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Abstract 

Background: Multiple-choice questions (MCQs) are the most commonly used assessment tool in medical 

education. However, their effectiveness depends on the quality of item construction. Psychometric evaluation 

using Classical Test Theory (CTT) and Item Response Theory (IRT) helps in improving assessment validity 

and reliability. Objective: To analyze the quality of MCQs administered to second-year MBBS students using 

item analysis and IRT parameters, and to identify poorly functioning items for revision. Methods: A total of 

55 MCQs were administered to 149 second-year MBBS students. The difficulty index, discrimination index, 

distractor efficiency, and reliability (KR-20) were computed. Items were categorized into high, moderate, or 

poor based on standard criteria. Data were analyzed using Xcalibre and SPSS. Results: The theta range we 

obtained was -4.0 to +4.0. The mean difficulty index was 0.55, with 51% of items classified as easy, 31% 

moderate, and 18% difficult. The average discrimination index was 0.43, with 40% excellent and 22% good 

items. Distractor efficiency was high, with 91% of items showing 100% efficiency. KR-20 reliability was 

0.856. Items with poor or negative discrimination (e.g., Q44, Q52) and non-functional distractors (e.g., Q25, 

Q26, Q33, Q34, Q39) were identified. Conclusion: The MCQ set demonstrated moderate difficulty, high 

discriminative capacity, and excellent reliability. Periodic item analysis helps in refining flawed items, 

ensuring the creation of a validated question bank. 
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Introduction 

Assessment in medical education serves not only to 

evaluate student performance but also to guide 

learning and curricular development. Among 

various tools, multiple-choice questions (MCQs) are 

preferred because they allow objective scoring, 

cover a wide range of content, and minimize 

examiner bias (1). Despite these advantages, the 

utility of MCQs depends on their quality (2). Poorly 

constructed items may compromise validity, fail to 

discriminate between high- and low-achieving 

JMALS 

Journal of Medical and Life Science 

https://jmals.journals.ekb.eg/ 
SPBH 

mailto:manjula.mj03@gmail.com


Journal of Medical and Life Science, 2025, Vol. 7, No. 4, P.652-658       pISSN: 2636-4093, eISSN: 2636-4107           653 

students, and reduce the reliability of examinations 

(3,4). 

Assessment influences student learning through four 

key aspects: the content assessed, the format used, 

the timing of the assessment, and the feedback 

provided to medical students. Hence, testing for the 

quality of the mode of assessment is crucial (5). To 

ensure quality, psychometric analysis of MCQs has 

become an essential practice. Classical Test Theory 

(CTT) provides indices such as the difficulty index 

(proportion of correct responses) and discrimination 

index (ability of an item to distinguish between 

strong and weak students). In addition, evaluation of 

distractor efficiency ensures that incorrect options 

are plausible and contribute meaningfully to the test 

(6,7). 

Beyond CTT, Item Response Theory (IRT) allows 

modelling of student ability (theta) and item 

characteristics, providing a deeper insight into test 

functioning (8). Together, these approaches can 

guide the refinement of MCQs, leading to the 

development of a robust question bank. 

Several studies across medical schools in India and 

abroad have shown that item analysis improves the 

reliability of assessments and identifies common 

flaws such as ambiguous stems, implausible 

distractors, and mis-keyed options. However, 

systematic reporting of psychometric properties of 

undergraduate assessments remains limited in Indian 

settings. 

This study was therefore undertaken to evaluate 

MCQs administered to second MBBS students using 

CTT and IRT parameters, to assess reliability, and to 

identify items requiring revision for future use. 

Methodology 

Study Design and Participants 

This was a cross-sectional psychometric analysis of 

MCQ responses. A total of 149 second-year MBBS 

students from St. Peter’s Medical College and 

Hospital participated. The test consisted of 55 

single-best-answer MCQs, each with four options. 

Item Analysis 

Responses were analyzed using Classical Test 

Theory (CTT) parameters: 

1. Difficulty Index (P): Proportion of students who 

answered an item correctly. Items were classified 

as very difficult (<0.20), difficult (0.21–0.40), 

moderate (0.41–0.60), easy (0.61–0.80), or very 

easy (>0.80). 

2. Discrimination Index (D): Calculated by 

comparing high-achievers (top 50 students) with 

low-achievers (bottom 50 students). Items were 

categorized as excellent (>0.40), good (0.30–

0.39), fair (0.20–0.29), poor (0.00–0.19), or 

negative (<0.00). 

3. Distractor Efficiency (DE): Evaluated based on 

the percentage of functional distractors. Items 

were considered high efficiency (100%), 

moderate (66.6%), or poor (<50%) (9). 

4. Reliability: Internal consistency reliability was 

measured using the Kuder-Richardson Formula 

20 (KR-20) (9,10). 

Statistical Analysis: Item parameters and student 

ability (theta) were generated using Xcalibre 

software. Correlation analysis between indices was 

performed using SPSS. Graphs and tables were 

generated to illustrate findings. 

Results 

The theta range we obtained for 55 items and 149 

sample sizes was -4.0 to +4.0. This indicated that the 

data were suitable for IRT analysis. The obtained 

analyses are represented as tables and graphs below. 

The average difficulty index was 0.55, indicating a 

moderate overall level. More than half of the items 

(51%) were classified as easy, while 31% were of 

moderate/ideal difficulty and 18% were difficult. 

This distribution shows a slight skew towards easier 

questions, which may boost student confidence but 

should be balanced with more moderate items for 

optimal assessment. 
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Table 1: Distribution of the items based on the difficulty index 

Difficulty Category Number of Items Percentage (%) 

Easy (>0.60) 28 51 

Moderate (0.40–0.60) 17 31 

Difficult (<0.40) 10 18 

 

Table 2: Distribution of the items based on the discrimination index 

Discrimination Category Number of Items Percentage (%) 

Excellent (>0.40) 22 40 

Good (0.30–0.39) 12 22 

Fair (0.20–0.29) 8 15 

Poor (0.00–0.19) 11 20 

Negative (<0.00) 2 4 

The mean discrimination index was 0.43, reflecting strong discriminatory capacity. About 62% of items 

demonstrated excellent to good discrimination, while 15% were fair and 20% were poor. Two items showed 

negative discrimination, requiring urgent review as they reduce the test’s validity. 

 

Table 3: Distraction efficiency of items 

Efficiency Category Number of Items Percentage (%) 

High (100%) 50 91 

Moderate (66.6%) 5 9 

Most items (91%) had perfect distractor efficiency, meaning all options were plausible and functional. Only 

9% of items had moderate efficiency due to the presence of non-functional distractors, often linked to option 

‘D’. This highlights the generally strong quality of distractor construction in the test. 

 

Table 4: Reliability of the test: KR 20 calculation analysis 

Parameter Value 

Number of items (k) 55 

Variance of total scores (St²) 77.8962 

Σ (pi × qi) across all items 12.4223 

KR-20 Reliability Coefficient 

 

0.856 
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The KR-20 value was 0.856, indicating excellent internal consistency. This suggests that the items reliably 

measured a common construct and that the test scores were dependable. Such reliability supports the use of 

this MCQ set for summative evaluation. 

Table 5: Correlation matrix 

Parameter Pair Correlation 

(r) 

Interpretation 

Distractor Efficiency vs 

Difficulty 

-0.471 Moderate negative correlation (as items get more 

difficult, distractors become more functional). 

Distractor Efficiency vs 

Discrimination 

-0.024 Very weak/near-zero correlation (distractor quality 

does not strongly influence discrimination). 

Difficulty vs 

Discrimination 

+0.594 Moderate positive correlation (moderately difficult 

items tend to discriminate better). 

A moderate positive correlation (r = 0.59) was found between difficulty and discrimination, suggesting 

moderately difficult items tend to discriminate better. Distractor efficiency showed a weak negative correlation 

with both difficulty and discrimination, indicating that well-functioning distractors do not necessarily 

guarantee item discrimination. 

 

 

 

 

Table 6: The items flagged for revision 

Issue Identified Item Numbers Suggested Action 

Negative 

Discrimination 

44, 52 Review keying/clarity of stem and 

options. 

Poor Discrimination 

(0.00–0.19) 

1, 14, 18, 20, 24, 25, 30, 31, 

35, 46, 50, 51 

Revise the stem and options to better 

reflect the intended concept. 

Non-functional 

Distractors 

13, 25, 26, 33, 34, 39 Reconstruct distractor ‘D’ to make it 

plausible. 

Two items (44 and 52) had negative discrimination, while 11 showed poor discrimination, warranting revision 

of stems or keys. Additionally, six items had non-functional distractors, requiring modification of incorrect 

options to improve plausibility. Regular review of these flagged items will strengthen the MCQ bank. 
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Figure 1: Bar graph depicting the comparison of difficulty and discrimination distributions 

In this bar chart, the x-axis represents the different categories of item quality: difficulty levels (easy, moderate, 

difficult) and discrimination levels (excellent, good, fair, poor, negative). The y-axis shows the percentage of 

items in each category. The height of each bar reflects how many questions fell into that category. The use of 

separate bars for difficulty and discrimination highlights how items were distributed across these two 

important indices. This graph indicates that although many items were on the easier side, a substantial 

proportion demonstrated excellent or good discrimination. 

 
Figure 2: Correlation heat map of item parameters 

In the heatmap, both the x-axis and y-axis represent the three item parameters: distractor efficiency, difficulty 

index, and discrimination index. The colours indicate the strength and direction of correlation between these 

variables, with warm tones (red) showing positive correlation and cool tones (blue) showing negative 

correlation. The diagonal values (darkest shade) represent perfect correlation of a parameter with itself (r = 1). 

For example, the blue shading between distractor efficiency and difficulty shows a moderate negative 

correlation, while the red shading between difficulty and discrimination indicates a moderate positive 

correlation. This graph visually summarizes how item properties are interrelated in the test. 
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Discussion 

The present study evaluated 55 multiple-choice 

questions administered to second-year MBBS 

students through psychometric analysis. The 

findings suggest that the test was well-balanced, 

reliable, and capable of differentiating between high- 

and low-performing students. 

The mean difficulty index was 0.55, which falls 

within the ideal range (0.40–0.60). More than half of 

the questions (51%) were easy, while 31% were 

moderately difficult and 18% were difficult. This 

distribution reflects a slight leaning towards easier 

items, which can be beneficial for student confidence 

but may slightly reduce discriminatory power. 

Previous studies in Indian medical colleges Patil et 

al., had analyzed the 90 distractors (derived from 3 

sets of 30 MCQs). The mean values for the difficulty 

index, discrimination index, and distractor efficiency 

in their study were 38.3%, 0.27, and 82.8%, 

respectively. Among their 30 items, 11 were 

classified as difficult (DIF I <30%), while 5 were 

considered easy (DIF I >60%). Overall, 15 items 

demonstrated a very good discrimination index. Out 

of the 90 distractors, 16 (17.8%) were identified as 

non-functional distractors (NFDs), occurring in 13 

items (43.3%). Whereas Gajjar et al., also have 

reported similar findings, emphasizing the 

importance of maintaining a balanced distribution to 

ensure fairness and challenge, which were almost 

similar to our study (11,12). 

The mean discrimination index was 0.43, with 62% 

of items falling into excellent or good categories. 

This indicates that the majority of items successfully 

differentiated between high- and low-achieving 

students. A small proportion (20%) demonstrated 

poor discrimination, and 4% were negatively 

discriminating. Negative discrimination is a 

concerning finding, as it implies that weaker students 

performed better on those items than stronger 

students. Possible causes include ambiguous 

wording, mis-keyed answers, or misleading 

distractors. Similar issues have been highlighted in 

previous psychometric studies. Hingorjo et al 

reported, DI > 0.35 was 62%, DI ranging between 

0.25 and 0.34 with an incidence of 14%, and DI 0.15 

- 0.24 were found to be 12%. Two items each in their 

study had negative and zero DI (13). Meanwhile, 

Tarrant M et al, underscore the need for continuous 

item review (14). 

Distractor efficiency was generally high, with 91% 

of items having 100% functional distractors. This 

reflects careful construction of distractors, ensuring 

that incorrect options were plausible and contributed 

to the challenge of the test. Only 5 items had non-

functional distractors (primarily option D), which is 

consistent with international findings where one or 

two distractors often fail to function effectively. 

Improving these options by basing them on common 

misconceptions may further enhance test quality. 

Reliability of the test, measured using KR-20, was 

0.856, which is considered excellent. This indicates 

that the test items measured a common construct 

consistently and provided dependable results. 

Comparable studies in undergraduate medical 

education have reported reliability indices ranging 

from 0.70 to 0.85, placing our findings at the higher 

end of the spectrum (15,16). 

Overall, our findings suggest that the majority of 

items were well-constructed, reliable, and 

discriminatory. However, items with poor or 

negative discrimination and those with non-

functional distractors must be revised or eliminated 

before future use. Regular item analysis not only 

strengthens the validity of assessments but also 

contributes to the creation of a validated MCQ bank, 

which is essential for maintaining quality in medical 

education. 

Conclusion 

The MCQ set administered to second-year MBBS 

students showed moderate difficulty, excellent 

discrimination, and high reliability. A small subset of 

items with poor discrimination and non-functional 

distractors requires revision. Incorporating regular 

psychometric evaluation into assessment practices 
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will help build a validated question bank, improving 

the quality and fairness of medical education 

assessments. 
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