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Abstract

Unfair treatment based on race is an unfortunate reality. While there is increasing interest

in mapping the daily and longer-term impact of discrimination in psychology, studies that
examine the psychometric properties of indicators spanning these timeframes is limited. Item
response analysis examined the measurement characteristics of two daily measures of ethnic/racial
discrimination: 1) the six-item Racial/Ethnic Discrimination Index (REDI), and 2) the modified
five-item Everyday Discrimination Scale (EDS; Williams, Yu, Jackson, & Anderson, 1997). This
study investigated whether the two scales can be appropriately adapted to access adolescents’
daily-level ethnic/racial discrimination experiences. Both measures were administered for 14
consecutive days in a sample of 350 adolescents attending public schools in a large, urban area.
Results suggest that the REDI has high loading and high difficulty. All REDI items functioned
similarly at daily and person levels, suggesting that any single REDI item measured on a single
day is sufficient for measuring daily ethnic/racial discrimination experiences. The EDS also shows
high loading and high difficulty. However, EDS items functioned differently at the daily- and
person-levels. REDI items were invariant across gender and race/ethnicity (African Americans,
Asians, and Latinx). Recommendations for measuring daily ethnic/racial discrimination are
discussed.

Keywords
racial/ethnic discrimination; daily diary; multilevel item response theory

Racial/ethnic discrimination (RED) is considered to be differential or unfair treatment on
the basis of ethnicity or race, and is a normative experience for racial/ethnic minorities
in the United States (Williams & Williams-Morris, 2000). A large and growing body of
systematic reviews and meta-analyses have found that RED is associated with negative
mental health outcomes such as psychological distress, depression and anxiety, academic
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This study investigates two measures of everyday racial/ethnic discrimination: the Everyday Discrimination Scale and the Racial/
Ethnic Discrimination Index. Our analyses suggest that the latter is a more sensitive measure of everyday racial/ethnic discrimination
when administered at the daily level.
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outcomes, and negative physical health outcomes, such as increased blood pressure and
risky health behaviors at various points along the lifespan (Benner et al., 2018; Paradies,
2006; Paradies et al., 2015; Schmitt, Postmes, Branscombe, & Garcia, 2014; Williams &
Mohammed, 2009).

Studies of RED began with a focus on lifetime discrimination and major discriminatory
events such as housing or employment discrimination (Collins & Essed, 1992; Pager &
Shepherd, 2008; Ziegert & Hanges, 2005). At the same time, researchers recognized that
RED also exists in everyday interactions in more subtle, but no less harmful ways (Sue,
2010). Research finds that “everyday” experiences of RED comprise a larger percentage

of exposure compared to major life events (Kessler, Mickelson, & Williams, 1999).
Contemporary researchers have come to understand that RED takes many forms and
encompasses both major and everyday events. In order to develop a holistic picture of how
RED is implicated in mental and physical health, it is necessary to study the discrimination
at the person- (i.e., how it varies from one person to the next) and the daily- (i.e., how it
varies from one day to the next for the same person) levels, respectively capturing major and
everyday discrimination. Though there has been interest in studying the RED at both daily-
and person-level, only a few studies have distinguished the source of variability between
daily-level RED and person-level RED (Seaton & lida, 2019; Torres & Ong, 2010), and no
study has examined the daily RED measure systematically. The current study addresses this
gap in the literature with an item response analyses of two measures of RED assessed at both
the person and the daily levels.

Measuring Racial/Ethnic Discrimination

The growing interest in measuring the impact of RED is reflected in the number of measures
that have been used in the literature. Recent meta-analyses and systematic reviews find
that there are 36 to 123 measures of RED (Benner et al., 2018; Carter et al., 2019; Yip,
Wang, Mootoo, & Mirpuri, 2019), reflecting the considerable variability in measuring

the construct of racial/ethnic discrimination. Four sources of variability can be identified.
First, scales employ different time frames for retrospective responses (e.g., past month,
past year; Mouzon, Taylor, Woodward, & Chatters, 2017). Second, some measures focus
on the frequency of racial/ethnic discriminatory events in a checklist format (Williams &
Mohammed, 2009), while other measures incorporate an assessment of impact (Fisher,
Wallace, & Fenton, 2000; Harrell, 2000). Third, there is variability in the number of

items or measures assessing RED ranging from single items (Gee, Spencer, Chen, Yip, &
Takeuchi, 2007; Kessler et al., 1999; Krieger, Smith, Naishadham, Hartman, & Barbeau,
2005) to multiple items or multidimensional scales (Lewis, Yang, Jacobs, & Fitchett,

2012; Schulz et al., 2006; Shariff-Marco et al., 2011). Fourth, there is variability in the
extent to which measures interrogate the form and the perpetrator of discrimination, for
example, in-person discrimination vs. online discrimination, overt discrimination vs. subtle
discrimination, and vicarious vs. personal experiences (Benner et al., 2018; Tynes, Giang,
Williams, & Thompson, 2008). To this list, there is a dearth of evidence-based guidelines
about measuring RED across days and individuals.
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One of the most widely used racial/ethnic discrimination measures is the Everyday
Discrimination Scale (EDS; Williams, Yu, Jackson, & Anderson, 1997). The EDS is a
ten-item self-report scale that was developed to measure discrimination experiences over

a prescribed period of time (e.g., past year, past 6 months; Williams, Yu, Jackson, &
Anderson, 1997). The original EDS focused on discrimination broadly, not specifically
attributable to race/ethnicity. More recently, researchers have modified the scale to focus
specifically on race/ethnicity with two approaches: 1) incorporating an attribution of race/
ethnicity into the stem of the questions (Krieger, 2012), and 2) creating a branching

design where respondents are first asked to indicate discrimination and followed by an
attribution to a specific social category (e.g., gender, race/ethnicity, age, etc; Bastos,
Harnois, Bernardo, Peres, & Paradies, 2017; Gomez & Trierweiler, 2001). Despite research
showing that the branching approach generates a much higher response frequency than the
race-attributed approach (Shariff-Marco et al., 2011, 2009), researchers interpret the results
of two approaches as comparable. As such, there are methodological reasons to be weary of
comparing prevalence estimates of RED across the two approaches.

The Psychometrics of Measuring Racial/Ethnic Discrimination

The EDS has been widely used to assess discrimination and its associations with various
developmental outcomes from physical to mental health (Gee et al., 2007; Schulz et al.,
2006; Williams & Mohammed, 2009), and across different racial/ethnic groups including
African Americans, Asian-Americans, Latinx and Pacific Islanders (Chan, Tran, & Nguyen,
2012; Lewis et al., 2012; Shariff-Marco et al., 2011). Most analyses of the factor structure
have concluded that the EDS comprises a single dimension of discrimination (Bernstein,
Park, Shin, Cho, & Park, 2011; Clark, Coleman, & Novak, 2004; Lewis et al., 2012; Reeve
et al., 2011; Shariff-Marco et al., 2011) with few exceptions (e.g., Guyll, Matthews, &
Bromberger, 2001). Previous studies focused on the psychometric properties of the EDS
reported high internal consistency (ranged from .81 to .88; Lewis et al., 2012; Reeve et al.,
2011; Shariff-Marco et al., 2011) and validity (moderate to strong association with similar
measures of RED; Harnois et al., 2019; Krieger et al., 2005).

Despite these psychometric analyses, there has been less item-level analysis of the EDS

or other discrimination measures. Item-level analyses are particularly useful for researchers
who wish to use abbreviated, or single-item measures in daily diary methods, or other
intensive repeated measures. This is particular concern for scholars who are interested in
everyday discrimination, its prevalence, and its health correlates. Item response theory (IRT)
is one statistical procedure to investigate the psychometric properties of discrimination
items. IRT uses probability functions to model the relationships between the categorical
items and the latent trait (RED). The probability functions include parameters to evaluate
the performance of items and explain the differences in person’s responses to items. For
example, a two-parameter logistic (2-PL) model, involves two parameters to model the
relationships between the binary items and the latent trait: difficulty and loading. In the
2-PL model, the difficulty parameter is the value of the latent trait where the probability

of an affirmative response is 50%. The loading parameter represents how well the items
differentiate against different levels of the latent trait (de Ayala, 2009). Based on the

item parameters, researchers can modify scales such as eliminating redundant items that
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have similar item difficulty and loading with other items and identifying the estimating
power of scales using test information functions. IRT framework also allows researchers to
test whether the RED items are invariant across diverse populations (e.g., race/ethnicity).
Measurement invariance means that persons from different populations have the same
probabilities in the item responses, given the same level of the latent trait.

Application of IRT method to the Everyday Discrimination Scale

The following section reviews studies that have applied IRT methods to the Everyday
Discrimination Scale (Berenbon, 2018; Lewis et al., 2012; Stucky et al., 2011), and
discusses how the current study contributes to this body of work. It is worth mentioning
that the studies reviewed here examine the EDS at the person level, with a particular focus
on measurement invariance across certain groups (e.g., gender, race). Stucky et al. (2011)
used IRT to examine the nine-item EDS in two samples (Study 1: 589 African American
law school students, Study 2: 3,527 nationally representative community sample). Results
supported a revised EDS with only five items. In addition, three items were non-invariant
across gender: not as smart, dishonest, insulted/harassed. The revised EDS had satisfactory
predictive validity to similar measures of overt discrimination. Lewis et al. (2012) tested the
invariance of the 10-item EDS across race/ethnicity (African American, Chinese, Hispanic,
Japanese, and White) among 3,295 middle-aged American women and found three non-
invariant EDS items: poorer service, dishonest, treated with less courtesy. Most recently,
Berenbon (2018) used IRT to study the nine-item EDS using a national sample (V= 2,666).
The EDS items showed high loadings and high precision of measurement. One item (i.e.,
afraid of you) was non-invariant across gender. Taken together, these three studies provide
suggestions that certain EDS items may function differently for men and women when
administered at the person level. The current study builds upon this literature by testing
invariance of the EDS scale administered at the daily and the person levels, across both
gender and race/ethnicity.

Measuring Racial/Ethnic Discrimination at the Daily Level

Despite being assessed as a primarily person-level construct, RED is ultimately a daily-level
phenomenon. This is especially true for “everyday” indicators of RED. In recent years
psychologists have begun to assess RED using daily diary methods, intensive repeated
measures, and novel methodological techniques to more closely link measurement to the
lived experience of the construct. Using intensive repeated measures, respondents provide
several measures of discrimination, typically at a daily frequency over a period of one to

two weeks (Seaton, Neblett, Upton, Hammond, & Sellers, 2011; Torres & Ong, 2010).

Daily RED assessment has several advantages. First, daily assessment can unpack how much
of daily RED experiences are attributable to between-person (i.e., individual differences
between participants) and within-person effects (i.e., daily variability due to context or
person x context interaction). This enables research to investigate the relationship between
RED and other outcomes (e.g., mental health) at both daily (within-person) and person
(between-person) levels. Second, daily assessments minimize retrospective recall biases
resulting in more accurate reports (Bolger, Davis, & Rafaeli, 2003; lida, Shrout, Laurenceau,
& Bolger, 2012). Third, although RED does not occur every day (Seaton & lida, 2019;
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Torres & Ong, 2010), daily assessments better approximate the prevalence of RED over
time. To date, research employing daily diary designs report that RED is relatively low
frequency, occurring approximately 1 to 2.44 times/week among ethnic minority adolescents
and young adults. However, despite research suggesting that discrimination is not an
everyday occurrence (Seaton & Douglass, 2014; Seaton & lida, 2019; Torres & Ong, 2010;
Yip, Cheon, et al., 2019; Yip, Wang, et al., 2019), it is a normative experience for most
everyone (Seaton & Douglass, 2014; Seaton & lida, 2019).

The existing evidence makes clear the utility of measuring RED at the daily level (Seaton
& Douglass, 2014; Seaton & lida, 2019), however, systematic psychometric analyses are
limited. In the absence of psychometric analyses of daily measures, researchers have
modified existing multi-item person-level measures (e.g., Daily Life Experiences; Seaton,
Yip, & Sellers, 2009) or selected single items to assess daily RED (e.g. Hoggard, Byrd, &
Sellers, 2015; Seaton & lida, 2019). For example, the Everyday Discrimination Scale (EDS,
Williams, et al., 1997) has been adopted as a daily RED measure while the psychometric
properties of this adaption have not yet been investigated (Goosby, Cheadle, & Mitchell,
2018; Yip, Cheon, et al., 2019). Two key aims motivate this study: first, when administered
daily, it is unclear how each EDS item contributes to the overall measure. The EDS is a
compilation of multiple items, each measuring a discrete event (e.g., being threatened or
harassed). When items are aggregated, it is unclear if one or two items are driving the
overall prevalence of RED or if all the items are necessary to represent an individual’s
daily discrimination experiences. This analysis has practical applications as measures that
are administered daily are optimized for brevity to minimize participant burden. Second,
current studies have not partitioned the relative and independent contributions of the
daily-level (within-person) and person-level (between-person) variability. The inability to
separate within and between variability leaves open whether RED is an inherently person-
level phenomena (i.e., a characteristic of the respondent) or a (person x environment)
interaction, which raises concerns related to construct validity across the levels. The ability
to distinguish sources of variability has important implications for interventions aimed

to disrupt the negative effects of discrimination stress. To date, studies that investigate
average scores across multiple days run the risk of conflating results at different levels,
this introduces measurement error in making comparisons across groups. To address these
limitations and to disentangle the measurement model for within- and between-person data,
the multilevel extension of the 2PL IRT model is employed to account for the nested data
structure.

Current Study

Using daily diary data collected from African American, Asian American, and Latinx
adolescents across 14 days, this study used multilevel IRT to study the psychometric
properties of two ethnic/racial discrimination measures: the Everyday Discrimination Scale
(Williams, et al., 1997), and the Racial/Ethnic Discrimination Index (REDI, Wang &

Yip, 2020). Both measures were administered at the daily and person levels to the same
adolescent sample. Measurement invariance across racial/ethnic groups (African American,
Asian American, and Latinx) and gender is also investigated. The results of these analyses
form the basis of our recommendations for assessing daily experiences of RED.
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The data for this study came from a four-year longitudinal study among ethnic/racial
minority adolescents (Wang & Yip, 2019). A total of 350 students from five high schools

in a large, urban area participated and the study was approved by the relevant Institutional
Review Boards. The schools were ethnically/racially diverse, as indicated by the Simpson’s
(1949) diversity index (median = .51, ranged from .29 - .62), which means the probability
that two randomly selected students within the same school were from different ethnic/racial
groups (Wang & Yip, 2020). On average, these schools had 31% African Americans (4%
to 63%), 15% Asian Americans (3% to 57%), 46% Latinx (21% to 50%), and 6% Whites
(2% to 16%). There were 108 males (31%; Mage = 14.31, SD= 0.61) and 242 females
(69%; Myge = 14.26, SD = .61). The sample included 76 (22%) participants identifying as
African American, 145 (41%) as Asian American, and 129 (37%) as Latinx. Among the
Asian Americans: 69% identified as Chinese, 8% as Korean, and 23% as other. Among the
Latinx, 43% identified as Puerto Rican, 14% as Dominican, 11% as Mexican, 7% as South
American, 4% Central American, and 18% as other. Participants reported their parents’
highest level of education as high school or below (36% for mothers, 36% for fathers), and
as above high school (34% for mothers, 23% for fathers). Many participants did not know
their parent’s highest education levels (30% for mothers, 41% for fathers).

All African American, Asian American, and Latinx ninth grade students in five schools

in a large, urban area were invited to participate in a study focused on stress and
development. Invitation letters were mailed to parents and only students with parental
consent participated. Across the schools, the response rate varied from 6% to 31%,
reflecting the challenging circumstances of the participating schools (i.e., 52% to 86%
socioeconomically disadvantaged students). Many home addresses were not verifiable and
invitation letters were returned as undeliverable. Data were collected in five cohorts (cohort
1: n=90, cohort 2: n= 103, cohort 3: n= 25, cohort 4: n= 67, cohort 5: /7= 96) across
successive school years from 2015 to 2017. The cohorts did not differ on age, gender, race/
ethnicity, or mother’s and father’s education level.

Participants met in groups of one to ten students after school dismissal, were assented to
the study and completed an online demographic questionnaire. Participants were then given
a data-enabled electronic tablet to access the five to seven-minute daily web-based daily
diary survey, including Everyday Discrimination Scale (Williams et al., 1997) and Racial/
Ethnic Discrimination Index (Wang & Yip, 2019). To measure person-level demographic
information, a baseline assessment (pre-measure) was conducted before the beginning of
daily diary survey. Participants were instructed to complete the daily diary survey before
bedtime for 14 days. Research assistants monitored the compliance of the daily diary
survey, and the average completion rate was 79% (= 11.1 days - out of maximum 14 days,
SD = 9%, range = 65-97%). At the end of the 14 days, participants returned the tablet,
completed another online survey and were compensated $20. All surveys were administered
on Qualtrics.
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Everyday Discrimination Scale (EDS).—The five-item EDS (Williams et al., 1997)
is a short version of self-report measure that assesses participant’s experiences of
discrimination over a prescribed period of time. We explored a new five-item EDS
developed based on the results of Stucky et al. (2011) and the characteristics of diverse
racial/ethnic minority adolescents. In particular, we replaced three out of five items of
Stucky et al. (2011) five-item version to account for the different sample characteristics.
For example, “insulted” item was replaced with its locally dependent item “harassed,” and
“dishonest” item was replaced with “afraid” item as study suggested that Asian American
students reported experiences of physical and verbal harassment by peers at school, while
African American and Latinx students reported discrimination by adults, such as teachers,
police, and shopkeepers (Rosenbloom & Way, 2004). Due to the comment about African
American and Latinx adolescents’ experiences with shopkeepers, we chose to include the
“service” item. Furthermore, we removed the “better than you” item as Kim et al (2014)
cautioned the use of this item for the Asian and Latinx populations (See Supplemental
Materials, Table 2 for detailed comparison).

The EDS has been adapted for daily use with African American adolescents (Goosby

et al., 2018). For the daily diary survey, instructions were modified to reflect the day’s
experiences (e.g. “Today, | received poorer service than others in restaurants or stores”).
Branching logic assessed discrimination frequency and attribution to race/ethnicity with
separate items. Specifically, the discrimination frequency dimension (EDS-DF; Table 1)
asked participants whether they experienced discrete instances of discrimination (0 = no, 1
= yes). If participants indicated “yes”, they were asked the degree to which the experience
was attributed to race/ethnicity (EDS-AER): “how sure are you that this happened because
of your race/ethnicity?” on a four-point scale (0 = not at all, 1 = not very sure, 2 = somewhat
sure, 3 = very sure).

Racial/Ethnic Discrimination Index (REDI).—REDI is a six-item self-report measure
developed to assess ethnic/racial discrimination (Table 1, Wang & Yip, 2019). For daily
administration, the REDI includes a three-point scale (0 = did not happen/was not a problem
today, 1 = somewhat of a problem today, and 2 = very much a problem today).

Analytic Plan

Analyses were performed on EDS-DF, EDS-AER and REDI. At the daily level, the missing
data rate for EDS-DF, EDS-AER and REDI are 23%, 22.74% and 22.8%, respectively. Daily
observations with no responses to all the items is the main contributor of the missingness,
and were excluded from analyses by Mplus, resulting in a final analytic sample of 3799
observations for EDS scales and 3784 observations for REDI. In the final sample, the
correlation between the missingness of EDS-DF, EDS-AER and REDI items and gender,
nativity, race and parents’ education (ss < .04) were examined and there were no significant
correlations, suggesting that the missingness in daily items were missing completely at
random. Maximum likelihood estimation accounted for the missing responses (Shafer &
Graham, 2002). The low response frequency of categories (fewer than 1%) caused data
sparseness and could make IRT model estimation unstable, therefore, response options were
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collapsed for analysis. For EDS-AER items, response 1 (not very sure), 2 (somewhat sure)
and 3 (very sure) were collapsed®. The outcomes of EDS-AER items were dichotomized
into two categories with no (= 0) and yes (= 1 or 2 or 3). For all REDI items, response
options 1 (somewhat a problem today) and 2 (very much a problem today) were collapsed.
All items of REDI were collapsed into dichotomous variables.

Given the multilevel data structure of daily diary observations (level 1) nested within
participants (level 2), the variability of the EDS-DF, EDS-AER and REDI items as well

as the unweighted composite scores of EDS-DF, EDS-AER and REDI at both levels were
assessed using the intraclass correlation (ICC). The ICC is the ratio of variance at level 2

to the total variance (Kaps & Lamberson, 2009)2, with zero indicating that the variance is
completely attributable to level 1 differences (i.e., daily differences) and one indicating that
the variance is completely attributable to level 2 differences (i.e., individual differences).
The average ICC of EDS-DF items was .61 (ranging from .45 to .70) and the ICC of their
unweighted composite score was .48. The average ICC of EDS-AER items was .69 (ranging
from .50 to .80) and the ICC of their unweighted compaosite score was .56. The average
ICC of REDI items was .74 (ranging from .69 to .76) and the ICC of their unweighted
composite score was .69. These ICCs indicate that more than half of the variance in daily
discrimination experiences can be attributed to individual differences; however, contextual
and daily variability is also evident. These values are consistent with the ICC of African
American adolescents’ daily RED (= .64) from Seaton and lida (2019). Seaton and lida
conducted a daily diary assessment of 103 African American adolescents (13-18 years old)
using the 18-item daily life experiences subscale of the Racism and Life Experiences Scale
(Seaton, Yip, & Sellers, 2009). Since this study shares an inclusion of African American
adolescents, a 14-day daily diary assessment, and an adolescent sample, the ICC of daily
RED should be comparable. In summary, results support the use of multilevel IRT to capture
the daily and individual differences.

Multilevel Item Response Theory (IRT) Analysis.—For the dichotomous EDS-DF,
EDS-AER and REDI items (with the collapsed 2 category responses), the following two-
level IRT models were fit for 1-PL, two-parameter logistic (2-PL) and 2-PL variant models.
The probability function of an item in the two-level 2-PL model is written as:

1

P(gijk =110k i, A) =
|4 o=t 2P0+ AP,

where A) is the probability function, g is the response (0 = not being discriminated or
1 = being discriminated) of the dichotomous item /on day /by person 4. The vector G
contains the daily level latent trait 6 and the participant level latent trait 64 The latent

IThe frequency of response “1” is relatively low in our sample. Collapsing response “1” and “0” yielded consistent results.
2The 1CCs of the EDS discrimination frequency and REDI items were calculated using this formula: 0,2, /(0,2, + n2/3), where ‘7124 is the

level-2 variance of the item estimated by the two-level logistic regression model (daily diary observations nested within participants)
of each item without any predictor. The ICCs of the unweighted composite scores of EDS discrimination frequency and REDI were

calculated using this formula: 02/(02 + 6,24 + 17:2/3), where o2 and a,% are the level-3 and level-2 variances estimated by the three-level
logistic regression model (items nested within daily diary observations nested within participants).

Psychol Assess. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Feng et al.

Results

Page 9

traits are assumed to be normally distributed and are standardized for model identification.
The item intercept a; reflects the relationship between the item difficulty and loading
parameter (difficulty b;= —a;/A;). The difficulty-loading form does not generalize well to
the multilevel IRT model, the intercept-loading parameterization was adopted for all IRT

models. The vector A contains the item loading on the latent trait at the daily level Af"y and

person
A

participant level (i.e., item differential capability to detect discrimination). Higher

loading indicates stronger item differential capability to detect discrimination.

For multilevel model identification, either a loading at each level of analysis (daily and
person) has to be constrained to 1 or constraining the variances of the random terms to 1.
We constrained the loading to 1 in the multilevel IRT models for the purpose of comparing

person
i

the variability of each level of analysis. If 4 are supposed to have the same differentiate

capacity across persons, then 47*"**" are constrained to 1 and the 2-PL model becomes the
2-PL(P) model. Similarly, the 2-PL(D) is another variant of 2-PL model which the A9
are assumed to have same differentiate capacity across time. If all the item loadings ,lid"y

and 4P¢"*°" are set to 1, then the 2-PL model reduces to the 1-PL model. Before testing

these IRT models, the item correlations of the EDS discrimination frequency and REDI
were calculated. The likelihood ratio tests were used to comparing nested IRT models, and
Akaike information criterion (AIC), and Bayesian information criterion (BIC) were reported
as supporting evidence for model comparisons and were used for comparing non-nested
models. For the likelihood ratio test, a non-significant result between the two models (e.g.,
1-PL vs. 2-PL) supported the more restricted model (1-PL). Models with smaller AIC and
BIC had better model fit.

Measurement Invariance across Gender and Race/ethnicity.—After selecting

the best fitting multilevel IRT models for EDS-DF, EDS-AER and REDI, measurement
invariance across gender (male and female) and race/ethnicity (African American, Asian
American, Latinx) was tested. First, we used multi-group analysis (Liu et al., 2017; Millsap
& Yun-Tein, 2004) to test the invariance of the selected model as a whole, which involves

a stepwise sequence of models that constrained the item loadings and item intercepts

across groups was fit. Consecutive invariance models were tested by the likelihood ratio
test. Models were also compared using AIC and BIC. Second, we used multilevel logistic
regression to test the differential item functioning (DIF) of each item. When grouping is a
between cluster variable, DIF analyses is straightforward at this level as it does not vary
within daily level (Ryu, 2013). Therefore, analysis was conducted by add person level direct
effects to the multilevel-IRT model from the grouping variables to items to capture uniform
DIF with respect to thresholds. DIF was tested by likelihood ratio test that comparing model
with and without direct effect of grouping variable.

The examination of response frequency was conducted before the IRT analysis. For
the EDS, 155 (45%) participants reported experiencing discrimination (endorsed at least

Psychol Assess. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Feng et al.

Page 10

one item over the 14-days of the study). Item 3 (hot smart) was the most endorsed.
Consistent with previous findings, endorsements for EDS items were relatively low
occurring approximately less than once over the course of 14 days (Mpg= .30, SDpr=

.65; Magr= .18, SDaer=.53). There were no gender (DF: {348) = -.64, p=.52; AER:
#(348) = -.04, p=.97) or racial/ethnic differences (DF: A2, 347) = 1.57, p=.21; AER: A_2,
347) = .67, p=.51). For the REDI, 30% of the sample endorsed at least one REDI item,

and item 2 (felt stress because of race/ethnicity) was the most commonly endorsed item.
Participants endorsed an average of 0.47 incidents (SD = 1.37) over the 2 weeks. There were
no gender (#226) = -.80, p=.42) or ethnic/racial differences (H?2, 347) = .14, p= .87).

Table 2 shows the item correlations for EDS-DF, EDS-AER and REDI at the daily level
(upper diagonal) and person level (lower diagonal). At the person level, EDS-DF, EDS-AER
and REDI items had high correlations among each other (ss > .87), suggesting that the items
functioned similarly at this level for both scales. At the daily level, EDS-DF and EDS-AER
had low to moderate correlations (ss ranging from .07 to .71), suggesting that these items
functioned differently at this level. On the other hand, REDI items had high correlations
among each other at this level (r5 > .88), suggesting that REDI items functioned similarly at
this level.

Multilevel IRT.

Two-level 1-PL and 2-PL models for the EDS-DF, EDS-AER and REDI were fit to the data
(see Table 3). The likelihood ratio tests showed that the 2-PL demonstrated better fit than the
1-PL, and the AIC and BIC also generally favored the 2-PL model for EDS-DF, EDS-AER
and REDI. In the 2-PL model of EDS-DF, EDS-AER and REDI, all the person-level item
loadings were very similar to each other. Therefore, a variant of the 2-PL model where
person-level item loadings were constrained to be equal across all items was considered.
The AIC and BIC supported that the fit of this model was better than all other models

for EDS-DF, EDS-AER and REDI and this 2-PL model was selected for interpretation and
measurement invariance analysis.

The item intercepts and daily-level item loadings of EDS-DF, EDS-AER and REDI are
presented in Table 3. The item intercepts and loadings of EDS-DF and EDS-AER were
very similar. To better capture the RED, the following analyses focus on the results of
EDS-AER. All EDS-AER and REDI items had high intercepts (EDS-AER: intercepts > 2;
REDI: intercepts > 1.6), suggesting that only participants with high levels of the RED would
likely to respond “being the target of discrimination” on these items. For EDS-AER, the
daily-level item loadings ranged from .24 (item 4) to .84 (item 1) while all the person-level
item loadings equaled 1. The higher the item loading value, the higher the probability

of endorsing “being the target of discrimination” as the RED level increases. In other
words, higher item loadings reflected that the item had a stronger ability to differentiate

a participant who experience discrimination from another participant who did not. Results
suggest that the EDS-AER items had stronger differentiation ability at the person-level than
the daily-level; and not all EDS-AER items differentiated the daily observations equally
well. For REDI, the daily-level item loadings ranged from .87 (item 4) to .96 (item 1) while
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the person-level item loadings equaled 1, suggesting that all items had strong differentiation
ability at both the daily- and person-levels.

To further describe the relationships between the model parameters and item responses,
Figure 1 (panel A) shows the item characteristic curves of EDS-AER and REDI at the
person level. The vertical axis is the response probability of the item and the horizontal axis
is the zscore of the latent trait at the person-level. Different lines in the plot represents
different items. The daily-level latent trait zscore was set to zero. Both the EDS-AER
items and the REDI items functioned similarly across person-level RED. In other words,
when used as a measure of person-level RED, EDS-AER and REDI should generate similar
results.

Figure 1 (panel B) shows the item characteristic curves of EDS-AER and REDI at the daily
level. It shows that some EDS-AER items had flatter curves due to low item loadings, some
items had weak differential ability between participants with similar levels of RED. In other
words, the items were not informative enough to differentiate participants with low or high
levels of RED. For example, EDS item 4 (“People act as if they are afraid of me.”) had the
lowest loading (.39) and the flattest curve. A participant who had the person-level latent trait
zscore =0, and a daily-level latent trait zscore of 5.0 only had a 20% chance of reporting
RED. On the other hand, all REDI items had steep curves (larger item loadings), indicating
that the REDI items have higher loadings at the daily level. However, all of the REDI item
characteristic curves at the daily level provided no item information about the latent trait 2
scores < 0, suggesting restricted utility to differentiate participants with low levels of RED.

Figure 2 shows the item information function (I1F) and test information function (TIF) of
EDS-AER and REDI at the daily level. The person-level latent traits were set to zero. The
item information curve is a function of the item parameters (intercepts, loadings) of each
item separately, and the test information curve is the sum of item information functions of
the whole scale. Item information > .1 is regarded as satisfactory (de Ayala, 2008). The item
and test information curves can be used to show the precision (reliability) of the item and
the test. Results showed that the EDS-AER items did not provide much information. Only
item 1 (“Today, | was treated with less courtesy or respect than other people.”) reached item
information of .1. These results suggest that the EDS-AER items provided little precision to
the scale. The highest daily-level information occurred at around the latent trait z score of
4, meaning that item 1 provided the highest precision at higher range of RED across latent
trait. Therefore, these items have more utility for populations with higher RED levels. The
test information curve had consistent results. EDS-AER provided information > .1 when the
latent trait zscore > 0.0, suggesting that the scale is appropriate for population with higher
level of RED.

For the REDI, all the item characteristic curves were similar in shape, indicating that the
items had very similar information. All REDI items provided the most information when
the daily-level RED equaled 2 and provided limited information (< .1) when the daily-level
latent trait zscore < 0.0 or > 4.0. The REDI items had moderate precision within a narrow
range of the daily-level latent trait. The item information curves also suggested that item
2 (“I felt stress because of my race/ethnicity.”) provided the least information and item 3
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(“Others treated me poorly because of my race/ethnicity.”) provided the most information.
The highest daily-level information occurred at around the latent trait zscore of 2, meaning
that item 3 is more accurate at detecting higher RED levels. The test information curve

had consistent results. REDI provided information > .1 when the latent trait zscore > 0.0,
suggesting the scale is appropriate for populations with higher level RED. Taken together,
the results suggest that if a researcher is interested in reducing the number of items, item 2
can be dropped. If a researcher is interested in reducing REDI to a single item, item 3 should
be used. Test information is the sum of all the item information in a scale, both the item
precision and test length can affect the value. Even the REDI had higher test information
than EDS-AER, neither REDI nor EDS-AER had adequate test information (> 4) across
latent trait, suggesting that the measurement precision is not acceptable.

Measurement Invariance across Gender and Race/Ethnicity.

The likelihood ratio tests, AIC, and BIC of the factorial invariance test of EDS-AER

and REDI across race/ethnicity (African Americans, Asian Americans, Latinx) and gender
(males and females) are presented in Table 5. For EDS-AER, the likelihood ratio tests,
AIC and BIC all supported that the item daily-level loadings and intercepts were invariant
across race/ethnicity and gender. Therefore, the measurement invariance of item daily-level
loadings and intercepts of EDS-AER across race/ethnicity and gender was supported.

For REDI, the likelihood ratio tests and AIC did not support invariance across race/ethnicity
for the daily-level item loadings and intercepts. A careful examination of the baseline model
showed that the daily-level loading and intercept for item 2 (“I felt stress because of my
racial/ethnic.”) were lower for African Americans compared to Asian Americans and Latinx,
African Americans were more likely to endorse the item compared to Asian Americans

and Latinx and the item had smaller loading for African Americans at the daily-level. The
invariance model was revised by allowing the daily-level loading and intercept for item 2

to vary across race/ethnicity. The likelihood ratio test, AIC, and BIC supported the partial
loading invariance model. BIC also supported the partial daily-level loading and intercept
invariance model. Therefore, the measurement invariance of the daily-level loadings and
intercepts (with the exception of item 2) across race/ethnicity was supported for the REDI
measure and future work should consider administering the REDI excluding item 2. The
likelihood ratio tests, and BIC supported that the item daily-level loadings and intercepts
were invariant across gender. Examination of the item daily-level loadings and intercepts in
the baseline model without these parameters constrained to be invariant across gender did
not show any estimates to be different across gender. Therefore, the measurement invariance
of the REDI was supported across gender.

To the best of our knowledge, there was no simulation study that has systematically
examined the required sample size for multilevel factorial invariance test for categorical
items (Liu et al., 2017). Thus, we conducted post-hoc analysis of the factorial invariance
tests across gender and racial/ethnic groups through simulations (See Supplemental
Materials, Table 3). For each invariance test, 500 datasets were simulated based on the
parameters of loading and intercept constrained model for each gender and race/ethnic
group. Power was estimated as the proportion of datasets that support the more constrained
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invariance model for each comparison. Overall, results showed satisfactory statistical power
(> .8) for the factorial invariance tests across gender and racial/ethnic groups using
likelihood ratio test, AIC and BIC.

Besides the factorial invariance of EDS-AER and REDI scales across ethnic/racial and
gender group, multilevel logistic regressions were conducted to test the differential item
functioning (DIF) of each item (Table 6). Unlike the results of factorial invariance, EDS-
AER items have shown significant DIF. Specifically, item 1 (“Today, | was treated with less
courtesy or respect than other people”), item 3 (“People act as if | was not smart.”) and item
5 (“Today, | was threatened or harassed.”) showed significant DIF between Asian American
versus African American and Latinx. Item 1 and item 3 also showed significant DIF between
gender group. Further examination of the direct effects suggested that Asian American (8=
—1.64) have less reported discrimination for item 1 and item 5 (8= —2.03) compared with
African American and Latinx and more reported discrimination for item 3 (5= 1.10). Male
have less reported discrimination for item 1 (8= -1.24), and more for item 3 (8= 0.80)
compared with female. No significant DIF was observed between race and gender groups for
REDI items.

Discussion

This study evaluated the psychometric properties of two daily and person-level
discrimination measures, the modified daily Everyday Discrimination Scale (EDS) and
the Racial/Ethnic Discrimination Index (REDI). The purpose of this study is to assess the
psychometric properties of two measures of RED at both the person- and daily-level and
to provide practical suggestions for future use. The study was conducted on a sample of
adolescents who participated in a 14-day daily diary study. The results supported a single
item solution for both scales as a daily measure.

The two measures were assessed and compared with several multilevel IRT models. The
multilevel IRT models allow us to make comparative evaluations across time and subject
level by looking at IRF and IIF plots conditioned on different levels of subjects/time. Both
the EDS-DF and EDS-AER supported a 2-PL model with constrain on person-level item
loading. Besides a lower response rate, there were no evident differences between EDS-DF
and EDS-AER, for example, item 3 (“not smart”) was most common item and item 4
(“afraid of me”) was the least informative item for both measures. The parameter estimates
for EDS-DF and EDS-AER were very close, suggesting that even without the attribution to
ethnic/racial, discrimination frequency items remain good indicators of RED.

All items in EDS-AER and REDI had substantial item intercepts. High intercepts indicate
the most informative location on the latent traits. The items are more informative for
participants with high levels of RED. The person-level item loadings were all equal to 1
while the daily-level item loadings in EDS-AER ranged from .24 (item 4) to .84 (item 1).
The daily-level item loadings for the REDI ranged from .87 (item 4) to .96 (item 1). The
loadings are also illustrated in the item response function curves (Figure 1). Item loadings
represent the ability to differentiate among participants on the basis of levels of RED.
Therefore, the results of both scales suggest that the items had stronger differentiation ability
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at the person- versus the daily-level. Comparing the two RED measures, the EDS-AER and
REDI items did not differentiate the daily observations equally well. Item 4 (“afraid of me”)
of EDS-AER had low item loading at the daily level, suggesting that the item had weak
differential ability between participants, while all REDI items showed high item loadings,
indicating that REDI items had greater differential ability between participants. The results
suggest that REDI is a more informative indicator of daily-level RED.

There are conventions for acceptable thresholds for item loadings at the daily level. Because
the loadings reflect the degree to which an item, and the test as a whole, are measuring a
latent trait, item loadings are interpreted in the context of the test which is being analyzed.
Items with low loadings (e.g., EDS item 4) may be ambiguously worded or include a
broader, less specified, range of experiences. EDS item 4 (“People act as if they were

afraid of me.”) refers to a wide range of behaviors with a higher level of ambiguity.

As such, this item may have less differentiating information compared to more concrete
items (e.g., “Today, | was threatened or harassed.”). Therefore, it is reasonable to consider
eliminating this item. Ideally, items with high levels of differential ability/loading and whose
intercepts cover the interested latent construct continuum are retained. However, in practice,
some items with large loadings cannot provide enough information for the interested latent
construct continuum. Considering the fact that discrimination is inherently a daily-level
construct, the lower range on the continuum of daily-level RED was of particular interest.

It would be appropriate for scale construction to select items with smaller loadings that can
add information to the lower range of RED, too.

One advantage of item response function curves (Figure 1) is that it provides a
straightforward visualization of the function of each item on the continuum of latent trait.
All REDI items functioned similarly, with high item intercepts and loadings. The REDI item
response function curves of items overlapped with each other, suggesting that the items are
interchangeable. All REDI items had their maximal information at the higher end of latent
trait continuum, indicating that these items are more informative for participants with higher
RED levels. These IRT results can be interpreted similar to a reliability, but the information
can vary based on the location along the latent trait continuum. REDI item 2 (“I felt stress
because of my race/ethnicity.”) had the lowest information, while item 3 (“Others treated me
poorly because of my race/ethnicity.”) had the highest information. In practice, if only one
REDI item is retained to measure RED, it should be the item with the highest information,
in this case, item 3. Item 3 may be a more informative indicator of discrimination because

it clearly implicates another person in an interaction, whereas item 2 does not make clear
the source of the stress. Future studies should seek to understand how these items may be
understood and interpreted differently by racial/ethnic minority respondents.

Because RED measures are often employed in large multi-group studies, it is important

to establish measurement invariance. Often researchers want to compare prevalence rates
across different racial/ethnic groups or compare experiences of the same group in different
locations. Factorial invariance tests and multilevel logistic regression were conducted for
EDS-AER and REDI to investigate whether group differences could be attributed to true
differences in race/ethnicity or gender. The factorial invariance test results showed that
daily-level loadings and intercept invariance was achieved for gender for both EDS-AER
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and REDI. The same type of invariance was also supported for EDS-AER across race/
ethnicity. On the other hand, the daily-level loading and intercept invariance was not
achieved for race/ethnicity for REDI. The DIF test, on the contrary, suggested that EDS-
AER items failed to be invariant across gender and race group. Specifically, male have
less discrimination reported for item 1(“Today, | was treated with less courtesy or respect
than other people™), and more for item 3 (“People act as if | was not smart.”) compared
with female. Previous studies testing gender as a covariate showed that male reporting
more experiences with everyday discrimination (Seaton et al., 2008; Sellers, & Shelton,
2003), and Stucky et al. (2011) found that “not as smart” is non-invariant across. Our
results confirm the findings with item 3, while the difference on item 1 suggesting that the
difference between gender on feeling “less respect” might not reflecting the true gender
difference on RED either.

The factorial invariance test suggested that the daily-level loadings and intercept for item 2
(“I felt stress because of my race/ethnicity”) were lower for African Americans as compared
to Asian Americans and Latinx, such that the item is more likely to be endorsed by African
Americans than by Asian Americans and Latinx. In other words, the item is better able to
distinguish participants with higher daily-level RED among African Americans than among
Asian Americans and Latinx. A partial invariance model was established by removing the
equal constraint for item 2, suggesting a partial measurement invariance of item daily-level
loadings and intercepts (with the exception of item 2) for the REDI measure across race/
ethnicity. While DIF test suggested that the DIF indeed existed in three out of five items
between Asian American versus African American and Latinx. Asian American reported
less discrimination on item 1 (“less respect”) and item 5 (“threatened or harassed™) and more
on item 3 (“not smart™) compared with African American and Latinx. Previous studies have
found that item “... acted as if they’re better than you” have lower threshold for Hispanic
and Asian groups compared to non-Hispanic white and Black groups (Kim, Chiriboga, &
Jang, 2009). Most studies test the invariance of EDS focuses on compare African American
with other ethnic/racial groups, for example, Shariff-Marco et al (2018) found that African
Americans were less likely to endorse items like “...treated with less respect”, *... acted

as if they’re better than you” and “... been threatened/harassed.”, and Lewis et al. (2012)
found that DIF existed on item “...treated with less courtesy” compared African American
to Caucasian group and item “...receiving poorer service” compared African American
with other groups (Hispanic, Chinese, Japanese and Caucasian). Our findings are intriguing
that Asian American have differential responses in three out of five EDS-AER items.
Giving Asian American RED are less studies in literature, and immigration-related factors
might affect their RED, researchers using EDS studying RED should be careful about
non-invariant items. Taken together, REDI would be recommended to study RED.

Implications and Conclusions

Two conclusions emerge from the current study. First, for both the Everyday Discrimination
Scale and the Racial/Ethnic Discrimination Index, items functioned differently across
person- and daily-level, suggesting that researchers interested in the construct of
discrimination need to align measure selection with the level of interest/analysis. Previous
research using daily indicators of RED shows that it is an infrequent experience with RED
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occurring approximately 1 to 2.44 times/week among ethnic minority adolescents and young
adults days over a two-week period, however, the percentages of adolescents reported at
least one discriminatory experiences has been observed to be as high as 97% (Huynh &
Fuligni, 2010; Seaton & Douglass, 2014; Torres & Ong, 2010; Wang & Yip, 2019; Yip,
Cheon, et al., 2019). Despite its relative infrequency, these data suggest that daily RED
measures complement scales measured at the person-level.

Second, the REDI is a more informative measure of daily racial/ethnic discrimination
compared to the EDS. This recommendation is aligned with the original purpose of the
measures. That is, the REDI was designed as a daily-level indicator whereas the EDS

was developed as a person-level measure; however, in the absence of a validated daily
measure, the EDS has been adapted for daily use. Previous studies indicate that the EDS-DF
yields a higher percentage of respondents reporting discriminatory experiences than directly
querying participants about race related discriminatory experiences (Shariff-Marco et al.,
2011; Williams & Mohammed, 2009). However, due to the response burden of daily dairy
approach, the response rates were much lower than other study formats as the mean score
of EDS range from 0.09 to 0.32 using daily dairy approach (Seaton & lida, 2019; Torres &
Ong, 2010; Yip, Wang, et al., 2019) while the estimates were closer to a 2 with one-time
assessments (e.g. Krieger et al., 2005; Lewis et al., 2012; Schulz et al., 2006). Relative to
existing research (e.g. 0.12, Seaton & lida, 2019; 0.32, Torres & Ong, 2010), the average
counts of discrimination occurrences on the EDS-DF (.30), EDS-AER (.18) and REDI
(.47) were lower in the current study, especially for the EDS-AER. Although the response
rate for EDS-DF is higher, it does not offer a clear advantage over measures that were
explicitly developed for daily use. In order to be comparable with REDI, the current study
mainly focused on the item characteristics of EDS-AER. Given how infrequent daily RED
responses were in the current and other samples (Seaton & Douglass, 2014; Seaton &

lida, 2019; Torres & Ong, 2010), researchers who are interested in RED may want to

use the REDI which makes a racial/ethnic attribution, or EDS-AER which incorporates an
attribution of racial/ethnic into the question stem.

For REDI, all items functioned very similarly according to the item loadings and intercepts.
Taking a close look at the content of each question, the questions can be grouped into two

aspects: stressful (“... feel stress ...”, “...feel unsafe...”, “... feel uncomfortable ...”) and
unfair (“... treated unfairly ...”, ... was teased ...”, “... treated me poorly ...”). The item
response functions of REDI items were largely overlapping, indicating that all questions are
asking similar things; there is no difference between the two aspects mentioned before in
terms of the responses (Table 1). It is highly possible that if someone is the target of RED
on a given day, he/she would answer “yes” to all six items. These results suggest that the
six-item scale can be reduced to one item. The item information curves show that item 2

(“I felt stress because of my race/ethnicity.”) provided the lowest information, and item 3
(“Others treated me poorly because of my race/ethnicity”) has the highest information. To
reduce respondent burden, the recommendation is to reduce the REDI scale to a single-item

scale retaining item 3.

Although the current study makes significant contributions to the measurement of daily
discrimination experiences, several limitations need to be considered. First, response
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categories of REDI were dichotomized for analysis due to low frequencies, and it is unclear
if the difference between “was somewhat of a problem today” and “was very much a
problem today” is meaningful, or if the distinction really lies between the presence and
absences of RED on a given day. Second, although the results supported the 2-PL model
with all factor loadings constrained to be the same at the person level for the EDS-DF,
EDS-AER, and REDI, future research is needed to replicate this finding. Third, the sample
size of our study may have limited statistical power to test for highly parameterized IRT
models (e.g. 3PL and 4PL). Our sample size (V= 350) is above the average sample sizes of
published daily diary assessments (Average N/ = 233; English et al., 2020; Hoggard, Byrd,
& Sellers, 2015; Huynh & Fuligni, 2010; Seaton & Douglass, 2014; Seaton & lida, 2019;
Torres & Ong, 2010). Moreover, our number of level-1 observations are comparable with
studies that implemented multilevel IRT analysis (Fox, 2004; Fox, 2005; Gorter et al., 2015).
Our sample size allows us to test the 1-PL and 2-PL models for EDS-DF, EDS-AER, and
REDI but not the more complicated 3-PL and 4-PL models. For example, the 4-PL models
have addition lower and upper asymptote parameters of each item response function, which
captures the behaviors that the participants who did not experience RED reporting as such
out of obligation, and the behaviors that the participants who experienced RED not reporting
as such. Asparouhov and Muthén (2020) suggested that sample size of //=15,000 and
20,000 might be needed to estimate a 3-PL model and a 4-PL model “well”, respectively.
Adding priors for the model parameters to improve identifiability, yet we were unable to

do so because the modified EDS and REDI are new or newly adopted for daily use and

have not yet been studied as a measure for daily RED. Adding priors require switching

the estimator from maximum likelihood to Bayesian. Measurement invariance test with
Bayesian estimation involves the consideration of choosing the exact or approximate test
(e.g., De Bondt & Van Petegem, 2015). This adds another layer of complexity. Fourth, we
conducted both factorial invariance test and DIF test to study the measurement invariance for
EDS-AER and REDI scales. Giving the inconsistent results, researcher should be cautious
to compare RED across gender and ethnic/racial groups. To better understand whether we
have enough statistical power to detect small but systematic non-invariant items, we also
conducted a post-hoc power analysis for the factorial invariance tests based on the sample
size and parameter estimates of each gender and race/ethnic group. Results showed that we
have a satisfactory statistical power (> .8) for the factorial invariance tests across gender
and racial/ethnic groups using likelihood ratio test, AIC and BIC. We did not conduct the
post-hoc power analysis for the DIF tests because the simulation for all 33 tests was very
time consuming. We believed that the comparison of our sample size with the average
sample size of published daily diary assessments of ethnic/racial discrimination, as well as
the post-hoc power analysis results of the factorial invariance tests provided some support
that our sample size was sufficient for the analyses. We acknowledge that the lack of
sample size guidelines and requirements of multilevel IRT analysis poses challenges of the
generalizability of our findings. However, we believe that the benefits of our study outweigh
the statistical deficiencies. In sum, giving previous studies showed ethnic/racial differences
in RED measures (Berenbon, 2018; Lewis et al., 2012; Stucky et al., 2011), researchers
should be cautious making racial/ethnic group comparisons. Last, although our study adds a
large and diverse group of adolescents to a literature that has focused on adults, age and our

Psychol Assess. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Feng et al. Page 18

location in a large urban area may limit the generalizability of our results. These limitations
point to fruitful areas for further research.

Despite these limitations this paper contributes to the extant literature and has implications
for future research. Our findings suggesting that REDI is more appropriate for measuring
RED at daily level and can be reduced to one item (“Others treated me poorly because of
my race/ethnicity”) to reduce respondent burden. Moreover, our study is the first one to

look at the psychometric properties of comparing two daily RED measures. Few studies
have examined item response functions considering within-person as well as between-person
variability. Separating these levels of variability are important for studies that want to tease
apart within- and between-person processes. For example, a within-person item function is
important since daily discrimination measures are used in studies that provide implications
for within- and between-person physical and mental health outcomes (Hoggard et al., 2015;
Huynh, Guan, Almeida, McCreath, & Fuligni, 2016; Seaton & lida, 2019; Torres & Ong,
2010). In studies such as these, using reliable and valid measures of daily discrimination
would be critical to providing accurate information for devising effective health-related
prevention and intervention strategies. Next, when measured at daily level, both the EDS-
AER and REDI items suggest that incorporating a racial/ethnic attribution makes items more
informative than questions that ask about unspecified discrimination, and there was not a
difference in terms of response frequency in daily measures. These results suggest that the
more informative REDI is a recommended for measuring daily discrimination. In the future,
more studies with lager samples are needed to study the EDS at daily level with ethnic/racial
attributions in question stems to exam the generalizability of our findings to other settings
of daily study of RED. Finally, our study found that the REDI items functioned similarly
and can be reduced to one item scale with acceptable psychometric properties. Being able

to measure daily RED with one item will contribute to reducing participant burden in daily
diary studies. In the future, it is important to administer the REDI scale with larger samples
across longer periods of time.
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Figure 1.
Item characteristic curves of EDS-AER and REDI. In the top panel, the daily-level latent

trait zscore was set to 0. In the bottom panel, the participant-level latent trait zscore was set
to 0. Different lines represent different items.
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Figure 2.
Item information function and test information function of EDS-AER and REDI at the daily

level. The participant-level latent traits were set to 0. In the item information function,
different lines represent different items.
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Item Correlations of EDS and REDI at the Daily Level (Upper Diagonal) and Person Level (Lower Diagonal)

Item 1

2

3

4

5

1
2
3
4
5

EDS Discrimination Frequency (DF)
40
.27
40
43

1
.80
.81
.79
.90

.39

1

.62
.76
.63

.37
.34
1
.84
.79

.20
.37
.30

1

72

1

EDS Attrition to Race/Ethnicity (AER)

1 1 31 37 07 .12
2 90 1 25 10 .20
3 87 93 1 31 40
4 93 83 89 1 71
5 91 82 92 86 1
REDI
1 1 99 99 88 .92 .90
2 90 1 96 91 .93 94
3 98 89 1 92 .96 .95
4 99 91 99 1 90 .93
5 95 94 9% 97 1 .93
6 98 91 98 98 96 1
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Parameter Estimates and Standard Errors (SE) of the 2-PL Model Constraining Equal Participant-level Item
Loadings in EDS and REDI

Intercept Loading (Daily) Loading (Participant)
Item  Estimate SE Estimate SE Estimate SE
EDS Discrimination Frequency (EDS-DF)
Item 1 2.94 .29 .81 .05 1 -
Item 2 2.80 .25 40 14 1 -
Item 3 2.18 .16 42 .08 1 -
Item 4 2.54 .18 .22 13 1 -
Item 5 3.08 .32 .63 .10 1 -
EDS Attribution to Race/Ethnicity (EDS-AER)
Item 1 3.22 .38 .84 .05 1 -
Item 2 271 .24 .37 .16 1 -—-
Item 3 244 .19 .46 .08 1 -
Item 4 2.66 21 .24 .18 1 -
Item 5 3.07 31 .38 .24 1 -—-
Racial/Ethnic Discrimination Index (REDI)
Item 1 2.35 .23 .96 .01 1 -
Item 2 1.62 12 .87 .04 1 -
Item 3 2.30 .24 .96 .01 1 -
Item 4 2.19 21 .95 .01 1 -
Item 5 191 19 .92 .03 1 -
Item 6 2.18 .22 .94 .02 1 -
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