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Abstract 

Aims: The goals of these analyses were to examine the psychometric properties and measurement 
equivalence of a self-reported cognition measure, the Patient Reported Outcome Measurement 
Information System® (PROMIS®) Applied Cognition – General Concerns short form. These items 
are also found in the PROMIS Cognitive Function (version 2) item bank. This scale consists of 
eight items related to subjective cognitive concerns. Differential item functioning (DIF) analyses of 
gender, education, race, age, and (Spanish) language were performed using an ethnically diverse 
sample (n = 5,477) of individuals with cancer. This is the first analysis examining DIF in this item 
set across ethnic and racial groups.  

Methods: DIF hypotheses were derived by asking content experts to indicate whether they posited 
DIF for each item and to specify the direction. The principal DIF analytic model was item response 
theory (IRT) using the graded response model for polytomous data, with accompanying Wald tests 
and measures of magnitude. Sensitivity analyses were conducted using ordinal logistic regression 
(OLR) with a latent conditioning variable. IRT-based reliability, precision and information indices 
were estimated. 
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Results: DIF was identified consistently only for the item, brain not working as well as usual. After 
correction for multiple comparisons, this item showed significant DIF for both the primary and 
sensitivity analyses. Black respondents and Hispanics in comparison to White non-Hispanic re-
spondents evidenced a lower conditional probability of endorsing the item, brain not working as 
well as usual. The same pattern was observed for the education grouping variable: as compared to 
those with a graduate degree, conditioning on overall level of subjective cognitive concerns, those 
with less than high school education also had a lower probability of endorsing this item. DIF was 
observed for age for two items after correction for multiple comparisons for both the IRT and OLR-
based models: “I have had to work really hard to pay attention or I would make a mistake” and “I 
have had trouble shifting back and forth between different activities that require thinking”. For both 
items, conditional on cognitive complaints, older respondents had a higher likelihood than younger 
respondents of endorsing the item in the cognitive complaints direction. The magnitude and impact 
of DIF was minimal.  

The scale showed high precision along much of the subjective cognitive concerns continuum; the 
overall IRT-based reliability estimate for the total sample was 0.88 and the estimates for subgroups 
ranged from 0.87 to 0.92.  

Conclusion: Little DIF of high magnitude or impact was observed in the PROMIS Applied Cogni-
tion – General Concerns short form item set. One item, “It has seemed like my brain was not work-
ing as well as usual” might be singled out for further study. However, in general the short form 
item set was highly reliable, informative, and invariant across differing race/ethnic, educational, 
age, gender, and language groups. 

 

Key words: PROMIS®, cognitive concerns, item response theory, differential item functioning, 
race, ethnicity 

Background 

Conceptual equivalence of measures implies that questions are understood in the same 
way by all respondents (Collins, 2003). Differences in race/ethnicity, culture, socio-
economic status, education, and gender can lead to systematic measurement error in 
interpreting survey responses to standardized questionnaires (Warnecke et al., 1997). 
Differential item functioning (DIF) analysis in the context of item response theory (IRT) 
examines whether or not the likelihood of item (category) endorsement is equal across 
subgroups, conditional on the construct or trait level. For example, DIF is present if 
different groups of individuals (e.g., males and females) at the same levels of the latent 
construct exhibit different probabilities of individual item responses (Hulin, 1987). 

This paper presents the dimensionality, reliability, information functions, and DIF of the 
Patient Reported Outcome Measurement Information System® (PROMIS®) Applied 
Cognition - General Concerns, 8 item short form. This is a measure of self-reported 
cognitive concerns or complaints, and both terms are used interchangeably to describe 
the construct assessed. Qualitative methods were used to generate DIF hypotheses for 
subgroups. 

Acknowledgment of the salience of subjective cognitive complaints is relatively new 
within the field of neurology, and more generally cognitive aging. Early studies of sub-
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jective cognitive decline focused on memory, e.g., Gurland et al., 1999. Recent findings 
suggest that subjective complaints are associated with increased risk of dementia (Jessen 
et al., 2014; Reisberg, Shulman, Torossian, Leng, & Zhu, 2010) and biomarkers of Alz-
heimer’s Disease (Barnes et al., 2006; Sperling et al., 2011) among those presenting with 
otherwise-normal cognitive function. Subjective cognitive complaints are a key feature 
of mild cognitive impairment (MCI). However, to date, there is little evidence extant 
regarding the psychometric performance of such measures, and particularly of their 
measurement equivalence across subgroups. Moreover, subjective cognitive impairment 
may be common among people with cancer, especially those undergoing chemotherapy, 
and this is an important element of health-related quality-of-life for such individuals.. 

Racial and ethnic differences have been observed in informant-reported cognitive func-
tion. For example, examining diagnosis of cognitive impairment no dementia (CIND; 
based on neuropsychological testing), informant reports of cognitive decline were found 
to be associated with an increased odds of CIND among Whites, but not African Ameri-
cans (Potter et al., 2009). Differences have also been observed among Hispanic and non-
Hispanic White respondents in self-reported cognitive function. For example, 16.9 % of 
Hispanic or Latino respondents said that they had experienced confusion or memory loss 
(CML), which was significantly higher than the 12.1 % among Whites (Centers for Dis-
ease Control and Prevention, 2013). Differences in self-reported cognition may also 
occur by gender. Among older adults, reports of subjective memory have been shown to 
differ between men and women, with women reporting significantly more memory com-
plaints (Gagnon et al., 1994). Further, in a sample of young adults, males and females 
tended to assess their divergent thinking (i.e., creativity) across traditionally stereotypic 
lines (Kaufman, 2006); females rated themselves higher on verbal skills, while males 
rated themselves higher on general analytic thinking. It is also possible, however, that 
these results reflect DIF, which is to say, for example, when controlling for the overall 
level of cognitive complaints, females were more likely to endorse higher verbal skills 
and males to endorse general analytic thinking. DIF analyses are needed to differentiate 
between true differences and those attributable to DIF. 

Previous psychometric investigations of the PROMIS 8-item Applied Cognition - Gen-
eral Concerns short form have been limited to reliability and convergent validity in a 
community-dwelling sample of adults (Saffer, Lanting, Koehle, Klonsky, & Iverson, 
2015). In that study, participants were 156 adult and older adult (mean age = 52.5, SD = 
13.6) medical outpatient members of a multi-disciplinary healthcare center in British 
Columbia, Canada. Over half the participants were women (55.8 %), married (68.6 %), 
employed full-time (50.6 %), and had obtained at least a Bachelor׳s level education (55.1 
%). The vast majority of participants (98.7 %) reported English as their dominant lan-
guage. The Cronbach’s alpha internal consistency estimate was high (α = 0.95). Becker, 
Stuifbergen, and Morrison (2012) examined convergent validity with a neuropsychologi-
cal battery comprised of five tests. The sample (n = 29) was of multiple sclerosis patients 
(69 % non-progressive). The majority (90 %) was female, and highly educated (72 % 
college graduates or higher), with a mean age of 50 (SD = 7.5). The sample was primari-
ly White (90 %). The test battery included: Controlled Oral Word Association Test 
(COWAT; Benton, Sivan, Hamsher, Varney, & Spreen, 1983) assessing verbal fluency 
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and word finding; California Verbal Learning Test (CVLT-II; Delis, Kramer, Kaplan, & 
Ober, 2000) assessing verbal memory; Brief Visuospatial Memory Test (BVMT; Bene-
dict 1997) assessing nonverbal learning and memory; the Paced Auditory Serial Addition 
Test (PASAT; Gronwall, 1977) assessing auditory processing speed, flexibility, and 
calculations; and the Digit Symbol Modalities Test (Smith, 1982) assessing complex 
scanning and visual tracking. The strongest correlations (r = 0.30) emerged for the PA-
SAT (2-second version) and the BVMT. Test/retest reliability was conducted after a two 
month delay (r = 0.80). Finally, paired t-test analysis was used to assess statistically 
significant change from pre to post test, after an eight week cognitive intervention. The 
observed effect size was large (Cohen’s d = 1.25).  

As shown in this review, very little analyses of DIF in subjective cognitive assessment 
measures have been performed. One early analysis (Teresi et al., 2000) examined DIF in 
five subjective cognition items embedded within a cognitive screening measure. Samples 
of 866 Latinos, 619 African-Americans, and 360 non-Latino Whites were used to exam-
ine item performance. Among the self-report items, one item related to remembering 
telephone numbers was found to show DIF for Latino’s in the direction of a higher prob-
ability of difficulty for this group in comparison to the others. An item related to self-
reported difficulty remembering names of family or close friends or words was found to 
be a poor performing item in terms of item discrimination parameters. Little DIF anal-
yses have been performed on the PROMIS Applied Cognition – General Concerns short 
forms, and virtually no literature exists examining racial and ethnic groups. 

Aims 

The aim of this paper is to examine the psychometric properties and measurement equiv-
alence of the 8-item PROMIS Applied Cognition - General Concerns scale in an ethni-
cally diverse sample. DIF was examined across race/ethnicity, education, age, gender, 
and language (Spanish and English) groups.  

Methods 

Sample generation and description 

These data are from individuals with cancer who were selected from cancer registries. 
The analytic sample sizes for gender were 2,196 males and 3,245 females. The studied 
group was males in the analysis of gender. The analyses of race/ethnicity included five 
subgroups, with the reference group designated as non-Hispanic Whites (n = 2,272); the 
studied groups were: non-Hispanic Blacks (n = 1,121), Hispanics (n = 1,045), and 
Asians/Pacific Islanders (n = 902). Respondents (n = 133) who indicated multiple ethnic 
groups were not included in the analysis. The age groups studied were: 21 to 49 (n = 
1,199), 50 to 64 (n = 2,008), and 65 to 84 (n = 2,234). The reference group was the 21 to 
49 cohort. The respondents were grouped in five education categories: less than high 
school (n = 968), high school graduate (n = 1,051), some college (n = 1,762), college 
degree (n = 984), and post graduate degree (n = 641), the latter of which was used as the 
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reference group. Finally, there were 705 Hispanic respondents interviewed in English 
(the reference group) and 335 interviewed in Spanish (the studied group). Details of the 
sample characteristics are provided in an overview article by Jensen, et al. (2016) in this 
series. 

Measure 

The PROMIS Applied Cognition – General Concerns scale can be used as an outcome 
measure in clinical research. The scale consists of eight items measuring self-reported 
cognitive troubles or deficits. Items were drawn from the PROMIS item bank (Cella et 
al., 2007), an item repository that can be used by researchers to generate short forms or 
be administered as computerized adaptive tests. Based on the World Health Organization 
framework of physical, mental, and social health, nearly 7,000 items available from 
patient-reported outcome measures in areas such as pain, emotional distress, and physical 
functioning were reviewed (Becker et al, 2012). The final cognition item bank consists of 
34 subjective concerns about one’s cognitive ability. This bank includes questions per-
taining to the broad domains of memory (e.g., My memory is as good as usual…) and 
executive function/control (e.g., I have had trouble shifting back and forth between dif-
ferent activities that require thinking…). A domain team was convened with a focus on 
representing a brief range of the trait or construct represented in the item bank. Domain 
experts reviewed short forms to give input on the relevance of each item. 

The applied cognition – general concerns short form items include, for example: “I have 
had trouble forming thoughts”, “I have had trouble concentrating”, and “It has seemed 
like my brain was not working as well as usual”. Each item asks participants to report 
deficits “within the last 7 days” using five response options: never, rarely (once), some-
times (2 or three times), often (about once a day), very often (several times a day). Based 
on face validity (depending on which executive function model is referenced) this in-
strument may be best classified as a self-reported assessment of working memory and 
executive control because the item content relates to keeping track and forming thoughts 
which may assess maintenance of content in short-term working memory or episodic 
buffers. The item, slow thinking may also be related to maintenance in that slower pro-
cessing speed leaves more time for working-memory contents to decay, thus reducing 
effective capacity (Salthouse, 1996). The items, pay attention and trouble concentrating 
reference the executive monitoring system (Shallice, Burgess, & Robertson, 1996). Fi-
nally, the item, shifting back and forth relates to the neuropsychological tasks of set 
shifting, thought to capture one’s cognitive flexibility in switching between different 
tasks or mental states (Miyake et al., 2000).  

Psychometric properties and clinical input were both used in the decision making process 
related to selection of short-form items. Content experts reviewed the items and rankings 
(based on IRT-based information) and made cuts of 4, 6, and 8 items. The 4 and 6 item 
short forms are subsets of the 8 item short form. 
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Procedures and statistical approach 

Qualitative analysis and DIF hypothesis generation 

Fair and accurate measurement requires that test scores have the same meaning across all 
relevant groups (Reise & Waller, 2009). DIF hypotheses were generated by asking a set 
of clinicians and other content experts to indicate whether or not they expected DIF to be 
present, and the direction of the DIF with respect to several comparison groups: gender, 
age, race/ethnicity, language, education, and diagnosis of health conditions (e.g., cancer). 

The following instructions related to hypotheses generation were given.  

Differential item functioning means that individuals in groups with the same underly-
ing trait (state) level will have different probabilities of endorsing an item. Put anoth-
er way, reporting a symptom (e.g., trouble forming thoughts) should depend only on 
the level of the trait (state), e.g., perceived cognition, and not on membership in a 
group, e.g., male or female. Very specifically, randomly selected persons from each 
of two groups (e.g., males and females) who are at the same (e.g., mild) level of per-
ceived cognitive impairment should have the same likelihood of reporting difficulty 
with memory. If it is theorized that this might not be the case, it would be hypothe-
sized that the item has gender DIF.  

Each of the cognitive concerns items was reviewed qualitatively by nine content experts 
regarding potential sources of DIF. Three of the members of the panel were clinical or 
counseling psychologists, three were public health professionals, two were gerontolo-
gists, and one a geriatrician. They provided hypotheses in terms of presence and direc-
tion of DIF.  

Quantitative analyses 

Descriptive analyses: Item frequencies were evaluated within each subgroup and for the 
total sample to detect problems relating to skew and empty cell or sparse data (see Ham-
bleton, 2006). 

Model assumptions and fit 

Unidimensionality: Unidimensionality was assessed with exploratory (principal compo-
nents estimation) and confirmatory factor analysis. This merged application (Asparouhov 
& Muthén, 2009) was performed with MPlus software (Muthén & Muthén, 201l), fitting 
a unidimensional model with polychoric correlations allowing for cross-loadings. The 
exploratory analyses included tests of scree. The confirmatory process included tests of 
fit, e.g., Meade, Johnson, and Bradley, 2008; Muthén, 1982, with a focus on the Com-
parative Fit Index (CFI; Bentler, 1990). However, to avoid complete reliance on model 
fit indices, such as the CFI, confirmation of the unidimensional model was performed 
using a bi-factor model (see Cook, Kallen, & Amtmann, 2009). Bi-factor analysis fits a 
model with a general factor and group factors that capture specific remaining common 
variance across item subsets uncorrelated with the general factor (Primi, Rocha da Silva, 
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Rodrigues, Muniz, & Almeida, 2013; Reise, Morizot, & Hays, 2007). Loadings from a 
traditional unidimensional model (one-factor solution) were compared to those from the 
bi-factor model, obtained using the Schmid-Leiman (S-L; Schmid-Leiman, 1957; R 
“psych” package; Rizopoulus, 2009) solution. The procedure required that all items load 
on the general factor, with the loadings on the group factors adhering to the Schmid-
Leiman solution.  

The explained common variance (ECV) establishes whether the observed variance/ co-
variance matrix is close to unidimensionality (Sijtsma, 2009), and reflects the percent of 
observed variance explained (Reise, 2012). The first random half of a split sample was 
used to perform exploratory principal component analysis (PCA) and to fit a unidimen-
sional confirmatory factor analysis (CFA) model. 

Local independence: Local independence occurs when the respondent’s answer to one 
item has a bearing on the answer to another item. Local independence can affect the 
estimation of precision-related test information (e.g., inflating reliability estimates); it 
may also affect discrimination parameters (Embretson & Reise, 2000), and can result in 
false (positive) DIF detection (Houts & Edwards, 2013). Previous research has shown 
that many contemporary tests contain item dependencies, and not accounting for these 
dependencies leads to misleading estimates of item, test, and ability parameters (Zenisky, 
Hambleton, & Sireci, 2001). The local independence assumption was tested using the 
generalized and standardized local dependency chi-square statistics (Chen & Thissen, 
1997) supported by IRTPRO, version 2.1 (Cai, Thissen, & du Toit, 2011). Values greater 
than 10 are flagged for review. The procedure included sensitivity analysis whereby one 
item each from two pairs with elevated LD was removed.  

IRT-model fit: Model fit was investigated using the root mean square error of approxima-
tion (RMSEA) from IRTPRO (Cai et al., 2011). The criterion for acceptable fit was a 
value < 0.10. 

Anchor items and linking  

In this step of the analyses the comparison groups were linked on cognitive complaints 
and the mean and variance were estimated for the target groups under investigation. The 
reference group mean was set to 0 and the variance to 1. There are multiple methods that 
can be employed to derive anchors, a set of DIF-free items (Orlando-Edelen, Thissen, 
Teresi, Kleinman, & Ocepek-Welikson, 2006; Wang, Shih, & Sun, 2012; Woods, 2009). 
The method used here follows an iterative purification process in which a set of “puri-
fied” anchor items that do not evidence DIF were identified. A variant of what has been 
termed the iterative backward all-other test method (Kopf, Zeileis, & Strobl, 2015) was 
used, which examines p-values to remove items with DIF from the anchor. In this proce-
dure the χ2 statistics resulting from two models were compared, the first with all parame-
ters fixed to be equal for comparison groups, and the second freeing all parameters for 
the item under investigation. The derived log-likelihood ratio χ2 statistic was then evalu-
ated for significance. It has been suggested that a minimum of four anchor items be used 
in establishing the particular latent trait under investigation (Cohen, Cohen, Teresi, 
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Marchi, & Velez, 1990); additionally, the use of four as contrasted with fewer anchor 
items has been shown to increase the power for DIF detection (Shih & Wang, 2009).  

Sensitivity analyses for anchor item selection: Two sets of sensitivity analyses were 
performed to examine the effects of local dependencies and the number of anchor items 
on the results of the DIF analyses. First the number of anchor items was increased to four 
in instances in which fewer than four were originally identified. This was accomplished 
by comparing the goodness-of-fit statistics resulting from two nested models used in DIF 
detection. Second, the rank-order method was used to identify additional items with 
lower levels of DIF. In this case, the result was the same as the former method because 
all items had the same number of response categories and hence degrees of freedom. 
When less than four anchors were available, the analysis was repeated with four anchor 
items. The items were selected from the top of the hierarchical list of highest to lowest p-
values associated with the log-likelihood ratio tests described above.  

Model for DIF detection 

The graded response model (GRM; Samejima, 1969) was used to estimate parameters. 
The item characteristic curve (ICC) describes the relationship between item response and 
the underlying attribute measured, e.g., self-perceived cognition difficulties. There are 
two properties of the ICC for the graded response model: the item difficulty or location 
parameters (denoted b), and the discrimination (denoted a) which reflects the steepness 
of the curve or the degree to which the item is related to the underlying attribute meas-
ured. DIF is observed if there are group differences in the ICCs, reflecting unequal prob-
abilities of response, given equal levels of the trait.  

DIF detection tests: The Wald test was the primary method used to detect DIF, assessing 
group differences in IRT parameters. In this process, a model was established in which 
all parameters were constrained to be equal across comparison groups for anchor items, 
while the target item parameters were freed to be estimated separately for study groups. 
A simultaneous joint test of differences was assessed for the a and b parameters, which 
includes step down tests for group differences in the discrimination parameter, and con-
ditional tests of the difficulty parameters. Adjustments were made for multiple compari-
sons. 

Sensitivity analyses for DIF detection: An additional DIF assessment model is based on 
an iterative ordinal logistic regression IRT framework (Crane et al., 2007; Crane, Gib-
bons, Jolley, & van Belle, 2006; Crane, van Belle, & Larson, 2004) using lordif software 
(Choi, Gibbons, & Crane, 2011). This method has been used to examine cognitive as-
sessment measures (Crane et al., 2004; Crane et al., 2006; Crane Gibbons, Jolley, & van 
Belle, 2006; Gibbons et al., 2009). Lordif performs an ordinal (common odds-ratio) 
logistic regression DIF analysis using IRT theta (θ) estimates as the conditioning varia-
ble. The GRM or the generalized partial credit model (GPCM) is used for IRT trait esti-
mation. Items flagged for DIF are treated as unique items for each group to be calibrated 
separately, and group-specific item parameters are obtained. Items without DIF serve as 
anchors for IRT calibration. The procedure runs iteratively until the same set of items is 
flagged over two consecutive iterations, unless anchor items are specified in advance. A 
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discussion of cutoff values for DIF detection in the context of anchor items can be found 
in Mukherjee, Gibbons, Kristiansson, and Crane (2013). DIF was identified if the likeli-
hood ratio (LR) χ2 p-value was less than 0.01, and the McFadden (1974) R2 was greater 
than 0.02. (The threshold using the β change criteria was ≥ 0.1; pseudo R2 ≥ 0.02). 

Details of these methods are discussed in the overview article in this series (Teresi & 
Jones, 2016). An important point is that while many items may be flagged for significant 
DIF using the OLR method, interpretation of the findings of DIF must be made only 
after considering the magnitude of DIF. 

Evaluation of DIF magnitude, effect sizes and impact 

The expected item and scale scores were examined to determine the magnitude and im-
pact of DIF, respectively (see Figure 1 for examples).  

DIF magnitude: The expected score reflects the sum of weighted response probabilities 
for each item. This information is used to quantify the difference in the average expected 
item scores using the non-compensatory DIF (NCDIF) index (Raju, van der Linden, & 
Fleer, 1995), which is part of DFIT (Oshima, Kushubar, Scott, & Raju, 2009; Raju, 
1999; Raju, et al., 2009). Additional effect size metrics, T statistics (Wainer, 1993) modi-
fied to accommodate polytomous responses (Kim, Cohen, Alagoz, & Kim, 2007) were 
examined. Further information on these methods is given in this series (Kleinman & 
Teresi, 2016).  

DFIT software was applied after latent trait estimates were derived separately for each 
group and then equated together with item parameters using EQUATE software (Baker, 
1995). When DIF was observed the item was removed from the equating algorithm, thus 
incorporating new DIF-free equating constants. This iterative purification of equating 
constants has been shown to reduce type 1 error (Seybert & Stark, 2012).  

Cutoff values based on simulation studies (Fleer, 1993; Flowers, Oshima, & Raju, 1999) 
were used to estimate item-level DIF. Given the five category polytomous response data, 
a cutoff of 0.096 was applied (Raju, 1999). This cutoff corresponds to an average abso-
lute difference of 0.310, about a third of a point difference on a five point scale (see 
Raju, 1999; Meade, Lautenschlager, & Johnson, 2007).  

Evaluation of DIF impact: Aggregate DIF impact was assessed with expected scale score 
functions; group differences in these functions provide an overall aggregated measure of 
DIF impact. DIF-adjusted and unadjusted estimates of the latent cognition complaints 
construct were compared to determine DIF impact at the individual level. Estimates were 
adjusted for all items evidencing DIF after the Bonferroni correction. By fixing and 
freeing parameters and comparing results with and without DIF adjustment, the individ-
ual impact was estimated by calculating the number of individual θ estimates that differ 
by more than 0.5 and 1.0 standard deviations. Additionally, a threshold marker (a cutoff 
of θ equal to 1) defining individuals as cognitively compromised or not was examined.  

Crane and colleagues (2007) used a similar method in calculating the difference between 
naïve scores that ignore DIF and scores that account for DIF to examine cumulative 
impact of DIF on individual participants. The distribution of these difference scores is 
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then examined; for individual-level DIF impact, a box-and-whiskers plot of the differ-
ence scores is constructed. (This is shown on the left side of the graphic in Appendix, 
Figure A3.) The interquartile range is represented in the shaded box and is the middle  
50 % of the difference scores. The median of the difference scores is the bolded line (for 
most panels this value is around zero). The graphic on the right side shows the plot of the 
difference scores (ordinate) against the initial θ score on the x axis. Positive values on 
the right panel indicate that accounting for DIF resulted in somewhat lower cognitive 
concerns scores than those not accounting for DIF. In the third panel showing non-
Hispanic Whites vs. Asians/Pacific Islanders, the positive scores indicate that White 
respondents tended to have lower scores after DIF adjustment across mid to higher rang-
es of θ. The negative scores indicate that Asian/Pacific Islanders at mid to higher levels 
of cognitive concerns tend to have higher scores after DIF adjustment. A dotted line 
shows the mean difference between the initial and DIF-adjusted θ estimates (which in 
this case is close to zero). In the graphic in the first panel, the individual differences are 
small, ranging from -0.03 to about 0.03. “Salient” changes refer to changes exceeding the 
median standard error of the initial score. Differences larger than that value are termed 
salient individual-level DIF impact. (See Appendix Figure 3A depicting graphics from 
lordif [Choi et al., 2011], an R software module.) 

Evaluation of reliability and information 

McDonald’s Omega Total (ωt; McDonald, 1999) was estimated based on the proportion 
of total common variance explained. Internal consistency was also estimated with 
Cronbach’s alpha (Cronbach, 1951; Cronbach & Meehl, 1955) as well as ordinal alpha 
based on polychoric correlations (Zumbo, Gadermann, & Zeisser, 2007). An IRT-based 
reliability statistic was calculated as well, allowing for precision to be estimated at mul-
tiple points on the trait (θ) continuum.  

Results 

Qualitative analysis 

Table 1 shows the hypotheses generated for the cognition items. It was hypothesized that 
conditional on cognitive complaints women would more likely report trouble with form-
ing thoughts and concentrating as contrasted with males. The majority of raters did not 
posit race/ethnicity DIF hypotheses except for one item where some raters were in 
agreement that Latinos, in contrast to majority group members would be more likely to 
report that “my brain was not working as well as usual”. Language DIF was posited for 
one item also suggesting that Spanish speakers would be more likely (conditional on 
cognitive complaints) to report that they “have had to work really hard to pay attention or 
I would make a mistake” in comparison to the reference group. Similarly, with respect to 
education DIF, several expert panelists hypothesized that conditional on cognitive com-
plaints, individuals with higher levels of education would be more likely to endorse 
responses indicating higher dysfunction with regard to forming thoughts and brain not  
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Table 1: 
DIF hypotheses generated by nine content experts for applied cognition - general concerns items  

Item Stem Gender Age Race 
Ethnicity 

Language Education Diagnosis 

I have had trouble 
forming thoughts 
(8a) 

3a 
Women 
higher 
impair- 
ment (3)b 

4 
Older 
higher 
impairment 
(2) 

 2 
 

4 
Higher 
education 
higher 
impairment 
(2) 

4 
Depression /anxiety higher 
impairment (1); 
Ill higher impairment (1); 
Cancer higher impairment 
(1) 

My thinking has 
been slow 
(4a, 6a, 8a) 

 
 

4 
Older 
higher 
impairment

   3 
 

My thinking has 
been foggy 

2 
 

2 
 Older 
higher 
impairment

 5 
 

3 
 

2 

I have had trouble 
concentrating 
 (6a, 8a) 

3 
Women 
higher 
impair- 
ment (3) 

3 
Older 
higher 
impairment 
(2) 

  2 
 

5 
Cancer higher impairment 
(2); 
terminally ill/pain higher 
impairment (1); 
Depression /anxiety higher 
impairment (1) 

I have had to work 
really hard to pay 
attention or I would 
make a mistake (6a, 
8a) 

 
 

2  2 
Non-English 
higher 
impairment; 
Spanish higher 
impairment  

4 
Lower 
education 
higher 
impairment 
(2) 

 

It has seemed like 
my brain was not 
working as well as 
usual 
(4a, 6a, 8a) 

 
 

4 
Older 
higher 
impairment 
(3) 

2 
Latinos 
higher 
impairment 

 2 
Higher 
education 
higher 
impairment 

 

I have had to work 
harder than usual to 
keep track of what I 
was doing 
 (4a, 6a, 8a) 

 3 
Older 
higher 
impairment 
(2) 

  2  

I have had trouble 
shifting back and 
forth between 
different activities 
that require thinking 
(4a, 6a, 8a) 

 2   2  

a Number indicates total number of hypotheses; b Number of directional hypotheses; Italicized entries are 
those with 2 or more ratings in the same direction.  

Note: The following short-form 8a item was not included in the analyses: "My problems with memory, 
concentration, or making mental mistakes have interfered with the quality of my life." 
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working as well as usual; and that those with lower levels of education would be more 
likely to endorse the item “I have had to work really hard to pay attention or I would 
make a mistake”. Age-DIF hypotheses were posited for all items; for six out of the eight 
items, it was hypothesized that conditional on overall cognitive complaints, older indi-
viduals would endorse responses that indicate higher levels of cognitive dysfunction in 
contrast to younger individuals. Directions were not provided for the hypotheses for two 
items: had to work hard to pay attention and had trouble shifting back and forth. Raters 
posited directional DIF hypotheses for two items suggesting that (conditional on cogni-
tive complaints) individuals diagnosed with cancer or those terminally ill will be more 
likely to report trouble with forming thoughts or concentrating than those in the reference 
group (see Table 1). 

Quantitative results 

Item and raw score distributions 

The distribution as a whole was skewed toward no difficulty with cognition. Thirty four 
percent of the respondents (1,847 of 5,477) reported no problems; additionally, 48 to  
54 % of respondents reported that they never experienced the problems queried by indi-
vidual items. Only 6 % of respondents received a sum score of 24 to 32 (the maximum), 
a level that indicates on average having difficulties often or very often. 

Test of model assumptions and fit 

Unidimensionality: The results present strong evidence that essential unidimensionality 
was met for all subgroups (Table 2). The scree plot for the total sample provides a graph-
ical representation of the unidimensionality (Appendix Figure A1). For all comparison 
demographic subgroups the ratio of component 1 to 2 was large (21.0 to 32.0), with the 
first component accounting for 87 % to 92 % of the variance. A bifactor model from 
Mplus was used to examine dimensionality further using the second random half of the 
sample. The results summarized in Table 3 show that the loadings on the single common 
factor were very high (range of 0.94 to 0.97) and similar in magnitude to those on the 
general factor in the bifactor model. The high loadings imply intra-item correlations 
ranging from 0.85 to 0.93. The range of differences between the values of the loadings 
from the single common factor and that of the general factor was from 0 to 0.04, while 
the loadings on the group factors were low (0.13 to 0.36), thus providing additional 
support for unidimensionality. The communality values were also large, ranging from 
0.89 to 0.93.  

Tests of model fit and unidimensionality: The range of CFI values from the unidimen-
sional CFA analyses from Mplus was from 0.994 to 0.999 (see Appendix Table A1). The 
ECV, estimated with Pearson correlations ranged from 81.17 to 86.35 (Table 4). The IRT 
model fit statistic: the RMSEA from IRTPRO for the IRT models ranged from 0.05 to 
0.10 across DIF grouping variables, indicating good to acceptable fit (see Appendix, 
Table A1).  
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Table 2: 
PROMIS applied cognition - general concerns item set: Tests of dimensionality from 

principal components analysis (eigenvalues by subgroup) 
 

Statistic Component 
1 

Component 
2 

Component 
3 

Component
4 

Ratio 

Component 1/ 
Component 2 

Total Sample (n = 5,477) 

Eigenvalues 7.251 0.254 0.123 0.104 28.5 

Explained Variance 90.6 % 3.2 % 1.5 % 1.3 % 

Random First Half Sample (n = 2,739) 

Eigenvalues 7.282 0.243 0.120 0.097 30.0 

Explained Variance 91.0 % 3.0 % 1.5 % 1.2 % 

Females (n = 3,245) 

Eigenvalues 7.221 0.268 0.134 0.110 26.9 

Explained Variance 90.3 % 3.4 % 1.7 % 1.4 % 

Males (n = 2,196) 

Eigenvalues 7.268 0.246 0.116 0.096 29.5 

Explained Variance 90.9 % 3.1 % 1.5 % 1.2 % 

Age 21 to 49 (n = 1,199) 

Eigenvalues 7.268 0.254 0.122 0.101 28.6 

Explained Variance 90.9 % 3.2 % 1.5 % 1.3 % 

Age 50 to 64 (n = 2,008) 

Eigenvalues 7.285 0.231 0.123 0.103 31.5 

Explained Variance 91.1 % 2.9 % 1.5 % 1.3 % 

Age 65 to 84 (n = 2,234) 

Eigenvalues 7.155 0.297 0.139 0.112 24.1 

Explained Variance 89.4 % 3.7 % 1.7 % 1.4 % 

Race/Ethnicity: Non-Hispanic White (n = 2,272) 

Eigenvalues 7.325 0.229 0.116 0.095 32.0 

Explained Variance 91.6 % 2.9 % 1.5 % 1.2 % 

Race/Ethnicity: Non-Hispanic Black (n = 1,121) 

Eigenvalues 7.240 0.272 0.131 0.100 26.6 

Explained Variance 90.5 % 3.4 % 1.6 % 1.3 % 

Race/Ethnicity: Hispanic (n = 1,045) 

Eigenvalues 7.186 0.280 0.130 0.113 25.7 

Explained Variance 89.8 % 3.5 % 1.6 % 1.4 % 
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Statistic Component 
1 

Component 
2 

Component 
3 

Component
4 

Ratio 

Component 1/ 
Component 2 

Race/Ethnicity: Non-Hispanic Asians/Pacific Islanders (n = 902) 

Eigenvalues 7.171 0.277 0.148 0.128 25.9 

Explained Variance 89.6 % 3.5 % 1.9 % 1.6 % 

Education: Less Than High School (n = 968) 

Eigenvalues 7.126 0.289 0.149 0.111 24.7 

Explained Variance 89.1 % 3.6 % 1.9 % 1.4 % 

Education: High School (n = 1,051) 

Eigenvalues 7.211 0.266 0.145 0.105 27.1 

Explained Variance 90.1 % 3.3 % 1.8 % 1.3 % 

Education: Some College (n = 1,762) 

Eigenvalues 7.327 0.238 0.112 0.087 30.8 

Explained Variance 91.6 % 3.0 % 1.4 % 1.1 % 

Education: College Degree (n = 984) 

Eigenvalues 7.242 0.265 0.123 0.115 27.3 

Explained Variance 90.5 % 3.3 % 1.5 % 1.4 % 

Education: Graduate Degree (n = 641) 

Eigenvalues 7.297 0.241 0.121 0.104 30.3 

Explained Variance 91.2 % 3.0 % 1.5 % 1.3 % 

Hispanics Interviewed in English (n = 705) 

Eigenvalues 7.267 0.266 0.118 0.106 27.3 

Explained Variance 90.8 % 3.3 % 1.5 % 1.3 % 

Hispanics Interviewed in Spanish (n = 335) 

Eigenvalues 6.990 0.333 0.170 0.149 21.0 

Explained Variance 87.4 % 4.2 % 2.1 % 1.9 % 
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Local independence: In general, the local dependence values (not shown) were in the 
acceptable range. However, two sets of items showed elevated values for LD statistics: 
Item 1 – trouble forming thoughts paired with Item 2 – thinking has been slow (28.2 for 
non-Hispanic Black respondents and 22.1 for respondents with less than high school 
education) and Item 7 – has to work harder to keep track paired with Item 8 – trouble 
shifting activities (20.0 for non-Hispanic Black respondents and 27.6 for respondents 
with less than high school education).  

Reliability estimates 

The estimates of internal consistency were high; Cronbach’s alphas ranged from 0.967 to 
0.977. The ordinal alpha using polychoric correlations ranged from 0.979 to 0.987; the 
omega total values (Table 4) ranged from 0.980 to 0.987. The IRT-generated reliability 
estimates at points along the latent construct (θ) inform about the measurement precision.  
 
 

Table 4: 
PROMIS applied cognition - general concerns item set. Reliability statistics Alpha, Omega 

Total and explained common variance (ECV)  for the total sample and demographic 
subgroups (“Psych” R package) 

 Cronbach's 
Alpha 

Ordinal 

Alpha 

McDonald’s 
Omega 

ECV 

Total Sample 0.975 0.985 0.985 85.113 

Random Second Half of the Sample 0.974 0.985 0.985 84.581 

Age 21 to 49 years 0.977 0.986 0.986 85.942 

Age 50 to 64 years 0.976 0.986 0.986 85.612 

Age 65 to 84 years 0.971 0.983 0.983 83.145 

Male 0.974 0.986 0.986 84.673 

Female 0.975 0.985 0.985 85.050 

Non-Hispanic White 0.977 0.987 0.987 86.176 

Non-Hispanic Black 0.975 0.985 0.985 84.891 

Hispanic 0.974 0.984 0.984 84.563 

Non-Hispanic Asian/Pacific Islander 0.971 0.983 0.984 83.346 

Less Than High School 0.972 0.982 0.983 83.781 

High School Degree 0.974 0.984 0.985 84.707 

Some College 0.977 0.987 0.987 86.350 

College Graduate 0.973 0.985 0.985 84.399 

Graduate Degree 0.974 0.986 0.986 84.893 

Hispanics Interviewed in English 0.976 0.986 0.986 85.799 

Hispanics Interviewed in Spanish 0.967 0.979 0.980 81.174 
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The estimates, limited to θ levels where respondents were observed were high: 0.88 for 
the total sample and from 0.87 to 0.92 for individual subgroups (see Table 5). The esti-
mates were low at θ level -1.2 (0.52 for males to 0.68 for respondents interviewed in 
Spanish). For the total sample, estimates were in the upper 0.90’s at θ levels from -0.4 to 
2.0. 

Shown in Table 6 are the graded response item parameters and their standard errors for 
the total sample. For all items, the a (discrimination) parameters are high, ranging from 
4.35 for Item 1 – “I have had trouble forming thoughts” to 6.26 for Item 7 – “I have had 
to work harder than usual to keep track of what I was doing”. Similar patterns hold for 
all subgroups, although there was some variation (see Appendix Table A2). The a pa-
rameters ranged from 3.45 (Item 1 – trouble forming thoughts for respondents inter-
viewed in Spanish) to 7.35 (Item 7 – harder to keep track of what I was doing for non-
Hispanic Whites).  

 

 

Table 6: 
PROMIS applied cognition - general concerns item set: Item response theory (IRT) item 
parameters and standard error estimates (using IRTPRO) for the total sample (n = 5,459)  

Item description a s.e. 

of a 
b1 s.e. b2 s.e. b3 s.e. b4 s.e. 

I have had trouble 
forming thoughts 

4.35 0.11 0.08 0.02 0.75 0.02 1.36 0.02 1.85 0.03 

My thinking has been 
slow 

4.96 0.12 -0.04 0.02 0.60 0.02 1.26 0.02 1.74 0.03 

My thinking has been 
foggy 

5.50 0.15 0.10 0.02 0.73 0.02 1.36 0.02 1.85 0.03 

I have had trouble 
concentrating 

5.65 0.15 -0.04 0.02 0.62 0.02 1.29 0.02 1.74 0.03 

I have had to work really 
hard to pay attention or I 
would make a mistake 

5.63 0.15 0.07 0.02 0.72 0.02 1.31 0.02 1.81 0.03 

It has seemed like my 
brain was not working as 
well as usual 

6.01 0.17 0.01 0.02 0.61 0.02 1.20 0.02 1.67 0.02 

I have had to work harder 
than usual to keep track of 
what I was doing 

6.26 0.18 0.05 0.02 0.65 0.02 1.20 0.02 1.65 0.02 

I have had trouble shifting 
back and forth between 
different activities that 
require thinking 

5.90 0.17 0.09 0.02 0.71 0.02 1.27 0.02 1.70 0.03 
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DIF results 

Appendix Tables A3-A7 show detailed DIF results for race/ethnicity, education, age, 
gender, and interview language. Tables 7-10 are summaries of DIF results. Table 7 
shows the results for race/ethnicity. Only one item, “It has seemed like my brain was not 
working as well as usual”, showed DIF by both DIF detection methods: the Wald tests 
and ordinal logistic regression after Bonferroni correction. This item also evidenced T 
statistics above threshold for Hispanic and non-Hispanic Black respondents compared to 
the non-Hispanic White respondents; however, NCDIF magnitude estimates were below 
threshold for all items and all comparison groups. Conditional on cognitive complaints, 
Hispanic and Black respondents had a lower probability (higher b parameters) of endors-
ing the item in the cognitive complaints direction as compared to non-Hispanic White 
respondents (see Appendix Table A3). The magnitude of DIF is also reflected in the 
degree of non-overlap in the expected item score function curves in Figure 1. 

The item brain not working as well as usual was also flagged for DIF in education group 
comparisons by both the Wald and OLR-based tests after Bonferroni correction; howev-
er, the magnitude statistics were all under the thresholds (see Table 8). The DIF statistic 
was significant for the respondents with less than high school education as compared to 
those with a graduate degree; conditional on cognitive complaints (θ), those with less 
than high school education had a lower probability of endorsing the item in the cognitive 
complaints direction than those with a graduate school education (Appendix Table A4).  

Table 9 presents DIF results for both gender and age group comparisons. No item was 
flagged for DIF by both methods for gender comparisons (see also Appendix Table A6). 
For age group comparisons two items showed DIF by both the Wald and OLR-based 
tests: “I have had to work really hard to pay attention or I would make a mistake;” and “I 
have had trouble shifting back and forth between different activities that require think-
ing”. The latter item, trouble shifting between activities was significant for both age 
comparisons (50 to 64 years and 65 to 85 years) vs. the youngest group (aged 21 to 49). 
Conditional on cognitive complaints (θ), people in both older age groups had a higher 
likelihood of endorsing the item in the cognitive complaints direction (lower b parame-
ters). The item, working hard to pay attention showed significant DIF in the oldest (65 to 
84) vs. the youngest (21 to 49) age group comparison. Older respondents had a higher 
likelihood of endorsing that item in the cognitive complaints direction, conditional on the 
cognition (θ) estimate (See Appendix Table A5). No magnitude results were above the 
thresholds. 

No item showed DIF by both methods for the Spanish or English language of interview 
comparisons. The results are summarized in Table 10 and Appendix Table A7. 
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Table 10: 
PROMIS applied cognition - general concerns item set: Differential item function (DIF) 

results Language subgroups comparison, English vs. Spanish interview, for Hispanics only  

Item description IRTPRO lordif Magnitude
(NCDIF) 

Effect Size 
T1 

I have had trouble forming 
thoughts 

  0.0031 -0.0477 

My thinking has been slow   0.0009 -0.0214 

My thinking has been foggy U U* 0.0271 0.1309† 

I have had trouble concentrating   0.0064 -0.0652 

I have had to work really hard to 
pay attention or I would make a 
mistake 

  0.0071 -0.0545 

It has seemed like my brain was 
not working as well as usual 

 U* 0.0237 0.1190† 

I have had to work harder than 
usual to keep track of what I was 
doing 

  0.0038 0.0189 

I have had trouble shifting back 
and forth between different 
activities that require thinking 

NU  0.0114 -0.0209 

*Asterisks indicate significance after adjustment for multiple comparisons. All NCDIF values were 
smaller than the threshold (0.0960) † Indicates value above threshold of 0.10. 

NU = Non-uniform DIF involving the discrimination parameters; U = Uniform DIF involving the location 
parameters. 

For the lordif analyses, uniform and non-uniform DIF were determined using likelihood ratio chi-square 
tests. 

Uniform DIF is obtained by comparing the log likelihood values from models one and two.  

Non-uniform DIF is obtained by comparing the log likelihood values from models two and three.  

DIF of high magnitude was not detected using the pseudo R2 measures of Cox & Snell, Nagelkerke, and 
McFadden or with the change in β criterion.  

The threshold for β change was ≥ 0.1; pseudo R2 was ≥ 0.02. 

 

Sensitivity analysis 

For the age analysis only three items were originally selected as anchor items: “I have 
had trouble forming thoughts”, “My thinking has been slow” and “My thinking has been 
foggy”. In the sensitivity analysis, the item, “It has seemed like my brain was not work-
ing as well as usual” was added to the anchor set. There was no change in the item DIF 
designations. 

The second set of sensitivity analyses was performed to correct for high local dependen-
cy among the items by excluding one of the items in a pair with the highest LD statistic. 
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In the race/ethnicity DIF analysis, the item, “I have had trouble forming thoughts” was 
excluded (high LD was present for the item paired with the item: thinking has been 
slow). An additional item became significant after Bonferroni correction: “My thinking 
has been foggy” in the Hispanic vs. non-Hispanic White respondent comparison and the 
item, “I have had trouble concentrating” changed to significant, but only before the cor-
rection for multiple comparisons for the Asians/Pacific Islanders vs. White respondents 
comparison. In the analyses of education DIF, the item, “I have had to work harder to 
keep track of what I was doing” evidenced high LD values when paired with the item, “I 
have had trouble shifting back and forth between different activities that require think-
ing”. After excluding the item, harder to work harder to keep track, no additional items 
with DIF after Bonferroni correction were identified; however two items with DIF no 
longer evidenced DIF: trouble forming thoughts and “I have had to work really hard to 
pay attention or I would make a mistake”.   

Aggregate impact 

As shown in Figure 1, there was no evident scale level impact. All group curves were 
overlapping for all comparisons. 
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Figure 1: 
PROMIS applied cognition - general concerns item set: Expected scale and item score 

functions for race/ethnicity subgroups 
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Figure 1 - cont.: 
PROMIS applied cognition - general concerns item set: Expected scale and item score 

functions for education subgroups 
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Figure 1 - cont.: 
PROMIS applied cognition - general concerns item set: Expected scale and item score 

functions for age subgroups 
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Figure 1 - cont.: 
PROMIS applied cognition - general concerns item set: Expected scale and item score 

functions for gender subgroups 

  

 

 

Figure 1 - cont.: 
PROMIS applied cognition - general concerns item set: Expected scale and item score 

functions for language of the interview subgroups, Hispanics only 
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Individual impact 

Analyses were performed evaluating individual impact by comparing θs estimated ac-
counting and not accounting for DIF. The analysis was limited to the race/ethnicity, 
education, and age subgroups because there was no DIF observed in the primary anal-
yses for the gender subgroups and only minor DIF, non-significant after the Bonferroni 
correction, for the language subgroups. Individual impact for all comparative subgroups 
was minimal. The correlation of the two θ estimates was 1.0 for all three sets. There were 
only minor shifts in the θ estimates for all groups in both directions, some higher after 
the DIF adjustment and some lower. None was greater than 0.5 standard deviations. 
Using a cutoff point of θ ≥ 1.0 to classify respondents as cognitively challenged or not, 
there were no changes in this designation when comparing the two θ estimates. As 
shown in the graphics in Appendix Figure A3, the individual difference scores between 
unadjusted and DIF-adjusted scores are very small, ranging from -0.03 to 0.03 across 
most analyses.  

Information 

The item-level and scale information functions were examined for the total sample (see 
Figure 2 and Appendix Figure A2). Most scale information is supplied in the θ range 
from 0 to 1.6 with the peak of 67.2 at θ level = 1.6. The information function is also  
 
 

Figure 2: 
PROMIS applied cognition - general concerns item set: Test information function (IRTPRO) 

Total sample 

 

PROMIS Applied Cognition Item Set
Test Information Function with 95% Confidence Interval

0

10

20

30

40

50

60

70

-2.8 -2.4 -2.0 -1.6 -1.2 -0.8 -0.4 0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8

Cognitive Impairment (Theta)

T
es

t I
nf

o
rm

at
io

n



R. Fieo et al. 284

slightly bimodal dipping to 54.9 at θ = 0.4. Precision, expressed as the standard error of 
measurement is the inverse square root of information. The observed values (relatively 
low standard error of measurement about 0.12 to 0.14 at the peaks) support the high 
precision of the scale. The item, “I have had to work harder than usual to keep track of 
what I was doing” was the most informative with the peak information = 10.6 at θ level 
1.2 followed by the item, “It has seemed like my brain was not working as well as usual” 
with the peak information = 9.7 at θ level 1.2. The item, “I had trouble forming 
thoughts” with peak information = 5.4 at θ of 1.6 was the least informative. (It is noted 
that the values in Appendix Figure A2 are slightly different from those cited here be-
cause the curves in the graphs have been smoothed.) 

Discussion 

Measurement of self-reported cognition can be valuable, particularly in clinical settings, 
for example, serving as a resource-effective (e.g., time-based) method for ascertaining 
the impact of drug treatments. Perhaps more relevant is the association of subjective 
cognitive complaints to the diagnosis of mild cognitive impairment (MCI). The most 
problematic feature of this classification is the large number of people who adapt or 
otherwise revert back to normal function. It is well known that not all patients with MCI 
deteriorate. In fact some patients appear to improve over time (Ingles, Fisk, Merry, & 
Rockwood, 2003; Wolf et al., 1998). In one study, over almost 3 years, 19.5 % of those 
classified as MCI recovered, and an additional 61 % neither improved nor deteriorated 
(Wolf et al., 1998). The diagnosis of MCI incorporates concerns regarding a change in 
cognition that includes self-report and/or proxy reports of cognition (Albert et al., 2011). 
MCI was reclassified as mild neurocognitive disorder (mNCD) in the latest DSM revi-
sion (American Psychiatric Association, 2013). Perhaps this diagnostic reclassification 
should coincide with more vigorous scrutiny of the self-reported features of the disorder. 
This would entail an increase in evaluation of instrument performance relating to preci-
sion and accuracy, and moving beyond classical dimensions of assessments. It is un-
known if the PROMIS Applied Cognition – General Concerns short form will be useful 
in the classification of non-amnestic MCI.  

Descriptive measures of DIF magnitude are meaningful components of analysis and 
interpretation; because sample size can influence statistical significance thresholds, mag-
nitude assessment is a required step in DIF analyses. A framework for empirical deci-
sions relating to item performance must include an evaluation of magnitude. Despite 
finding significant differences in parameter estimates for many items, these results did 
not meet thresholds for meaningful DIF. For example, using the lordif methodology, DIF 
was not detected using the pseudo-R2 measures of Cox and Snell (1989), Nagelkerke 
(1991) and McFadden (1974) or with the change in β criterion. (The threshold for β 
change was ≥ 0.1; pseudo R2 was ≥ 0.02.)  

The most robust evidence for item-level DIF across subgroups was observed for the 
item, “It has seemed like my brain was not working as well as usual”. Further, within 
groups (i.e., age), DIF was salient for “I have had to work really hard to pay attention or 
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I would make a mistake;” and “I have had trouble shifting back and forth between differ-
ent activities that require thinking”. Given these findings, the items should be examined 
in other cross-validation samples. 

Cognitive change in cancer patients has been reported after treatment. For example, 
Shilling, Jenkins, Morris, Deutsch, and Bloomfield (2005) observed that subjects receiv-
ing chemotherapy (n = 50) for breast cancer had more than double the odds (OR = 2.25) 
of declining on measures of working memory than did the healthy control group (n = 
43). This is particularly relevant to our study of items pertaining to forming thoughts and 
concentrating. Having said this, not all forms of treatment will impact cognition. Joly et 
al. (2006) found that treatment for prostate cancer using androgen did not impact cogni-
tion, including self-reported/subjective cognitive function as compared with controls. 
Perhaps the elevated local dependence for selected items suggests that despite assessing 
several different neuropsychological constructs of function, such as speed (my thinking 
has been slow) verses attentional control (hard to pay attention); individuals may have 
difficulty differentiating in their self-reports, domains that are more clearly separable 
using neuropsychological tests. 

Based on the cognitive aging literature, it was hypothesized that DIF might be observed 
for age, with older respondents reporting greater complaints, conditional on cognition. 
The content experts also hypothesized that conditional on cognition older respondents 
would report higher impairment for six out of eight items. The two items that showed 
DIF for both the Wald and OLR-based tests: “I have had to work really hard to pay atten-
tion or I would make a mistake” and “I have had trouble shifting back and forth between 
different activities that require thinking”, both in the direction of more cognitive con-
cerns for older respondents were also hypothesized to show DIF; however the direction 
was not specified. Set shifting tasks of executive function often indicate age-related 
impairment. These findings are in line with the observation that executive functions are 
sensitive to age-related decline (Salthouse, Atkinson, & Berish, 2003). However, self-
reported cognition can show somewhat modest convergent validity with neuropsycholog-
ical measures in clinical and nonclinical populations (Becker, et al., 2012; Johnco, 
Wothrich, & Rapee, 2014), and both may be useful in assessing overall cognitive func-
tion. A parallel observation can be found in physical decline: there is evidence that self-
reported disability (e.g., getting around the house or walking upstairs) and performance 
based measures (e.g., walk-time) are comparable to each other, but usually measure 
different aspects of functioning (Coman & Richardson, 2006). Combining information 
from self-report and performance measures has been shown to increase prognostic value 
for physical function, particularly in high-functioning older adults (Reuben et al., 2004).  

DIF was hypothesized for the item brain not working as well as usual, in the direction of 
higher self-reported impairment for Latinos and respondents with higher education. After 
the Bonferroni correction, this item showed significant DIF in both primary and sensi-
tivity analyses for both the race/ethnicity and education comparisons. The hypothesis 
was confirmed in the education DIF analysis; however, in the race/ethnicity comparisons 
Hispanics and non-Hispanic Black respondents were less likely to endorse the item in the 
cognitive difficulties direction compared to the non-Hispanic White respondents. Hy-
pothesized DIF for the items, trouble forming thoughts (higher education higher impair-
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ment) and had to work hard to pay attention (lower education higher impairment) were 
not confirmed. In the language analysis, no DIF was found even though it was hypothe-
sized that conditional on cognition, non-English and Spanish speakers would report 
higher impairment in having to work hard to pay attention.   

Limitations 

Two possible limitations relate to the lack of ability to distinguish among Hispanic and 
Asian/Pacific Islander ethnic groups, and the local dependencies observed. Two items 
that might be singled out for further study include one of each item pair showing elevat-
ed local dependence: forming thoughts and shifting back and forth. Both evidenced 
slightly lower metrics relating to information and discriminatory power respectively, as 
compared to their paired locally dependent items. Overall, the forming thoughts item 
evidenced the lowest information, and the shifting item was found to have DIF in age 
group comparisons. The item, brain not working as well as usual might also be a candi-
date for further study because this item was the most problematic in terms of DIF.  

Conclusions 

In general, the psychometric properties of the PROMIS Applied Cognition-General 
Concerns scale, version 1 of the Cognitive Function item bank, were good to excellent in 
terms of reliability, information and measurement equivalence across groups. Although 
DIF was observed in several items, the magnitude was low, and the impact of DIF on the 
scale was trivial. Future work is needed examining this measure across different popula-
tions. 
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Appendix 

Table A1: 
PROMIS applied cognition - general concerns item set. Model fit statistics: Comparative fit 

index (CFI) from the confirmatory factor and bi-factor models and the graded response model 
fit from IRTPRO for the total sample and the demographic subgroups 

Sample CFA CFI 
(MPLUS) 

IRT Model 
RMSEA 

(IRTPRO) 

Total Sample (CFA) 0.995 0.05 

Random First Half Sample (CFA) 0.996 N/A 

Random Second Half Sample (Bi-factor CFA) 0.999 N/A 

Female 0.995 0.06 

Male 0.996 0.05 

Age 21 to 49 Years 0.996 0.06 

Age 50 to 64 Years 0.996 0.06 

Age 65 to 84 Years 0.994 0.05 

Non-Hispanic Whites 0.997 0.05 

Non-Hispanic Blacks 0.995 0.06 

Hispanics 0.995 0.07 

Non-Hispanic Asians/Pacific Islanders 0.994 0.10 

Less Than High School 0.994 0.08 

High School Graduate 0.995 0.06 

Some College 0.997 0.05 

College Graduate 0.996 0.07 

Graduate Degree 0.996 0.06 

Hispanics Interviewed in English 0.996 0.09 

Hispanics Interviewed in Spanish 0.994 0.09 
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Figure A1: 
PROMIS applied cognition - general concerns item set: Scree plot from exploratory factor 

analysis of the total sample (n = 5477) 

 
 

Figure A2: 
PROMIS applied cognition - general concerns item set: Item information functions  

of the total sample 
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Figure A3: 
Individual impact analyses graphs depicting individual-level differential item functioning 

impact (from lordif)  

 

Non-Hispanic White (reference group) vs. Hispanic 

 

 
Non-Hispanic White (reference group) vs. non-Hispanic Black 
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Non-Hispanic White (reference group) vs. NHAPI 

 

 
Graduate school (reference group) vs. high school degree 
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Graduate degree (reference group) vs. some college 

 

 
Graduate degree (reference group) vs. less than high school 
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Age 21 to 49 years (reference group) vs. age 50 to 64 years 

 

 
Age 21 to 49 years (reference group) vs. age 65 to 84 years 

 

 


