status Questionnaire; S - The INCARE (institutional version of the

CARE) questionnaire.
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Table 3
Cognition Item Pool: Internal Consistency Estimates

Sample N Ordinal Alpha McDonald's  Explained Common
Total sample 3,504 0.984 0.984 83.608
Age
<65 224 0.979 0.980 77.699
66 — 75 449 0.985 0.985 85.479
76 — 85 1,235 0.982 0.982 83.702
86 — 95 1,412 0.984 0.983 84.493
>95 163 0.982 0.982 77.589
Education
No education 474 0.968 0.969 66.647
Grades 1-8 527 0.980 0.980 82.108
Grades 9 — 12 1,038 0.985 0.985 86.697
More than high school 558 0.986 0.986 85.862
Race
Black 469 0.982 0.982 86.524
Hispanic 186 0.975 0.975 66.498
White 2,773 0.985 0.985 83.364
Sex
Male 923 0.981 0.981 81.140
Female 2,581 0.984 0.985 83.819

Local independence

Because the 2 statistics inflate in large samples, a 5 % random sample (n = 346) was
extracted to calculate the LD statistics. In general, the local dependency statistics were
in the range not indicative of collinearity (not shown). Nevertheless, there were a few
item pairs with higher LD statistics that were over the threshold of 10.0. Details are
available from the authors.
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Reliability estimates

The classical test theory Cronbach’s alpha estimated by IRTPRO was 0.95 (based on
the listwise deletion of missing data) for the total sample. The corrected item-total
correlations ranged from 0.42 to 0.71. The reliability estimates calculated in R were
high. The McDonald’s omega total was 0.984, the ordinal alpha was 0.984, both based
on the polychoric correlations (Table 3). Estimates of reliability across age, education,
race, and sex subgroups were high with none below 0.96. The reliability estimates
(precision) at points along the latent trait (theta) estimated by IRTPRO were high for
the total sample, ranging from 0.76 to 0.98 with an average of 0.94, with all but 3
estimates in the nineties.

IRT Parameter Estimates, Tests of DIF and Assessment of Magnitude
and Impact

The graded response item parameters and their standard errors for the total sample are
presented in Table 4. Overall, the a parameters were within the normal range. Only
five items evidenced a values below 1.5 indicating lower discrimination. They were:
Item (25) SMMSE7 — “No ifs, ands, or buts” (1.20); item (30) SMMSE12 — “Folding
paper” (1.37); item (32) SMMSE14 — “Drawing pentagon” (1.25); item (34)
BLESS16a — “How much schooling” (1.31); item (37) SMMSE6 — “Apple, table,
penny (repeat)” (1.34). The most discriminating was item (18) MSQS5 — “Current year”
(a=3.07).

Forty-one items had 3 response categories while nine had up to 7. The difficulty ‘b’
parameters for the first response category were > 0 for 18 items where lower ‘b’ values
indicate a more difficult item. The item with the lowest ‘b’ for the first response cat-
egory was item (50) BLESS26 - “Recall John Brown’s address” (-2.16) followed by
the item (38) SMMSEILS5 — Apple, table, penny (recall)” (-1.64) and the item (45)
SMMSE10A — “Serial 7s” (-1.52). The least difficult items were (33) BLESS16 —
“Father’s first name” (2.25) and item (26) SMMSES — “Name pencil” (2.12).
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Table 4

Cognition Item Pool: IRT Parameter Estimates for the Total Sample IRTPRO; n = 6,921)

Item Item label Mean a b1 b2 b3 b4 b5 b6
1 Spelling name 011 191 153 299
2 Age 049 202 002 285
3* Month of birth 012 197 158 296
4 Year of birth 025 179 090 296
5 Birthplace 009 162 199 340
6*  Where are we now 6:10 ggé 6;3; 50?5
7*  What do people do here 655 558 8235 55{3
8* What is the name of this 6;; 556 862’) 555
9* What floor are we on 655 ££§ 88; 5;33
10 Street address of this 665 5;; AO;SAY 523;
11* What city (town) is it 61’;4 ;EASC; 883 5;31’;
12*  What county are we in (A):l; ;;3 88& 56}5
13*  What state are we in (A);é ;SRBQ ;;:1 56}5
14* How long at this address 659 ;;; -EJ};% ié;
15*  Current month 6;1;: 5;2 8;; 555
16* Today’s date 685 555 E)%AZ 522
17* Day of the week 047 241 008 236
18* Current year 6; (;6; I)E)% 566
19*  Current season 65; 555 6?38 5?7‘
20* Hour of the day 655 5;8 855 551
21*  Part of the day 65;) 555 88;‘; 5;7
22" Testoftouchingears ~ 065 178 038 094 167 261
23* Recall interviewer's 0%53 ;82 -’(\)’:\323 §$§ AAAAAAAAAAA
24* Interviewer's name (2nd 623 ’1‘5’;&; 6;8 :’;2;
25 No ifs, ands, or buts 625 ’1‘56 6;5 :’;,;;é
26* Name pencil 668 ’1‘59 5;5 555
27* Name wristwatch 665 5521 ;;4—1 59;
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Item Item label Mean a b1 b2 b3 b4 bs b6
28  Spell world backwards 214 189 -051 -023 0.06 039 069 225
29* Close your eyes 62:1 257 6;; 5%8 ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ o
30" Folding paper 077 137 005 110 209 343

31 Write sentence 050 ;;91 6;; 555 AAAAAAAAAAA

32 Drawing pentagon 6;; ;éé -A1 A1A7 55;

33* Father’s first name 60; ?50 555 58;

34* How much schooling 655 ;CA’:; ;56 538

35 Name of a school at- 625 282 ;(A); 57;

36*  Occupation 020 169 123 277

37* Apple, table, penny (re- 63; ;(;:1 ;;é ]éé 249 3.83

38* Appll;a, table, penny (re- 522 ;SSO -}23:1 -E)Z)FZ -E)ZZ 565

39* Cu"r\rent president 045 5235 -E)EH 5;35 nnnnnnnnnnn

40* Previous president 6;1 562 -EJ}E) 5;31

41  Dates for WW1 6;8 ;é; -EJ:‘rE) 5;3;)

42  Dates for WW2 6;;) 5;8 -E);’;;S 55;

43* List months backwards ;C;;r 556 -A0A723 -6215 1.79

44*  Count from 1 to 20 (‘)’1\8 5553 ;;8 5:15 \\\\\\

45 Serial 7s 368 565 h1h5} A1A2F2 -1.02 -0.78 -04 225
46* Count backwards from 0:1;3 55; 665 5521 AAAAAAAAAAAAAAAA o
47 Pointtothe quarter 009 176 180 324

48 Howwouldyoumake 31 026 212 070 263

49 Veri)al repetition of the ;16 ?8? -’(\);6 (A)(;é 0.78 2.79

50 Recall John Brown's ad- 4.19 202 216 183 145 107 -070 243

a = item discrimination; b = item difficulty; *= item selected for the final item bank

NOTE on the items of the measures: BLESS — The Blessed Memory-Information-Concentration Test;
CMSQ - The CARE (Comprehensive Assessment and Referral Evaluation) Mental Status Questionnaire;
MSQ — Mental Status Questionnaire; SMMSE — The Standardized Mini-Mental State Examination;
SPMSQ — The Short Portable Mental Status Questionnaire; S - The INCARE (institutional version of the
CARE) questionnaire.
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DIF Results

Summary DIF results are presented in Table 5; statistical details for the demographic
group comparisons are available from the authors. Thirty-eight items showed DIF
with a minimum of one significant test; however, the number of items with two sig-
nificant tests was reduced to 19 items. There were only eight items with all three cri-
teria significant: item (1) BLESS1 = “Spelling name” where the item was more diffi-
cult for Hispanics; item (10) MSQ2 — “Street address for this place” with the item
more difficult for patients with no education; item (25) SMMSE7 — “No ifs, ands, or
buts” where the DIF was non-uniform, and less discriminant and easier overall for
Hispanics; item (28) SMMSE10 — “Spell world backwards” where the item was less
difficult for patients age 86 to 95 and more difficult for Hispanics; item (35) BLESS17
—“Name of school attended” evidenced non-uniform DIF and was more difficult over-
all for Hispanics; item (41) BLESS21 — “Date for WW1” where the item evidenced
non-uniform DIF for the age groups 86 to 95 and age greater than 95, in the direction
that the item was more discriminating but less difficult for both groups; Items (41)
BLESS21 —“Date for WW1” and (42) BLESS22 — “Date for WW2” were both more
difficult for the Hispanic patients and females; and, item (49) S70 — “Verbal repetition
of the John Brown’s address” which was more difficult for Hispanics.

Aggregate Impact. There was no scale level impact for age, education, race/ethnicity
or sex DIF. All group curves were overlapping for all comparisons.

Information

Information functions were examined. Both item and scale information functions were
bimodal with the highest information concentrating at upper levels of theta, i.e., at
higher cognitive impairment, as well as at theta level 0.0 (see Table 6 for information
functions and IRT reliability estimates). The highest information for the five most
informative items were: item (18) MSQS5 — “Current year” (2.36 at theta level 0.0 and
2.35 at theta 2.0); item (15) MSQ4 — “Current month” (1.78 at theta 2.4 and 1.76 at
theta 0.0); (39) MSQ9 — “Current president” (1.59 at theta levels 0.0 and 2.4); (8) S23
— “What is the name of this place?” (1.57 at theta levels 0.0 and 2.4); and item (17)
BLESS12 — “Day of the week™ (1.46 at theta 2.4 and 1.45 at theta 0.0). The five least
informative items were: item (25) SMMSE7 — “No ifs, ands, or buts” (0.36 at theta
levels 0.0 and 0.4); item (32) SMMSE14 — “Drawing pentagons” (0.39 at theta level
-1.2); item (34) BLESS16A — “How much schooling?” (0.45 at theta levels 1.2 to 1.6
and 2.8); (37) SMMSE®6 — “Apple, table, penny (repeat)” (0.57 at theta levels 2.0 to
2.4); (30) SMMSE12 — “Folding paper” (0.58 at theta levels 1.2 to 2.0). The item (25)
SMMSET7 — “No ifs, ands, or buts” was the only one that exhibited DIF by all three
estimators and item (30) SMMSEI12 — “Folding paper” showed no DIF.
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Table 5

Cognition Item Pool: IRT DIF Summary - Items with Significant DIF After Adjustment for Multiple
Comparisons by Demographic Groups

Age

Education

(Reference group:  (Reference group:

Age 66 to 76;
n=6,879)

ltem

Grades
9 to 12; n = 4,885)

Race / Ethnicity
(Reference group: Sex
Whites; n=6,723)  (Reference

ltem #
name

IA

65

76
to
85

86
to
95

Gra
Noed- des >
ucat. qto HS

8

o © VvV

Bla
ck

group: Fe-
male;

Hispanic n=6,914)

BLESS1R -
MSQ6R -
MSQ7R -
MSQ8R -
SPMSQ2R
MSQ1R -
S22R -
S23R -
S23AR -
MSQ2R -
BLESS8R -
SMMSE4R
S24CR -
BLESS7R -
MSQ4R -
MSQ3R -
BLESS12R
MSQ5R -
BLESS15R
BLESS14R
BLESS13R
S57R - Test
S60R - Re-
CMSQ10R -
SMMSE7R
SMMSES8R
SMMSE9R
SMMSE10
SMMSE11

NN DN NDNDNDNDMDNDNMNN=22 A A A a A a4 a a0 ooNO a b 0NN -

T1

T1

cC C

CcC C CcC

NU
NU U

NU

CcC CccccCc

U More;

U Less

U More;

U Less

U Less

U More;

U More;

NU Less

NU

U More; U
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Age Education Race / Ethnicity
(Reference group:  (Reference group: e .
Age 66 to 76; Grades Whites: n = 6,723) (Reference
ltem n=6,879) 9to 12; n = 4,885)
ltem # group: Fe-
name Gra male:
< 6 86 > \oed des > Ba ’
65 to to | B Hispanic n=6,914)
85 95
8
3 SMMSE12
3 SMMSE13 U u u U U U More u
3 SMMSE14 U NU
3 BLESS16R
3 BLSS16AR U
3 BLESS17R U NU NU Less u
3 BLESS18R U
3 SMMSE6R u u U T1
3 SMMSE15 T1 T1 u T T1 U T1
3 MSQ9R - u T U U More U
4 MSQ10R - NU N U U U
4 BLESS21R U U NU N U U More; u
4 BLESS22R U Uu N U U More; u
4 BLESS23R
4 BLESS24R
4 SMMSE10 T1 T1 u u T1 U U U More; U
4 BLESS25R U
4 S82R -
4 S83R - How
4 S70R - Ver- NU U T1 U More;
5 BLESS26R T1 T1 u T U T1 T1

U = Uniform DIF; NU = Non-uniform DIF; discr. = discriminating; educat. = education;
HS = high school; More/Less = More/Less likely to err

NOTE on the items of the measures: BLESS — The Blessed Memory-Information-Concentration Test;
CMSQ - The CARE (Comprehensive Assessment and Referral Evaluation) Mental Status Questionnaire;
MSQ — Mental Status Questionnaire; SMMSE — The Standardized Mini-Mental State Examination;
SPMSQ — The Short Portable Mental Status Questionnaire; S - The INCARE (institutional version of the
CARE) questionnaire.
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Table 6

Cognition Item Pool: Item Response Theory (IRT) Reliability Estimates and Information Functions
(IRTPRO; n=6,921)

Theta Reliability
-2.8 0.76
2.4 0.83
-2.0 0.88
-1.6 0.91
-1.2 0.94
-0.8 0.96
-0.4 0.97
0.0 0.98
0.4 0.98
0.8 0.97
1.2 0.97
1.6 0.98
2.0 0.98
24 0.98
2.8 0.98

Overall (average) 0.94

Note: Reliability estimates are calculated for theta levels for which there are respondents

Item Information
B

28 24 20 16 12 08 04 00 04 08 12 16 20 24 28

Cognition Item Pool
Item Information Functions

Cognitive Impairment (Theta)

Test Information

Cognition Item Pool
Test Information Function with 95% Confidence Interval

-28 -24 20 -16 -12 08 -04 00 04 08 12 16 20 24 28
Cognitive Impairment (Theta)

Correlations Among the Scales, Sum Scores and Theta Estimates

Correlations with the theta estimate (not shown) were high and ranged from 0.882
(CMSQ) to 0.913 (BLESSED). The theta estimate correlated 0.926 with the sum
score; the intercorrelations among scales ranged from 0.830 to 0.942.
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Discussion

A cognitive function item bank was developed for use in screening for cognitive im-
pairment across stages, including in advanced dementia. The bank is intended for use
among residents in long term services and support (LTSS) settings, including home
care, day care, independent living, assisted living and nursing homes. Using latent
variable models, including item response theory and factor analytic methods, we re-
duced a 50-item pool down to a 40-item unidimensional item bank with minimal dif-
ferential item functioning by age, sex, race/ethnicity, and educational level. Two other
items were removed because of intellectual property issues, yielding a final bank of
38 items. (Contact the authors for item sources.)

The item “season” has evidenced ethnicity- (Latino/ non-Latino subjects; Escobar et
al., 1986; Marshall et al., 1997; Valle et al., 1991) and education- DIF (Escobar et al.;
Jones & Gallo, 2002). Similarly, the “state recall” item has showed diverging diffi-
culty associated with ethnicity (i.e., more difficult for Latinos [vs. non]), and poor
discrimination for individuals at lower education levels (Teresi et al., 1995). The re-
peat/recall 3 objects item has been found to have education (Teresi et al.) - and eth-
nicity- DIF (easier for Latinos; Jones & Gallo) while the “spelling world backwards”
item has demonstrated to be of higher difficulty for those participants with low edu-
cation (Escobar et al.; Jones & Gallo) and for Latinos/as (Escobar et al.; Hohl et al.,
1999). “No ifs, ands, or buts” has shown higher difficulty (Jones & Gallo) and poor
discrimination for participants with relatively low levels of education (Teresi et al.),
and less difficulty for Latinos/as (Escobar et al.; Teresi et al., Marshall et al.). The
“does not close your eyes” item has evidenced education-DIF (Escobar et al.; Teresi
et al.) and poor discrimination on race/ethnicity (Black and Latino participants; Teresi
et al.). The “serial 7s” item has performed poorly and has exhibited ethnicity/racial-
(higher difficulty for Latinos/as vs. non-Latinos/as (Escobar et al.; Hohl et al.) and for
Latino/as and Blacks vs. White participants; Teresi et al.); and education-DIF (a poor
discriminator- [Teresi et al.] and of higher difficulty for those with low educational
level [Escobar et al; Jones & Gallo]). The “sentence completion” item has evidenced
race- (lower difficulty for Whites as contrasted with Blacks), and ethnicity-DIF (less
discrimination of Spanish-speakers; Marshall et al.), and education-DIF (higher diffi-
culty for the those with lower education level; Escobar et al; Jones & Gallo; Teresi et
al.). The “copy pentagons design” item has shown education-DIF whereas difficulty
was determined to be higher for those with low educational level (Escobar et al; Jones
& Gallo). A confounding effect of race/ethnicity and education in MMSE perfor-
mance has been suggested (Gibbons et al., 2011; Ramirez et al., 2006).

Based on these analyses and previous studies, items with low information and DIF
evidenced by all criteria are recommended for removal. These items include: (1)
BLESS1 =“Spelling name”; (2) MSQ2 — “Street address for this place”; (3) SMMSE7
— “No ifs, ands, or buts”; (4) SMMSE10 — “Spell world backwards”; (5) BLESS17 —
“Name of school attended”; (6) BLESS21 — “Date for WW1”; (7) BLESS22 — “Date
for WW2”; (8) S70 — “Verbal repetition of John Brown’s address” (8 items with
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significant DIF). The item “No ifs, ands, or buts” is also the item with the lowest
information and has evidenced DIF in numerous analyses. The suggestion to also ex-
clude is the next least informative item (9) SMMSE14 — “Drawing pentagons”. Be-
cause the item (10) “serial 7°s” has been found in the literature to show DIF across
several socio-demographic groups it is also recommended for removal. Finally, the
item (11) requiring “recall of John Brown” is recommended for removal because of
its link to the item calling for “repetition of John Brown”. Additionally, an item as-
sociated with intellectual property concerns and which requires physical function ca-
pability is also recommended for exclusion: (12) “writing a sentence”.

Although not identified here as problematic, several other items were flagged in the
literature reviewed as showing DIF: season of the year, recall of the state, repeating
three objects, sentence completion and following the command to close eyes. How-
ever, the evidence for DIF for these items was less conclusive. Thus, the final 38-
item item bank is recommended for future work constructing computerized adaptive
tests and short-forms for use in LTSS settings. As reviewed above, items with a high
magnitude of DIF may impact the overall score and result in biased cognitive assess-
ments. It is thus recommended that investigators avoid such items in developing
short-forms and providing items for selection in CATs. The extensive information
provided here provides a basis for developing a cognitive screening CAT framework
for LTSS that may be less biased across diverse groups.
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