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Abstract

This research was carried out to investigate the presence of gender-related
differences in English language items found in the Master of Psychology Series
exam, employing cognitive diagnostic model-based methodologies. This study
utilized a sample population of 2,455 female applicants and 919 male applicants
who participated in the Master of Psychology series exam held in 1396. The G-
DINA cognitive diagnostic model was applied to fit the data. Further analysis
was conducted to detect differential item function (DIF) in the questions,
employing the Wald test, likelihood ratio test, and revised likelihood ratio test
methodologies. The findings from all three methods demonstrated moderate
agreement regarding the identification of differential item functioning (DIF). A
total of 16 questions were identified as having DIF. Notably, most of the
questions indicated consistent DIF favoring males. Questions found to have
non-uniform DIF demonstrated that those in favor of men were more
pronounced among the dominant applicants, while the opposite holds true for
non-dominant applicants. To further assess the presence of bias and the causes
behind DIF, it is suggested that additional studies be carried out in this area.
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Introduction

Over the last few decades, the evaluation of differential item
functioning (DIF) has become an integral part of the test item analysis
process. A significant number of cognitive tests possess some degree of
multidimensionality. The deficiency of DIF detection methods in
capturing the complete spectrum of constructs can result in bias in the
assessment of DIF in cognitive tests. Cognitive diagnostic models, as
multidimensional models, provide a more comprehensive coverage of
the underlying space relative to unidimensional models, as noted by
Zhang (2006).

Despite the growing popularity of cognitive diagnostic models,
multiple aspects surrounding their application remain to be explored
further. One such aspect concerns the study of differential item
functioning (DIF). The potential presence of DIF in cognitive
diagnostic models can yield biased and inaccurate parameter estimates
and examinee proficiency profiles. Skill profiles estimated in the
presence of items with DIF can lead to flawed decisions concerning the
mastery of particular skills by individuals within the focal or reference
group (Hou et al., 2014). While the majority of research interest has
primarily focused on the Wald test, there has been limited exploration
of the likelihood ratio test within the context of cognitive diagnostic
models. Consequently, a more extensive investigation into the
performance of this method, compared to the widely used Wald test,
appears warranted.

Research Question(s)

The objectives of this study are twofold: 1) To determine if the findings
from the likelihood ratio test and the revised likelihood ratio test align
with those of the Wald test in identifying differential item functioning
(DIF), and 2) To evaluate the status of English language items on the
Master of Psychology series exam in terms of DIF based on gender.

Literature Review

Various methods have been put forth for identifying DIF in cognitive
diagnostic models. One such study by Zhang (2006) scrutinized the
effectiveness of the Mixture-Homogeneity (MH) and SIBTEST
methods for detecting DIF using the DINA model, employing matched
examinee pairs based on their proficiency profile scores. Li and Baron
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(2008) built upon the DINA model to propose a higher-order modified
version capable of concurrently identifying both differential item and
attribute functioning. Furthermore, Li and Wang (2015) introduced a
general DIF method known as LCDM-DIF, designed for utilization
with a wide array of cognitive diagnostic models, involving more than
two groups of examinees and diverse grouping variables, including both
categorical and continuous factors.

A notable limitation of higher-order DINA and LCDM-DIF methods
is the considerable time expenditure required for parameter estimation,
which can take several hours. The Wald test, specifically CDM-WALD,
has been suggested for assessing DIF in cognitive diagnostic models
and has demonstrated satisfactory performance in various studies
(George & Robitzsch, 2014; Hou et al., 2014). Additionally, the log-
likelihood ratio test (CDM-LR) and its modified counterpart have been
proposed to assess DIF in cognitive diagnostic models (Ma et al. 2017,
2021).

Methodology

The research population encompassed all candidates taking the Master
of Psychology series exam in the year 2017. The sample included 3,374
candidates, with 2,455 females (73%) and 919 males (27%). The
measurement tool utilized for this study was the English language
Master of Psychology series exam with code 1133 held in 2017, which
consisted of 30 items divided into 5 passages of reading comprehension,
each containing six items.

The data analysis commenced with the identification of cognitive
skills and the formation of a Q-matrix. Following this, the G-DINA
cognitive diagnostic model was chosen for the current study utilizing
the log-likelihood ratio test. In the ultimate phase, DIF was evaluated
for the items on the exam. The analyses were carried out employing the
GDINA package (Ma et al., 2018) and psych package (Revelle, 2018)
in the R software.

Results

The Q-matrix was established based on the skills of vocabulary,
grammar, explicit information extraction, integration and synthesis, and
reasoning. This finding aligned with previous studies (Jang, 2009;
Ravand et al., 2012; Li, 2011) that similarly utilized these five skills. A
detailed examination of item parameters revealed high guess and
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slipping parameters, indicative of the generally poor item quality. The
Wald test identified a total of 13 items with differential item functioning
(DIF). The revised likelihood ratio test and the likelihood ratio test
identified 11 and 5 items, respectively, as having DIF. The Kappa
coefficient between the Wald test and the likelihood ratio test was 0.46,
and between the likelihood ratio test and the revised likelihood ratio
test, it was 0.51.

Conclusion

The Likelihood ratio test emerged as the most conservative method in
identifying DIF, with all five items identified by this test also being
identified by the other two methods. Previous studies (Ma et al., 2017;
Maetal., 2021) have demonstrated that the revised Likelihood ratio test
performed effectively under diverse simulation scenarios, especially in
instances with poor item quality and moderate to large sample sizes.
Notably, it demonstrated the best performance in terms of Type | error.
The high guess and slipping parameters of the English language exam
items could contribute to the relatively large number of DIF items
identified by the Wald test.

The Kappa coefficient revealed a moderate level of agreement
among the three methods in identifying DIF. Among these methods, the
highest agreement was found between the revised likelihood ratio test
and the likelihood ratio test. The Likelihood ratio test exhibited
effectiveness in identifying DIF within cognitive diagnostic models,
with results that were comparable to those derived from the Wald test.

The analysis revealed that a total of 16 items exhibited differential
item functioning (DIF) based on gender. Out of these items, 11 were
identified as having uniform DIF, with an advantage for male
candidates. The occurrence of DIF poses a significant threat to exam
validity, as it introduces errors and potential unfairness in decisions
related to student admissions, with female examinees being
disproportionately affected in the Master of Psychology entrance exam.
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