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 This literature review explores the fundamental concepts and methods 

related to equating principles in the context of educational assessment. 

Equating, as a complex statistical technique, plays an increasingly crucial 

role in ensuring fairness and accuracy in test-based assessments. The 

literature review methodology begins with the identification of key themes 

regarding equating principles in education and assessment. It utilizes 

keywords and scholarly databases to search for relevant sources, selecting 

those that are up-to-date and possess robust methodologies. The result is a 

deeper understanding of the concept of equating in the context of educational 

assessment. The study highlights the significant relevance of equating in 

education, where test results are often used for critical decision-making. 

Extensive discussions on the practical implications of implementing 

equating in educational policy and assessment, as well as its impact on 

students, teachers, and educational institutions, are presented. In 

conclusion, a critical understanding of equating is essential to ensure fair, 

consistent, and meaningful assessments in an ever-evolving educational 

landscape. 
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—————————— ◆ —————————— 

 

A. INTRODUCTION 

Assessment is a critical aspect of the education system (Wiliam & Thompson, 2017) and 

performance evaluation in various sectors (Bayo-Moriones et al., 2020). The assessment process 

is used to measure the achievements, skills, knowledge, and abilities of individuals in various 

contexts, such as schools, workplaces, or scientific research. The principles of assessment 

instruments refer to appropriate and valid methods (Scott et al., 2019; Johnson et al., 2021). 

Furthermore, good assessment instruments should be comprehensive, encompassing various 

relevant skills and knowledge related to the subject being assessed (Shofwanthoni et al., 2019; 

Blanco-Vogt & Schanze, 2014). The assessment instrument, as a principle of assessment, is an 

integral component of the education system and plays a crucial role in measuring students' 

achievements, skills, knowledge, and abilities (Wahhab & Rizko, 2019; Heinrichs-Graham et al., 

2022). To ensure that such assessments are fair and reliable, fundamental principles in 

assessment need to be well-applied. 
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One of the principles that has emerged in the field of assessment is the principle of equating. 

This principle is closely related to efforts to compare assessment results across different tests or 

among various groups of individuals (Duarte & Rossier, 2008). The equating principle has become 

increasingly important in the context of globalization and high mobility, where comparisons and 

recognition of assessment results have significant implications (Papastephanou, 2005). 

In the educational context, a fair and valid assessment approach is crucial in measuring 

students' progress from year to year, understanding the effectiveness of educational programs, 

and ensuring that all students have an equal opportunity to develop. At the professional level, 

employee performance assessment is also a key element in human resource management, 

recruitment, and career development. However, despite the importance of the equating principle 

in assessment, there are still challenges and issues to be addressed. These challenges include the 

development of accurate equating methods Kolen & Brennan (2004), the use of technology to 

support the assessment process, and policies that promote equality in assessment (Lucey et al., 

2020). In addressing fairness issues in assessment, it is essential to consider various strategies 

that promote equality and provide opportunities for all students to demonstrate their learning 

outcomes (Nayir et al., 2019). One crucial aspect of fairness in assessment is the inclusion of 

various assessment strategies that take into account the diverse backgrounds and experiences of 

students. 

Therefore, this paper will provide a deeper exploration of the equating principle in 

assessment, delving into the various methods and techniques used and their implications. Beyond 

that, this paper will also explore recent developments in the field of equating and the challenges 

that still exist in efforts to create fairer and more accurate assessments. It is hoped that this paper 

will offer valuable insights into the importance of the equating principle in assessment and how 

this principle can be effectively applied to support individual development and overall societal 

progress. 

 

B. METHOD 

The literature review method applied in this article begins with the identification of the main 

theme, namely, equating principles in the context of education and assessment. The initial step 

involves searching for relevant literature sources on this topic, including journal articles, books, 

research reports, and assessment guidelines. Various scholarly databases such as ERIC, ProQuest, 

and Google Scholar were used to search for literature related to equating principles. Keywords 

used in the search included equating principles, measurement, and assessment. 

After gathering a sufficient number of literature sources, we conducted a selection based on 

inclusion criteria, prioritizing sources that were relevant, up-to-date, and had strong 

methodologies in the context of equating. We identified approaches and models that have been 

used in previous research to apply the equating principle in educational assessments. During the 

literature analysis, we paid attention to the main trends in the development of equating principles 

over time and and compared different approaches in terms of assessment application. The result 

of this literature review method is a deeper understanding of the equating principle in the context 

of education and assessment. We organized our literature review by summarizing key concepts, 

historical developments, and the application of equating principles in various educational 

assessment contexts. 
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C. RESULT AND DISCUSSION 

1. Equating in Assessment 

In various aspects of life, assessment plays a crucial role as a tool to measure performance, 

progress, and quality. Whether in the realm of education, employment, or other decision-making 

contexts, assessment serves as the foundation for making accurate and fact-based evaluations. 

Assessment is an essential component of education (Mardapi, 2017). Assessment is not merely 

about determining scores or numbers (Mau, 2020), rather, it is a complex process involving data 

collection, interpretation, and decision-making based on predefined objectives. 

Asessment is the process of gathering information about individual or group behavior to 

evaluate the achievement of educational goals related to interesting educational variables 

(Popham, 2008). In the educational context, as stated by Erfianti et al., (2019), assessment is not 

limited to students but also includes the assessment of educators, teaching methods, and school 

administration (Singh et al., 2021; Gaytan & McEwen, 2007). 

Furthermore, Putri & Istiyono (2017) explain that the concept of assessment in education is aimed 

at enhancing learning outcomes that align with the assessment objectives. Assessment for 

learning is used to monitor the knowledge that learners have acquired, taking into consideration 

learners' self-evaluation (Cassidy, 2007). Assessment as learning is employed to evaluate the 

achievement of learning goals from the beginning to the end of the learning process (Hung, 2019; 

Umar & Majeed, 2018). 

In the assessment process, context is the key. In this regard, assessment is not merely about 

data collection; it also provides evidence of the achievement of specific objectives or standards 

used to make decisions about success or improvement. On the other hand, Immonen et al. (2019) 

assessment should be systematic, continuous, and integrated (Lyngsø et al., 2014). According to 

Gronlund (2003), assessment is the process of collecting, analyzing, and interpreting information 

to assess an individual's progress in achieving learning objectives (McDonald, 2002). In general, 

the interpretations of assessment by various experts indicate a process that involves collecting 

information, interpretation, and decision-making based on an individual's achievement of 

predefined goals, standards, or competencies. 

Classroom learning encompasses the acquisition of knowledge, skill development, and 

shaping students' attitudes. High-quality learning refers to the improvement in the quality of 

student graduation. The quality of graduation, in turn, becomes a key indicator of educational 

quality. Assessment plays a central role in the education system because assessment results reflect 

the development or progress of education that can be measured over time. This allows for 

comparisons between different schools or regions. This process, known as equating in 

measurement terms, aims to standardize the level of educational achievement across various 

schools or regions. 

The statistical process used to equate scores between two tests is known as equating. 

Equating is a statistical procedure used to understand the relationship between scores on two or 

more tests (Himelfarb, 2019). Kolen & Brennan (2004) explain that the equating process is carried 

out to adjust two or more tests that have equivalent content and difficulty levels. Using the same 

ability scale in test score equating has several benefits, including enabling test score evaluations, 

developing equatable tests, ensuring test security, and facilitating item bank development. 

Humphry (2006) explains that in the procedure of test score equating, there are two main 

approaches: vertical equating and horizontal equating. Vertical equating is used to adjust test 

scores with different difficulty levels but measures the same type and content of skills. It is 

designed to measure students' skill level development or change over time. On the other hand, 
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horizontal equating is performed on parallel tests with similar content and difficulty levels and is 

administered to groups of students with equivalent skill levels. According to Kolen & Brennan 

(2004) to reduce inaccuracies in equating results, careful equating design is necessary. Several 

equating designs are available, such as single-group design, equivalent-group design, balanced-

group design, and anchor design (Heri Retnawati, 2014). Each of these designs has its 

characteristics and advantages as well as disadvantages (Aminah, 2012). 

The use of item response theory in test score equating is considered more representative than 

using classical test theory. Item response theory has the property of parameter invariance. This 

means that student ability parameters do not change depending on test parameters, and vice 

versa. Therefore, tests taken by students will remain on the same scale when the test information 

function is high. Item response theory has two models, namely the item response theory model 

for dichotomous data and the item response theory model for polytomous data. Dichotomous data 

only have two possible answers (correct or incorrect), while polytomous data have more than two 

possible answers (Embretson & Reise, 2000). 

 

2. Principles of Equating in Assessment 

In the book titled Item Response Theory and Its Application by Retnawati (2014) four 

fundamental equating principles, are explained. These principles include the principles of 

equality, population invariance, symmetry, and unidimensionality. These four principles of 

equating in assessment are critical principles that help ensure fair, objective, and non-

discriminatory assessment practices. 

a. Equality Principle 

Ideally, equality in assessment should be considered at the earliest stages of planning, 

development, or implementation (Were et al., 2019). Equality in assessment refers to 

actions taken by educators to ensure that all students have equal opportunities (Elkhoury 

et al., 2023), and the assessment instruments and testing processes should align with the 

curriculum content, ensuring that they do not disadvantage students' learning 

opportunities. 

The term “equating” differs from “equality.” Equating encompasses the entire statistical 

procedures used to understand the relationship between scores on two or more tests, 

while equality refers to the action of looking at "what is being equated," in this case, which 

is the scores. Test score equating is a statistical process that attempts to produce scores 

that are considered comparable across different test forms, making them interchangeable 

(Dorans & Cook, 2016). Equating practices often involve not only the choice of statistical 

equating procedures but also considerations of practical issues related to the use and 

interpretation of equating results. Scores from two different tests for two or more different 

groups can be compared if the items are the same and based on the same scale (Kolen & 

Brennan, 2004). 

In large-scale testing programs, the development of equivalent test forms is crucial. Testing 

programs often produce multiple versions of the same test. At some point, equating several 

test forms can be done while developing the test itself. However, usually, the difficulty 

levels of test forms may vary. The requirement of equality must ensure indifference to the 

test taker, allowing test takers to choose either test form that has been equated without 

issue (von Davier, 2010). This requirement indicates that once two test forms have been 

equated, it should not matter to test takers which form they take because the expected 

scores should be the same for both equated forms (Kolen & Brennan, 2004). 
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The requirement of equality, though important in theory, is almost impossible to observe 

in practice because individuals have different opportunities to learn specific test content. 

Most test takers would prefer a test composed of familiar content over one with unfamiliar 

content. This definition of equality is based on a clear concern for fairness in equating. If 

two distributions differ, test takers may be disadvantaged by taking one test rather than 

the other. For example, test takers with high ability and higher variance in observed scores 

on test Y compared to test X have a greater risk of not passing a certain score threshold on 

the first test compared to the second test (von Davier, 2010). Therefore, content balancing 

in testing is crucial in any attempt to achieve the indifference requirement demanded by 

this principle. In conclusion, the principle of equality arises due to concerns about equity 

in equating regarding more than one test form (differences in scores between test takers 

who took different tests cannot directly imply differences in their abilities, as the difficulty 

levels of the used test forms would affect these differences). 

b. Population Invariance Principle 

The population invariance principle refers to a concept in statistics where the observed 

relationships or patterns between certain variables in an analysis remain constant 

regardless of changes or variations in the population groups being observed. In other 

words, this principle states that if a relationship or pattern is found in a statistical analysis 

in one population group, that relationship or pattern should hold in other population 

groups, even if those groups have different characteristics. 

Equating should be population invariant, meaning that the results of the equating process 

should not heavily depend on specific subpopulations within the tested population 

(Dorans & Cook, 2016). In other words, the equating method used should consistently 

produce results that approximate or can at least be compared to the equating function of 

the entire population, regardless of variations within subpopulations. 

If equating methods do not adhere to the population invariance principle, there can be 

situations where scores obtained by individuals from certain subpopulations may have 

distortions or significant differences in their interpretations when compared to 

individuals from other subpopulations or the entire population (von Davier, 2010). The 

fundamental difference between classical measurement and modern measurement lies in 

score invariance, where modern measurement scoring is invariant (does not change) to 

concerning test items and test takers (Sudaryono, 2011). 

The population invariance principle emphasizes that statistical analysis results obtained 

from one population group should not be seen as unique to that group. This is because 

variations in population groups can be caused by various factors such as cultural 

differences, environmental factors, demographics, or other characteristics. By applying the 

population invariance principle, researchers must be cautious when generalizing results 

from a statistical analysis of one population group to other population groups. This 

encourages a more accurate and objective scientific approach, where identified 

relationships are considered stronger if they consistently hold across different population 

groups. 

c. Symmetry Principle 

Equating is a fundamental aspect of educational and psychological measurement. It is done 

to ensure that scores from different test forms can be meaningfully compared. At the core 

of this process is the principle of symmetry. Symmetry is the concept that the 

transformation used to map scores from one test form to another can be reversed. In other 
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words, scores from Form X to Form Y should be as valid as changing scores from Form Y to 

Form X (Kolen & Brennan, 2004). Symmetry is a critical principle in equating because non-

compliance with it can result in assessment bias and other flaws. 

Symmetry, as a fundamental concept in equating, ensures that the equating transformation 

preserves the ability to compare scores across different test forms. When the symmetry 

principle is applied, the equating process is not dependent on specific test labels (X or Y), 

and transformations can be made in both directions without sacrificing score validity. This 

principle emphasizes the objectivity and fairness of equating procedures, enabling a fair 

comparison of individual performance or group-level assessment (Kolen & Brennan, 2004; 

Syahrul et al., 2016). 

In the field of assessment equating, the Symmetry Principle, although different from other 

equating criteria, plays a crucial role often related to standard definitions. For example, the 

common definitions of linear and equipercentile equating functions inherently ensure 

adherence to the principle or property of symmetry. Some other groups of scholars 

consider symmetry to refer to the fact that, regardless of which test is used as the reference 

or base for transformation, the transformation should be the same. This means that the 

interpretation of test scores should be the same based on equating from Test A to Test B 

or vice versa (Kolen & Brennan, 2004; Felan, 2002). However, the intention is that if linear 

or equipercentile equating methods have been correctly used, the symmetry principle 

should naturally be satisfied. 

Ensuring the symmetry principle is adhered to is crucial in uncovering misconceptions in 

test equating approaches. Some individuals may sometimes confuse prediction and 

equating, where a trend in equating in educational assessment is only done through 

regression methods. This should be noted because using regression as an equating 

technique is incorrect. However, the requirement of symmetry does not appear to have a 

fundamental status and is rarely a determining factor in the selection of one linking 

function over another (Dorans & Cook, 2016). 

Statistical methods used to demonstrate the symmetry principle in assessment equating 

generally involve both Classical Test Theory (CTT) and Item Response Theory (IRT), with 

the choice depending on the context and availability of specific data. CTT focuses on the 

properties of observed test scores and can be used to examine the equatability of scores 

across different test forms through techniques such as equipercentile equating or linear 

equating. On the other hand, IRT offers a more sophisticated framework that models the 

relationship between test-taker ability and item difficulty, allowing for more accurate 

equating through methods like the Stocking-Lord method or Stocking and Lord method 

(Kolen & Brennan, 2004; Dorans, 2004). 

Computer programs used for equating analysis include MS Excel or R Studio, depending 

on the complexity of the equating task and the researcher's familiarity with these tools. MS 

Excel provides a user-friendly interface and is suitable for basic equating tasks, especially 

when dealing with CTT-based equating. In contrast, R Studio is a versatile statistical 

software suitable for IRT-based equating and complex equating design (Kolen & Brennan, 

2004), offering various packages and functions designed specifically for equating analysis. 

d. Unidimensionality Principle 

The term "unidimensionality" is often used in research contexts to describe the 

characteristics of test items or test scores (Ziegler & Hagemann, 2015). Unidimensionality 

refers to the concept that items in a measurement scale should represent the same latent 
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variable (Hagell, 2014), which cannot be directly measured. The importance of 

unidimensionality in the items that make up test scores is highly significant in the context 

of assessments that rely on these scores. Without proper testing to ensure 

unidimensionality, there is an increased risk of misinterpreting test scores that only reflect 

one dimension (Ziegler & Hagemann, 2015). 

There are at least three reasons why it is important to consider the concept of 

unidimensionality. First, unidimensionality is the fundamental assumption in calculating 

valid total scores, according to both classical and modern test theories. Second, clear 

interpretation requires scores that represent a well-defined single attribute. In this case, 

scores on a measurement scale designed to measure a single variable should not be overly 

influenced by variations in one or more other variables. Third, if scores do not reflect a 

single concept, it becomes difficult to compare two individuals with similar scores (Smith 

Jr, 2002). 

The unidimensionality principle in the context of test equating refers to the principle that 

equated tests should exclusively measure one specific dimension or characteristic. This 

implies that the construct or aspect being measured by the test should be unified and not 

encompass different dimensions. The unidimensionality assumption is met when each test 

item only measures one test taker's ability. For example, in a mathematics test, the items 

contained in the test should only measure the test taker's mathematical abilities and not 

mix in other aspects such as language. However, in practice, it is often challenging to 

produce test items that truly measure only one ability, as factors like cognitive factors, 

personality, and environmental factors, such as anxiety, motivation, and guessing 

tendencies, come into play. Therefore, unidimensionality in tests can be observed only if 

there is a dominant component that measures the subject's achievement (Sarea & Ruslan, 

2019). 

Hence, testing the unidimensionality assumption becomes critical. Commonly used 

methods to test unidimensionality include factor analysis, principal component analysis, 

dimensionality assessment tests, parallel analysis, Rasch model tests, and internal 

consistency tests (Smith Jr, 2002). According to Naga (1992), one way to test whether the 

unidimensionality assumption is met (for the development of a valid and reliable test 

instrument) is by using factor analysis. Testing unidimensionality can be done with several 

statistical analyses commonly used in factor analysis, including: (1) Correlation Matrix, 

which measures the strength of the linear relationships between the variables; (2) 

Bartlett's Test of Sphericity, which tests whether the correlation matrix is spherical, 

meaning that variables are independent. In the context of factor analysis, we want 

significant relationships between variables; (3) Kaiser-Meyer-Olkin (KMO) Test, which 

measures the suitability and adequacy of data for factor analysis. Higher KMO values 

indicate that data is suitable for factor analysis; and (4) Eigenvalue Analysis (DIMTEST), to 

determine how many factors should be extracted. Eigenvalues measure how much 

variance is explained by each factor (Retnawati, 2016). 

Commonly used software programs for testing the unidimensionality assumption in factor 

analysis or testing assumptions can include: (1) SPSS (Statistical Package for the Social 

Sciences) (Ardiyaningrum et al., 2018); (2) R; (3) IBM SPSS Amos; (4) SAS (Statistical 

Analysis System); (5) JASP; (6) Mplus; and (7) Python. The results of these tests are crucial 

as they affect the validity and reliability of test results. Although in practice, the 

unidimensionality assumption is very difficult to fully satisfy due to cognitive, personality, 
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administrative, and test implementation factors (Sudaryono, 2011), testing this 

assumption remains a key step in analyzing tests using IRT. 

Therefore, testing the unidimensionality assumption is a primary concern in the 

development of measurement instruments in various educational fields (Margono, 2013), 

including determining the appropriate model for test result analysis (Hoe, 2008). 

Additionally, testing the unidimensionality assumption is also relevant in detecting 

Differential Item Functioning (DIF) through an item response theory approach (Samritin, 

2022). In the context of education and ability measurement, the use of Item Response 

Theory (IRT) assuming unidimensionality has become a vital tool in evaluating 

measurement instruments (Meijer & Tendeiro, 2018), with high validity and reliability 

(Friyatmi, 2018; Muhdar, 2023; Syamsuddin, 2023). Therefore, ensuring 

unidimensionality is a crucial step in producing effective and accurate measurement 

instruments. 

 

D. CONCLUSION AND SUGGESTIONS 

Assessment is a crucial aspect in the field of education and performance evaluation across 

various sectors. Fundamental principles in assessment, such as the principles of equity, population 

invariance, symmetry, and unidimensionality, need to be effectively applied to ensure fair and 

reliable assessments. The principle of equating has become increasingly important in the context 

of globalization and high mobility, where comparisons and recognition of assessment results have 

significant implications. Test score equating is a statistical process used to understand the 

relationship between scores on two or more tests, enabling fair comparisons of individual 

performance or group-level assessments. However, despite the importance of equating principles 

in assessment, challenges remain in developing accurate equating methods, utilizing technology 

to support the assessment process, and implementing policies that promote equity in assessment. 

To enhance the quality of assessment, several recommendations can be considered,: First, 

educators and researchers should carefully understand and apply the fundamental principles of 

assessment, especially equating principles, to ensure the fairness and reliability of assessments. 

Second, the use of technology in assessment should be enhanced to improve the efficiency and 

accuracy of the assessment process. Third, the importance of testing the assumption of 

unidimensionality in tests should be further emphasized to ensure that tests genuinely measure a 

specific dimension or characteristic. Fourth, researchers should continue to develop more 

accurate and context-relevant equating methods in the current assessment context. 
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