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ABSTRACT  

Background: Innovation in preparing curriculum and adopting diverse 

assessment tool is evolving magnificently in education field. Multiple choice 

questions, being commonly used as formative and summative assessment tool, 

needs periodic analysis to assess its efficacy and validity. Psychometric analysis 

is a systematic methodological approach using statistical parameters such as 

Difficulty Index (DIF I), Discrimination Index (DI), and Distractor Efficiency 

(DE). The objective of this study was to do a structured stepwise analysis of the 

quality of MCQs and items appeared in Internal Assessment examination (IAE) 

of one subject from Phase 1 and phase 2 syllabus. Materials and Methods: In 

this descriptive study, IAE papers of 100 students in each of phase 1 and phase 

2 of Biochemistry and Microbiology were included. Post validation of the item 

was done for the total of 100 MCQs and 400 items. Result: The results showed 

the DIF I with acceptable range of difficulty level (30 to 70%) was 36% in Phase 

1 IAE and 62% in Phase 2 IAE. This was reflecting in the higher mean score of 

7.26 out of 10 in Phase 1 IAE compared with mean score of 6.8 out of 10 in 

Microbiology IAE. This explicit that items in phase 2 IAE were more 

discriminatory with DI 42%(> 0.35 excellent) and 63% of items as functional 

distractors. In Phase 1 the beginning of MBBS curriculum, the DIF I was in easy 

range with good DE having 47% as functional distractors though DI was 

moderate. Conclusion: Psychometric analysis of MCQs is an essential tool to 

ensure valid and reliable assessments in medical education. Our study 

demonstrated that most items had acceptable difficulty and good discrimination, 

though several required revisions due to poor discrimination or non-functioning 

distractors. Regular psychometric evaluation can improve MCQ quality, 

enhance fairness, and support competency-based learning outcomes. 

 
 

 

INTRODUCTION 
 

Ensuring the quality of medical education is the 

prime prerequisite to produce competent health care 

personnel. Curriculum is the backbone for teachers 

which gives objectives, units of different activities 

and supportive reference materials.[1] Learning and 

teaching are made more effective by new innovative 

teaching tools. In a competency-based curriculum, 

greater emphasis is given to the quality of 

assessment.[2] An assessment tool with good 

reliability and validity can differentiate between 

satisfactory and unsatisfactory performers, it assesses 

the student understanding of medical concepts and its 

application.[3] Multiple choice questions (MCQs) are 

widely used due to their objectivity and efficiency. 

But constructing a good MCQs with less item writing 

flaws is labor intensive.[4] Studies have shown that a 

well-constructed Multiple Choice Questions(MCQs) 

not only foster deeper learning but also provide a 

reliable measure of students' competencies.[5]  

Psychometric analysis of MCQs is a systematic 

approach to evaluate the performance of individual 

test items and the overall test. The statistical tools to 

assess items are difficulty index, discrimination 

index, and distractor efficiency, which ensures the 

quality of the assessment.[6,7]  
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By identifying poorly performing questions and 

optimizing test design, psychometric analysis 

enhances the fairness and effectiveness of the 

assessments. Moreover, the insights gained from 

psychometric analysis contribute to continuous 

improvement in curriculum design and student 

outcomes.[8] Thus, integrating psychometric analysis 

into the evaluation of MCQs is indispensable for 

ensuring the alignment of assessments with 

educational objectives and for maintaining high 

standards in medical education.[9] 

However, only little light has been spotted on 

psychometric qualities of MCQs and its usage. But 

the current need on effective predictive validity of the 

every assessment tool is the backdrop to plan this post 

validation study with the objectives to process a 

simple step wise approach to perform the 

psychometric analysis of MCQs appeared in internal 

assessment exams (IAEs) conducted by medical 

Biochemistry and medical Microbiology. 

Objectives 

Objectives of this study is to understand and apply 

the psychometric qualities of Difficulty Index(DIF I), 

Discrimination Index (DI), and Distractor Efficiency 

(DE)of MCQs appeared in internal assessment exams 

(IAEs) conducted by medical Biochemistry and 

medical Microbiology. 

 

MATERIALS AND METHODS 

 

This descriptive, study was conducted over a period 

of two months, from April 2024 to May 2024 and 

evaluated five Microbiology IAEs comprising 50 

MCQs and 3 Biochemistry IAEs comprising of 50 

MCQs.  

All MCQs were analyzed after the items had 

appeared in the question paper as post validation. The 

following are the simple steps to proceed with the 

psychometric analysis of each item.  

Step -1: The test paper was arranged in rank order 

based on the student's performance from the highest 

score to the lowest score. The upper one third of the 

papers with high scores were named as the upper 

group. The Lower one third of the papers with low 

scores were named as the lower group. Only the 

upper and lower group were taken for the calculation. 

Step 2: For each item a frequency table was prepared 

by counting the number of students in the upper 

group who selected each alternative. Similar count 

was done for lower group also.  

Step 3: The psychometric parameters were calculated 

as given below.  

A. Difficulty index (DIF I): It checks whether 

the difficulty level of each item is appropriate for the 

students. It is calculated using the formula 

   DIF I = [(H+L)/N] x100 

H= no. of correct responses in the high achieving 

group (upper group) 

L= no. of correct responses in the low achieving 

group (lower group) 

N= Total no. including non-responders in both the 

group 

If the DIF I is less than 30%, the item is considered 

very difficult; if it is more than 70 %, it is considered 

easy. However, the DIF ranging from 30 % to 70 % 

was taken as an acceptable range. Higher the 

difficulty index lower is the difficulty of the question. 

B. Discrimination Index (DI): It measures the ability 

of each item to discriminate between knowledgeable 

& ill-informed students. It is calculated by the 

differences in mark obtained for the correct responses 

between the higher achieving and the lower achieving 

group by the formula given below.  

DI =[(H – L)/N] x 2 

It has a value that ranges between 0 and 1. An item 

with DI of <0.15 is considered as poor, 0.15-0.25 is 

considered as marginal which can be improved to 

bring it to the good level i.e.>0.25-0.35. An item 

with>0.35 is considered as having excellent DI. 

C. Distractor efficiency (DE): It is the measure 

of item functioning. When a distracter is chosen by 

>5% of participants, it is considered a functioning 

distracter (FD), and if chosen by <5% of participants 

is a non-functioning distractor (NFD). 

 

RESULTS  
 

A total of 100 students in each of phase 1 and phase 

2 participated in the IAE of Biochemistry and 

Microbiology. Post validation of the item was done 

for the total of 50 items in each of the subject after 

the item has appeared in the IAE. An item contains a 

‘stem’ which gives the background information to 

answer, the ‘lead on’ is the actual question and four 

options including one correct (key) and three 

incorrect (distractor) alternatives.  

 

Table 1: Psychometric analysis of MCQs of Microbiology and Biochemistry IAEs. 

Variables  Phase 2-Microbiology Phase 1-Biochemistry 

Range of Test score 2.8 to 10 4-10 

Mean Test Score 6.82 7.86 

Psychometric 

parameter 

Category No. of MCQs in  

each category 

Percentage (%) No.of MCQs in 

each category 

Percentage 

(%) 

Difficulty 

Index 

< 30% difficult 3 6% 2 4% 

30-70% acceptable 29 58% 17 34% 

>70% easy 18 36% 31 62% 

Discrimination 

Index 

< 0.15 Poor 14 28% 16 32% 

0.15-0.25 Marginal 6 12% 8 16% 

0.25-0.35 Good 9 18% 15 30% 

>0.35 Excellent 21 42% 11 22% 
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Distractor 

Efficiency 

No of Distractor 

Assessed 

150  150  

Non Functional 
Distractor/Item 

56 37% 79 53% 

Functional 

Distractor/Item 

94 63% 71 47% 

3 NF Distractors 18 36% 11 22% 

2 NF Distractors 14 28% 15 30% 

1 NF Distractors 12 24% 14 28% 

0 NF Distractors 6 12% 10 20% 

 

[Table 1] depicts the Psychometric analysis of 

MCQs. Base on DIF I percentage of distribution of 

MCQs as difficult: acceptable: easy range were 6%: 

58%: 36% with the range of test score 2.8 to 10 (mean 

score - 6.82) in phase 2 Microbiology and were 4%: 

34%: 62% with the range of test score 4 to 10 (mean 

score -7.86) in phase 1 Biochemistry. In this study 

items with negative discrimination index were nil. In 

Microbiology 40% and in Biochemistry 48% of 

MCQs had poor to marginal DI, also 60% and 58% 

of the items in respective subjects had a good to 

excellent DI.  

A total of 300 distractors from 100 MCQs were 

analysed for the functionality of the distractors. In 

this study DE analysis expressed 47% and 63% of 

items were functional distractors whereas 53% and 

37% of items were non-functioning distractors across 

Biochemistry and Microbiology IAE respectively. 

 

DISCUSSION 
 

Though MCQs remain the most commonly used 

assessment method in medical education 

constructing a quality MCQ is time-consuming and 

also difficult. Item analysis of MCQs in Competency 

Based Medical Education assessment is the process 

of collecting, summarizing and using information 

from students’ responses to assess the quality of test 

items. 

In the present study, items having <30% of Difficulty 

index that can be categorized as difficult, were found 

to be 4-6%. This is in contrast to a study evaluating 

item analysis of online IAE which reported that 15% 

of the items were found to be difficult.[10] In this study 

based on the distribution of items as difficult, 

acceptable and easy category, Phase 2 Microbiology 

IAE had 58% of acceptable items which is contrast to 

study done by Kumar P et al with mean DIF I as 

39.4±21.4%,[11] and similar to another study done by 

Pande SS et al with mean DIF I as 52.53±20.59%.[12] 

In Phase 1 Biochemistry IAE, the test score range 

was from 4 to 10 and had a high mean score 7.86 with 

more easy items (DIF I 62%). In the phase 2 

Microbiology easy items had DIF I of 36% and the 

test score range was 2.8 to 10 (mean score - 6.82). 

The psychometric analysis of IAE papers revealed 

that about 28-32% of the items had poor DI which is 

similar to a study analyzing the IAE of Phase I subject 

reporting 20% of poor DI.[13] In the Microbiology and 

Biochemistry IAE papers the items with >0.25 of 

discrimination index having good discrimination 

were found to be 60% and 52% respectively. Any 

discrimination index of 0.2 or higher is acceptable, 

and the test item would be able to differentiate 

between weak and good students. This is in contrast 

to a study analysing an assessment tool in medical 

students, showed that 75% had discrimination index 

of more than 0.2.[14] 

A distractor efficiency (DE) is the list of distractors 

that distract. The DE of a MCQs is calculated as 

100%, 66%, 33% or 0%, if all the three distractors are 

distracting, two distractors chosen, one distractor 

chosen or all distractors not chosen respectively. 

Previous research has noted that the most difficult 

aspect for the item writers is to generate plausible 

distractors.[15] A functional distractor is distractors 

that has been attempted by at least 5% or more of the 

students.[16] The construction of MCQs with 

functional distractors is complex and might play an 

essential role in DI. 

In this study we observed DE of 47% and 63% and 

non-functioning distractors accounting for 53% and 

37% of questions across Biochemistry and 

Microbiology IAE respectively. This is similar to a 

study which reports only 52.2% of all distractors 

were found to be functioning effectively.[16] An 

another study has reported that the percentage of 

items with three functioning distractors in most tests 

ranged from only 1.1 to 8.4% of all items which is in 

contrast to the present study in which 22-36% of the 

questions had three functional distractors.[17] Items 

with more functioning distractors were found to be 

more difficult and more discriminating. About 28-

30% of the items had two and one fourth of items had 

one functional distractors and 12-20% had zero 

functional distractors.  

The present study underscores the significance of 

psychometric analysis as a practical tool to improve 

the quality of MCQs used in internal assessments. By 

identifying items with suboptimal difficulty, poor 

discrimination, and non-functional distractors, 

educators can refine question design to better 

evaluate students’ competencies. This ensures fairer 

assessments, fosters deeper learning, and contributes 

to producing competent and confident medical 

graduates who are well-prepared for clinical practice.  

Way ahead, we had the plan to organize the Faculty 

development programs focusing on MCQ 

construction and distractor design which can further 

improve the quality of MCQs. To incorporate the 

psychometric analysis as a routine post-validation 

exercise to continuously enhance question quality. 

 

CONCLUSION 
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Psychometric analysis of MCQs provides an 

objective and systematic method to evaluate the 

quality of assessment tools in medical education. The 

present study highlights that the majority of MCQs in 

both Biochemistry and Microbiology IAEs fell 

within the acceptable difficulty range and 

demonstrated good to excellent discrimination 

power. However, a considerable proportion of items 

had poor to marginal discrimination indices, 

indicating the need for revision and improvement of 

such items. Distractor efficiency analysis revealed 

that a significant number of distractors were non-

functional, reinforcing the importance of 

constructing plausible distractors to enhance the 

validity of MCQs. 

Overall, integrating psychometric evaluation into 

routine post-validation of assessments allows 

educators to refine question quality, improve 

reliability, and ensure alignment with competency-

based educational objectives. Regular analysis and 

revision of MCQs will not only strengthen the 

assessment process but also promote deeper learning 

and better differentiation between high- and low-

performing students, ultimately leading to the 

development of more competent healthcare 

professionals. 
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