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ARTICLE INFO ABSTRACT

Keywords: The Delphi method has been adapted to inform item refinements in educational and psychological assessment
Exploratory sequential development. An explanatory sequential mixed methods design using Delphi is a common approach to gain
Delphi experts’ insight into why items might have exhibited differential item functioning (DIF) for a sub-group, indi-
]C)(I)icor dance cating potential item bias. Use of Delphi before quantitative field testing to screen for potential sources leading to
Item bias item bias is lacking in the literature. An exploratory sequential design is illustrated as an additional approach

using a Delphi technique in Phase I and Rasch DIF analyses in Phase II. We introduce the 2 x 2 Concordance
Integration Typology as a systematic way to examine agreement and disagreement across the qualitative and
quantitative findings using a concordance joint display table. A worked example from the development of the
Problem-Solving Measures Grades 6-8 Computer Adaptive Tests supported using an exploratory sequential
design to inform item refinement. The 2 x 2 Concordance Integration Typology (a) crystallized instances where
additional refinements were potentially needed and (b) provided for evaluating the distribution of bias across the
set of items as a whole. Implications are discussed for advancing data integration techniques and using mixed

Joint display
Instrument development

methods to improve instrument development.

1. Objective

The purpose of this methodological illustration is to advance
methods used in assessment construction and validation through
demonstrating a new technique for integrating findings from the Delphi
method (“Delphi”; Dalkey and Helmer, 1963; Helmer, 1967) and Rasch
(1960, 1980) differential item functioning (DIF) analysis using an
exploratory sequential mixed methods design (Creswell and Plano Clark,
2018). This research resituates Delphi as a mixed method grounded in
dialectical pluralism described as a meta-paradigm that “concurrently
and equally value [s] multiple perspectives and paradigms” (Johnson,
2017, p. 159). In doing so, this research aims to advance the use of mixed
methods to study potential item bias when constructing and validating
instruments, for which examples are limited (Gomez-Benito et al.,
2018). A worked example supports the use of an exploratory sequential
approach compared to the more commonly applied explanatory

* Corresponding author.

sequential mixed methods design. We introduce the 2 x 2 Concordance
Integration Typology as a systematic way to examine agreement or
disagreement across Delphi and DIF findings to inform next steps in item
construction. As a result, this work advances methodological boundaries
through (a) re-aligning Delphi with a more modern dialectical pluralism
lens and (b) integrating common techniques (Delphi and DIF) in a novel
way for exploring item bias. A worked example is used from the
development of the Problem-Solving Measures (Bostic and Sondergeld,
2015, Bostic et al., 2017) Grades 6-8 Computer Adaptive Tests (PSM 6-8
CAT). Four research questions were addressed across a two-phase design
followed by integration of findings from the Delphi study (Phase I) and
DIF study (Phase II).

1. What sources of bias were identified by experts for the PSM6-8 CAT
prototype items as potentially leading to item bias? (Phase I)
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2. To what extent did the expert item bias panel members agree on the
sources of bias identified as potentially leading to item bias among
the PSM6-8 CAT prototype items? (Phase I)

3. Did PSM6-8 CAT prototype items exhibit statistically significant DIF?
(Phase II)

4. In what ways were the item revisions based on Delphi findings
supported or not supported by DIF results to inform further PSM6-8
CAT prototype item refinement? (Integration)

1.1. Defining the Delphi method

Delphi is a consensus-building technique originally developed by the
RAND Corporation in the 1950s to collect experts’ opinions to aid in
government decision-making and predict future events (Dalkey and
Helmer, 1963; Linstone and Turoff, 1975). “Expert” is defined within the
context of the phenomenon or issue under study. The premise is to
“identify, learn, and share the ideas of experts by searching for agree-
ment among experts” (Yildirium and Biiyiikoztiirk, 2018, p. 451).
Although often referred to as Delphi in general, this method has been
classified into four types, each serving different purposes (Paré et al.,
2013): Classical Delphi (consensus building), Policy Delphi (identifying
differentiated views on social and political issues), Decision Delphi
(determining support for decisions), and Ranking-type Delphi (ranking
issues to inform action steps or strategic planning). Regardless of the
form adopted, Delphi moves beyond a typical questionnaire about “what
is” to explore “what could/should be” (Paré et al., 2013, p. 213).

Irrespective of the Delphi study type, purposive sampling is used to
recruit individuals with specific expertise or meeting certain inclusion
criteria to participate as a panel (Yousuf, 2007). For example, if the topic
relates to social issues within a local community, participants could be a
diverse group of community stakeholders. As another example, key
decision-makers from one organization could serve as a panel if the topic
is decision-making within a particular entity. As a final example, when
seeking consensus on items representing a construct for a newly devel-
oped instrument, researchers and practitioners with expertise in that
area, as well as individuals from the target population might be
recruited as participants. Expert panels thus can share homogenous
characteristics or be a diverse group depending on the context and
purpose of the Delphi study. While Zunder and Islam (2011) recom-
mended a minimum of 10 experts, no specific sample size criteria are
adopted in the literature as Delphi “does not depend on statistical power
but rather on group dynamics to arrive at a consensus among experts”
(Cafiso et al., 2013, p. 256).

While often described as primarily a qualitative method (e.g., Brady,
2015; Sekayi and Kennedy, 2017), Delphi often involves integrating
quantitative and qualitative data (Brady, 2015). Initial expert responses
are collected on the topic or issue using an open-ended questionnaire.
Expert opinions are analyzed thematically and aggregated by re-
searchers to subsequently present to the same expert panel to review the
synthesized results for indicating their level of agreement or disagree-
ment. Multiple rounds are conducted until reaching a consensus that
represents the collective expert opinion. Experts can modify their re-
sponses in each round. Modifications might occur after being exposed to
other experts’ perspectives or to clarify an opinion. Someone external to
the panel, often a researcher, facilitates the process and responses are
anonymous to other experts.

Analyses are embedded after each round of data collection to
determine when saturation and consensus are reached. Variations exist
in how experts indicate their agreement (e.g., open-ended response,
rated on an agreement scale) and how consensus is determined (e.g.,
median agreement ratings, percent agreements, interquartile ranges,
and non-parametric statistical tests such as Kendall’s W). Despite these
variations, the core components of Delphi are “purposive sampling,
emergent design, anonymous and structured communication between
participants, and thematic analysis” (Brady, 2015, p. 3). In their
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systematic review of 42 applications of Delphi, Paré et al. (2013) found
that the rigor of the method is commonly upheld through purposeful
sampling, anonymity of experts, an external facilitator, a stopping rule,
and controlled iterative feedback to experts.

1.2. Advantages and limitations of Delphi

Delphi is described as appropriate to use as a method when: (a) a
research problem calls for subjective collective feedback for which
analytical techniques lack; (b) diverse backgrounds, experience, or
expertise are needed to inform a problem; (c) frequent face-to-face panel
meetings are not feasible or resources are limited; (d) external facilita-
tion of communication is needed to maintain anonymity on a polarized
or sensitive topic; and (e) it is necessary to create a space for individuals
to share their voice without anyone dominating the group dynamic
(Yousuf, 2007).

Potential limitations associated with Delphi include but are not
limited to: (a) consensus reached representing a compromised or
middle-of-the road opinion; (b) time commitment required by experts to
complete the process; and (c) opinions representing a select group
(Yousuf, 2007). An additional challenge implementing a Delphi study is
maintaining the meaning of experts’ opinions when synthesizing or
conducting thematic analysis throughout the iterative process (Yousuf,
2007).

1.3. Applications of Delphi

Since its inception, Delphi has been used in a wide range of domains
such as business, education, engineering, health care, information
technology, policy, public administration, and physical sciences (Brady,
2015; Paré et al., 2013; Yousuf, 2007). More specific applications
include using Delphi to: (a) forecast trends and conduct cost-benefit
analysis (see for review Green, 2014); (b) gain an understanding of
lived experiences (e.g., Sekayi and Kennedy, 2017); (c) engage in
participatory action research to study an organizational system (e.g.,
Fletcher et al., 2014); (d) identify priorities and gather opinions to guide
initiatives (see for review Paré et al., 2013) or public planning (Cafiso
et al., 2013); and (e) establish content validity evidence in behavioral
(Wessels et al., 2022), diagnostic (e.g., Bannatyne et al., 2018), or
educational (e.g., Yildirim and Biiyiikoztiirk, 2018) assessment
development.

1.4. Uses of Delphi in instrument development

Ways in which Delphi has been used specific to instrument devel-
opment is synthesized in Table 1. Other qualitative methods (e.g.,
cognitive interviewing) are included in Table 1 to situate Delphi as an
alternative approach used for similar research purposes in instrument
development. Example studies are cited to illustrate the pattern we
observed in our review of the literature regarding the timing and pur-
pose of Delphi or other qualitative method. Three ways the current
methodological illustration advances and fills a gap in existing appli-
cations of Delphi in the psychological and educational instrument con-
struction process can be drawn from Table 1 and are outlined next.

1.4.1. Advancement of Delphi to examine item bias

Delphi is more commonly used as a technique to collect expert
opinions related to the phenomenon under study to inform item devel-
opment (see Table 1). For instance, Bannatyne et al. (2018) applied the
method to reach consensus on symptoms of eating disorder during
pregnancy to identify item content of a new measure. As another
example, Delphi is used to facilitate reaching a consensus on the quality
of newly constructed items to make decisions on item refinement or
removal. In these studies, experts are asked to iteratively review items to
reach consensus on the (a) alignment with and representativeness of an
item set as a whole with the construct intended to be measured; (b)
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Table 1
Delphi and common qualitative methods used in instrument development.
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Timing of Delphi or Qualitative Strand in the Research Design Purpose

Sources of Bias
Examined Using

Example Citations

Delphi
Mono Simultaneous Phasel  Phase II Inform item Confirm or explain Explore Pre- Open
content bias item defined
bias
Delphi X N/A Bannatyne et al. (2018)
Bauer et al. (2019)
Bonnot et al. (2022)
Wessels et al. (2022)
Delphi X N/A Al Zoubi et al. (2018)
Dutt et al. (2019)
Delphi X X X Karnati (2021)
Delphi X X Yildirim and Biiyiikoztiirk
(2018)
Ethnographic X X Maddox et al. (2015)
interviews
Cognitive X X Benitez and Padilla (2014)
interviews
Think aloud X X Ercikan et al. (2010)
interviews
Delphi X X X Current illustration

Notes. Mono (single method study). Simultaneous (collected at the same time as quantitative data). Phase I (implemented in Phase I followed by a quantitative Phase
II). Phase II (implemented in Phase II and proceeded by quantitative Phase I). Pre-defined (examined sources of bias between specified sub-groups often defined by
prior significant DIF results). Open (examined emergent sources of bias beyond for pre-defined sub-groups).

clarity of wording; (c) appropriateness of the rating scale; and/or (d)
how items discriminate from other existing instruments (e.g., Bauer
et al., 2019; Bonnot et al., 2022; Dutt et al., 2019; Wessels et al., 2022).

When used to examine for measurement invariance, common is to
use Delphi or other qualitative methods to confirm or explain statisti-
cally significant DIF results (e.g., Karnati, 2021; Yildirim & Biiytikoz-
tiirk, 2018). Delphi has been implemented in combination with DIF
where a sample is drawn from the target population to test for potential
item bias against a subgroup (e.g., Yildirium and Biiyiikoztiirk, 2018).
DIF results when “equally able test takers differ in their probabilities to
answer a test item correctly as a function of group membership” (AERA
et al., 2014, p. 51). As such, DIF indicates systematic error as compared
to real mean group differences (Camilli and Shepard, 1994). While
significant DIF does not equate to item bias, it can be indicative of po-
tential bias and thereby important to investigate (Osterlind and Everson,
2009). DIF is examined to understand measurement variance (i.e.,
inequivalence), particularly possible sources of construct-irrelevant
variance (Boer et al., 2018). As defined in the Standards for Educa-
tional and Psychological Testing (AERA et al., 2014), construct-irrelevant
variance is “variance in test-taker scores that is attributable to extra-
neous factors that distort the meaning of the scores and thereby decrease
the validity of the proposed interpretation” (p. 217).

Three types of potential biases influencing invariance are construct,
method, and item bias (Boer et al., 2018, van de Vijver and Tanzer,
2014). Relevant to this paper is item bias, an unfavorable impact on a
particular sub-group. This can cumulate to result in test bias occurring
“when a decision, grounded to some degree by the scores yielded from a
test, is unfair or has a perceived disparate impact on one group”
(Osterlind and Everson, 2009, p. 4). Thus, item bias negatively in-
fluences consequential validity evidence, the interpretation and inten-
ded use of test scores (AERA et al., 2014). While Delphi has been used to
examine measurement invariance (e.g., Karnati, 2021; Yildirim &
Biiyiikoztiirk, 2017), applications such as the current proposed meth-
odological illustration are less common than its use for informing item
content and clarity.

1.4.2. Use of Delphi to explore item bias beyond for only pre-defined groups

Studies using Delphi or other methods to examine DIF have advanced
understanding of sources by demographic groups (e.g., gender, ethnical/
racial, and school type). A limitation of this research is that only items

exhibiting statistically significant DIF by pre-defined sub-groups are
further investigated to explain why DIF resulted to inform item refine-
ment. Cognitive interviewing (e.g., Benitez and Padilla, 2014), think
aloud interviewing (e.g., Ercikan et al., 2010), focus groups, (e.g., Yil-
dirium and Biiyiikoztiirk, 2018), and Delphi (e.g., Yildirium and
Biiytikoztiirk, 2018) have been used as follow-up methods. In adopting
this explanatory sequential approach, sources of biases are narrowly
described within a demographic-group framework in both phases of the
study. As a result, potential biases related to other variables and com-
pounding biases against crossing aspects of groups (e.g., girls from
under-resourced schools) are left unexplored (Lyons et al., 2021).
Also, items not presented to panel members based on DIF results
might have potential sources of biases that can be minimized. However,
because they did not yield statistically significant DIF, these items are
often not examined further. One exception is a study conducted by
Karnati (2021) examining all items for both DIF and potential sources of
bias identified by an expert panel through Delphi. However, only bias
for pre-defined groups were examined including for gender and English
language learner status. The methodological illustration presented in
this paper proposes to fill this gap through use of an exploratory
sequential mixed methods design (Creswell and Plano Clark, 2018).

1.4.3. Advancement of a systematic data integration technique

Systematic approaches to determining DIF and evaluating for
consensus in follow-up Delphi studies conducted in effort to understand
the DIF detected are used in existing applications. Despite these ad-
vances, to our knowledge, a systematic approach to integrating the joint
results has not been developed to date. Delphi is often implemented or
outcomes are reported as a stand-alone method (e.g., Bannatyne et al.,
2018; Bauer et al., 2019; Green, 2014; Fletcher and Marchildon, 2014).
When comparing qualitative descriptors of bias to DIF results, data
integration was limited to merging through discussion (e.g., Maddox
et al., 2015).

One exception to the latter limitation was Yildirium and Biiytikoz-
tiirk’s (2018) study comparing Delphi and DIF results. Although the
specific mixed methods data integration technique was not explicitly
explained by the researchers, qualitative sources of bias described by
experts were reported using a joint display table. However, only results
for items exhibiting DIF were jointly reviewed with Delphi results and
for pre-defined groups (i.e., gender and school type). A second exception
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to the latter limitation was a recent dissertation conducted by Karnati
(2021). Although the mixed methods data integration technique was
also not explicitly described in this study, Karnati (2021) presented a
joint display table to report expert panel consensus and DIF results for
the total item set. While joint display tables were implemented in both of
these two studies, they were not used to determine con-
cordance/discordance across data sources. The current methodological
illustration is distinguished from these prior design approaches by pre-
senting a systematic approach for joint review of Delphi and DIF results.
Our developed typology advances the limited examples of joint displays
for comparing the concordance/discordance of Delphi and DIF results
through a formal framework to inform next steps in minimizing sources
of item bias as part of instrument development.

1.5. Current methodological illustration

Mixed methods are used to examine potential item bias (e.g., Benitez
& Padilla, 2016; Gadermann et al., 2011; Maddox et al., 2015), but
examples continue to be scarce (Gomez-Benito et al., 2018). Delphi has
been implemented in combination with DIF analyses as a systematic
technique for collecting data to explain DIF results (see Fig. 1a). Lacking
is an approach for integrating Delphi before quantitative testing of items
(see Fig. 1b).

Flipping the purpose from initially explaining to first exploring po-
tential sources of bias to guide item writing could minimize bias before
exposing the target population to items and further advise item writing
and refinement in advance of participants completing items. Also lack-
ing is integration of Delphi findings and DIF results to inform the item
refinement process. A new integration typology for connecting data
from the two methods is proposed in this paper.

2. Resituating Delphi under dialectic pluralism

We adopted a dialectic pluralistic (Johnson, 2012, 2017) lens to
guide the development of a more integrated approach to examining item
bias. Delphi was initially grounded in pragmatism (Dalkey and Helmer,
1963) described as the “what methods work” paradigm (Creswell and
Plano Clark, 2018). It was associated with a pragmatic lens due to the
utilization of qualitative methods to collect expert opinions and quan-
titative methods for determining consensus. Since the original inception
of Delphi, however, research paradigms have advanced to include dia-
lectic pluralism “as a metaparadigm (that is, a paradigm that dialogues
with multiple paradigms)” (Stefurak et al., 2016, p. 345). Dialectic

a) Explanatory Sequential Design (Commonly Applied Approach)

QUAN

Differential Item Functioning (DIF)
Analysis

Did items exhibit significant DIF?

b) Exploratory Sequential Design (Additional Approach Illustrated)

QUAL

Delphi Method

How were potential sources leading to
item bias described?

Items exhibiting DIF
identified for further
explaining

Items revised to minimize
potential sources of item bias
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pluralism is explained as engaging in the following six activities during
the research process for which, we maintain, Delphi’s alignment is
apparent:

(a) Dialectically listen, carefully and thoughtfully, to different par-
adigms, disciplines, theories, and stakeholder and citizen perspec-
tives; (b) combine important ideas from competing paradigms and
values into a new workable whole for each research study or pro-
gram evaluation; (c) explicitly state and “pack” the approach with
stakeholders’ and researchers’ epistemological and socio-political
values to guide the research (including the valued ends and one
hopes for the valued means for getting there); (d) conduct the
research ethically; (e) facilitate dissemination and use of research
findings (locally and more broadly); and (f) continually, formatively
evaluate and improve the outcomes of the research-an-use process ...
In short, [dialectic pluralism] is a change theory, and it requires
listening, understanding, learning, and acting. (Johnson, 2012, p.
752)

Core components of Delphi are consistent with the main ideologies of
dialectic pluralism: “negotiation, conflict management, and group pro-
cess for dealing with differences” (Johnson, 2017, p. 158). Delphi in-
volves listening to a diverse panel of experts or stakeholders, gaining an
understanding a phenomenon through iterative consensus building,
learning from the thematic analysis results, and acting on those results to
inform a change. Thus, we propose resituating Delphi in this paradigm
to move beyond its initial grounding in pragmatism.

Adopting this lens, in general, was appropriate for the current
methodological illustration. Over the past decade, mixed methods
research has been increasingly associated with dialectic pluralism
(Johnson et al., 2014; Stefurak et al., 2016). In addition, mixed methods
are called for in instrument construction and validation studies to use
multiple quantitative and qualitative data sources to iteratively inform
instrument refinements and provide for a robust validity argument
(Koskey et al., 2018; Luyt, 2012; Onwuegbuzie et al., 2010).

3. Methods
3.1. Study context

A worked example was drawn from Year 1 of a 5-year grant sup-
porting the development of the PSM6-8 CAT. These items are open

word-problem type tasks based on real-world scenarios. The Marsh-
mallow Treats Tasks is an example from PSM7.

qual
Delphi Method

How were the DIF results explained?

quan
DIF Analysis

Did items exhibit significant DIF?

Fig. 1. Common sequential mixed method research designs used to evaluate for potential item bias. Illustration adapted from Creswell and Plano Clark (2019, p. 68).
QUAN/quan and QUAL/qual indicate higher/lower priority status in addressing the research questions. Variations in priority status assigned for both designs can be
supported (Morgan, 1998; Teddlie and Tashakkori, 2009). Arrow (—) indicates sequential.
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Rosalinda plans to make marshmallow treats to share with her class.
The recipe requires 2 /3 cups of marshmallows, 3 Y cups of rice cereal,
and Y cup of butter. It serves eight people. How many cups of rice cereal
will she need if she must make treats for 28 people?

Because writing PSM items involves drawing from real-world set-
tings, efforts are needed to minimize biases reflected in item content
potentially shaped by item writers’ own experiences.

An iterative Design-Based Research methodology (Middleton et al.,
2008) approach to instrument construction and validation was adopted
in the larger study. This current work is related to initial item writing
construction phases. Content expert, psychometrician, and item bias
review were built into the iterative item writing cycle. While this
worked example is in the context of the development of a mathematics
assessment, the proposed design and integration typology can transfer in
general to educational and psychological instrument construction and
validation studies examining item bias.

3.2. Study constraints

Constraints included that results had to be communicated to the item
writing team within a three-week period to inform item refinement.
Delphi was identified as a systematic yet efficient method for item bias
review. However, Delphi post hoc for explanatory purposes dominated
the literature. As a result, the goal was to develop an approach to inte-
grate Delphi and DIF analyses to conduct a rapid evaluation of potential
item bias before exposing items to the target student population for
further qualitative and quantitative field testing.

3.3. Proposed exploratory sequential approach

Fig. 2 illustrates the proposed two-phase exploratory sequential
mixed methods research design (Creswell and Plano Clark, 2018) nested
in the larger study. The four research questions addressed are presented
by phase. Overall, potential sources of item biases were explored in an
open-ended approach using the Delphi method (Phase I) and quantita-
tive DIF analyses (Phase II) followed by integration of findings from the
two phases.

Two research questions bounded the Delphi study (Phase I).
Research question one (RQ1) addressed experts’ opinions related to
potential sources of bias in the PSM-CAT 6-8 prototype items, while
research question 2 (RQ2) determined the extent they reached
consensus on those sources of bias. Findings from Phase I were
communicated to the item writing team to guide item refinements as
part of the item writing cycle. Also, these findings were used to inform
strategies shared with item writers in the subsequent year’s refresher
item writing training related to minimizing potential sources of item
bias. Following item refinements by content experts, items were
advanced and tested for DIF (Phase II), which addressed research
question three (RQ3) related to evaluating for significant DIF with
quantitative methods. Research question four (RQ4) addressed inte-
gration of the results from both phases to inform further item refine-
ment. More specifically, integration examined in what ways the DIF
(Phase II) results supported that item revisions made were effective or
that additional refinements may be needed prior to further field testing.
Jointly analyzing the results provided for crystallization, a “deepened
complex, thoroughly partial, understanding” (Richardson, 2000, p. 934)
of potential biases associated with items.

3.4. Data collection and analyses

3.4.1. Delphi study (Phase I)

The Delphi study consisted of two item bias panels each made up of
three experts purposefully sampled to represent expertise in diversity
and mathematics assessment on each panel, as well as a diverse de-
mographic make-up by gender and ethnic/racial identity. Engagement
of a diverse expert panel is consistent with a core ideology of dialectic
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Phase I — Delphi Study
(QUAL + quan)’

RQ1: What sources of bias were identified by experts for
the PSM6-8 CAT prototype items as potentially leading to
item bias?

RQ2: To what extent did the expert item bias panel
members agree on the sources of bias identified as
potentially leading to item bias among the PSM6-8 CAT
prototype items? (quan)

Items identified revised by content expert item writing team
to minimize sources of item bias identified

l

Phase 11 — Differential Item Function (DIF)
(quan)

RQ3: Did PSM6-8 CAT prototype items exhibit
statistically significant DIF?

v

Integration

RQ4: In what ways were the item revisions based on
Delphi findings supported or not supported by DIF results
to inform further PSM6-8 CAT prototype item refinement?

Fig. 2. Exploratory sequential mixed methods design using the Delphi method
and Rasch differential item functioning analysis to evaluate for potential item
bias. 'Uppercase/lowercase indicates priority status as higher/lower (Morse,
1991, 2003). RQ = Research question.

pluralism to “pack” the research approach to reflect multiple stake-
holders’ values (Johnson, 2012). Each item bias panel reviewed 180
items split into two sets (averaging 45 items) for a total of 360 items with
each set undergoing the Delphi method. Our decision to create two item
bias panels was in effort to present a task feasible for experts to complete
two iterations within the given timeframe. The Delphi method utilized is
detailed in a prior work (Koskey et al., 2021).

3.4.1.1. Round 1 of the Delphi study. Experts completed an online sur-
vey asking them to: (a) describe any potential sources of item bias; (b)
identify the type(s) of source: cultural, disability status (e.g., dyscalcu-
lia), gender, geographical area (suburban, urban, or rural), race/
ethnicity, school type (private, public), socio-economic status, or other;
and (c) assign a holistic rating of the level of accessibility of the items to
the target population (not accessible, accessible to some, accessible to
most, accessible to all) and explain the primary reason for their rating.
After collecting experts’ opinions on each item, two researchers
collaboratively conducted a rapid thematic analysis (Saldana, 2016) to
identify common or unique potential biases identified by the panel by
item. Biases coded as common were synthesized into a single bias
statement, while unique biases were retained as separate bias
statements.

3.4.1.2. Round 2 of the Delphi study. Experts were sent a second survey
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that synthesized the biases (based on the thematic findings) and asked
them to complete three core tasks: (a) rate whether they agreed/dis-
agreed “this source could potentially lead to item bias; ” (b) describe any
modifications to existing biases and any additional biases emerging in
their second review; and (c) rate the level of items accessibility to the
target population. Round 2 served as a way to collect any new emergent
biases, and it was a strategy for member-checking the synthesized bias
statements. Throughout the Delphi study, experts’ verbatim wording
from their written responses was retained to the highest degree possible
when stating the biases so to maintain the meaning of the experts’
opinions. It was important to adopt experts’ language when possible to
maintain the meaning since additional iterations to validate their views
was not possible.

3.4.1.3. Item refinements based on Delphi results. As the Delphi process
was completed for each set by each panel, the results were iteratively
reported using three feedback buckets: (a) items with consensus reached
that no bias was identified; (b) items with consensus reached that bias
was identified; and (c) items with one expert identifying bias. Consensus
was defined as at least two of three experts agreeing a source could
potentially lead to item bias. The item writing leads subsequently used
the results to guide item refinements. Using results to inform a change is
consistent with both the purposes of a Delphi study (Yousuf, 2007). Also,
findings were used at a local level (to guide item refinements to
PSM-CAT 6-8 items) and broadly (to advance methods for minimizing
measurement variance), as Johnson (2012) described as a core ideology
of dialectic pluralism. Further consistent with dialectic pluralism is the
iterative and reciprocal use of the outcomes of the Delphi study to
improve our research on the assessment development process, which
reflects to “continually, formatively evaluate and improve the outcomes
of the research-and-use process” (Johnson, 2012, p. 752).

3.4.2. DIF study (Phase II)

A series of 18-21 item tests were created and administered to college
students in mathematics education programs. The purpose of the initial
pilot testing was to uncover potential fundamental interpretive and
performance issues prior to testing with middle school students to avoid
test fatigue and for time constraints in classrooms. DIF (Phase II) was
tested analyses applying the dichotomous Rasch model, a probabilistic
measurement model (Bond and Fox, 2007). Using WINSTEPS© Version
4.4.6 (Linacre, 2019), the dichotomous Rasch model was implemented
as items on the PSM6-8 CAT were scored as either correct or incorrect.
Person measures and item difficulties were transformed to log-odd units
(i.e., logits).

DIF contrast sizes were computed to indicate the magnitude of dif-
ferences in item difficulty between sub-groups. DIF contrast sizes > 0.50
logits were moderate to large magnitude in differences, indicative of
potential item bias (Linacre, 2021). Sub-groups recommended to test for
DIF in educational assessment include gender, geographical location,
socio-economic status, and racial/ethnic groups (AERA et al., 2014). For
the purposes of this methodological illustration, we use a sub-set of
exemplar items tested for DIF by geographical location (suburban vs.
urban/rural). Urban and rural were combined to form one group as
students from K-12 schools in these geographic areas have been found to
have similar academic performance and are viewed as traditionally
underserved in STEM education (Harris and Hodges, 2018).

3.4.3. Integration

Our first cycle of analysis was exploring in what ways the two data
sources might be crystallized (Ellingson, 2009, 2014; Rasch, 1960,
1980) to identify next steps in item development. Delphi and DIF results
were organized in a joint display table, a common data integration
technique used in mixed methods to compare qualitative and quantita-
tive data sources (Plano Clark, 2019). Guetterman et al. (2015) have also
generally described this table as comparing results display and noted its
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appropriateness for use in test validation. Each item was treated as a unit
of analysis with Phase I and Phase II results as columns for the tested
samples. Data for each item included synthesized bias statements (Phase
D), DIF contrast sizes (Phase II), and identification of which group was
negatively impacted (Phase II).

Four typologies emerged in our collective examination of the joint
display table. As such, this resulted in a concordance table often used in
mixed methods research studies (e.g., Creamer and Reeping, 2020) and
previously familiar in Delphi studies (e.g., Cafiso et al., 2013). Table 2
displays the developed 2 x 2 Concordance Integration Typology for
evaluating in what way DIF (Phase II) supported item
refinement/non-refinement based on Delphi (Phase I) results. Typol-
ogies are mutually exclusive (i.e., independence of observation) in that
each item can only be classified in one typology.

Concordance Type I is defined as when an item revision was made in
response to the Delphi (Phase I) results that the panel reached consensus
the item exhibited potential bias and DIF (Phase II) was not detected. In
this case, this joint result provides evidence the item revision as effective
at minimizing item bias for geographical location. Concordance Type II is
defined as when no item revision was necessary based on the Delphi
(Phase I) results and DIF (Phase II) was not detected. This joint result
supports bias was minimized.

Discordance Type I is defined as when an item revision as made in
response to the Delphi (Phase I) results that the panel reached consensus
the item exhibited potential bias, but DIF (Phase II) was detected after
item revision. Discordance Type II is defined as when no item revision
was necessary based on the Delphi (Phase II) results, but DIF (Phase II)
was detected. Discordance joint results provide evidence potential item
bias may persist and items may need further review and/or refinement
(see Table 2).

In a second cycle of analysis, each item was classified applying the 2
x 2 Concordance Integration Typology. The joint display table was
expanded to reflect the typology classification affiliated with each item,
providing for further crystallization of potential item bias.

4. Results
4.1. Delphi study results (Phase I)

Full results of the Delphi study of 360 items including the thematic
findings are reported in another paper (Fan et al., 2022). For the purpose
of this methodological illustration, we present results for a sub-sample of
30 PSM6-8 CAT prototype items cycling through the item development
phase of the larger study. We focus on results related to students
self-reported geographical area. Out of the 30 items, the panels reached
consensus that a total of 15 items (50.00%) exhibited potential sources
of bias with 9 items (30.00%) specifically identified as geographical type
bias. As one example, panel members reached consensus that an item
referencing a “ride sharing app” in the problem-solving task exhibited a
potential source of geographical bias. Two panel members identified this
source in Round 1 of the Delphi study. All three panel members agreed
on the synthesized bias statement the item exhibits potential biased
specifically against rural students in that, “Very few rural students
would have experience with a ride sharing app.”

Table 2
2 x 2 Concordance Integration Typology for Connecting Delphi and DIF Results.

DIF (Phase II) Results

Post Delphi (Phase I)

No significant DIF Significant DIF

Item revision Concordance Type I Discordance Type I
No item revision Concordance Type II Discordance Type II
Integration I3 |
Item revision effective. Evidence potential bias
Supports bias persists.
minimized. Item may need further review.
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4.3. DIF analysis results (Phase II)

Among the 30 items, a total of 11 items (36.67%) showed statistically
significant DIF contrast sizes > 0.50 logits, indicating moderate to large
magnitude in systematic differences between geographical groups. DIF
contrast sizes ranged from —2.84 to 1.93. A total of six items (20.00%)
favored students who self-reported living in a suburban area, while five
items (16.67%) favored students who self-reported living in a rural or
urban area. These results indicated that when DIF was detected, it was
relatively equally balanced between the two sub-groups across the 30
items. Items exhibiting statistically significant DIF were subsequently
communicated to the item writing team for further review.

4.4. Integration

The frequency and percentage of items classified in each Concor-
dance Integration Typology follows: Concordance Type I (Item revised
and no DIF) — 9 items (30.00%) Concordance Type II (Item not revised
and no DIF) - 10 items (33.33%), Discordance Type I (Item revised but
DIF) - 6 items (20.00%), and Discordance Type II (Item not revised but
DIF) — 5 items (16.67%). Based on these results, a total of 19 items
(63.33%) exhibited concordance, while a total of 11 items (36.67%)
classified as discordance and potentially needing additional review. For
illustration purposes, Table 3 reports on results of four exemplar items
using a concordance joint display classifying a typology as present “X”.

5. Discussion and conclusion

Integrated results can be used to identify next steps at the item level
and assessment level. In our study, points of concordance provided
supportive evidence for continuing to move an item through the larger
item development cycle and field-testing phase. Points of discordance
highlighted the importance of evaluating both data sources to draw
meta-inferences regarding the next steps in item development. Meta-
inferences are conclusions “generated by integrating the inferences ob-
tained from the qualitative and quantitative strands” (Teddlie and
Tashakkori, 2009, p. 338). Discordance can be examined through mul-
tiple lenses. Example potential next steps at the item level to consider
include.

. Retain and monitor an item.

. Revise (or further revise) an item.

. Conduct further expert review.

. Conduct cognitive interviews with target population.
. Remove an item based on crystallization of findings.

g b~ wWN =

Which step to engage in depends on critical review of the joint

Table 3
Joint display of example findings using the 2 x 2 concordance integration

typology.

Item Post

DIF (Phase II) Results Joint Results

Delphi .
DIF Group Concordance Discordance
(Phase I) .
Results Contrast Favoring Type Type Type Type
I 11 I 11
1 Item 0.18"8 - X
revised
2 No item 0.06 NS - X
revision
3 Item —1.02* Suburban X
revised
4 No item —1.48* Rural/ X
revision Urban

Note. N3 = Not statistically significant. * = Statistically significant (p < 0.05). X
= Type present.
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results, as well as the item content. For example, item 3 in Table 2
originally included context of calculating a “tip” for a restaurant bill.
Panel members reached consensus that, “A student who is not finan-
cially able to afford to go out to eat may not know what a tip is. Tipping
is cultural as well (more Western). In some cultures, tip is simply
included in the cost of the bill.” After communicating the results to the
item writing team lead, the item context was revised. Despite the item
revisions, statistically significant DIF was detected in favor of students
identified as from a suburban area (Discordance Type I). This discordance
may indicate that the revision of “tip” to “coupon” and “restaurant” to
“store” did not address the potential source leading to item bias. These
results can be communicated to the item writing team that the item
context may need further revision.

Results at the assessment level can be used in two ways. First, to
evaluate the overall balance of bias across the assessment as a whole. For
instance, examining whether there is an even distribution of items
exhibiting potential bias against students from suburban or urban/rural
areas. Evaluating the balance of DIF at the assessment level is appro-
priate given that sources of bias cannot be fully eliminated (Osterlind
and Everson, 2009), but an assessment with minimized or balanced DIF
across sub-groups is fairer than a largely unbalanced test in terms of DIF.
For the 30 item sub-sample used in the current illustration, as a whole
approximately the same percentage of items were biased against sub-
urban (16.67%) and rural/urban (20.00%) students. Second, results can
be utilized to inform continuous item writer training in an effort to
minimize potential sources in future item construction. In our study, we
shared with item writers’ common types of biases identified and stra-
tegies for minimizing those biases grounded in both literature and our
specific findings.

5.1. Advancement of mixed methods

Minimizing item bias is important to increase fairness in testing
(AERA et al., 2014) and, in turn, appropriate consequential uses of re-
sults such as in making cross-cultural comparisons (Boer et al., 2018).
Examples integrating DIF with qualitative data sources exist but are still
few (Gomez-Benito et al., 2018), and they dominantly use an explana-
tory sequential design. The current work fills a gap in the literature by
illustrating the advantages of integrating Delphi and DIF using an
exploratory sequential design in the item construction phase of instru-
ment development and validation. In this example, DIF was not only an
indicator of potential sources leading to item bias, but also whether item
revisions based on Phase I Delphi findings were effective. Intended test
takers’ differing backgrounds “... must be considered throughout all
stages of development ... so that barriers to fair assessment can be
reduced” (AERA, 2014, p. 50). Thus, this exploratory approach and the
2 x 2 Concordance Integration Typology developed demonstrated the
flexibility in the use of the Delphi method as part of the feedback loop in
the item writing cycle of assessment development.

Additionally, modeled after concordance joint displays (Cafiso et al.,
2013; Guetterman et al., 2015), the typology developed through this
research contributes to data integration techniques in mixed methods by
presenting an approach to jointly evaluating Delphi and DIF results.
Table 2 provides a template for future studies applying this framework.
The illustrated design and typology are transferable to the development
process in general for educational and psychological assessments.
Framed within a dialectic pluralism paradigm (Johnson, 2017), drawing
meta-inferences based on both data sources (Delphi and DIF results)
reflects a more holistic evaluation of bias from multiple perspectives
during the item writing cycle.

5.2. Conclusions and future research
The findings from this study contributes to advancing integration

strategies in mixed methods, thus responding to the “integration chal-
lenge” described in mixed methods research (Fetters and Freshwater,
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2015). Joint display tables are commonly used in convergent designs
examining convergence or divergence across data sources (Bustamante,
2019). The current paper contributes to mixed methods research by
extending the use of joint displays in sequential designs. A 2 x 2
Concordance Integration Typology can be applied adopting the defini-
tions used in this study or modified to fit other study purposes and
questions comparing qualitative and quantitative data sources for
concordance. In doing so, we advocate for future research to combine
the dialectical pluralism perspective with Delphi.

We identified lessons learned as researchers applying an exploratory
sequential mixed methods design to integrate Delphi and DIF results.
First, a diverse panel was essential for the Delphi study (Phase I) to in-
crease the likelihood that underlying sources of bias will be identified
that might not be detected by DIF but warrant item refinement. While
there were instances where members identified a common source of bias
in the first iteration of review, there were many occasions where indi-
vidual experts identified biases not first recognized by other experts.
Second, engaging in the Delphi study multiple times seemed to influence
panel members’ detection of sources of bias. They were exposed to
multiple critical perspectives over time as inherent in using the Delphi
method. We observed the evolution of the types of sources of biases
described by experts with their increased exposure to the opinions of
experts from different backgrounds. These first two lessons learned
illuminated the importance in engaging multiple perspectives in the
research process, consistent with dialectic pluralism (Johnson, 2012).
Future research might focus on a systematic mixed methods study
related to whether engaging in a Delphi study being exposed to others’
critical perspectives influences how experts see (re-see) potential sour-
ces of bias in subsequent reviews.

Third, conducting the Delphi study in Phase I as compared to Phase II
casted a broader net for identifying sources of item bias than allowing
the DIF results to drive the initial phase of the study using pre-defined
categories to explore (e.g., gender, racial/ethnicity). As a parallel, the
benefits were similar to when applying emergent coding as compared to
a priori coding (Saldana, 2016) in qualitative research. Fourth, and
finally, the joint review of Delphi and DIF results informed actions such
that only considering one data source would have potentially altered
decisions about how an item progressed through the item writing cycle.

DIF analysis is advocated for as a “routine part” in developing in-
struments (Martinkova et al., 2017, p. 1). We firmly support the
engagement of diverse critical perspectives in screening for sources of
item bias be routine before exposing participants to items on a larger
scale. The Delphi technique provides a systematic approach to that end.
Researchers are encouraged to consider the value of incorporating a
Delphi study in the early stages of research given the added information
not understood from quantitative approaches alone.

5.3. Limitations

A limitation of this research was that only two iterations were
feasible to conduct as part of the Delphi study. Member-checking and
verbatim language from experts were used to address this limitation.
Another limitation is that only one demographic variable was evaluated
at a time utilizing DIF analysis. Biases identified by experts in this study
emerged as bias against a single group (e.g., girls, students living in
urban spaces), which could be due to Delphi directions not explicitly
asking panel members to reflect on biases crossing over variables. As a
result, intersectional biases (girls living in urban spaces) were not
quantitatively tested. Future research should explore any emergent
qualitatively described cross-intersectional biases using advanced
modern statistical techniques available (see for review, Boer et al.,
2018).
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