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Abstract

Measurement bias poses a serious threat to test validity, and research has
consistently shown that item parameters play a crucial role in generating such
bias. The present study aimed to identify the optimal three-parameter method
for detecting differential item functioning (DIF) while considering the effects
of item parameters. Designed as an applied psychometric investigation, the
study simulated data based on independent variables including test type
(nonlinear regression, Lord’s three-parameter, and Raju’s three-parameter
methods), ranges of parameters (low, medium, and high), and item
characteristics. Simulation was conducted by manipulating 20% of items to
exhibit DIF with an effect size of 0.5, producing 10 sets of data and a total of
90 datasets. For each dataset, three DIF detection tests were performed,
resulting in 270 analyses overall. Findings revealed that the main effect of test
type was statistically significant, with nonlinear regression outperforming
Raju’s three-parameter method in terms of accuracy. Moreover, DIF detection
was more effective when the difficulty parameter was at a medium level
compared to low or high levels, while increases in the discrimination
parameter consistently enhanced correct detection rates. In contrast,
variations in the guessing parameter did not yield significant differences, as
test performance remained stable across all levels of guessing. These results
underscore the importance of focusing on difficulty and discrimination
parameters in DIF detection and suggest that nonlinear regression can serve
as a practical and efficient alternative to item response theory (IRT)-based
methods, particularly in contexts where guessing effects are present. Overall,
the study contributes to psychometric methodology by highlighting
parameter-specific influences and offering evidence for the utility of
nonlinear regression in improving DIF detection.
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Extended Abstract

Introduction

Accurate and valid measurement is fundamental to scientific research, particularly in psychology
and educational sciences, where tests and questionnaires inform important educational and
professional decisions. A key condition for test validity is fairness in measurement, meaning that
individuals with the same level of ability should have equal chances of responding correctly to
test items regardless of group membership such as gender, ethnicity, or social background.
Differential Iltem Functioning (DIF) threatens this fairness by arising when an item favors one
group over another despite equivalent ability levels. Identifying and eliminating items with DIF
is therefore essential, especially in high-stakes assessments, to ensure that decisions based on
test scores are equitable and unbiased. Detecting DIF, however, is a complex process influenced
by several factors. Item characteristics and psychometric parameters particularly item difficulty,
discrimination, and guessing can substantially affect the accuracy of DIF detection methods. For
example, extremely easy or difficult items may reduce the sensitivity of statistical procedures.
Traditional and widely used methods, such as the Mantel-Haenszel procedure and logistic
regression, have the advantage of simplicity but generally ignore the guessing parameter, which
can lead to biased results. In contrast, more advanced Item Response Theory (IRT)-based
approaches, such as Lord’s and Raju’s methods, explicitly model guessing and provide more
precise detection but often require large sample sizes and involve complex computations, limiting
their practical application. As an alternative, nonlinear regression has been proposed as a score-
based DIF detection method inspired by the three-parameter IRT model. This approach accounts
for guessing by modeling a non-zero lower asymptote in the item characteristic curve and may
offer a more practical balance between statistical rigor and feasibility. Despite its theoretical
promise, there is limited empirical evidence comparing its performance with established IRT-
based methods under varying item conditions. Therefore, the present study aims to compare the
effectiveness of three three-parameter DIF detection methods (Lord’s method, Raju’s method,
and nonlinear regression) using simulation data, and examine.

Methods

This study is a simulation study in the field of psychometrics. In this study, the independent
variables include the DIF detection method (Lord’s, Raju’s, and Nonlinear Regression), the type
of item parameter (difficulty, discrimination, and guessing), and the level of the parameter (low,
medium, and high). The dependent variable is the correct DIF detection rate, defined as the
proportion of items with DIF that are correctly identified by each method. Test response data
were simulated using Wingen3 software under the three-parameter logistic model with a
standard normal ability distribution. In each dataset, 20% of the items were designed to contain
DIF. By combining different levels of item parameters, 90 datasets were generated, each
replicated ten times. DIF analyses were then conducted in R using the difNLR function for
nonlinear regression and the difLord and difRaju functions for Lord’s and Raju’s methods,
respectively. The correct DIF detection rate was calculated for each method, and the results were
compared using a three-way ANOVA followed by Tukey’s post hoc test in SPSS.

Results

The findings showed that all three independent variables (method type, parameter type, and
parameter level) had significant effects on DIF detection accuracy, and the interaction between
parameter type and parameter level was also significant. The three methods demonstrated
clearly different performances: Nonlinear Regression achieved the highest accuracy and
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significantly outperformed Raju’s method, while Lord’s method also surpassed Raju’s, though its
advantage over Nonlinear Regression was not statistically significant, indicating that both
Nonlinear Regression and Lord’s are superior choices. [tem parameters influenced performance
as well, with all methods working most effectively when difficulty and discrimination were at
medium levels; extremely easy or hard items, and items with very low or very high
discrimination, reduced accuracy, consistent with earlier research. The guessing parameter did
not show a consistent overall effect, though Lord’s and Raju’s methods improved slightly as
guessing increased, suggesting that the relationship between guessing and DIF is more complex
than previously assumed.

Discussion

The findings of this simulation study suggest that the Nonlinear Regression method can be an
efficient and accurate option for DIF detection, particularly when there is concern about the
"guessing” phenomenon. By combining the relative simplicity of score-based methods with the
capability to model guessing, this method demonstrated competitive or superior performance
compared to traditional IRT methods and can therefore be considered a practical and powerful
alternative in the toolkit of test analysts. The results clearly confirm that designing items with
medium difficulty and discrimination is not only desirable from a psychometric standpoint but
also maximizes the accuracy of statistical methods in identifying bias. This finding carries an
important practical message for test developers and analysts, emphasizing the necessity of
attending to the psychometric quality of items during the design phase, prior to engaging in
complex DIF analysis.

As a limitation, this study was conducted within a simulated data environment. Future
research is recommended to investigate the performance of these methods using real data from
high-stakes tests (e.g., university entrance exams) and under more complex conditions (e.g., non-
uniform DIF). In summary, this research is a step towards clarifying the roadmap for selecting an
optimal DIF detection method. Awareness of the influence of item parameters assists
measurement specialists in choosing appropriate analytical methods and ultimately contributes
to the design and use of fairer and more valid assessments.
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