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Abstract

The Youden index is a commonly used summary measure for the Receiver
Operator Characteristic (ROC) curve that both measures the performance of a
criterion-referenced test and specifies the cutoff score value for the test. This
research aims to compare and evaluate three empirical non-parametric
estimation methods, kernel with Silverman's bandwidth method and kernel with
maximum likelihood cross-validation bandwidth method to calculate the value
of Youden's index. In this research, bootstrap standard error (BSE), root mean
square error (RMSE), square integrated error (ISE) and mean square integrated
error (MISE) indices were used to evaluate the performance. The dataset
utilized in this study comprises the scores in various sections (grammar,
listening, reading and writing) of 461 participants who were involved in the
Tolimo language proficiency examination, which was formulated and
implemented by the national organization of educational testing of Iran. The
results showed that the kernel method with maximum likelihood cross-
validation had a higher Youden index value. The obtained cutoff scores were
479 for the kernel methods and 465 for the empirical method. According to the
acceptable results of the evaluation indices, kernel methods especially with the
optimal bandwidth of the maximum likelihood cross-validation lead to more
reliable estimates of the Youden index and the cutoff score.
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1. Introduction

Youden's index is a commonly utilized metric within the realm of
medical diagnosis and patient classification. However, there is a
noticeable dearth of research within the educational domain aimed at
establishing the optimal threshold for criterion-referenced assessments.
The utilization of non-parametric estimation techniques for calculating
the Youden index is prevalent, prompting the exploration of three
distinct non-parametric estimation methods (accompanied by two
bandwidth approaches) in this study to derive the Youden index for
determining the cutoff score of the Tolimo test. The word Tolimo is an
abbreviation of “The test of language by the Iranian measurement
organization”. Tolimo test is one of the standard and valid tests to
determine the level of English language knowledge of students in Iran,
which is designed and conducted by the national organization of
educational testing of Iran. This study aims to assess and compare three
empirical nonparametric estimation techniques for computing the
Youden index, a key metric derived from the Receiver Operating
Characteristic (ROC) curve. The primary objective is to pinpoint the
most dependable method for ascertaining the cutoff score for the
Tolimo test, a determination that will significantly impact the test's
interpretation and decision-making processes within educational
environments.

2. Literature Review

The literature review segment of the manuscript concentrates on the
methodologies employed in ascertaining the cut score for criterion-
referenced assessments. The article recognizes the necessity for an
efficient approach in determining the cut score and underscores the
significance of the Youden index as a succinct metric derived from the
receiver operator characteristic (ROC) curve. The literature review
establishes the framework for the investigation by emphasizing the gap
in existing research and the importance of pinpointing a dependable
technique for establishing cut scores in educational environments,
particularly focusing on studies utilizing nonparametric estimation
methodologies. As per the theoretical underpinnings and historical
context of various studies such as Fluss et al. (2005), Ewald (2006),
Leeflang et al. (2008), Hirschfeld and do Brasil (2014) showed that
when the experimental optimization method is used to estimate the
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Youden index It leads to highly variable results because the method is
sensitive to randomness in the sample. Furthermore, in cases where the
data exhibit normal distribution or approximate normality, employing
the kernel density method with Silverman's bandwidth generates more
consistent estimates of the Youden index in contrast to the experimental
non-parametric estimation technique.

3. Methodology

The section of the article outlining the research methodology details the
approach taken to compare and assess non-parametric estimation
techniques. Specifically, the investigation focuses on three methods: the
kernel method utilizing Silverman's bandwidth, the kernel method with
maximum likelihood cross-validation bandwidth, and an empirical
method. Various evaluation metrics such as bootstrap standard error
(BSE), root mean square error (RMSE), square integrated error (ISE),
and mean square integrated error (MISE) are employed by the
researchers to gauge the effectiveness of these methods. The
significance of obtaining dependable estimates for the Youden index
and the cut-off score in criterion-referenced assessments is underscored
in this section, emphasizing the necessity of a sturdy methodology to
ensure precise outcomes. The methodology adopted in the research
endeavors to tackle these issues and offer insights on the optimal
approach for determining the cut-off score.

4. Results

The findings indicated that the kernel technique utilizing Silverman's
bandwidth yielded a Youden index of 0.63 with a threshold of 479. The
root mean square error for this approach was 0.715, alongside a
bootstrap standard error of 0. Consequently, the computation of
Youden's index through this approach demonstrated a considerable
level of consistency and precision. Conversely, the kernel method
employing MLCV generated a superior Youden index of 0.75 using the
same threshold of 479. Therefore, the kernel method with MLCV
provides a more precise evaluation of the Youden index in contrast to
utilizing Silverman's bandwidth, signifying a heightened capability in
distinguishing between qualified and unqualified individuals.
Nonetheless, its bootstrap standard error stood at 0.039, indicating a
minor level of variability in the approximation. The empirical technique
yielded a Youden index of 0.31 with a threshold of 465. The root mean
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square error for this technique was 0.68, with an equivalent bootstrap
standard error of 0.017.

5. Conclusion

The findings of this study suggest that the choice of bandwidth
determination method in relation to the kernel method plays a crucial
role in estimating the Youden index. In cases where the data exhibit
normality, employing Silverman's bandwidth in the kernel method
yields consistent outcomes; whereas, for non-normal data, the use of
maximum likelihood cross-validation bandwidth is recommended for
computing and assessing the Youden index in criterion-referenced
assessments and establishing the cut score. Nevertheless, further
investigation is essential to validate these findings and assess the
efficacy of these approaches across various domains. Such inquiries can
enhance the accuracy of person classification and diminish the
occurrence of erroneous test outcomes. Additionally, it is prudent to
analyze the distinct impacts of setting the cut score on individual and
institutional ramifications to facilitate informed decision-making in cut
score determination. These endeavors are instrumental in refining
assessment and decision-making frameworks within educational and
institutional settings.
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