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Abstract: Reliability, validity, and feasibility of the only validated oral health care measure of cultural competence, the Knowledge,
Efficacy, and Practices Instrument (KEPI), have been confirmed. However, the instrument’s psychometric properties including item
and person reliability, category response functioning, and scale targeting, as well as differential scale functioning for subgroups,
have not yet been examined. The aim of this study was to test the psychometric properties of KEPI among dental students using
Rasch Partial Credit Model to determine if this model provided broader valid information that cannot be demonstrated according
to Classical Test Theory. A total 1,290 dental students in the first or final semester at four U.S. dental schools were invited to participate in the study in 2016. Of those, 1,231 individuals completed the survey, for a 95.4% response rate. The participants were
613 males and 618 females and 889 non-underrepresented minority (URM) and 342 URM students. The Rasch Partial Credit
Model assessed the psychometric properties of KEPI’s 20 items/three subscales. Differential scale functioning was found in the
Culture-Centered Practice and Efficacy of Assessment subscales. Four items were endorsed differentially by gender; four items
were endorsed differentially by URM/non-URM students. This study examined the psychometric properties of the KEPI using
Rasch analysis to assess differential item functioning by dental student gender and race. The results provided valid evidence for
the high internal reliability, measurement properties, and unidimensionality for the KEPI domains, ideal targeting, and well
response category functioning, showing that the KEPI is a reliable instrument for measuring the subscales Knowledge of
Diversity, Culture-Centered Practice skills, and Efficacy of Assessment for health care providers.
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A

s numbers of ethnic and racial minorities in
the U.S. continue to increase, the demand for
culturally responsive health care has necessitated an examination and revision of what and how
dental students are taught. To assess the impact of
curricular changes, Like recommended measuring
dental students’ knowledge, efficacy, and practice
beliefs at the beginning, interim points, and near the
conclusion of their training.1 Several psychological
instruments measuring cultural competence among
health professions students and providers have been
used in applied research across health care disciplines, such as the Cultural Competence Health Practitioner Assessment (CCHPA),2 the Tucker-Culturally
Sensitive Health Care Inventory (TCSHCI),3 the
Defining Issues Test2 (DIT2),4 and the Inventory
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of Assessing the Process of Cultural Competence
among Health Professionals (IAPCC-R).5 However,
no studies have supported the reliability and validity
of these instruments.
In 2012, Behar-Horenstein et al. conducted an
initial validation study of the Knowledge, Efficacy,
and Practices Instrument for Oral Health Providers
(KEPI-OHP).6 This scale consists of 20 items measuring three latent domains: Knowledge of Diversity,
Culture-Centered Practice, and Efficacy of Assessment. The internal reliability of KEPI-OHP was assessed by Cronbach’s alpha, and its factor structure
was explored using exploratory and confirmatory
factor analysis. The results were that the correlated
three-factor model demonstrated acceptable internal
consistency reliability and showed a good model fit
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with the data. Later, the convergent and divergent
validity of KEPI-OHP was assessed by Pearson correlation,7 and the results ensured adequate external
validity. Recently, a short form of KEPI with 17 items
was developed by Garvan et al.8 The revised form
omitted items with weak factor loadings and confirmed construct validity across the three subscales.
Although both the original and revised versions of KEPI showed strong reliability and validity
evidence to support their use for measuring cultural competence among oral health care providers,
analysis of psychometric properties was limited to
Classical Test Theory (CTT). In general, CTT is
a traditional psychometric technique in which the
participant performance and the properties of items
are estimated in terms of summated scores across
multiple items. Despite CTT’s wide use over past
decades, this technique is unable to examine specific item properties and a person’s latent traits and
characteristics. In addition, CTT cannot satisfactorily
identify participant use of response categories in line
with the intention of test developers.
Unlike CTT, item response theory (IRT) allows
examination of item property difficulty, item discrimination, and individual ability based on the amount
of information test takers provide about the latent
trait. The IRT models for ordered polytomous items
(e.g., items rated on a Likert or other scale) generally
include the partial credit model (PCM), rating scale
model (RSM), and graded response model (GRM).
These models assume a latent construct is underlying the observed data and that both the respondents
and items can be arrayed along a continuum.9 By
examining the relationship between an individual’s
performance on each item and the respondents’ levels
of performance on an overall latent trait that the item
was designed to measure, the models can provide
information about the difficulty of endorsing an item,
the ability to discriminate respondents with different levels of latent traits, and the category threshold
unique to each item. In recent years, IRT models have
been increasingly applied in assessing the knowledge, culture competence, and practices of health
care professionals. For example, Haywood et al.
conducted a comprehensive psychometric evaluation
of Cultural Competence Health Practitioner Assessment (CCHPA-129) using CTT and IRT model.10 In
addition, differential item functioning analysis (DIF)
was performed to assess if scores of CCHPA-129 had
equivalent meaning across race, ethnicity, gender, and
profession. Court et al. demonstrated the value of us-
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ing Rasch-derived RSM to assess the psychometric
properties of Spielberger State Anxiety Scale (SSAS)
to measure patient anxiety.11
Although the reliability, validity, and feasibility
of KEPI have been confirmed among dental faculty
members and students, its psychometric properties
including item and person reliability, category response functioning, and scale targeting, as well as
differential scale functioning (DSF) for subgroups,
have not yet been examined. The aim of this study
was to test the psychometric properties of KEPI
among dental students using PCM to determine if
this model provided broader valid information that
cannot be demonstrated according to CTT. In addition, we were interested in conducting DSF analysis
to test the measurement equivalent across gender and
ethnicity subgroups.

Methods
This study was approved by the University of
Florida’s Institutional Review Board (#2013-0989).
A total 1,290 dental students in the first or final
semester at four U.S. dental schools were invited to
participate in the study in 2016.
The KEPI, a 20-item instrument, measures
self-reported levels of cultural competence among
predoctoral dental students and other oral health care
professionals. Items on its three latent constructs
related to cultural competence (Knowledge of Diversity, Culture-Centered Practice, and Efficacy of
Assessment) are rated using a four-point scale, with
response options 1=very limited to 4=very aware
for items 1, 2, 9-17, and 19-27 and response options
1=strongly disagree to 4=strongly agree for items 3-8
and 18. Scores on Knowledge of Diversity provide a
measure that reflects an individual’s understanding
of sociocultural and linguistically diverse groups.
Efficacy of Assessment scores measure the extent
to which individuals are capable of responding satisfactorily to culturally diverse patient oral health
needs. Culture-Centered Practice scores measure an
individual’s awareness of sociocultural and linguistically diverse patients’ needs for oral health care.
The internal consistency of each domain of
KEPI was assessed by Cronbach’s alpha. Higher test
reliability indicates that the test measures what it
intends to measure in a consistent manner. The value
of that is equal to or larger than 0.7 suggests acceptable reliability. A confirmatory factor analysis was
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conducted in Mplus Version 712 to check the assumptions of IRT models including unidimensionality and
local independence. Weighted least squares estimation with adjusted means and variances (WLSMV)
was applied as it is appropriate for categorical data
and does not assume a linear relationship between the
items and latent construct.13 Unidimensionality indicates that the items are measuring a single construct.
In this study, if the unidimensionality assumption was
met, a single factor model should well fit the items
for each subscale of KEPI. The goodness of model fit
was assessed in terms of the root mean square error
of approximation (RMSEA), comparative fit index
(CFI), and Tucker-Lewis Index (TLI). Following the
previous rule of thumb,14,15 a RMSEA value less than
0.05 indicates acceptable degree of model fit, and
CFI and TLI values that are larger than 0.95 show a
good model fit.
The assumption of local independence indicates the latent trait is the only reason that caused
the correlation between all pairs of the items. Local
independence was assessed with a bivariate model
fit information that checks for high correlations between pairs of items after conditioning on the latent
construct.16
The Rasch Partial Credit Model (PCM) was
applied to assess the psychometric properties of
the 20-item and three-subscale KEPI structure. The
reason we used Rasch PCM rather than Rating Scale
Model was because examiners may interpret scales
differently in terms of the items. The eRm package17
in the R software was used to implement the analysis
including item/person fit, scale precision, response
category functioning, scale targeting, and differential
item functioning across subpopulations of interest.
The formula used for constructing measures through
item response to the PCM is shown as follows:

Where item i is scored x = 0, …, mi for an item
with Ki = mi + 1 response categories, Pix(θj) indicates
the probability that an examinee j answers item i at
category x correctly, conditioning on latent level
θj; r=0,…,k,…,m and k refer to a specific response
category that is modeled; and δik (k = 1, …, mi) refers
to the item step difficulty that measures the difficulty
of item i being advanced from category k – 1 to k.
The scale precision was determined by item
separation reliability (IR), indicating how well items
can be discriminated from one another in terms of
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item difficulty. In addition, person separation reliability (PR) was estimated to identify the extent to
which participants can be discriminated based on
their estimated person ability.18 When the values
of PR and IR are larger than 0.8, it indicates an acceptable level of discrimination. If this condition is
satisfied, then the Rasch analysis continues with an
examination across each latent construct to determine
the item and person fit in each domain. Survey items
and participants that did not adequately fit the latent
construct were identified using the infit mean-square
statistics (Infit MSQ) and outfit mean-square statistics
(Outfit MSQ), which are preferred indices of fit of
the Rasch model.19 Infit/outfit values close to 1 are
considered ideal fit, while Infit/outfit values that are
either below 0.5 or above 1.5 are considered misfitting. Poor fitting items indicate the need to remove
or revise the item on the survey, while a large number
of flagged persons indicates that the instrument is
not working well for the sample of dental students
who took the survey or that the participants were not
providing thoughtful answers.
Response category functioning was examined
by step measures within each category, advancing
average measures as well as category probability
curves.20,21 Step measure parameters describe the
boundaries between each of two adjacent categories
for score x. They are expected to monotonically advance with increasing participant ability. Category
probability curves were presented as a visual tool
to help assess if the category threshold impeded the
expected order. By inspecting person-item maps,
we examined the scale targeting and compared the
location of items and the distribution of person ability on the same logit scale. Ideally, targeting occurs
when a set of items within a construct are located
along the full range of KEPI score in the population
and are well centered in terms of the person measure
distribution.
In the final step, the differential step functioning (DSF) analysis in eRm package was applied to
assess if each step of polytomous items was measuring the latent constructs differently for dental students
across two subpopulations (male vs. female; URM
vs. non-URM). Pervasive DSF indicates that all steps
display a substantial DSF effect, while non-pervasive
DSF means that only one or a few steps display a substantial DSF effect. A Lord’s Wald-test22 was applied
in each of the three steps of KEPI items to locate the
source of the biasing factor when polytomous DIF
is present. The Type I error rates for DIF detection
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using Lord’s Wald tended to be within the expected
nominal alpha value 0.05. A p-value of certain steps
of polytomous items of <0.05 indicated that the item
was flagged for DIF across subgroups. This study
used an existing database for analysis.

Results
Of the students invited to participate in the
study, 1,250 students agreed to participate, but 19
did not complete the survey and were excluded from
the data analysis. The final number of participants
was 1,231, for a response rate of 95.4%. The participants were 613 males, 618 females, 889 non-URM
students, and 342 URM students. Mean scores, standard deviation, and internal reliability for the three
subscales of KEPI are shown in Table 1. The overall
reliability was 0.81, and the Cronbach’s alpha for all
three subscales was greater than 0.7, indicating that
the instrument has adequate internal consistency.

Psychometric Properties
The CFA model fit generally supported
the unidimensional assumption for the Knowledge of Diversity domain (RMSEA=0.01, CFI/
TLI=0.987/0.978) and Culture-Centered Practice
domain (RMSEA=0.019, CFI/TLI=0.970/0.939);
however, for the Efficacy of Assessment domain
(RMSEA=0.157, CFI/TLI=0.987/0.983), the value
of RMSEA >0.1 indicated that the unidimensionality of efficacy of assessment may be tentative.14 The
assumption of local independence was assessed
with a non-parametric test that checks for high correlations between pairs of items conditioning on the
latent construct.16 The test indicated that most pairs
of items showed independence at the p<0.01 level,
except items 1 and 5 and items 11 and 12. Given that
the independent assumptions were not violated with
respect to quite a few pairs of items, we concluded
the local independence assumption was confirmed
to an appropriate degree for interpreting results of
the PCM model.

Table 1. Mean, standard deviation (SD), and internal reliability by domain
Domain/Item
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Mean

SD

Reliability

Knowledge of diversity
2.26
1. How would you rate yourself in terms of understanding how your ethnicity/culture has
influenced the way you think and act?
10. At the present time, how would you rate your own understanding of the following terms: Culture?
11. Ethnicity?
12. Racism?
14. Prejudice?
15. Culturally diverse patients?

0.59

0.85

Culture-centered practice
1.33
9. How would you rate your understanding of “patient management” for treating patients from
ethnically/culturally diverse groups?
13. At the present time, how would you rate your own understanding of the following terms:
culturally diverse oral health care practices?
16. Pluralism?
17. Cultural encapsulation?

0.53

0.80

Efficacy of assessment
1.80
0.57
18. In dentistry, patients from different ethnic/cultural groups should be given the same treatment.
19. How would you rate your ability to: Accurately identify your own culturally biased
assumptions as they relate to your professional practice?
20. Effectively secure information and resources to better serve patients of different ethnic/cultural groups?
21. Accurately assess the oral health care needs of women?
22. Accurately assess the oral health care needs of men?
23. Accurately assess the oral health care needs of older adults?
24. Accurately assess the oral health care needs of gay, lesbian, bisexual, and transgendered individuals?
25. Accurately assess the oral health care needs of patients with disabilities?
26. Accurately assess the oral health care needs of persons who come from low socioeconomic environments?
27. Identify your own strengths and weakness of oral health care treatment planning for persons
from different ethnically/culturally diverse groups?

0.91

Total

0.81

1.80

Journal of Dental Education

■

0.51

Volume 82, Number 10

Next, the PCM-derived reliability for person
and item of each domain was determined (Table 2).
Item separation reliability for the three subscales
ranged between 0.85 to 0.89, suggesting acceptable
discrimination among items. Person separation reliability by domains ranged between 0.80 and 0.91,
indicating the participants were well discriminated
from each other on their estimated ability.

Item and Person Statistics
Table 3 shows the item level results from the
Rasch analysis. Specifically, item difficulty estimates,
step measure, item statistics, and category frequency
for each item are presented. All response options were
intended to form an ordered categorical scale with 0
as low and 3 as high. The range of difficulty in KEPI

was from -0.06 to 2.05. Item 9 (“How would you
rate your understanding of patient management for
treating patients from ethnically/culturally diverse
groups?”) was the easiest one with 46.3% of the students reporting “Aware.” Item 25 (“How well would
you rate your ability to accurately assess the oral
health care needs of patients with disabilities?”) was
the most difficult one, with 39.4% students reporting
“Aware.” It appears from the category frequency
of Table 3 that the participants’ responses did not
fully cover the range of the four-point scale. For all
three subscales of KEPI, the Category 3 “Aware”
or “Agree” was selected most frequently, followed
by Category 2 “Limited” or “Disagree,” Category 4
“Strongly Agree” or “Very Aware,” and Category 1
“Very Limited” or “Strongly Disagree.” The responses were more well distributed across the four-

Table 2. Person/item reliability estimates by domain
Person/Item

Knowledge of Diversity

Culture-Centered Practice

Efficacy of Assessment

0.81
0.85

0.80
0.88

0.91
0.89

Person separation
Item separation

Table 3. Item difficulty, step measure, category frequency, and outfit/infit statistics for each item by domain
		
Scale/Item

Item Difficulty
Location
T1

Step Measure
T2
T3

1

Category Frequency (%)
2
3
4

Item Statistics
Outfit
Infit

Scale 1 KOD										
Item 12
0.64
-2.52
0.12
4.57
0.24
3.82
54.03
41.90
0.60
0.65
Item 11
0.97
-3.79
1.16
5.55
0.16
10.25
60.37
29.21
0.59
0.63
Item 15
1.28
-2.52
1.01
5.36
0.33
9.11
58.99
31.57
0.74
0.79
Item 10
1.34
-2.00
0.61
5.42
0.41
6.83
61.59
31.16
0.59
0.65
Item 14
1.41
-1.76
0.72
5.27
0.49
7.24
59.48
32.79
0.69
0.73
Item 1
1.71
-0.54
0.77
4.91
1.14
6.75
54.68
37.43
1.55
1.41
Scale 2 CCP										
Item 9
-0.06
-3.45
0.08
3.19
3.90
37.89
46.26
11.95
0.92
0.92
Item 13
0.27
-2.80
0.43
3.19
7.15
40.65
40.57
11.63
0.73
0.74
Item 16
1.59
-0.96
1.88
3.85
24.55
47.24
22.03
6.18
0.75
0.74
Item 17
1.91
-0.55
1.99
4.28
29.67
44.88
20.49
4.96
0.70
0.68
Scale 3 EOA										
Item 18
0.30
-2.75
0.34
3.30
2.43
22.05
48.96
26.56
2.77
2.37
Item 19
0.38
-3.76
0.11
4.80
1.04
21.70
64.67
12.59
1.29
1.30
Item 20
0.77
-2.77
1.01
4.07
2.69
31.34
48.44
17.53
1.24
1.24
Item 21
0.87
-1.53
0.71
3.43
6.08
23.87
45.57
24.48
0.50
0.51
Item 22
0.92
-1.59
0.65
3.70
5.82
23.78
48.78
21.61
0.46
0.46
Item 26
0.98
-1.59
0.57
3.98
5.73
23.18
52.17
18.92
0.57
0.57
Item 27
1.00
-1.92
0.65
4.28
4.69
25.26
53.91
16.15
0.77
0.77
Item 23
1.30
-1.55
1.07
4.39
6.42
29.60
49.13
14.84
0.50
0.50
Item 24
1.47
-1.00
1.27
4.14
9.29
29.95
44.27
16.49
0.57
0.57
Item 25
2.05
-0.77
1.94
4.99
11.72
38.80
39.41
10.07
0.72
0.71
Note: Scale 1 refers to Knowledge of Diversity (KOD), scale 2 refers to Culture-Centered Practice (CCP), and scale 3 refers to Efficacy of
Assessment (EOA).
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point rating scale in the Efficacy of Assessment and
Culture-Centered Practice domains. An extremely
low number of students choose Category 1 “Very
Limited” in the domain Knowledge of Diversity.
Inspection of the item statistics (Outfit/Infit
MSQ) for the 27 items indicated that the CultureCentered Practice domain displayed reasonable fit
to the PCM model with no misfit for any items. That
domain performed well in fitting the model with only
one item (Item 1, “How would you rate yourself in
terms of understanding how your ethnicity/culture
has influenced the way you think and act?”) showing Outfit/Infit values larger than 1.5. However, two
items (Item 18, “In dentistry, patients from different
ethnic/cultural groups should be given the same
treatment,” and Item 22, “How would you rate your
ability to accurately assess the oral health care needs
of men?”) in the Efficacy of Assessment domain
were identified beyond the cut-off. These items were
flagged as poorly fitting by targeted subscale.
A high percentage of participants (36%) in the
Knowledge of Diversity domain were identified as
poorly fitting persons. This finding indicated that the
subscale may not adequately measure respondents’
knowledge of culture diversity. Both the CultureCentered Practice and Efficacy of Assessment
domains adequately measured participants’ latent
ability with less than ten persons being marked as
poorly fitting.

Response Category Functioning
and Scale Targeting
The step measures for each item increased
monotonically across rating scale categories (from
threshold 1 to threshold 3) for all three subscales and
demonstrated well the response category functioning
across the domains. The examples of category probability curves are shown in Figure 1, visualizing well
order threshold across rating scales.
Person-item maps were used to measure the
extent to which survey items targeted the participants’
ability of the latent construct. In Figure 2, the bars on
the top part of the map represent the distribution of
students’ ability on the domain (lower number indicates less endorsement to the survey items). The dots
in the lower part of the map indicate item difficulty.
The targeting of the Knowledge of Diversity domain
was poor. The items were relatively homogenous in
difficulty of endorsement and are generally distributed in the left side of respondent’ ability distribution,
indicating that the items were, on average, too easy
for the participants. For the Culture-Centered Practice
and Efficacy of Assessment domains, the set of items
in each construct were nearly located along the full
range of KEPI score in the population and were well
centered in terms of the person measure distribution,
indicating that the survey items ideally targeted the
participants’ ability of the domains.

Figure 1. Category probability curves of items 14 and 15, showing “well-ordered threshold,” with the step measures
for each item increased monotonically across rating scale
Note: For items 14 and 15, 1=very limited was designated Category 0 (reference category); 2=limited was designated Category 1;
3=aware was designated Category 2; and 4=very aware was designated Category 3.
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Figure 2. Person-item maps by domain: Knowledge of Diversity (left panel), Culture-Centered Practice (middle panel),
Efficacy of Assessment (right panel)

Differential Step Functioning
In the last step, a PCM derived differential step
functioning analysis was used to identify whether
the KEPI instrument measured respondents’ cultural
competence without discrimination across female
and male students and URM and non-URM students
(Table 4). The Knowledge of Diversity domain
performed well in measuring participants’ ability
with no DSF for gender and race presented in any
items. However, non-pervasive DSF for gender was
detected for Culture-Centered Practice domain items
16 and 17. Item 16 also showed non-pervasive DSF
for race, and item 9 showed pervasive DSF across

race. In addition, two items (20, 26) on the Efficacy
of Assessment domain showed non-pervasive DSF
across gender, and three items (18, 25 and 26) showed
pervasive DSF for race.
The z-statistic is positive when the item difficulty for female and URM dental students is larger
than the estimate for their counterparts. Of the DSF
items, items 16, 17, and 20 were more difficult to
endorse for male students, while item 26 was more
difficult to endorse for female students. In addition,
items 16 and 18 were more likely to be endorsed by
non-URM students, while items 9 and 26 tended to
be much too easy for URM students.

Table 4. Items showing DSF for gender and race
				
Item

Threshold 1		
statistics
p-value

Threshold 2		
statistics
p-value

Threshold 3
statistics
p-value

Gender						
Item 16 CCP
-0.13
0.89
2.06
0.04
1.24
0.21
Item 17 CCP
1.37
0.17
2.20
0.03
1.54
0.13
Item 20 EOA
1.86
0.06
2.98
<0.001
2.87
<0.001
Item 26 EOA
-2.27
0.02
-1.93
0.05
-1.80
0.07
Race						
Item 9 CCP
-2.09
0.04
-3.42
<0.001
-3.86
<0.001
Item 18 EOA
4.01
<0.001
4.28
<0.001
3.36
<0.001
Item 25 EOA
2.23
0.03
2.31
0.02
2.31
0.02
Item 26 EOA
-1.12
0.26
-2.13
0.03
-2.67
0.01
CCP=Culture-Centered Practice domain; EOA=Efficacy of Assessment domain
Note: The significant level is at 0.05.
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Discussion
We found no previous studies that have examined the psychometric properties of KEPI using IRT
theory. However, KEPI has been increasingly applied
in dental and other health care disciplines to assess
and measure cultural competence for oral health
care providers in an effort to guide changes in dental
education programs and curriculum modifications
in academic dental institutions. Thus, it is essential
to identify whether the KEPI can produce reliable
estimates of participant ability in population-based
samples. The PCM model is one of the most widely
used IRT models for polytomous items. Unlike the
Rating Scale Model, the number of response categories in the PCM are allowed to vary across items,
and item discrimination parameters are not fixed.
Edelen and Reeve found that less constrained models
produced more accurate estimations of data.23 Thus,
we used a Rasch-derived PCM model in this study
to assess the psychometric properties of the KEPI,
which have been well validated using CTT theory.
Our research findings demonstrated three domains in the KEPI: Knowledge of Diversity, CultureCentered Practice, and Efficacy of Assessment were
all producing reliable item and person estimates in
a large population-based sample of U.S. dental students. The Rasch analysis showed both high item
and person separation and reliability, indicating that
the items posed high discrimination ability and that
respondents could be appropriately discriminated
between each other based on their estimated ability.
Also, each KEPI domain demonstrated acceptable internal consistency. Moreover, the item data in
each domain conformed to the Rasch measurement
model, indicating that the items measured a single
construct in the manner that is expected under latent
measurement model theory. In KEPI, for successive
response categories across all subscales, the Rasch
PCM found that all were located in the expected
order. No KEPI items showed “disordered threshold.” The average and step measures for each item
advanced monotonically in the expected direction
across the four-point rating scale; no misfitting category was identified. Also, the evidence demonstrated
that it was difficult for respondents to discriminate
more than five response categories, which could easily lead thresholds to be disordered.24,25
The Rasch PCM model indicated that the
Culture-Centered Practice domain displayed reasonable fit with no misfit for any items and that most
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items fit the Culture-Centered Practice and Efficacy
of Assessment domains well with the exception of
items 1, 18, and 22. The acceptable item fit findings
indicated that the assumption of monotonicity in IRT
was met. It should be noted that 5% of the respondents in the Knowledge of Diversity domain were
identified as poorly fitting persons. As reported by
Wright and Masters, a large number of flagged respondents suggests that the instrument may not work
well for measuring the ability of sample who took
the survey or perhaps participants were not providing thoughtful answers.19 Also, if moderate or small
numbers of respondents were detected for misfit, as
in our case, they should potentially be excluded from
the final analysis. It should be noted that participants
were well able to discriminate among less than five
response categories, beyond which points the “disordered threshold” problem was likely to occur.
Targeting of the Knowledge of Diversity domain was less than desirable as can be seen in the
person-item maps, in which the difference between
item and person means was larger than 5.00. Items
were relatively homogenous in difficulty of endorsement and were generally distributed on the left side
of respondent ability distribution, indicating that the
items were, on average, too easy for the participants.
The targeting problem could be due to the significant
floor effects in the subscale. Indeed, around 80%
of the respondents selected “agree” and “strongly
agree” response option, while only less than 1% selected “Very Limited” option. We can infer that the
subscale provided a lot of information about dental
students who demonstrated a high level of knowledge
of racial diversity, but that it was not well designed
to measure dental students who posed relatively
low levels of Knowledge of Diversity. As suggested
by Linacre,26 collapsing categories may be a useful
way to optimize the effectiveness of polytomous
response categories and to improve the model fit
indices of IRT as well as reducing the total time and
burden to complete the survey.27 In fact, collapsing
or increasing the number of response categories is a
trade-off between instrument effectiveness and the
overall model fit.28 If the item numbers are small and
item discrimination is problematic, a researcher may
consider increasing response categories to improve
the model fit. However, when the items have high
discrimination or the number of items is large, and
the model fit is relatively poor, then it is feasible to
consider less response categories.
Optimal targeting was observed in the CultureCentered Practice and Efficacy of Assessment do-
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mains, indicating survey items ideally measured the
participants’ ability in the domains. Our analyses
revealed a different type of DSF: non-pervasive and
pervasive, which showed a different type of bias.
No DSF was found for the Knowledge of Diversity
domain. However, non-pervasive DSF by gender and
pervasive DSF by race were found on certain items
across the Culture-Centered Practice and Efficacy
of Assessment domains. As reported by Satcher, any
significant DIF effects may be the result of ethnic and
cultural diversity or gender expectations that lead
to certain feelings or behavior more or less “strong/
sensitive” across different subgroups.29 For example,
item 16 (“At the present time, how would you rate
your own understanding of the following term:
Pluralism?”), item 17 (“At the present time, how
would you rate your own understanding of ‘cultural
encapsulation’?”) and item 20 (“How would you rate
your ability to effectively secure information and
resources to better serve patients of different ethnic/
cultural groups?”) were more difficult to endorse for
male students. Perhaps this is the reason that female
and URM groups are considered more sensitive to
racism than their counterparts.30,31
In addition, four items that exhibited pervasive DSF across race warrant concern. Non-URM
students were more likely to agree that “In dentistry,
patients from different ethnic/cultural groups should
be given the same treatment,” while URM students
were more likely to be confident in rating their understanding of “patient management” for treating
patients from culturally diverse groups and in their
ability to accurately assess the oral health care needs
of patients with disabilities and those from low socioeconomic situations. The reason for these group
differences may indicate cultural taboos or may be
simply because exposure to people from culturally
diverse groups is more common among some racial
groups than others. Previous research on color blind
racial attitudes among health care providers found
different levels of color blind racial attitudes among
URM and non-URM groups.31 For example, URM
students had significantly lower scores on Racial
Privilege, Institutional Discrimination, and Blatant
Racial Issue. Ancis et al. reported that non-URM
students in the U.S. usually experience less racial
discrimination and thus have reported less interracial
tension or racial conflict.32 Moreover, non-URM
students showed significantly better understanding of
the term “pluralism” than their counterparts. Perhaps
this could be due to the wording of the questions
or that it was more difficult for minority groups to
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understand, leading to either an endorsement bias or
an actual variation in awareness of cultural diversity.
These results are limited in generalizing across
states and among larger subgroups as the findings
may be more representative of a specific state or
institutional culture. First, with regard to the PCM
model applied in the study, it was not representative
of all possible models that exist in realistic situation.
For future research, a variety of IRT models such
as graded response model and rating scale model
could be used to fit KEPI scale, respectively, and to
compare which model results in best model fit. In
addition, we noticed that, for some items, there were
few responses in the lowest or highest categories. In
this case, researchers may wish to score the four-point
scale into binary scale (0/1), and future research could
examine if using dichotomous IRT (1PL, 2PL, and
3PL) to model these responses leads to more accurate
parameter estimates. Further studies that utilize much
larger sample sizes across wider areas with various
minority groups are needed. Previous studies reported
that a high level of color blind racial attitudes and
pervasiveness of racial stereotypes existed among
clinical faculty members.31,33 Ancis et al. found that
clinical faculty racism was a potential stressor for
URM students, so we recommend examining DSF
effects across students and faculty from different
racial groups.32
The development of the KEPI is responsive to
the Culturally and Linguistically Appropriate Health
Care Services (CLAS) standards. Despite limitations
reported in this study, KEPI was found to be a useful
and reliable instrument for measuring Knowledge
of Diversity, the skills in Culture-Centered Practice,
and Efficacy of Assessment for oral health care
providers.34

Conclusion
This study examined the psychometric properties of the KEPI using Rasch analysis to assess differential item functioning by dental student gender
and race. The results provided valid evidence of
high internal reliability, measurement properties,
unidimensionality of the three subscales of KEPI,
ideal targeting, and well response category functioning. Items that posited significant pervasive or
non-pervasive DSF across gender and racial groups
do not suggest that the questions should be deleted. It
simply indicated that item bias makes group comparisons problematic because the items showed slightly
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different properties across the subgroups that were
examined. Special care should be taken when conducting gender/racial comparisons using KEPI scale.
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