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Abstract

This study presents a comprehensive conceptual framework for equating in educational
assessment, aimed at enhancing the accuracy, validity, and fairness of equating outcomes. The
framework emphasizes the importance of considering sample characteristics, statistical
assumptions, model fit, advancements in equating methodology, the integration of technology,
and the factors of equity and fairness. By incorporating these elements, educational institutions
can improve their equating practices and support equitable and fair evaluation processes. The
framework also impacts policy-making and educational assessment procedures, providing a
foundation for evidence-based policies that promote accountability and effective evaluation.
Policymakers can use this framework to develop policies that ensure fair and valid assessment
practices. Additionally, the study highlights the critical role of empirical research in validating
and refining the framework, advocating for the exploration of cross-cultural equating
methodologies to address diverse cultural contexts in education. To further advance the
profession, the study suggests conducting empirical studies, embracing technology, fostering
collaboration, increasing reporting standards, training practitioners, and monitoring equating
practices. These efforts will help ensure more accurate, fair, and valid equating outcomes. This
study offers valuable insights into equating in educational assessments, providing a robust basis
for enhancing fairness, validity, and cross-cultural equity in educational evaluations.
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INTRODUCTION

Test equating ensures fairness and comparability in the assessment of student achievement, which is a
crucial aspect of educational assessment. Evaluation of student performance, guidance in making
decisions about education, and the success of educational initiatives all depend on the use of educational
evaluations. Test equating makes it possible to compare people, groups, and times in a meaningful way
and to interpret test results accurately (Huggins, 2014). The understanding of test equating, a crucial
aspect of educational evaluation, lacks depth in theoretical exploration despite its paramount
importance. Current literature predominantly focuses on practical methods for equating different test
formats, neglecting thorough examination of the theoretical foundations behind these strategies
(Ledncio et al., 2023; Born et al., 2019; Yuan et al., 2011). This gap impedes the development of a
comprehensive understanding of test equating and its implications for educational assessment
(Sansivieri et al., 2017). Further research is needed to elucidate the theoretical frameworks underlying
equating methodologies, thereby enhancing the validity and reliability of assessment practices. By
delving into the theoretical underpinnings, researchers can uncover insights that contribute to more
effective and equitable evaluation methods. Consequently, addressing this knowledge gap is imperative
for advancing educational assessment and ensuring fair and accurate evaluation outcomes.
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In order to close this research gap, a solid conceptual framework for test equating is being built
in this paper. The framework tackles the difficulties involved in equating, integrates and synthesises
several equating approaches, and looks into new problems in the field. This framework will provide a
clearer understanding of the complexity involved in test equating and direct future study and practice
in the subject by creating a thorough theoretical foundation. Using well-known theories like
Multidimensional Item Response Theory (MIRT), Item Response Theory (IRT), and Classical Test
Theory (CTT), the conceptual framework enables a methodical investigation of the theoretical
foundations of test equating. The framework aims to clarify the fundamental assumptions, principles,
and limitations of various equating approaches by providing an in-depth explanation of their theoretical
underpinnings. Moreover, the conceptual framework includes a thorough comprehension of the
equating procedure, encompassing popular methods like Test Score Linking Methods, Anchor Test
Design, and Common-Item Nonequivalent Groups Design (CING). Every method was analysed in light
of the conceptual framework, enabling a thorough evaluation of its advantages, disadvantages, and
suitability for various testing situations.

The difficulties with test equating were also included in the conceptual framework. These
difficulties included the effects of sample variables (such as size and heterogeneity) and test form
features (such as item overlap, test length, and differential item functioning) on equating processes.
This research attempts to offer insights into the possible sources of bias and mistake in equating and
suggest techniques for limiting their consequences by addressing these problems within the framework.
In order to guarantee the validity and fairness of educational assessments, the framework also
emphasised how crucial it is to address concerns of equity, fairness, and cultural considerations in test
equating.

The goals of this study are to improve the validity and fairness of educational evaluations,
advance the field, and support evidence-based methods. By means of a methodical analysis of the
theoretical and conceptual underpinnings, this paper seeks to furnish scholars, professionals, and
legislators with an invaluable tool for comprehending, executing, and refining test equating protocols.
This study uniquely constructs a comprehensive conceptual framework for test equating by integrating
both theoretical and practical dimensions, addressing a gap in existing research. Unlike prior work
focused primarily on method application, it delves into the theoretical foundations of equating methods
using Multidimensional Item Response Theory (MIRT), Item Response Theory (IRT), and Classical
Test Theory (CTT). It also evaluates practical procedures like Test Score Linking Methods, Anchor
Test Design, and Common-Item Nonequivalent Groups Design (CING), identifying potential biases
and errors. Moreover, the study emphasizes equity, fairness, and cultural sensitivity in test equating,
highlighting the need for culturally fair assessments. This dual focus on theory and practice, combined
with an emphasis on fairness, sets this research apart, offering a robust foundation for advancing
educational assessment and promoting more effective and equitable evaluation methods.

THEORETICAL FOUNDATION OF TEST EQUATING

1. Classical Test Theory

One of the main theoretical pillars in the subject of test equating is Classical Test Theory (CTT). It
includes fundamental ideas and presumptions that direct the process of equating. The true score plus
the error score is added to determine the observed test score in CTT. The test performance's random
variations are captured by the error score, whereas the true score reflects the underlying skill or attribute
being tested (Austin, 2019).

The real score and error score are assumed by CTT to be independent and regularly distributed.
Additionally, it makes the assumption that the measurement error is constant throughout the whole true
score range. These presumptions serve as the foundation for equating techniques, which seek to prove
the equivalentity of various test formats or administrations (Lakens et al., 2018; Alordiah, 2015). But
when it comes to test equating, CTT has come under fire. Its dependence on the presumption of a linear
relationship between the observed and real scores—which might not hold true in all assessment
contexts—is one of the main objections. Furthermore, CTT does not specifically take into account the
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features of individual test items or how differently they work across several groups or administrations
(Algina, 2015).

In order to overcome these drawbacks, scholars have created more adaptable and sophisticated
equating models using alternative theoretical frameworks as Multidimensional Item Response Theory
(MIRT) and Item Response Theory (IRT). These models consider the characteristics of individual items
on the test, the range of difficulty levels, and the possibility of multidimensionality in the construct
being measured (Foster, 2020). Although CTT has been utilised extensively and offers a strong basis
for comprehending test results, its shortcomings when it comes to test equating call for the investigation
of other theories and methods. The criticism of CTT emphasises how crucial it is to take into account
more intricate and thorough frameworks that can better reflect the intricacies of comparable processes
and improve the precision and equity of educational assessments (Algina, 2015).

2. Item Response Theory (IRT)

A different theoretical framework for test equating that overcomes some of the drawbacks of Classical
Test Theory (CTT) is provided by Item Response Theory (IRT). Understanding the relationship
between a person's answer to a test item and the underlying ability or characteristic being tested is made
easier with the help of IRT, which offers a more flexible and nuanced framework (Alordiah, 2022;
Brzezinska, 2018). IRT is predicated on a number of important ideas and presumptions. One of the
basic tenets is that the likelihood of answering an item correctly depends on both the person's aptitude
and its features. IRT models evaluate an examinee's ability level based on their answer pattern,
accounting for the qualities of particular test items, such as their difficulty and discriminatory power
(Mair, 2018; Alordiah, 2015).

Unlike CTT, which assumes a linear relationship between observed and true scores, IRT models
allow for more precise estimation of examinee abilities along a continuum. This is achieved through
the use of item response curves, which provide information about the probability of a correct response
at different levels of the underlying trait (Pena et al, 2018). IRT's capacity to take item attributes and
their influence on the equating process into consideration is one of its main benefits when it comes to
test equating. IRT-based equating techniques can account for the differentiating power and difficulty
levels of items in various test forms and administrations. This makes it possible to compare test results
more fairly and accurately, especially in cases where there may be differences in the format or item
content of the test forms.

IRT models also enable the analysis of item attributes such item bias or differential item
functioning, which contributes to a more thorough knowledge of test equating. These investigations can
assist in locating possible causes of measurement bias and guarantee the impartiality and fairness of
equating processes (Glas, 2008). IRT is applicable to test equating in a way that goes beyond
conventional equating techniques. Test characteristic curve (TCC) equating and item characteristic
curve (ICC) equating are two examples of IRT-based equating techniques that provide more adaptable
options for equating tests with various item structures or answer formats (Leoncio et al, 2023).

A strong theoretical framework for test equating that overcomes some of the drawbacks of
classical test theory is offered by item response theory. IRT is a useful framework for improving the
equating of tests in educational assessments because of its capacity to model the relationship between
item characteristics and examinee abilities, as well as its adaptability to various test formats and
handling of measurement biases (Hori et al., 2020).

3. Multidimensional Item Response Theory (MIRT)

A theoretical framework called Multidimensional Item Response Theory (MIRT) expands on Item
Response Theory (IRT) by taking into account the existence of several dimensions or latent qualities
that are being measured in an exam. MIRT is aware that a lot of tests try to gauge intricate concepts
with several facets, including the ability to solve mathematical problems using both procedural
knowledge and problem-solving techniques. Since MIRT offers a more complex and all-encompassing
method of comprehending and simulating the link between item answers and latent features, it is
especially pertinent to test equating. MIRT provides additional flexibility in equating tests with varying
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item structures or content coverage and enables a more realistic depiction of the underlying construct
being tested by taking into account several dimensions (Kim, 2019).

When equating methods, using MIRT may have a number of advantages. First of all, MIRT
makes it possible to estimate distinct latent trait scores for every dimension, offering a more thorough
knowledge of a person's capabilities on a variety of dimensions. More accurate equating outcomes may
arise from this improved measurement precision, especially when equating tests with different
dimensional coverage. Furthermore, MIRT can assist in revealing significant connections between the
dimensions under study, enabling a more thorough examination of the construct's underlying structure.
This can help with equating choices and guarantee that the multidimensionality of the concept is taken
into account during the equating process (Kim, 2019).

Nevertheless, there are several difficulties when using MIRT to equate operations. The
estimation of parameters in multidimensional models, which might be more computationally intensive
than in unidimensional models, is one of the primary problems. Because of the modelling process's
increasing complexity, precise parameter estimates, and trustworthy equating outcomes must be
ensured (Lee, 2013). Furthermore, compared to unidimensional equating, the interpretation of data from
multidimensional equating could be more complex. It can be more difficult to comprehend and
communicate the meaning of equating outcomes in numerous dimensions, particularly when those
dimensions have differing relative importance or relevance. Notwithstanding these difficulties, using
MIRT to equate procedures has more advantages than disadvantages. MIRT offers a more accurate and
thorough depiction of abilities by taking into consideration the multidimensionality of the construct
being tested, which improves equating outcomes. By guaranteeing the fairness and comparability of
test results across several dimensions, MIRT can help to improve equating procedures when parameter
estimate is done with great care and interpretation is clear (Kim et al., 2019).

CONCEPTUAL FRAMEWORK FOR TEST EQUATING

1. Development of a comprehensive conceptual framework

To direct the study process and comprehend the intricate relationships and mechanisms involved, a
thorough conceptual framework for test equating must be developed. This conceptual framework is
presented in Table 1. This framework functions as a road map, outlining the important factors,
connections, and fundamental mechanisms involved in the process of equating. A comprehensive
analysis of the body of research on test equating, theoretical stances, and empirical data are all
considered in the building of this framework. Researchers can create a conceptual framework that offers
a thorough and organised understanding of the equating process by combining and synthesising
information from these many sources.

2. Identification and classification of key variables in the best equating process

It is crucial to recognise and categorise the important factors that are crucial to the test equating
procedure within the conceptual framework. These variables may consist of a variety of elements,
including test formats, item attributes, examinee traits, and statistical techniques applied during
equating. The various components involved in test equating are arranged and classified to some extent
by the classification of these variables. Test forms can be divided into groups according to factors
including response formats, difficulty levels, and subject coverage. It is possible to categorise item
properties according on their type, discrimination, or difficulty. Examinee traits may include things like
motivation, test-taking prowess, or past knowledge.

3. Construction of relationships and connections between variables within the framework
The next stage is to build the linkages and relationships between the important variables inside the

conceptual framework after they have been recognised and categorised. This entails being aware of the
interactions and influences that these factors have on one another while equating. To comprehend how
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various item attributes affect the equating process, for instance, the relationship between test forms and
item properties might be investigated. In a similar vein, one might investigate the link between examinee
features and equating approaches to find out how individual differences influence the selection and
efficacy of equating methods. Through the establishment of these connections, the conceptual
framework offers a comprehensive perspective on the equating procedure and assists in recognising the
different elements that must be taken into account when carrying out equating studies or putting
equating procedures into action.

4. Explanation of the underlying mechanisms and interactions within the conceptual framework

The last component of the conceptual framework is an explanation of the underlying mechanisms and
variable interactions. This entails being aware of the psychometric concepts, statistical models, and
theoretical underpinnings that underpin the equating procedure. The conceptual framework, for
instance, describes how the theoretical underpinnings of equating techniques are provided by Classical
Test Theory (CTT) or Item Response Theory (IRT). It also clarifies the application of statistical models
to build links between test forms, such as the anchor test method and the equipercentile approach. The
paradigm also emphasises how factors interact, for example, how the choice of equating method affects
the accuracy and fairness of the equating outputs or how the anchor item selection affects the equating
process. The conceptual framework offers a greater knowledge of the equating process by elucidating
these underlying mechanisms and relationships. It also assists researchers in conducting studies,
analysing data, and making well-informed judgements in the field of test equating. Creating a thorough
conceptual framework for test equating is crucial to encouraging an organised and methodical approach
to the field's practice and research. It facilitates the equating process' complexity, identifies important
factors, forges connections between them, and explains the underlying mechanisms that underpin the
equating results for academics and practitioners (Campbell, 2019).

The conceptual framework for test equating includes several important variable categories
(Table 1). The first category is "Test Forms," which considers factors such as topic coverage, difficulty
levels, and response styles. Test forms play a crucial role in determining item attributes and equating
results. The next category is "Item Properties," which includes item kind, difficulty, and discrimination.
These variables significantly impact examinee performance, equating outcomes, and test form selection.
"Examinee Characteristics" is another category that encompasses variables like motivation, test-taking
techniques, and past knowledge. These characteristics have a significant impact on item performance
and equating results.

The "Equating Methods" category includes important techniques such as the Equipercentile
Method, Anchor Test Method, Item Response Theory (IRT), and Test Characteristic Curve (TCC)
equating. These methods help ensure comparability between different test forms, considering
multidimensionality and item properties. The "Theoretical Foundations" category includes item
response theory (IRT) and classical test theory (CTT), which guide the interpretation of equating results.
Understanding the assumptions and constraints of these frameworks is crucial for a valid and correct
equating process.

The "Statistical Models" category includes variables like item response theory (IRT),
generalizability theory, and multidimensional item response theory (MIRT). These models are used to
determine equating functions and estimate examinee and item parameters. The "Equating Design"
category considers factors such as anchor test selection, matching criteria, and sample processes, which
establish the foundation for equating and affect the results. Scaling procedures, including item
calibration, connecting research design, and scaling techniques, fall under the "Scaling Procedures"
category. These techniques ensure comparability of item parameters and create a connection between
test forms. "Fairness Considerations" include variables like group comparisons, bias analysis, and
differential item functioning (DIF), which address possible measurement bias and ensure equitable
equating results. The "Validation Procedures" category includes item analysis, validity research, and
reliability analysis to evaluate test form quality and interpret equated scores.

Lastly, the "Implementation Factors" category considers elements such as timelines,
stakeholder involvement, and resources. These factors impact the feasibility and practicality of equating
techniques. By considering these variables and their intricate relationships, researchers can conduct
accurate and dependable test equating investigations that advance measuring and assessment research.
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It is crucial to prioritize test quality, fairness, validation, and practical limits to ensure accurate and
equitable equating results.

Table 1 Conceptual framework for test equating

Difficulty Levels,
Response Formats

characteristics and
equating results

Variable Kev Variables Relationships and Measurement Implementation
Category y Connections Considerations Considerations
Test Forms Content Coverage, Affect item Make sure you sample | Consider practical

items appropriately,
reduce content overlap,
and address potential
construct
underrepresentation

constraints in test
development, such
as item availability
and administration
logistics

Item Properties

Discrimination,
Difficulty, Item Type

Impact test form
selection, equating
outcomes, and examinee

Consider item quality
and psychometric
properties in form

Address item
security concerns
and potential item

Selection, Matching
Criteria, Sampling

equating, ensure the
representativeness of test

performance construction and  [exposure across test
equating decisions forms
Examinee Prior Knowledge, Influence equating | Think about the variety | Address potential
Characteristics | Test-taking Skills, | outcomes, impact item | of examinee traits and | biases in equating
Motivation performance, and choice| how they affect the |outcomes related to
of equating methods fairness equating examinee
process. characteristics, such
as gender or
cultural background
Equating Methods|  Equipercentile used to take Consider the Evaluate the
Method, Anchor Test|multidimensionality into| appropriateness of computational
Method, Item account, develop equating methods for requirements,
Response Theory linkages between test different test technical expertise,
(IRT), Test formats, and account for| characteristics and and software
Characteristic Curve item attributes measurement objectives| availability for
(TCC) equating implementing
different equating
methods
Theoretical ~ |Classical Test Theory| Provide theoretical Consider the Ensure alignment
Foundations (CTT), Item frameworks for equating assumptions and between the chosen
Response Theory | methods and guide the limitations of the theoretical
(IRT) interpretation of equating| chosen theoretical | framework and the
results framework measurement goals
of the equating
process
Statistical Models| Item Response Employed to estimate Consider the Address potential
Theory (IRT), item and examinee appropriateness and challenges in
Generalizability | parameters, account for [complexity of statistical parameter
Theory, multidimensionality, and| models based on the | estimation, model
Multidimensional establish equating nature of the test and |fit, and assumptions
Item Response functions equating objectives underlying the
Theory (MIRT) chosen statistical
models
Equating Design Anchor Test Determine the basis for Consider the Address potential

representativeness and
quality of anchor items,

biases in the
equating design,

Procedures forms, and influence and the suitability of such as sample
equating outcomes matching criteria selection or
nonresponse
Continued
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Scaling Item Calibration, |Ensure the comparability Consider the Address potential
Procedures Linking Study of item parameters appropriateness of | challenges in item
Design, Scaling across test forms and scaling procedures | calibration, linking
Methods establish the link considering the test | study design, and
between different forms | characteristics and the application of
equating goals scaling methods
Fairness Differential Item Address potential Consider potential Evaluate the
Considerations | Functioning (DIF), measurement bias, sources of bias and |fairness of equating
Bias Analysis, Group| evaluate the fairness of |differential functioning outcomes for
Comparisons equating outcomes across groups various examinee
across different groups, subgroups and
and inform equating address any
decisions identified biases
Validation Item Analysis, Assess the quality of test| Consider the reliability | Address potential
Procedures Validity Studies, forms, examine the and validity evidence | limitations in the
Reliability Analysis |validity and reliability of|supporting the equating validation
equating results, and process procedures and
inform the interpretation ensure the
of equated scores appropriateness of
the chosen
validation methods
Implementation Resources, Influence the feasibility Consider the Engage
Factors Timelines, and practicality of availability of stakeholders in the
Stakeholder equating procedures, resources, time equating process
Involvement including the availability constraints, and and address their
of resources, time expertise required for concerns and
constraints, and implementing equating perspectives
stakeholder perspectives procedures

APPROACHES TO TEST EQUATING

1. Common-Item No Equivalent Groups Design (CING)

A set of common items is included in both the old and new test forms as part of the CING design as
presented in Table 2. By acting as a connecting element between the two forms, these shared elements
enable the development of an equating relationship. The examinees' performance on the shared items
in both forms is utilised to standardise the scores between the forms (Haberman, 2015). When there is
a requirement to standardise scores between test versions or when the format or substance of the test is
altered, the CING design comes in handy. It permits the estimate of equating functions, which guarantee
score comparability by enabling the conversion of scores from one form to another (Gross et al., 2019).

Table 2 A step-by-step description of the CING Equating Process

o . . Statistical Implementation
Step| Description Key Variables Equating Methods Models Considerations
1 | Test Form Construction of old | Content coverage, - Consider relevance to
Construction and new test forms, | Difficulty levels, construct, discrimination,
and Selection  |Selection of common Item type and representativeness of
items items
2 | Administration | Administer old and - - Ensure similar
of Test Forms new test forms to administration conditions,
different groups minimize sources of

measurement error
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findings, Discuss
limitations and
evidence supporting
validity and
reliability

o . . Statistical Implementation
Step| Description Key Variables Equating Methods Models Considerations
3 | Scoring and Score responses on Item properties - Accurate scoring and
Analysis common items, (Discrimination, estimation of item
Obtain item scores or| Difficulty), Item parameters
IRT parameters response theory
(IRT)

4 | Equating Choose equating - Equipercentile | Consider equating goals,
Method method based on test method, Linear | test characteristics, and
Selection and equating goals regression, IRT- available data

based methods

5 | Estimation of Establish statistical - Equipercentile | Accurate estimation of
Equating relationship between method, Linear equating relationship
Relationship performance on regression, IRT- using appropriate

common items in based methods statistical techniques
both forms

6 | Score Use equating - - Accurate transformation
Conversion relationship to of scores to ensure

convert scores from comparability and
old form to new form meaningful interpretation
scale

7 | Evaluation and | Evaluate equating Fairness - Evaluate equating
Validation results, Conduct considerations, quality, fairness,

fairness analyses, Validation reliability, and validity
Assess reliability and procedures
validity of equated
scores

8 | Implementation | Implement equating | Implementation - Consider resources,

and Reporting results, Report factors timelines, stakeholder

involvement, and clear
reporting of equating
process and results

In the test equating process in Table 2, researchers follow eight key steps. In Step 1, they design
two test forms, ensuring common elements with good discrimination qualities and relevance to the
construct being assessed. Step 2 involves administering the old and new forms to different sets of
examinees, focusing on comparable administration circumstances. Step 3 involves scoring and
analysing the common items to obtain item scores or item response theory (IRT) parameters. In Step 4,
researchers select an equating method based on test characteristics and equating goals. Step 5 involves
establishing a statistical association between examinees' performance on the common items using the
selected equating method. In Step 6, researchers convert scores from the old form to the new form's
scale using the equating relationship established in the previous step. Step 7 focuses on evaluating the
validity, reliability, and fairness of the equated scores, ensuring the accuracy and suitability of the
equating process. Finally, in Step 8, researchers implement the equating results and report their findings,
considering factors such as time, resources, stakeholder involvement, and transparent reporting.
Throughout the process, researchers consider important variables such as content coverage, difficulty
levels, item type, item characteristics, equating method selection, validation processes, fairness
assessments, and implementation considerations. The goal is to ensure accurate and consistent equating
results that can be applied effectively in measuring and assessment research.

2. Anchor Test Design
The anchor test is regarded as a "common reference"” since all test formats employ the same elements.

Researchers can create an equating relationship between the results on the various test forms and the
anchor test scores by incorporating the anchor test into the equating process. This relationship makes it
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possible to convert scores between forms, which serves as a foundation for meaningful score
interpretation and comparability. An essential component of the conceptual framework for equating is
the anchor test design. The following actions can be taken to integrate it into the framework. This is
clearly captured in Table 3.

In the process of test equating in Table 3, researchers follow eight key steps. Step 1 involves
constructing test forms and an anchor test using common items, considering factors such as difficulty
levels, discrimination, and relevance to the construct being tested. Step 2 focuses on administering the
test forms and anchor test to different examinee groups under comparable circumstances. Step 3 entails
scoring the anchor test items and analysing item properties, such as discrimination and difficulty. In
Step 4, researchers select an equating method, such as the equipercentile method or linear regression,
to link the anchor test scores to the test form scores. Step 5 involves establishing a statistical correlation
between the anchor test and test form scores based on the chosen equating method. Step 6 requires
accurately converting anchor test scores to the scale of the test forms using the equating relationship.
Step 7 involves evaluating the validity, reliability, and fairness of the equated scores, considering
important variables such as validation processes and fairness assessments. Researchers must assess the
quality, dependability, and validity of the equating procedure. Finally, in Step 8, researchers implement
the equating results, taking into account factors like time, resources, stakeholder involvement, and
transparent reporting. They provide evidence of the accuracy and consistency of the equated scores,
while acknowledging the constraints of the equating process. Throughout the process, researchers
prioritize important variables such as item properties, equating method selection, validation processes,
fairness considerations, and implementation factors. The aim is to ensure accurate and reliable equating
results that can be effectively applied in measuring and assessment research.

Table 3 Step-by-step guide on how to integrate Anchor Test Design on the conceptual framework

o . . Statistical Implementation
Step| Description Key Variables | Equating Methods Models Considerations
1 | Test Form Construct test forms| Content relevance, - Consider construct
Construction and |and develop anchor| Discrimination, coverage, item quality,
Selection test with common Difficulty and representativeness
items
2 | Administration of | Administer test - - Ensure similar
Test Forms and forms and anchor administration conditions
Anchor Test test to different for both test forms and
groups anchor test
3 | Scoring and Score responses on | Item properties - Accurate scoring and
Analysis anchor test items, | (Discrimination, estimation of item
Obtain anchor test | Difficulty), [tem parameters for the anchor
scores or IRT response theory test
parameters (IRT)
4 | Equating Method | Choose equating - Equipercentile |Consider equating goals,

Equating
Relationship

relationship
between anchor test
scores and test form
scores

Selection method for linking method, Linear | test characteristics, and
anchor test scores to regression, IRT- available data
test form scores based methods
5 | Estimation of Establish statistical - Equipercentile | Accurate estimation of

method, Linear
regression, IRT-
based methods

equating relationship
using appropriate
statistical techniques

6 | Score Conversion

Use equating
relationship to
convert anchor test
scores to the scale
of test forms

Accurate transformation
of anchor test scores to
ensure comparability and
meaningful interpretation
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7 | Evaluation and Evaluate equating Fairness - Evaluate equating
Validation results, Conduct considerations, quality, fairness,
fairness analyses, Validation reliability, and validity
Assess reliability procedures
and validity of
equated scores
8 | Implementation (Implement equating| Implementation - Consider resources,
and Reporting results, Report factors timelines, stakeholder
findings, Discuss involvement, and clear
limitations and reporting of equating
evidence supporting process and results
validity and
reliability

TEST SCORE LINKING METHODS

Methods for creating a connection between test results from various forms are known as test score
linkage strategies. These techniques are pertinent to the conceptual framework of equating because they
allow researchers to guarantee comparability across various test forms and equate test scores. Here is a
summary of a few popular linking techniques:

1. Equipercentile Method

Finding equivalent percentiles on two or more test forms and connecting them is known as the
equipercentile approach. The fact that this approach offers a simple means of establishing an equating
relationship based on percentile ranks makes it pertinent to the conceptual framework. But it makes the
assumption that the distribution of scores is the same for all test forms (Varas et al., 2020). The
equipercentile approach is not too difficult to use and comprehend. It offers a straightforward method
of connecting test results based on percentile ranks. When the distribution of scores is consistent among
test formats, it may function effectively. The equipercentile approach makes the unavoidable
assumption that test forms' score distributions are comparable. It may not take into account variations
in item difficulty or examinee skill, nor does it take into account the underlying relationship between
the scores (Sun, 2021).

2. Linear Regression

Fitting a regression equation that explains the link between the scores on the anchor test and the test
forms being equal is known as linear regression. This approach is pertinent because it takes into
consideration the variation in scores, enabling a more accurate calculation of the equating connection.
But it makes the assumption that the anchor test and the test forms have a linear connection (Casson,
2014). Because linear regression takes score variability into account, it provides a more accurate
estimate of the equating connection. Polynomial regression is a useful tool for capturing non-linear
correlations. Additionally, it can shed light on how the anchor test and the test forms relate to one
another (Albano, 2015). Linear regression assumes a linear relationship between the anchor test and the
test forms, which may not always hold true. It relies on the assumption of linearity and
homoscedasticity. It may be sensitive to outliers and may require a sufficient sample size to obtain
stable estimates.

3. Item Response Theory (IRT)-Based Methods
IRT-based methods can account for variations in item characteristics and examinee abilities across test
forms because they use models that explain the relationship between item responses and latent traits.

Examples of these models are the mean-sigma method and the concurrent calibration method, which
are relevant to the conceptual framework because they provide a flexible framework for equating
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(Brzezinska, 2016). Because IRT-based approaches take examinee abilities and item attributes into
account across test forms, they offer a flexible framework for equating. They can take into consideration
variations in guessing parameters, discriminating, and item complexity. They make it possible to
estimate an IRT linking function, which offers a more accurate equating connection (Adetutu, 2022). A
solid grasp of IRT models and assumptions is necessary to effectively apply IRT-based approaches. To
get reliable parameter estimations, they might need a big sample size. They may need a lot of time and
complicated computations. They rely on the presumption that test forms' item parameters are invariant
(Reyhanlioglu, 2020).

CHALLENGES IN TEST EQUATING

1. Test Form Characteristics

The length of a test form, which refers to the number of items included, can impact the equating process.
Equipercentile procedures are sensitive to test duration, with longer test forms generally producing more
consistent equating results. However, the impact of test length is less significant in linear regression
and Item Response Theory (IRT) techniques (Leontaridou et al., 2019). Item overlap, which represents
shared items across different test forms, is important for accurate equating. A sufficient number of
common items strengthens the equating link. However, excessive item overlap can compromise the
ability of a test form to measure different constructs. Item characteristics, such as difficulty,
discrimination, and guessing parameters, can also affect equating. Differences in item characteristics
between test forms can introduce measurement bias and reduce equating precision. It is essential to
ensure that item characteristics are comparable across test forms for valid equating (Qiu et al., 2018).

To validate equating, it is crucial to establish equivalence between test forms. Variations in test
length, item overlap, and item attributes can introduce measurement bias and undermine the equating
process. Careful planning and construction of test forms, including the selection and development of
items with comparable qualities, are necessary to reduce measurement error and improve equating
accuracy. Additionally, considering how item attributes impact equating can help identify potential
sources of error (Bais et al., 2017). Sufficient sample size is also important for reliable equating. Small
sample sizes, especially when using IRT-based techniques, can lead to unstable equating estimates.
Researchers should ensure an adequate sample size to produce trustworthy equating results. When
selecting an equating method, the characteristics of the test forms and the equating objectives should be
taken into account. Different equating techniques may vary in their sensitivity to test duration, item
overlap, and item attributes. Researchers should carefully choose an appropriate equating approach
based on these considerations (Wang et al., 2013). Furthermore, test form characteristics, particularly
item overlap, can impact equating fairness. It is essential to prevent any biases that may penalize specific
groups of examinees. Thorough analysis and fairness assessments should be conducted to address any
potential biases resulting from test form characteristics.

2. Sample Characteristics

The required sample size for equating purposes varies depending on the equating method employed.
Equipercentile approaches typically require larger sample sizes to ensure consistent equating results,
especially when dealing with test forms that have different score distributions. IRT-based and linear
regression techniques may require smaller sample sizes but can still impact the accuracy of the equations
(Adhikari, 2021). The necessary sample size is also influenced by the desired level of equating
precision. Higher precision requires larger sample sizes. Researchers must consider the trade-off
between accuracy and real-world constraints, such as time and resource availability, when determining
the acceptable level of inaccuracy in equating. The features of the test forms also affect the sample size
requirements. Test forms with more items, higher complexity, or greater variability among examinees
may necessitate larger sample sizes to obtain accurate equating estimates. Researchers should consider
these unique characteristics when calculating the required sample size (Hajian-Tilaki, 2014).

Sample heterogeneity, associated with variations in examinee characteristics, such as age,
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gender, educational background, or language competence, should be addressed through subgroup
studies. These studies help identify potential biases or differential item functioning (DIF) and improve
equating accuracy. Failure to account for DIF can impact equating outcomes, as different subgroups
with the same underlying ability may have differing odds of answering items successfully. Researchers
should employ suitable DIF detection techniques and ensure fair equalization outcomes for all
subgroups (Huggins, 2014). To enhance the external validity of equating, the sample utilized for
equating should represent the population of examinees for whom the equating results will be
generalized. A representative sample ensures that the equating results accurately reflect the performance
of the target population. When sample heterogeneity is detected, statistical corrections such as
propensity score matching and covariate adjustment can be employed to mitigate its effects and improve
equating accuracy (Alba et al., 2016).

3. Statistical Assumptions and Model Fit

Equating models rely on several assumptions to accurately establish a connection between test forms
and the underlying construct. These assumptions include the invariance of measuring attributes, such
as item difficulty and discrimination, which are evaluated through measurement invariance analysis
(Edwards et al., 2018). Linear equating models assume a constant relationship between scores on the
anchor test and the test forms throughout the score range, while the assumption of homoscedasticity
posits that score variability remains constant across different levels of the underlying concept (Wu,
2023). Equating models also often assume a normal distribution of test scores, which is crucial for
precise parameter estimation and hypothesis testing (Qiu et al., 2019).

The overall fit of equating models to the data can be assessed using goodness-of-fit tests, such
as chi-squared tests or model fit indices like RMSEA, CFI, and TLI, providing statistical evidence of
how well the model represents the observed data (Qiu et al., 2019). Residual analysis, through methods
like histograms and scatterplots, helps identify trends or anomalies that may indicate violations of
assumptions or model misspecification (Schielzeth et al., 2020). Sensitivity analysis, which involves
data simulations or deliberate introduction of assumption deviations, examines the stability and
reliability of equating models when assumptions are broken, influencing model selection and
understanding.

Diagnostic approaches, such as examining standardized residuals or using statistical methods
like item fit analysis or differential item functioning identification, help identify items or subgroups that
may defy assumptions, guiding focused model improvement or modification (Schielzeth et al., 2020).
These assessment techniques collectively contribute to ensuring the accuracy and validity of equating
models.

IMPLICATIONS OF THE CONCEPTUAL FRAMEWORK FOR EDUCATIONAL
ASSESSMENT PRACTICES AND POLICY MAKING

The conceptual framework for equating procedures has wide-ranging implications beyond the study
itself. Firstly, it serves as a comprehensive guide for educational institutions to ensure correct and
consistent equating practices, leading to improved academic outcomes and more accurate test results.
Secondly, it aids in making fair and reliable decisions regarding student performance, program
placement, and cut-off scores, resulting in more meaningful educational policies and practices. Thirdly,
the framework emphasizes the importance of incorporating justice, equity, and cultural factors in
equating processes, promoting fairness and addressing disparities across student demographics.
Fourthly, policymakers can utilize the framework to develop evidence-based assessment policies that
align with best practices in equating, supporting accountability and educational reform. Lastly, the
framework underscores the need for ongoing research and improvement in equating methodology,
technology, and emerging concerns, ensuring that equating practices remain relevant and responsive to
evolving evaluation requirements.
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CONCLUSION

The conceptual framework presented in this study provides a comprehensive understanding of equating
in educational assessment. It highlights the importance of sample characteristics, statistical
assumptions, model fit, improvements in equating procedures, technological integration, and addressing
justice, fairness, and cultural factors. By implementing these components, educational institutions can
enhance the validity, fairness, and precision of equating results. Additionally, the framework has
implications beyond research, informing educational assessment practices and policy development.
Policymakers can create evidence-based policies that support accountability and effective assessment
procedures. Continual research and framework improvement are crucial to maintain its relevance and
effectiveness. Overall, the conceptual framework offers a strong foundation for implementing equating
in educational evaluation and advancing equitable practices and policies.

RECOMMENDATIONS

While the conceptual framework provides a strong foundation, further empirical research is needed to
validate and enhance it. This includes evaluating the effectiveness of different equating techniques,
studying the impact of sample characteristics on equating results, and examining the real-world
implications of incorporating equity and fairness considerations. Cross-cultural equating approaches
should be explored to ensure validity and fairness across diverse cultural contexts. Comparative
research can shed light on the effectiveness of equating techniques in different cultural settings.
Technological advancements, such as data mining, artificial intelligence, and machine learning, should
be investigated for their potential integration with equating to improve accuracy and efficiency.
Collaboration among researchers, practitioners, and policymakers is crucial to address the complexities
of equating. Establishing equating-focused forums, conferences, and research networks can facilitate
knowledge exchange and interdisciplinary collaboration. Standardized reporting guidelines are
essential to ensure transparency and reproducibility in equating research. Training programs should be
funded to equip practitioners with the necessary skills for consistent and efficient equating procedures.
Institutions should establish systems for ongoing evaluation and feedback to continuously improve
equating methods.
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