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Abstract

Objective—Previous studies have identified differential item function (DIF) in depressive 

symptoms measures, but the impact of DIF has been rarely reported. Given the critical importance 

of depressive symptoms assessment among older adults, we examined whether DIF due to 

demographic characteristics resulted in salient score changes in commonly used measures.

Methods—Four longitudinal studies of cognitive aging provided a sample size of 3,754 older 

adults, and included individuals both with and without a clinical diagnosis of major depression. 

Each study administered at least one of the following measures: the Center for Epidemiologic 

Studies Depression scale (CES-D; 20-item ordinal response or 10-item dichotomous response 

versions), the Geriatric Depression Scale (GDS), and the Montgomery-Åsberg Depression Rating 

Scale (MADRS). Hybrid logistic regression-item response theory methods were used to examine 
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the presence and impact of DIF due to age, sex, race/ethnicity, and years of education on the 

depressive symptoms items.

Results—Although statistically significant DIF due to demographic factors was present on 

several items, its cumulative impact on depressive symptoms scores was practically negligible.

Conclusions—The findings support substantive meaningfulness of previously reported 

demographic differences in depressive symptoms among older adults, showing that these 

individual differences were unlikely to have resulted from item bias attributable to demographic 

characteristics we examined.
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Introduction

Diagnostic issues are of critical importance in geriatric depression, a condition that is 

underdiagnosed and undertreated (Alexopoulos, 2005). Whereas effective treatment of 

depression among older adults has been linked to improved quality of life and reduced cost 

of healthcare (Alexopoulos et al., 2001), untreated depression has been associated with 

poorer cognitive and physical functioning, and increased suicide rate (Blazer, 2003). As has 

been shown by an extensive body of research, depressive symptoms vary by demographic 

characteristics, including age (e.g., Kessler et al., 1992), sex (e.g., Murrell et al., 1983), race/

ethnicity (e.g., Krause and Liang, 1992), and years of education (e.g., Lorant et al., 2003). 

Prior to concluding that these differences reflect true demographic variation, it is important 

to establish that they did not result from testing bias, whereby some individuals or groups 

have an unequal probability of endorsing a particular item due to reasons other than 

depressive symptoms.

The question of measurement equivalence is relevant not only to the specialized research of 

scale psychometrics, but also to the broader scholarship investigating geriatric mental health 

disparities. The root of disparities in self-reported depressive symptoms may indeed lie with 

demographic differences in symptoms. Conversely, these demographic differences could 

reflect a condition where members of a particular demographic group, at similar levels of 

depressive symptomatology, do not respond to scale items in a way that is comparable to 

that of members of a chosen reference group. The former source of differences suggests true 

demographic dissimilarity, whereas the latter source is known as differential item 

functioning (DIF; Camilli and Shepard, 1994). In the case of depressive symptoms, such 

problems in assessment may lead to false positive diagnoses, thereby increasing public cost 

of care, or false negative diagnoses, thereby exacerbating depression underdiagnosis.

A number of studies have reported statistically significant demographic DIF in commonly-

used depressive symptoms measures. Several studies investigating sex-based DIF among 

older adults on the Geriatric Depression Scale (GDS) and the Center for Epidemiologic 

Studies Depression scale (CES-D) have demonstrated that compared to men with the same 

level of depressive symptoms, women are less likely to endorse the GDS item “Hopeless” 
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(e.g., Broekman et al., 2008), but more likely to endorse the CES-D item “Crying” (e.g., 

Cole et al., 2000). Others have shown that compared to Whites with the same level of 

depressive symptomatology, Blacks or African Americans are more likely to endorse CES-

D items “People were unfriendly” and “People disliked me,” (e.g., Yang et al., 2009), and 

Mexican Americans are more likely to endorse some of the positively worded items, 

including “Happy” (e.g., Kim et al., 2009).

Aside from these relatively consistent findings, much of the evidence for demographic-

based DIF varies, such that items may reach the threshold for statistical significance in some 

studies, but not in others. This is the case with age-based DIF on GDS items “Dropped 

activities,” “Stay home,” “Memory problems,” “Worthless,” “Energy”, and CES-D items 

“Failure,” “Hopeful, “Bothered” (Cole et al., 2000, Grayson et al., 2000, Yang et al., 2009, 

Broekman et al., 2008, Marc et al., 2008); sex-based DIF on GDS items “Good spirits,” 

“Memory problems,” “Afraid,” and CES-D items “People were unfriendly,” “People 

disliked me,” “Failure,” “Talked less,” “Effort,” “Fearful,” “Restless sleep” (Yang et al., 

2009, Grayson et al., 2000, Stommel et al., 1993, Marc et al., 2008, Broekman et al., 2008); 

race-based DIF on the GDS item “Memory problems” (Marc et al., 2008); and race/

ethnicity-based DIF on the CES-D items “As good as other people,” “Hopeful,” “Enjoyed 

life” (Kim et al., 2009).

The first objective of current manuscript was to assess item-level DIF in commonly-used 

depressive symptoms measures among large and diverse samples of older adults. 

Specifically, we utilized data from four longitudinal studies of cognitive aging to examine 

test bias attributable to age, sex, race/ethnicity, and years of education in the following 

depressive symptoms instruments: GDS, CES-D (20-item ordinal response and 10-item 

dichotomous response versions), and the Montgomery-Åsberg Depression Rating Scale 

(MADRS)). Following item-level DIF detection, an important but relatively infrequent step 

is to examine the degree to which statistically-significant DIF results are salient or 

meaningful (Crane et al., 2010). Thus, our second objective was to compare DIF-accounted 

depressive symptoms scores with the original scores, and to identify instances when the 

difference in the two scores was large enough to be practically meaningful.

Methods

Participants

DIF in depressive symptoms was assessed among participants (N=3,754) in four studies of 

cognitive aging: (1) the Joseph and Kathleen Bryan Alzheimer’s Disease Research Center at 

Duke University (Duke ADRC; n=511); (2) the Spanish and English Neuropsychological 

Assessment Scales at the University of California, Davis’ Alzheimer’s Disease Center (UCD 

ADC; n=620); (3) the Washington Heights/Hamilton Heights-Inwood Columbia Aging 

Project (WHICAP; n=2,045); and (4) the Neurocognitive Outcomes of Depression in the 

Elderly Study (NCODE; n=578). We examined data from the first assessment of depressive 

symptoms in each study. Each study’s methodology is described in previously published 

work (Duke ADRC: Romero et al., 2010, Carvalho et al., submitted, UCD ADC: Hinton et 

al., 2010, WHICAP: Manly et al., 2005, NCODE: Steffens et al., 2004). For a brief 
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overview, refer to Supplementary Material. All study procedures were approved by their 

respective Institutional Review Boards.

Measures

GDS—Duke ADRC and UCD ADC utilized the 15-item GDS (Sheikh and Yesavage, 1986), 

a validated and reliable scale with dichotomous response categories that was developed to 

assess depressive symptoms in the older adult population (Lyness et al., 1997). The average 

GDS score was 1.4 (SD=2.0, range 0–12) in Duke ADRC, and 2.4 (SD=2.9, range 0–15) in 

UCD ADC.

CES-D—The CES-D (Radloff, 1977) is a commonly-used measure of depressive symptoms 

among adults of all ages; both long and short versions of the CES-D have been validated for 

use among older adults (e.g., Lyness et al., 1997). A 10-item dichotomous response version 

was used in the WHICAP (M=1.9, SD=2.1, range 0–10), whereas the 20-item ordinal 

response version was used in NCODE (M=22.7, SD=16.4, range 0–58).

MADRS—NCODE also administered the MADRS (Montgomery and Åsberg, 1979) to a 

subsample of participants (n=389). The MADRS is a clinician-rated 10-item ordinal-

response scale validated among older adults (Mottram et al., 2001). The average MADRS 

score was 23.9 (SD=16.4, range 0–54).

Demographic variables—Participant characteristics are detailed in Table 1. For 

consistency across studies, we used race and ethnicity data collected by each study to 

classify participants according to the Office of Management and Budget standards for 

maintaining, collecting, and presenting data on race and ethnicity (Office of Management 

and Budget, 1997), which are also used by the United States Census Bureau.

Analytic Strategy

The general analytic strategy was to (1) use item-response theory (IRT) to assess DIF 

sequentially due to age, sex, race/ethnicity, and years of education; and (2) identify DIF 

salience. Where applicable, we also assessed DIF due to test language. As IRT requires 

unidimensionality, we preceded DIF analyses by first confirming the unidimensionality 

assumption in depressive symptoms scales.

Unidimensionality—The unidimensionality assumption was assessed with a single factor 

model in Mplus 6.11 (Muthén and Muthén, 1998–2010) using conventional criteria for 

acceptable model fit: CFI>0.95, TLI >0.95, and RMSEA<0.08 (Reeve et al., 2007). When 

the assumption of unidimensionality was questionable, results were confirmed in Mplus 

with MIMIC models, which accounted for residual correlations among symptom items 

(Jones, 2006).

IRT-based depression scores—IRT-based depression scores were computed with 

PARSCALE 4.1 (Muraki and Bock, 2003), using Samejima’s graded response model 

(Samejima, 1969) for ordinal responses.
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DIF detection—We assessed item-level uniform (differences present across all levels of 

depressive symptoms) and non-uniform (differences that vary by depressive symptoms 

level) DIF using the hybrid ordinal logistic regression-IRT method for DIF detection, with 

the Stata (StataCorp, 2011) command -difwithpar- (Crane et al., 2006, Gibbons et al., 2009). 

DIF-free items were used as anchors, and group-specific item parameters were estimated for 

items with DIF. DIF significance was initially set to a liberal p≤.05 criterion. Due to the 

large sample and the small number of dichotomous items, we found a p≤.01 threshold was 

needed in WHICAP to retain enough anchor items.

In Duke ADRC and NCODE1 samples, DIF significance was assessed sequentially, starting 

with age, followed by sex, race, and education. Age was dichotomized at each study-specific 

median (≤72 years old (M=65) versus >72 years old (M=80) in Duke ADRC; and ≤69 years 

old (M=64) versus >69 years old (M=76) in NCODE). We then accounted for sex-based 

DIF, race-based DIF (Black or African American versus White), and education years-based 

DIF (≤15 vs. >15 years in Duke ADRC, and ≤14 vs. >14 years in NCODE).

In UCD ADC and WHICAP, DIF detection started with age (≤75 years old (M=70) versus 

>75 years old (M=82) in UCD ADC; ≤75 years old (M=71) versus >75 years old (M=83) in 

WHICAP), then sex. Sequential DIF detection due to education, race/ethnicity, and test 

language, was not feasible, because these factors were highly correlated in UCD ADC and 

WHICAP. To address this, we created race/ethnicity–education–test language groups of 

participants specific to each study.

Four groups were created in UCD ADC: White participants assessed in English; Black or 

African American participants assessed in English; Hispanic or Latino participants assessed 

in English; and Hispanic or Latino participants assessed in Spanish. The effect of education 

years was examined within each race/ethnicity–test language group, by dividing each group 

at its median years of education: ≤13 versus >13 years among the White and Black or 

African American groups. The small sample sizes in the Hispanic or Latino assessment 

language groups precluded accounting for DIF due to education years within test language. 

Instead, we tested the effect of education years (≤5 vs. >5 years) among the entire group of 

Hispanic or Latino participants without regard to language of assessment.

Three groups were created in WHICAP: non-Hispanic White participants tested in English, 

non-Hispanic Black or African American participants tested in English, and Hispanic or 

Latino participants tested in Spanish. The effect of education years was examined within 

each race/ethnicity–test language group, by dividing each group at its median years of 

education: ≤5 versus >5 years within the Hispanic or Latino groups, and ≤13 versus >13 

years among the other groups.

Salient DIF—Following item-level DIF detection, DIF salience was assessed by comparing 

the original score with the DIF-accounted depressive symptoms score, noting all instances 

when the difference between the two exceeded the original score’s standard error of 

1In NCODE, some of the CES-D and MADRS response categories were combined in order to have sufficient cell sizes for assessing 
DIF.
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measurement (Gibbons et al., 2009). This degree of change that has been associated with 

meaningful differences (e.g., Bartels et al., 2004).

Results

Duke ADRC

The single-factor model had excellent fit, with a CFI of 0.97, TLI 0.97 and RMSEA 0.03. 

The median SEM on the GDS was 0.66. There was no significant DIF due to age, although 

several items exhibited statistically significant DIF due to race, sex, and years of education 

(Supplementary Table 1). Accounting for DIF caused slight changes in GDS group means: 

scores among Whites, women, and those with more than 15 years of education increased, 

whereas scores among Blacks, men, and those with ≤15 years of education decreased.

Shifts in scores were all well within the limits of one SEM for age, sex and race (Figure 1). 

One participant had a salient score change due to education, a man with over 15 years of 

education who endorsed only the item “Better.” His estimate changed from 0.2 to −0.8, 

indicating that he was less depressed than a DIF-naïve score would indicate. Overall 

changes were minor, but one can observe a slight decrease in scores in the top box (≤15 

years) and a slight increase in the lower box (>15 years) after accounting for DIF. Though 

minor, this was the largest change due to DIF observed in any of the four samples (a 

decrease of 0.11 SD in the mean GDS for the group with fewer years of education, and an 

increase of 0.07 SD in the group with more years of education). All other group mean 

changes in all four studies were less than 0.06 SD, and most were less than 0.02 SD. When 

all sources of DIF were accounted for (Figure 2), five additional people had salient DIF: 

four who endorsed only the item “Better” and one whose estimate also decreased by 1 SD.

UCD ADC

The single-factor model had excellent fit, with a CFI, TLI, and RMSEA values of 0.98, 0.97 

and 0.04, respectively. The median SEM of the GDS was 0.56. There was statistically 

significant DIF due to age, sex, and race/ethnicity–test language group, and there was no 

DIF due to years of education within each race/ethnicity group (Supplementary Table 2). No 

UCD ADC participant had salient DIF (Figure 2).

WHICAP

The single-factor model did not have acceptable fit (CFI: 0.90, TLI: 0.88, RMSEA: 0.09). 

We added a residual correlation between the two positively-worded items (“Happy,” and 

“Enjoyed life”), resulting in CFI, TLI and RMSEA fit indices of 0.96, 0.95, and 0.06, 

respectively. When compared to the CES-D scores calculated with the assumption of 

unidimensionality, this model showed reduced factor loadings for the two correlated items. 

The CES-D scores from this scale correlated 0.99 with the single-factor model. Thus, we 

proceeded with the assumption of unidimensionality, but also ran confirmatory analyses 

using MIMIC modeling. The median SEM was 0.54.

There was statistically significant DIF due to age, sex, and race/ethnicity–test language–

years of education groups (Supplementary Table 3), but the overall impact was minimal, 
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even after accounting for all demographic sources of DIF (Figure 2). The largest change in 

CES-D score was 0.37. We examined DIF due to years of education separately, ignoring 

race/ethnicity and test language, and also saw no salient DIF. When years of education were 

divided at the median within each race/ethnicity group, there was no DIF among the White 

and Hispanic or Latino participants, and no salient DIF among Black or African American 

participants. Mplus validation analyses accounting for a residual correlation between the two 

positively-worded items produced similar results (not presented).

NCODE CES-D

The single-factor model had acceptable fit (CFI: 0.98, TLI: 0.98, RMSEA: 0.06). There was 

statistically significant DIF due to each demographic covariate (Supplementary Table 4), but 

the impact was negligible, with all changes well under the median SEM of 0.29 (Figure 2).

NCODE MADRS

The single-factor model did not have acceptable fit (CFI: 0.93, TLI: 0.98, RMSEA: 0.10). 

Residual correlations were added between “Pessimistic thoughts” and “Suicidal thoughts,” 

and between “Reported sadness” and “Reduced appetite,” to form a model with acceptable 

fit (CFI: 0.97, TLI: 0.99, RMSEA: 0.07). When compared to the unidimensional model, the 

standardized factor loadings in this model changed by, at most, 0.04 units. The two scores 

were correlated 0.99. We proceeded with the assumption of unidimensionality, but also ran 

MIMIC models as confirmatory analyses.

There was statistically significant DIF due to demographic characteristics (Supplementary 

Table 5). After accounting for all sources of DIF, we found negligible impact on group 

MADRS scores (Figure 2). There were 11 individuals with salient DIF. Two of the 11 

participants exhibited a change of greater than 0.5 SD on the MADRS. These participants 

had a MADRS score of 52 and 54, and would be considered depressed with either the 

original IRT score (2.6) or the DIF-adjusted score (3.2). Mplus validation analyses showed 

that changes in scores were similar in models with and without the residual correlation 

(results not presented).

Secondary Analyses

Since rates of cognitive impairment vary by demographic characteristics (e.g., age), we were 

concerned that any significant DIF attributed to one or more of these demographic factors 

may be due to differences in cognitive status. We reran DIF analyses omitting participants 

with a score of 1 or higher on the Clinical Dementia Rating Scale (Hughes et al., 1982) in 

Duke ADRC, UCD ADC, and WHICAP samples (NCODE did not administer the CDR). The 

results revealed one participant in Duke ADRC had salient DIF due to years of education, 

with no participants exhibiting salient DIF due to other demographic characteristics or in 

other samples.

Discussion

Understanding health disparities in mental health outcomes requires the establishment of 

measurement equivalence (Stewart and Nápoles-Springer, 2003), which confirms that 
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individuals are screened consistently across groups. A number of recent studies have called 

into question the extent to which demographic differences in depression may, in part, reflect 

demographic effects on psychometric properties of depressive symptoms scales. Our results 

demonstrate that although statistically significant bias was indeed detectable on some items, 

its impact on final depressive symptoms scores was practically negligible. Thus, the current 

study supports the practical utility of the examined scales, as well as the substantive 

meaningfulness of previously reported individual differences in depressive symptoms levels.

We have shown that some GDS, CES-D, and MADRS items exhibit statistically significant 

DIF due to age, sex, race/ethnicity, and years of education. We confirmed several previous 

findings (e.g., sex-based DIF on the CES-D item “Crying;” Cole et al., 2000), but not others 

(e.g., race-based DIF on CES-D items “People were unfriendly” and “People disliked me;” 

Yang et al., 2009). The presence of statistically significant item bias lead earlier researchers 

to recommend dropping items with DIF (e.g., Stommel et al., 1993). As explained in more 

recent work (e.g., Teresi et al., 2012), dropping items with DIF is unnecessary. Readily 

available statistical approaches using Structural Equations Modeling or hybrid ordinal 

logistic regression-IRT modeling allow researchers to simultaneously account for potential 

sources of DIF with covariates, or to output modified scale scores that account for all 

sources of DIF. These approaches allow for formal assessment of DIF, while retaining all 

available scale items for greater precision in parameter estimation.

The current study also evaluated whether significant item bias resulted in salient changes in 

total depressive symptoms scores. Current psychometric literature does not clearly articulate 

thresholds designating varying degrees of DIF significance (Yang and Jones, 2008). 

Previously reported definitions of salient DIF differ by study, and have included the 

following: item-level DIF crossing the threshold α level of .05 (Areán and Miranda, 1997), 

item-level DIF with Bonferroni-corrected p-values (Kim et al., 2009), a critical ratio of 1.25 

SE (Uebelacker et al., 2009), and a critical ratio of 2 SE (Grayson et al., 2000). Given the 

importance of the overall level of depressive symptoms in research and clinical settings, we 

focused on a change in total score (rather than on change in individual items), as the most 

practical approach to detecting salient DIF. Using the median SEM as the critical threshold, 

we found that, statistically significant demographics-based differences in item endorsement 

did not yield practically meaningful changes in scores.

Limitations and Future Directions

Among the limitations of the current study, it is important to note that our comparisons of 

race/ethnicity-based DIF were based on data from Black or African American, Hispanic or 

Latino, and White participants. This means that future comparisons among older adults of 

different racial and ethnic backgrounds may detect salient DIF. Similarly, we only compared 

Spanish and English language versions, and future work should assess bias due to testing 

language across other commonly utilized translations of these depressive symptoms scales. 

We should also note that except for NCODE, the average depressive symptoms scores were 

relatively low, resulting in less precision for the higher levels of the depressive symptoms 

construct. NCODE and Duke ADRC participants completed a relatively high number of 

years of education (mean 14.0 and 15.5, respectively). Although UCD ADC and WHICAP 
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participants reported a greater range of education years, education was strongly related to 

assessment language, precluding a test of DIF due only to years of education. Thus, it is 

possible that the current samples did not allow for detection of residual DIF due to fewer 

years of education.

Prior work demonstrates that a simple indicator of years of schooling is insufficient for 

understanding differences due to educational experiences among racially- and ethnically-

diverse adults (Manly et al., 2004). A more sophisticated analysis of education-based DIF in 

depressive symptoms should investigate DIF due to various facets of education quality (e.g., 

literacy level), which more fully capture the complexity of the educational experience 

construct. Our findings are based on samples of older adults who exhibit a wide range of 

cognitive function. While secondary analyses indicate that our findings on demographics-

based DIF were not due to differences in cognitive status, future work should examine 

cognitive status as a source of DIF in depressive symptoms items and scores.

The SEM approach is limited in that it depends on measurement precision of each 

depressive symptoms scale, rather than on clinically-determined criteria that have been 

shown to signify meaningful differences in depressive symptoms. A lack of established 

clinically important differences on the CES-D and GDS (cf. Duru and Fantino, 2008 for 

MADRS) precluded us from determining whether the small demographic-based DIF found 

in the current study was sufficiently substantial to reach the threshold of clinically 

meaningful differences.

Conclusion

The current study examined item bias across four commonly-used scales of depressive 

symptoms, and across four large samples with different sampling protocols, which included 

participants both with and without a clinical diagnosis of depression. We demonstrated that 

the cumulative impacts of demographic characteristics on measurement are practically 

negligible, suggesting that researchers can effectively assess depressive symptoms among 

older adults across the four major sociodemographic characteristics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

1. In light of the growing concern with item bias in depressive symptoms 

measures, we determined the significance and practical impact of item bias due 

to demographic characteristics among four large heterogeneous samples of older 

adults.

2. We detected statistically significant, but not practically meaningful impact of 

differential item function (DIF) due to age, sex, race/ethnicity, and years of 

education on four commonly-used measures of depressive symptoms.

3. Although statistically significant DIF due to demographic factors is detectable 

on several depressive symptoms items, its cumulative impact on depressive 

symptoms scores is practically negligible.

4. The results support previously-reported demographic differences in depressive 

symptoms, showing that these individual differences were unlikely to have 

resulted from item bias attributable to age, sex, race/ethnicity, or years of 

education.
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Figure 1. 
Box plots of the changes in the IRT-based Geriatric Depression Scale (GDS) scores in the 

Duke ADRCsample, after accounting for DIF due to race and education. The plot shows the 

difference between unadjustedGDS scores, and GDS scores after accounting for DIF due to 

each covariate. If DIF had no impact for an individual, that observation should lie at zero. 

The grayed boxes represent the inter quartile range, whereas the whiskers signify the upper 

and lower adjacent values as defined byTukey (Tukey, 1977). Observations more extreme 

than the upper and lower adjacent values are outliers, which are represented by dots. 

Vertical lines are placed at one Standard Error of Measurement for GDS (i.e., ±0.66 in the 

Duke ADRC sample), and indicate the presence of salient DIF.
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Figure 2. 
Box plots of the changes in the IRT-based depression scores after accounting for DIF. The 

plots show the difference between unadjusted scores, and scores after accounting for DIF 

due to each individual demographic characteristic or overall DIF. If DIF had no impact for 

an individual, that observation should lie at zero. The grayed boxes represent the inter 

quartile range, whereas the whiskers signify the upper and lower adjacent values as defined 

by Tukey(Tukey, 1977). Observations more extreme than the upper and lower adjacent 

values are outliers, which are represented by dots. Vertical lines are placed at one Standard 

Error of Measurement for each scale in each sample, and indicate the presence of salient 

DIF. “Group” refers to the race/ethnicity-test language group in UCD ADC, and race/

ethnicity-test language-years of education group in WHICAP (see Methods).
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