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Abstract

The Youden index serves as a frequently utilized summary metric for Receiver
Operator Characteristic (ROC) curves, which comprehensively measures the
effectiveness of a criterion-referenced test while also unequivocally defining the
cutoff score value for the test. The primary objective of this research is to compare
and assess the efficacy of three empirical non-parametric estimation methods:
kernel with Silverman's bandwidth method and kernel with maximum likelihood
cross-validation bandwidth method in determining the value of the Youden index.
This research also incorporates statistical measures such as bootstrap standard error
(BSE), root mean square error (RMSE), square integrated error (ISE), and mean
square integrated error (MISE) to evaluate the performance of these methods. The
dataset used in this study consisted of scores from the different sections (grammar,
listening, reading, and writing) of 461 participants who took the Tolimo language
proficiency test, which was developed and administered by the National
Organization for Educational Testing in Iran. The findings indicated that the kernel
method with maximum likelihood cross-validation yielded a higher Youden index
score. The following cutoff scores were achieved: 479 for the kernel methods and
465 for the empirical method. Based on the assessment of performance indices,
kernel methods, particularly the one that incorporates the optimal bandwidth
through maximum likelihood cross-validation, yielded highly reliable estimates.
Thus, they provide dependable values for the Youden index and its corresponding
cutoff score.
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1. Introduction

Youden's index is extensively employed in medical diagnostics and
patient categorization. However, there is a conspicuous scarcity of
research in the educational realm focused on ascertaining the optimal
criterion-referenced assessment threshold. Non-parametric estimation
techniques are frequently used for calculating the Youden index,
necessitating an examination of three unique non-parametric estimation
methods (including two bandwidth approaches) in this study to
determine the Youden index for setting the cutoff score of the Tolimo
test. The Tolimo test is a well-established and recognized English
language test in Iran, designed and administered by the National
Organization for Educational Testing in Iran to assess the language
proficiency of students. Tolimo is an abbreviation that stands for "The
test of Language by the Iranian Measurement Organization™.

This study aspires to evaluate and compare three empirical non-
parametric estimation techniques for determining the Youden index, an
important metric derived from the Receiver Operating Characteristic
(ROC) curve. The fundamental aim is to identify the most dependable
method for calculating the cutoff score for the Tolimo test, as this
determination will have a significant impact on the test's interpretation
and have implications for decision-making and educational practices.

2. Literature Review

The literature review section of the manuscript focuses on the
methodologies utilized in determining the cut score for criterion-
referenced assessments. The article acknowledges the need for an
efficient approach in determining the cut score and highlights the
importance of the Youden index, which is a concise metric derived from
the receiver operator characteristic (ROC) curve, in this process. The
literature review lays the foundation for this investigation by
highlighting the gap in existing research and the necessity of identifying
a reliable method for setting cut scores in educational settings. Of
particular importance is the focus on studies that employ nonparametric
estimation methodologies.

According to the theoretical foundations and historical context of
studies such as Fluss et al. (2005), Ewald (2006), Leeflang et al. (2008),
and Hirschfeld and do Brasil (2014), the application of experimental
optimization methods to estimate the Youden index often yields highly
variable results due to the method's sensitivity to randomness in the
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sample. Moreover, in situations where the data exhibit normal
distribution or approximate normality, the application of the kernel
density method with Silverman's bandwidth produces more consistent
estimates of the Youden index compared to the experimental non-
parametric estimation technique.

3. Methodology

The research methodology section of the article outlines the approach
taken to compare and assess non-parametric estimation techniques. The
focus of the investigation is on three specific methods: the kernel
method with Silverman's bandwidth, the kernel method with maximum
likelihood cross-validation bandwidth, and the empirical method.
Various evaluation metrics, including bootstrap standard error (BSE),
root mean square error (RMSE), square integrated error (ISE), and
mean square integrated error (MISE), are utilized by the researchers to
assess the efficacy of these methods. The significance of acquiring
reliable estimates for the Youden index and the cut-off score in
criterion-referenced assessments is highlighted in this section. It
emphasizes the need for a robust methodology to ensure accurate
outcomes. The research methodology aims to address these issues and
provide insights into the best approach for determining the cut-off
score.

4. Results

The findings revealed that the kernel method using Silverman's
bandwidth produced a Youden index of 0.63 with a threshold of 479.
The root mean square error for this approach was 0.715, with a
bootstrap standard error of 0. As a result, the calculation of the Youden
index through this approach showed a high level of consistency and
precision. In contrast, the kernel method using MLCV produced a
superior Youden index of 0.75 with the same threshold of 479. This
suggests that the kernel method with MLCV offers a more accurate
assessment of the Youden index compared to using Silverman's
bandwidth, leading to a higher ability in differentiating between
qualified and unqualified individuals. However, its bootstrap standard
error was 0.039, indicating a small level of variability in the
approximation. The empirical method generated a Youden index of
0.31 with a threshold of 465. The root mean square error for this
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technique was 0.68, resulting in a similar bootstrap standard error of
0.017.

5. Conclusion

The findings of this study indicate that the choice of bandwidth
determination method in relation to the kernel method plays a vital role
in estimating the Youden index. When the data exhibit normality,
selecting Silverman's bandwidth for the kernel method leads to
consistent results; whereas, for non-normal data, it is recommended to
use the maximum likelihood cross-validation bandwidth to compute
and assess the Youden index in criterion-referenced assessments and
establish the cut score. Nevertheless, further research is necessary to
validate these findings and assess the effectiveness of these approaches
across different domains. This can improve the accuracy of individual
classification and reduce the incidence of inaccurate test outcomes. In
addition, it is important to examine the distinct effects of setting the cut
score on both individual and institutional outcomes, as this can help
inform the decision-making process regarding the determination of the
cut score. These efforts are significant in improving the assessment and
decision-making framework within educational and institutional
contexts.
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