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Abstract

Background
In medical education, particularly in biochemistry, crafting high-quality assessment questions is a primary
challenge. Each item necessitates thorough evaluation, and precise identification of student abilities is
crucial for maximally reflecting learning achievement.

Objective
This study aims to enhance assessment quality in biochemistry medical education by implementing Item
Response Theory (IRT). This approach addresses Classical Test Theory (CTT) limitations. Recognizing
the critical role of question quality in the learning process, the study investigates how IRT can more
holistically and equitably assess student abilities. It includes a comparative analysis of student scores
before and after IRT implementation.

Methods
Employing a mixed-method research approach, this study combines comparative quantitative analysis
with qualitative ICC curve analysis in a pre-post experimental design. It focuses on biochemistry exam
data from medical students (n = 89). IRT is used to measure the probability of student responses to
questions, using parameters such as discrimination, difficulty level, and guessing probability. Jamovi
software supports this analysis by accelerating computational processes.

Results
Significant improvements were observed in both question quality and student scores. Prior to IRT
implementation, the average initial exam score was 56.1, which increased to 74.1 in the subsequent
exam. The IRT evaluation indicated that the exam questions achieved a more effective differentiation
between students of varying abilities. This improvement was evident from the increased person reliability
and through Wright Map visualizations, which helped identify highly difficult questions via the Item
Characteristic Curve (ICC).

Conclusion
The study advocates for integrating IRT as a standard method in biochemistry medical assessments. It
highlights the necessity of assessments that are sensitive to individual student capabilities, providing
more precise feedback for enhancing the quality of learning. These findings are crucial for evolving
evaluation methodologies and advancing medical education standards.
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Introduction
In medical education, particularly in biochemistry, creating high-quality assessment questions represents
a significant challenge. Each item requires detailed evaluation through item analysis. Many students
encounter difficulties in biochemistry learning, especially in the preclinical phase [1]–[3]. Attempts to
improve this using Classical Test Theory (CTT) have been limited, as the analysis focuses only on the
items without considering student ability and the probability of guessing. In short, CTT does not account
for item-weighted assessment [4]. Therefore, a more comprehensive method is required, one of which is
Item Response Theory (IRT). This method refines the CTT approach. However, research on the application
of IRT in medical biochemistry is scarce, yet its findings could provide solutions for medical education
units, especially those in charge of biochemistry, to improve question quality.

The uniqueness of the IRT model approach lies in its sensitivity to the individual's (subject's) response to
each item [5], even including calculations for the probability of guessing for a population on an item. This
approach utilizes the logit function and logistic parameters, such as discrimination (α), difficulty level (β),
and pseudo-guessing parameter (c), to depict the relationship between items and various levels of a
latent trait [6]. This method is particularly vital in examination systems like medical biochemistry,
especially to enhance the quality of evaluation.

To measure the completeness of learning in medical biochemistry, an assessment-based evaluation is
necessary. However, challenges often arise in evaluating exam results. Evaluations are sometimes solely
based on student performance scores. Often, there is no item analysis evaluation, leading to situations
where students are blamed for low scores, when in fact, the exam questions might be flawed in diction or
too difficult compared to the taught material.

The application process of this method is straightforward, especially when using a single parameter
(dichotomous), known as the Rasch Model. With technological advancements, this can be quickly
executed using software like Jamovi. Implementing this method will assist in improving distractors in
Multiple Choice Questions (MCQ) [7].

The research questions formulated in this study are:

What is the range of theta performance values for assessment and students?

Is there a significant change in the average score after implementing the revised questions?

Does the theta value of items change when distractor modifications are made?

Methods
This study utilizes exam data to evaluate question performance [8]. The analytical approach consists of
pre and post assessments following the implementation of Item Response Theory (IRT) to evaluate
student performance scores. The evaluation was conducted on student assessments (n = 89) using two
approaches. The first approach involved an analysis of average scores, and the second, a comparative
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quantitative analysis of item performance. The latter also included a qualitative study of the Item
Characteristic Curve (ICC).

Items subjected to IRT were tabulated and visualized, presenting theta (θ) scores and their graphical
changes in the ICC. To expedite the computational process in this research, Jamovi software with an
open-access license was used. To eliminate subjectivity, this study was conducted after grades were
published and no further grade disputes from students were present.

Results and Discussion
The evaluation was conducted using two approaches. The initial results showed a significant difference
in average scores before and after the implementation of Item Response Theory (IRT). The items
evaluated and improved using the IRT approach were visualized as follows. In this study, the overall
reliability of the measurement tool was assessed, with a person reliability value of 0.780 for the first
exam and 0.724 for the second exam. The analysis using IRT on exam data indicated a Person Reliability
of 0.724 on a predetermined scale, suggesting that the exam had a good level of reliability in measuring
the latent abilities or attributes of the participants.

There was a significant increase in scores before and after the implementation, with a p-value < 0.001 at
an alpha of 0.05. The average score for the first exam was 56.1, and for the second exam, it was 74.1.
Based on the score distribution, it was also observed that the exam questions effectively differentiated
students (Fig. 1). Student abilities (scores) were well-identified across the low-middle-high spectrum, with
the central tendency located in the middle area of the histogram curve distribution. These findings align
with the study by Dorner et al. [9].

We identified items with very high difficulty levels. This identification was easily accomplished using the
Wright Map distribution of the items. This visualization is adequately representative of item difficulty, as
it computationally matches the items with the respondents' latent traits (ability to answer). It was evident
that there are 11 particularly difficult items, numbered 20, 8, 46, 5, 39, 50, 7, 9, 29, 34, and 44. These items
will subsequently be analyzed and improved upon after examining their Item Characteristic Curves (ICC).

ICC analysis is essential for examining three aspects. First, to ascertain the difficulty level of the items.
Second, to assess the performance of the items in terms of discrimination. Does the item effectively
separate based on the abilities of medical students in biochemistry? Third, to observe the detailed ability
of students in responding to the items. A more detailed view of each item's ICC is presented in Fig. 2. Our
findings indicate that there should be a spike (increase in ability) in student responses to items within the
1–3 ability range, as students in this range possess above-average abilities. However, in reality, students
with high-order thinking skills did not respond effectively (unable to answer correctly), especially
noticeable in items number 20, 8, and 46 (see the vertical red boxes). Their response abilities were
relatively similar to those of students with low-order thinking skills. A notable increase was observed in
items number 5, 7, 9, and 34 (see the vertical high green boxes). From this, we gather crucial information
about which items require intervention and evaluation.
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This section also highlights the need for internal consolidation in the study. This is a form of reflection for
educators on the delivered material. It's important to avoid presenting items that are outside the core
competencies formulated. Therefore, the role of the coordinator is crucial, as they must evaluate and
consolidate immediately upon identifying any discrepancies.

The change in theta (θ) scores in biochemistry items indicates that the implementation of IRT is effective.
This change can be observed in the ICC shown in Fig. 3. It's crucial to examine the relationship between
student abilities and item difficulty levels within the framework of latent variables, a possibility afforded
by the mathematical model system in IRT [10]. This IRT technique also aims to enhance accuracy in
performance classification [11], [12].

A slight yet noticeable improvement in response ability was observed, as depicted in the ICC of the three
revised items, numbers 20, 8, and 46 (see the short vertical green boxes). Although the increase is modest,
the trend line shows an upward trajectory. Moreover, the ability performance no longer shows depression
at the baseline. Item number 5 (Q5) also demonstrates an improvement in baseline ability (see the tall
vertical green box) as illustrated in Fig. 4.

Key Findings
A significant observation in this study is that ICC can be used to analyze repeated test items. There's a
common belief that reused items are of lower quality due to memorization by students. This is not
entirely true or false, as the primary goal is to identify and select items that can effectively separate
abilities. Utilizing ICC enhances precision in this selection. This study demonstrates that items like
numbers 9 and 7 (Q9 and Q7) show clear ability separation despite being reused. ICC also aids in filtering
out inconsistent items in terms of separation, such as item number 50 (Q50) (indicated by a long vertical
red box). For item 50, it was observed that students with lower abilities had a high probability of guessing
correctly. The ICC analysis also revealed transitions from difficult to easy items, as seen in items 39 and
44 (Q39 and Q44). Once high-quality items are identified, the next step is to create an item bank.

IRT can be adapted to produce more effective exam responses. A study by Ballis et al. found that exam
frame design could enhance student responses in MCQ exams [13].

Conclusion
There was a significant change in average scores before and after IRT implementation, with the initial
exam score being 56.1 and the second exam score 74.1 (p < 0.01). Item analysis revealed changes in
theta scores for highly difficult items. An increase in baseline ability performance was observed in each
item improved through the IRT approach, as indicated by the ICC curve patterns. These findings facilitate
a more efficient and precise process of item identification and evaluation, particularly for biochemistry
assessments in medical education.
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Limitations
This study, while providing insightful findings, does have its limitations. The sample size, restricted to 89
medical students, may limit the generalizability of the results. Additionally, the study focuses exclusively
on biochemistry assessments, which might not reflect the applicability of the findings to other subjects.
Future research could benefit from a more diverse sample and a broader range of subjects to strengthen
the generalizability of these findings.
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Figures

Figure 1
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Wright Map illustrating the identification of difficult items in the assessment.

Figure 2

Wright Map to assist in the identification of difficult items in the assessment.
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Figure 3

ICC of Items with High Difficulty Levels in the First Examination (Round 1).
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Figure 4

ICC for Items with High Difficulty Levels in the Second Examination (Round 2).


