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Abstract
Background and Aims:  
Assessment is an educational process that measures student ability to accomplish specific objectives, 
helping to bridge the gap between teaching and learning. This study evaluated the quality of multi-
ple-choice questions (MCQs) used to assess undergraduate medical students’ knowledge in the Nutri-
tion & Metabolism course at Taibah University.

Methods: 
The study used item analysis to evaluate the MCQs, including item difficulty, item discrimination, 
reliability, standard error of measurement, and distractor analysis. The study enrolled 171 undergrad-
uate medical students who took a 30-item MCQ exam.

Results: 
The results showed that the exam was reliable and consistent in measuring students’ knowledge and 
understanding, but some items had issues that needed revision or deletion from the question bank. The 
report provides useful information for improving the exam’s quality and highlights the importance of 
ongoing assessment and revision of exam items. The findings suggest that ongoing assessment and 
revision of exam items are crucial to improving the quality of assessments and creating more effective 
measures of student learning.

Conclusions: 
By leveraging these results, educators can identify areas where students may need further support and 
improve the design of their assessments. 
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Background

Assessment is an educational process 
that measures student ability to accom-
plish specific objectives, helping to bridge 
the gap between teaching and learning.1 A 
proper assessment provides students with 
feedback on their performance, identifying 
areas for improvement and modification of 
study strategies.2 For teachers, the, assess-
ment provides evidence for decisions on 
student progress and learning outcomes.3 
The formative assessment offers feed-
back on student learning and opportunities 
to document strengths and areas for im-
provement, while summative assessment 
primarily informs student progress deci-
sions.4 Various types of assessment meth-
ods, such as Multiple Choice Questions 
(MCQs) or Objective Structure Clinical 
Exam (OSCE), exist to meet different as-
sessment needs.5

Guidelines for writing good MCQs have 
been outlined in the "Item Writing Man-
ual" from the National Board of Medical 
Examiners.6,7 MCQs consist of three parts: 
the stem, the key, and the distracters. The 
key is the correct answer, while distract-
ers are incorrect alternatives. The stem is 
the question or lead-in, which should be 
designed to be answered by the options 
provided. To avoid placement bias, correct 
answers should be distributed throughout 

the test. Good distractors should be select-
ed by students whose performance is poor, 
and the key and distractors must be similar 
in length, style, and grammatical form.8

Validity is the degree to which evidence 
and theory support the interpretations of 
test scores in relation to the proposed uses 
of the assessment tool.9,10 There are sev-
eral sources of evidence that support the 
construct validity of interpretations of test 
scores, including content-related, response 
process, internal structure, relations to oth-
er variables, and consequences.11 Content 
evidence examines the extent to which a 
test's content represents the construct it is 
intended to measure, often documented 
using a table of specifications.12 Response 
process is evidence of data integrity that 
controls or eliminates errors associated 
with test administration.13,14 Relations to 
other variables examine correlations be-
tween scores from different assessment 
tools 15, while evidence of consequences 
examines whether preferred results have 
been met and unintended effects avoided.16 
Internal structure relates to statistical and 
psychometric characteristics of the assess-
ment tool, such as item discrimination and 
reliability.17 Reliability refers to the con-
sistency or repeatability of measurement 
scores and is an important but insufficient 
condition for validity.18

The aim of the study is to evaluate the 
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quality of the MCQs in assessing the per-
formance of undergraduate medical stu-
dents at Taibah University.

Methods

The study employed an observational 
cross-sectional design and enrolled 171 
students who took the first quiz exami-
nation for the Nutrition & Metabolism 
(NM) course during the academic year 
2022. The exam consisted of 30 multi-
ple-choice questions (MCQs) with a to-
tal mark of 30 and a course total mark of 
10. Item analysis was conducted to assess 
the quality of the MCQs. This analysis in-
volved determining item difficulty, item 
discrimination, reliability, standard error 
of measurement, and distractors analysis. 
Item difficulty was determined by dividing 
the number of students who answered the 
question correctly by the total number of 
students who attempted the question. Item 
discrimination was calculated by compar-
ing the scores of the top and bottom-per-
forming students, with a point-biserial 
correlation coefficient calculated for each 
question. Reliability was measured using 
Cronbach’s alpha coefficient. The stand-
ard error of measurement was calculated 
using a formula that takes into account the 
standard deviation of scores and the reli-
ability coefficient. Distractor analysis was 
performed by determining the proportion 

of students who selected each incorrect an-
swer choice for each question.

Results

The item analysis of the Nutrition & 
Metabolism (NM) multiple-choice ques-
tion (MCQ) exam revealed important find-
ings regarding the exam’s validity, reliabil-
ity, and individual item performance. As 
shown in table 1, the exam demonstrated 
acceptable reliability with a KR20 score of 
0.79. This indicates that the exam scores 
were consistent and accurately reflect-
ed students’ knowledge. The exam also 
demonstrated good discrimination over-
all, as all 30 questions had a positive dis-
crimination index. This suggests the exam 
adequately differentiated between high- 
and low-performing students. However, 
13 items did have discrimination indices 
below 0.3, indicating room for improve-
ment in their ability to distinguish levels 
of student understanding. Regarding dif-
ficulty, seven items were found to have 
difficulty indices above 0.8, meaning they 
were too easy. Item difficulty ranged from 
0.38 to 0.92 across the exam, demonstrat-
ing variation in question difficulty levels. 
As shown in Table 2, item analyses were 
conducted for each question. This provid-
ed insight into individual item properties 
like discrimination, difficulty, and the ef-
fectiveness of distractors. Some questions 
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performed better than others according to 
these metrics. Table 3 shows the item anal-
ysis of distractors for each question. This 
revealed that some distractors were more 
effective than others at challenging stu-

dents and disguising the right answer. Dis-
tractors that were selected by a very high 
or low percentage of students may need 
improvement.

Table 1: Item analysis report.

Table 2: Psychometric analysis of each question.

Parameter Results
Exam Median score 21.00

Exam Average score (Mean) 20.23
Standard Error of Measurement 2.69

Standard Deviation (SD) 5.87
Minimum Score 0.00
Maximum Score 30.00
Total Difficulty 68.20%

Reliability Index (KR20) 0.79
Items with Difficulty Index ˂30% 0
Items with Difficulty Index ˃80% 7

Items with –ve discrimination 0
Items with zero discrimination 0

Items with +ve discrimination Index ˂0.3 13
Items with +ve discrimination Index˃=0.3 17

Question Difficulty Index Discrimination Index No. of Distractor not used
1 0.54 0.24 0
2 0.8 0.33 0
3 0.81 0.36 0
4 0.76 0.48 0
5 0.84 0.18 0
6 0.78 0.27 0
7 0.5 0.36 0
8 0.59 0.36 0
9 0.83 0.27 1
10 0.6 0.57 0
11 0.67 0.42 0
12 0.57 0.57 0
13 0.92 0.12 0
14 0.74 0.36 0
15 0.67 0.27 0
16 0.7 0.48 0
17 0.89 0.18 0
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Table 3: Distractors analysis.

Question Difficulty Index Discrimination Index No. of Distractor not used
18 0.7 0.42 0
19 0.39 0.03 0
20 0.38 0.42 0
21 0.8 0.24 0
22 0.91 0.24 0
23 0.49 0.27 0
24 0.85 0.21 0
25 0.4 0.36 0
26 0.39 0.42 0
27 0.77 0.42 0
28 0.64 0.57 0
29 0.76 0.27 0
30 0.77 0.42 0

Question A % of student 
chose A 

Distractor

B % of student 
chose B 

Distractor

C % of student 
chose C 

Distractor

D % of student 
chose D 

Distractor

Key 
Answer

1 23 13.50% 94 55.00% 12 7.00% 42 24.60% B

2 6 3.50% 8 4.70% 20 11.70% 137 80.10% D

3 9 5.30% 139 81.30% 10 5.80% 13 7.60% B

4 130 76.00% 24 14.00% 13 7.60% 4 2.30% A

5 1 0.60% 145 84.80% 6 3.50% 19 11.10% B

6 7 4.10% 13 7.60% 17 9.90% 134 78.40% D

7 87 50.90% 57 33.30% 10 5.80% 17 9.90% A

8 7 4.10% 11 6.40% 101 59.10% 52 30.40% C

9 143 83.60% 24 14.00% 4 2.30% 0 0.00% A

10 37 21.60% 17 9.90% 14 8.20% 103 60.20% D

11 116 67.80% 28 16.40% 15 8.80% 12 7.00% A

12 19 11.10% 99 57.90% 30 17.50% 23 13.50% B

13 4 2.30% 5 2.90% 159 93.00% 3 1.80% C

14 18 10.60% 17 10.00% 8 4.70% 127 74.70% D

15 115 67.30% 13 7.60% 41 24.00% 2 1.20% A

16 19 11.10% 27 15.80% 120 70.20% 5 2.90% C

17 9 5.30% 153 89.50% 4 2.30% 5 2.90% B

18 121 70.80% 6 3.50% 15 8.80% 29 17.00% A

19 18 10.60% 67 39.40% 65 38.20% 20 11.80% B

20 9 5.30% 8 4.70% 89 52.00% 65 38.00% D

21 10 5.80% 14 8.20% 138 80.70% 9 5.30% C

22 5 2.90% 156 91.20% 7 4.10% 3 1.80% B

23 84 49.10% 46 26.90% 29 17.00% 12 7.00% A
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Question A % of student 
chose A 

Distractor

B % of student 
chose B 

Distractor

C % of student 
chose C 

Distractor

D % of student 
chose D 

Distractor

Key 
Answer

24 3 1.80% 14 8.30% 146 86.40% 6 3.60% C

25 69 40.60% 30 17.60% 44 25.90% 27 15.90% A

26 28 16.40% 26 15.20% 50 29.20% 67 39.20% D

27 10 5.80% 7 4.10% 22 12.90% 132 77.20% D

28 26 15.20% 111 64.90% 3 1.80% 31 18.10% B

29 130 76.00% 23 13.50% 3 1.80% 15 8.80% A

30 7 4.10% 7 4.10% 133 77.80% 24 14.00% C

1 23 13.50% 94 55.00% 12 7.00% 42 24.60% B

2 6 3.50% 8 4.70% 20 11.70% 137 80.10% D

3 9 5.30% 139 81.30% 10 5.80% 13 7.60% B

4 130 76.00% 24 14.00% 13 7.60% 4 2.30% A

5 1 0.60% 145 84.80% 6 3.50% 19 11.10% B

6 7 4.10% 13 7.60% 17 9.90% 134 78.40% D

7 87 50.90% 57 33.30% 10 5.80% 17 9.90% A

8 7 4.10% 11 6.40% 101 59.10% 52 30.40% C

9 143 83.60% 24 14.00% 4 2.30% 0 0.00% A

10 37 21.60% 17 9.90% 14 8.20% 103 60.20% D

11 116 67.80% 28 16.40% 15 8.80% 12 7.00% A

12 19 11.10% 99 57.90% 30 17.50% 23 13.50% B

13 4 2.30% 5 2.90% 159 93.00% 3 1.80% C

14 18 10.60% 17 10.00% 8 4.70% 127 74.70% D

15 115 67.30% 13 7.60% 41 24.00% 2 1.20% A

16 19 11.10% 27 15.80% 120 70.20% 5 2.90% C

17 9 5.30% 153 89.50% 4 2.30% 5 2.90% B

18 121 70.80% 6 3.50% 15 8.80% 29 17.00% A

19 18 10.60% 67 39.40% 65 38.20% 20 11.80% B

20 9 5.30% 8 4.70% 89 52.00% 65 38.00% D

21 10 5.80% 14 8.20% 138 80.70% 9 5.30% C

22 5 2.90% 156 91.20% 7 4.10% 3 1.80% B

23 84 49.10% 46 26.90% 29 17.00% 12 7.00% A

24 3 1.80% 14 8.30% 146 86.40% 6 3.60% C

25 69 40.60% 30 17.60% 44 25.90% 27 15.90% A

26 28 16.40% 26 15.20% 50 29.20% 67 39.20% D

27 10 5.80% 7 4.10% 22 12.90% 132 77.20% D

28 26 15.20% 111 64.90% 3 1.80% 31 18.10% B

29 130 76.00% 23 13.50% 3 1.80% 15 8.80% A

30 7 4.10% 7 4.10% 133 77.80% 24 14.00% C
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Discussion 

Content validity, a critical concept in 
testing, determines the degree to which a 
test accurately measures the intended con-
struct, especially in written assessments 
like MCQs. The NM course underwent 
rigorous content validation through a test 
blueprint, ensuring a direct link between 
test questions and learning objectives. By 
doing so, we guarantee the MCQs utilized 
in the test are pertinent and aptly repre-
sentative of the construct under evalua-
tion. In addition, the internal structure of 
the test provides valuable evidence to de-
termine its validity. A meticulous analysis 
of the test items and computation of item 
discrimination and difficulty indices is es-
sential to either corroborate or discredit the 
internal structure of the test. Furthermore, 
it is crucial to assess the test’s reliability 
to establish the soundness of its internal 
structure.18

After each exam a special assessment 
committee prepares a comprehensive re-
port about the item analysis, table 1.  As 
emphasized in table 1, the item analysis 
report for the exam shows a median score 
of 21.00 and an average score (mean) of 
20.23. The exam had a good reliability in-
dex (KR20 = 0.79) and a standard error of 
measurement of 2.69, indicating that the 
exam scores were consistent and accurate-

ly reflected students’ knowledge. The exam 
also had accepted discrimination, as all 30 
questions had a positive discrimination in-
dex, indicating that the exam discriminat-
ed well between high and low performers.

However, the analysis also reveals that 
some items had issues. Six items had mul-
tiple defects, and one item had a distractor 
that was chosen more than the key answer, 
indicating that it was not functioning well 
as a distractor. Moreover, 13 items had a 
positive discrimination index below 0.3, 
indicating that they were not good discrim-
inators. Seven items had a difficulty index 
above 80%, indicating that they were too 
easy. The report suggests that these items 
should be revised or deleted from the bank.

For further evaluation, each item analy-
sis was conducted as seen in table 2.  The 
first column in the table represents the 
question number, followed by the difficul-
ty index, the discrimination index, and the 
number of distractors not used. The diffi-
culty index is a measure of how difficult 
the question is for students to answer cor-
rectly. The values range from 0 to 1, with 
1 being the easiest question and 0 being 
the most difficult.19,20 In this set of ques-
tions, the difficulty index ranges from 0.38 
to 0.92, indicating that the questions vary 
in their level of difficulty.

The discrimination index is a measure 
of how well a question differentiates be-
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tween students who are performing well 
and those who are not.21,22 Discrimination 
indices range from -1 to 1, with values 
closer to 1 indicating a better discrimina-
tory power.21,22 In this set of questions, the 
discrimination index ranges from 0.03 to 
0.57, indicating that some questions are 
better at differentiating between high and 
low performing students than others.

The final column of the provided table 
highlights the number of unused distractors 
for each of the 30 MCQs. Distractors are 
designed to challenge students and make 
the correct answer less apparent, thereby 
testing their knowledge and understanding 
of a topic.23,24 Interestingly, all of the ques-
tions in the set had at least one distractor, 
except for question 9, which had one dis-
tractor that was not utilized.

Furthermore, the provided results, table 
3, show the item analysis of the distractors 
for a set of the 30 MCQs. Each row por-
trays a single question, and the columns 
depict the percentage of students who 
opted for each answer choice (labeled A, 
B, C, D) as a distractor. For instance, for 
question 1, a measly 23 scholars (13.5%) 
picked answer choice A as a distractor, a 
whopping 94 students (55.0%) selected B, 
a puny 12 students (7.0%) selected C, and 
a moderate 42 students (24.6%) chose D. 
It is essential to note that distractors are 
supposed to answer choices that students 

are likely to pick instead of the correct an-
swer. Thus, the aim of item analysis is to 
scrutinize how potent the distractors are 
in accomplishing this purpose. Perusing 
the findings, it is manifest that some dis-
tractors were more potent than others. For 
example, for question 4, a massive 76.0% 
of students opted for the distractor labeled 
A, indicating that it was an exceedingly 
effective distractor. Correspondingly, for 
question 9, a staggering 83.6% of students 
selected the distractor labeled A, denoting 
that it was also an extremely effective dis-
tractor. Conversely, some distractors were 
way less effective. For example, for ques-
tion 13, only a negligible 2.3% of students 
selected the distractor labeled C, implying 
that it was not a very effective distractor. 
Likewise, for question 28, only a paltry 
1.8% of students chose the distractor labe-
led C, signifying that it was also not a very 
effective distractor.

These findings suggest that some ques-
tions are more effective than others in 
measuring students’ knowledge and under-
standing. The questions with higher diffi-
culty and discrimination indices are gen-
erally considered better assessment items. 
Furthermore, the presence of unused dis-
tractors may indicate that the question 
needs revision to make it more challenging 
and less transparent.

In summary, the Nutrition & Metabo-
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lism MCQ exam was reliable and discrimi-
nated well, but certain items need revision. 
The report provides useful information for 
improving the exam’s quality and high-
lights the importance of ongoing assess-
ment and revision of exam items.

By leveraging these results, educators 
can improve the design of their assess-
ments and create more effective measures 
of student learning and identify any areas 
where students may need further support.

Conclusion

In conclusion, the item analysis report 
for the Nutrition & Metabolism MCQ 
exam showed that the exam was relia-
ble and consistent in measuring students’ 
knowledge and understanding. The exam 
had good discrimination and a low standard 
error of measurement, indicating that the 
scores accurately reflected students’ per-
formance. However, the analysis revealed 
that some items had issues, including mul-
tiple defects, ineffective distractors, and 
poor discrimination and difficulty indices. 
The report suggests that these items should 
be revised or deleted from the exam bank. 
Overall, the results highlight the impor-
tance of ongoing assessment and revision 
of exam items to improve the quality of as-
sessments and create more effective meas-
ures of student learning. By leveraging 
these results, educators can identify areas 

where students may need further support 
and improve the design of their assess-
ments.
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