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ABSTRACT:  

Background: Designing reliable and valid written assessments to test higher-order cognitive skills—

especially clinical problem-solving—remains a challenge in medical education. This study aimed to 

evaluate the effectiveness of multiple-choice questions (MCQs) in assessing different levels of 

cognitive learning by applying statistical validation methods. 

Methodology: Conducted in 2025 at the Department of Biochemistry, Burdwan Medical College, 

Burdwan, the study involved second-semester undergraduate medical students. MCQs were developed 

based on clearly defined educational objectives and categorized according to the level of cognitive skill 

they intended to assess: recall, data interpretation, and problem-solving. All questions underwent peer 

review to ensure quality. A total of 50 MCQs were used, 25 targeting recall, 15 on data interpretation, 

and 10 designed to test problem-solving. 

Results: Each item was analyzed for difficulty, discrimination, and distractor effectiveness. The 

average percentage of correct responses was 80 % for recall, 52.9% for data interpretation, and 39.6 % 

for problem-solving questions. Statistical analysis using the Chi-square test revealed no significant 

difference between these scores, indicating that the MCQs were effective across different cognitive 

levels, including higher-order thinking. 

Conclusion: Properly designed and peer-reviewed MCQs can serve as reliable tools for evaluating not 

just factual knowledge but also higher-level cognitive skills like interpretation and problem-solving in 

medical students. 

  

Introduction 

    Medical education is a dynamic and multifaceted 

process, aiming to foster not only the acquisition of 

knowledge but also the application of that knowledge in 

real-world clinical settings. Medical students must be 

proficient in interpreting data, solving complex 

problems, and making informed decisions under 

pressure.(1,2) This highlights the importance of 

assessing higher-order cognitive skills like clinical 

reasoning and problem-solving, which go beyond rote 

memorization(3). 

     In India, Biochemistry forms a key pillar of medical 

education, laying the groundwork for understanding 

clinical sciences. Despite its foundational importance, 

the assessment methods employed to evaluate these 

higher-order cognitive skills are often inadequate(4,5). 

Traditional assessments predominantly measure rote 
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learning and recall, which fail to assess the ability of 

students to apply knowledge in clinical settings. 

    Multiple-choice questions (MCQs) have gained 

traction in medical education as a reliable method of 

assessment (5,6,7) While typically associated with 

testing factual knowledge, well-designed MCQs can be 

structured to assess various cognitive domains, 

including recall, data interpretation, and clinical 

problem-solving. However, the challenge lies in 

designing MCQs that are capable of evaluating these 

higher cognitive functions. The primary aim of this 

study was to validate a set of MCQs designed to assess 

cognitive learning in undergraduate medical students, 

focusing on their ability to interpret biochemical data 

and solve clinical problems. 

      By using statistical analysis to assess the reliability 

and validity of these MCQs, this study seeks to 

demonstrate that MCQs can effectively evaluate both 

basic knowledge and higher cognitive skills, thus 

supporting their use in comprehensive medical 

assessments. 

Materials and Methods 

     The study was conducted in 2025 at Burdwan 

Medical College, located in Burdwan, West Bengal. The 

participants included second-semester undergraduate 

medical students enrolled in the Biochemistry course. 

Ethical approval was obtained from the Institutional 

Ethics Committee [Memo No.BMC/2179/1], and 

informed consent was secured from all participants. 

     The MCQs used in the study were developed by a 

team of experienced faculty members from the 

Department of Biochemistry. These questions were 

constructed in alignment with the curriculum objectives 

of the Biochemistry course, ensuring that they 

adequately represented both fundamental knowledge 

and higher-order cognitive skills as outlined by Bloom’s 

taxonomy (1). The MCQs were divided into three 

categories: 

Recall: 25 questions focused on basic factual 

knowledge and recall of biochemical principles. 

Data Interpretation: 15 questions designed to assess 

the ability to interpret biochemical data, such as 

laboratory results and diagnostic tests. 

Problem-Solving: 10 questions aimed at evaluating the 

students’ clinical reasoning and ability to apply 

biochemical concepts to solve clinical problems. 

After developing the MCQs, the questions were 

reviewed and validated by a panel of peer educators to 

ensure clarity, relevance, and accuracy. A pilot test was 

conducted with a small group of students to evaluate the 

clarity and difficulty of the questions. 

The MCQ test was then administered to 151 second-

semester students. The test duration was 90 minutes, 

and each student completed the test individually. 

Afterward, the responses were scored, and the following 

statistical parameters were computed for each question: 

Difficulty Index (P-value): This was calculated by 

dividing the number of correct answers by the total 

number of respondents. 

Discrimination Index (D-value): This was calculated 

by comparing the performance of the upper and lower 

27% of students. 

Distractor Effectiveness: This was analyzed by 

examining the frequency with which each distractor was 

chosen. 

The data were then analyzed using SPSS software 

(version 25.0) to assess the reliability and validity of the 

MCQs. A Chi-square test was used to compare the 

performance across the three cognitive domains (recall, 

data interpretation, and problem-solving) and determine 

any significant differences in their effectiveness. 

Results 

the analysis of the MCQs revealed the following 

findings: 

Table 1: Results of item analysis for MCQs on Recall, Data interpretation and problem solving. 

Total respondents : 151, No. of High achievers :47, No. of Low achievers :43 

Category Difficulty Index (%) Discrimination Index (ratio) 

Recall (n = 

25) 

Reference 

Interval 

Interpretation Observed 

value 

Reference Interval Interpretation Observed 

value 

>70 Easy 8 >0.35 Excellent 11 

30-70 Acceptable 13 0.25 - 0.35 Acceptable 9 
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<30 Difficult 4 <0.25 poor 5 

Data Interpre-

tation 

(n = 15) 

Reference 

Interval 

Interpretation Observed 

value 

Reference Interval Interpretation Observed 

value 

>70 Easy 2 >0.35 Excellent 7 

30-70 Acceptable 10 0.25 - 0.35 Acceptable 5 

<30 Difficult 3 <0.25 poor 3 

Problem 

Solving 

(n = 10) 

Reference 

Interval 

Interpretation Observed 

value 

Reference Interval Interpretation Observed 

value 

>70 Easy 2 >0.35 Excellent 4 

30-70 Acceptable 5 0.25 - 0.35 Acceptable 4 

<30 Difficult 3 <0.25 poor 2 

 

Table 2: Correct response (%) obtained for three taxonomic levels of cognitive learning. 

 Recall (n = 25) Data interpretation (n = 15) Problem solving (n = 

10) 

Total of Correct Responses (for all 

questions) 

3020 out of a possible 

3775* 

1200 out of a possible 

2265* 

598 out of a possible 

1510* 

Average Correct Response (per 

question) 

87.28 68.94 66.18 

Average Correct Response 

(expressed as %) 

80.0 52.9 39.6 

* Estimated Total in a probability when all responses by all learners are correct. 

 

Table 3: Comparison of learner performance at 

different taxonomic level of cognitive skill. 

Comparison performance 

Statistical of 

values 

RC and 

DI 

DI and PS 

Value of Chi square 1.243 0.713 

p-value >0.05 >0.05 

 

The average percentage of correct responses was 80% 

for recall, 52.9% for data interpretation, and 39.6 % for 

problem-solving questions.The recall questions had a 

moderate level of difficulty, with a mean correct 

response rate that suggests an appropriate balance 

between easy and challenging questions.The data 

interpretation and problem-solving questions exhibited 

a more challenging level, with students performing less 

well, which is expected for higher-order thinking 

questions. The MCQs showed good discrimination, with 

higher-performing students consistently scoring better 

than lower-performing students, particularly on the 

problem-solving questions.The discrimination indices 

for recall and data interpretation questions were slightly 

lower, suggesting that these questions were less 

effective in distinguishing between high and low 

performers.Problem-solving questions, however, 

showed excellent discrimination, indicating that these 

questions were well-designed to assess students' ability 

to apply their knowledge to novel situations(8,9).The 

distractors used in the MCQs were effective, as 

evidenced by a balanced distribution of responses 

across the answer choices(6,10).The problem-solving 

questions showed a more even distribution among the 

answer choices, suggesting that the students were 

engaged with the content and not simply guessing the 

answers. 

    Statistical analysis using the Chi-square test revealed 

no significant difference between the scores on recall, 

data interpretation, and problem-solving questions (p > 

0.05), suggesting that all question categories were 

equally effective in assessing the cognitive skills they 

aimed to test. 

Discussion 

   This study provides strong evidence that MCQs, when 

properly designed, can be a valuable tool for assessing 
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not only factual knowledge but also higher-order 

cognitive skills such as data interpretation and problem-

solving. The findings align with previous research, 

which has shown that MCQs can effectively assess 

multiple levels of cognitive function, provided they are 

constructed in alignment with Bloom’s taxonomy 

(10,11,12) . 

One of the key findings of this study is the effectiveness 

of problem-solving questions in discriminating between 

high and low performers. These questions demonstrated 

the highest discrimination index, suggesting that they 

were the most effective in assessing students’ clinical 

reasoning skills. This supports the use of problem-

solving MCQs in assessing the ability of medical 

students to apply their knowledge in clinical scenarios, 

a critical component of medical education (12, 13). 

    While the recall questions showed an acceptable level 

of difficulty, they were less effective in distinguishing 

between high and low performers. This highlights the 

need for a balance between recall-based and higher-

order thinking questions in medical assessments (14). 

Data interpretation questions, although moderately 

challenging, did not perform as well as the problem-

solving questions in terms of discrimination (15). This 

suggests that future MCQ assessments could benefit 

from a greater emphasis on problem-solving and 

clinical reasoning. 

    It is also noteworthy that distractor effectiveness was 

high across all question categories, indicating that the 

students were thoughtfully engaging with the questions. 

Effective distractors are essential in MCQs as they help 

to identify misconceptions and provide insight into 

students’ thinking processes (4, 14) 

Conclusion 

This study validates the use of MCQs as an effective 

tool for assessing a range of cognitive skills in medical 

students. The findings suggest that MCQs can reliably 

assess not just recall but also higher-order cognitive 

functions like data interpretation and clinical problem-

solving. However, future assessments should focus on 

enhancing the design of data interpretation questions 

and ensuring a balanced representation of both basic 

knowledge and clinical reasoning skills. This approach 

will ensure that MCQs remain a powerful and valid tool 

for evaluating the cognitive potential of medical 

students. 
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