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ABSTRACT

Background: As the Faculty of Undergraduate Medicine is a newly established medical school in Bhutan, evaluation of the
quality of assessment tools is essential. This study aimed to evaluate the quality of Pharmacology MCQs used in semester-
end summative examinations. Methods: MCQs used in the Semester I summative examination conducted in June 2025 for
second-year MBBS students were analysed. A total of 50 MCQs were included in the study. Item analysis of 50 MCQs from the
Semester-1 Pharmacology examination administered to 24 second-year MBBS students was performed using difficulty index,
discrimination index, distractor effectiveness, and Cronbach's alpha reliability analysis. An ethical waiver was obtained from the
Institutional Review Board of the University. Statistical analysis was carried out using SPSS version 26. Results: Item analysis
of the 50 MCQs showed that 60% of items had an acceptable (moderate) difficulty index, while 24% were categorized as very
difficult and 16% as easy. Regarding the discrimination index, 64% of items demonstrated good to excellent discrimination, 20%
showed fair discrimination, and 16% exhibited poor discrimination. Distractor analysis revealed that 67% of items had no non-
functioning distractors, although a small proportion (3%) contained three or more non-functioning distractors. Reliability analysis
demonstrated acceptable internal consistency, with a Cronbach’s alpha value of 0.78 for the overall assessment. Conclusion:
The majority of Pharmacology MCQs demonstrated acceptable difficulty and discrimination, with a Cronbach's alpha of 0.78.
A proportion of items require revision, and routine item analysis is recommended as standard practice in summative assessment

quality assurance.

Keywords: Difficulty index; Discrimination index, Distractor analysis; Item analysis; Multiple-choice questions

INTRODUCTION

Assessment is a cornerstone for undergraduate medical education,
guiding both teaching and learning activities!. Multiple-
choice questions (MCQs) remain one of the most widely
used assessment tools due to their objectivity, reliability, and
efficiency in evaluating a wide range of knowledge?. However,
the effectiveness of MCQs in discriminating between high-
and low-performing students and in validly assessing intended
learning outcomes largely depends on their quality>>.

The undergraduate medical programme in Bhutan is
in its early stage. The Faculty of Undergraduate Medicine was
established in 2023 and is currently in its third year of operation,
with the third cohort of MBBS students enrolled. The curriculum
has been newly developed by our own faculty, who also lack prior
experience in undergraduate teaching and assessment. As the sole
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institution in the country mandated to train medical doctors, it
is imperative to rigorously assess the quality of multiple-choice
questions (MCQs) used in module-end summative assessments.
High-quality MCQs are essential to accurately evaluate students’
performance and to reinforce effective teaching and learning
methodologies®. Conversely, poorly constructed MCQs risk
misjudging student competence and compromising educational
outcomes’.

According to the Bachelor of Medicine and Bachelor
of Surgery (MBBS) curriculum of the Faculty of Undergraduate
Medicine, 50 marks in Paper III of Module 3 are allocated to
Basic Pharmacology, with the remaining marks assigned to
structured essay questions (SEQs). Each MCQ consists of a stem
followed by four options in a single best answer format. This
examination structure informed the analytical approach adopted
in the present study.

Therefore, this study aims to comprehensively
evaluate the quality of MCQs used in semester end summative
assessments of second-year undergraduate medical students
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in Bhutan. The objectives are to assess item quality using
established psychometric indices, to evaluate alignment with
published academic standards, and to identify reliable, high-
quality MCQs suitable for inclusion in an institutional question
bank®. The findings are expected to provide scientific evidence to
support the validity, reliability, and acceptability of MCQs used
in our newly established faculty.

METHODS
Study Design and Setting

This cross-sectional descriptive study was conducted at the
Faculty of Undergraduate Medicine, Khesar Gyalpo University
of Medical Sciences of Bhutan. The study utilized the MCQ
results of the second year Semester I examination conducted in
June 2025 for the Pharmacology paper.

Study Participants

A total of 24 second-year MBBS students appeared for the
Semester I examination in June 2025 in the Pharmacology paper.
As per the curriculum, Semester I covers four modules, namely
the nervous system, the special senses, basic pharmacology and
pathology. These modules are assessed through four papers
conducted in June 2025 as the year II semester I end assessment
examination.

Examination Structure

Each paper consisted of 50 marks of multiple-choice questions
(MCQs) and 50 marks of structured essay questions (SEQs). For
this study, only the 50 MCQs used in the Pharmacology paper
were included. All MCQs were of the single best response type,
comprising one stem with four options, including one correct
answer and three distractors. Each question carried one mark,
with a maximum possible score of 50 and there are no negative
marking for the wrong answers. Only the answer script of the
MCQs of 24 students were analyzed. On the answer scripts,
students used only their unique index numbers and did not
include their names which was a mandate in any examination to
prevent identification of students. During data entry, additional
unique codes were assigned to each student; therefore, the dataset
was fully anonymized, ensuring the protection of privacy and
personal identifiers.

Item Analysis

The results of all papers were ranked in descending order, from
highest to lowest scores. The top 27% (n=7) of students were
categorized as the high-score group. The 27% cut-off was applied
following the method described by Shrinivas et al. (2023), which
is established for use in small cohorts and provides adequate
separation between extreme group’. Item analysis was conducted
using the following indices:

1.Difficulty Index (DIF):

DIF represents the proportion of students who answered a question
correctly. It was calculated using the formula (7): DIF=(H+L) /
N, where H = number of students answering correctly in the high-
score group, L = number of students answering correctly in the
low-score group, and N = total number of students in both groups
combined. The DIF ranges from 0 to 1; when multiplied by 100,
the p-value represents the percentage of students who answered
correctly (Table 1).

1: Difficulty Index used in the study

Range (%) Interpretation % Correct  Action
0-0.25 Very difficult 0-25% Revise or
discard
0.26—0.75 Right difficulty 26-75% Retain
>0.76 Easy >76% Revise or
discard

2. Discrimination Index (DI):

Discrimination Index (DI) measures the ability of an item to
differentiate between high- and low-performing students. It was
calculated using the formula (7): DI =2(H — L)/N, where H =
number of correct responses in the high-score group, L = number
of correct responses in the low-score group, and N= total number
of students in both groups combined (N=14). The denominator
is 7, yielding a DI range from —1 to +1. Higher positive values
indicate better discrimination (Table 2).

The following classification by Shrinivas et al. (2023) was
applied consistently throughout this study:

Table 2: Discrimination Index Classification

DI Range Interpretation  Quality Action
>0.50 Excellent Excellent Definitely
retain
0.40-0.49 Good Very usable  Retain
0.20-0.39  Fair Usable Revise
<0.20 Poor Poor Discard

3. Distractor Effectiveness (DE):

Distractor Effectiveness (DE) assess the performance of
distractors. A distractor chosen by fewer than 5% of the total
student cohort (i.e. fewer than 1 or 2 out of 24 students, effectively
0 or 1 student) was classified as a non-functioning distractor
(NFD); distractors selected by 5% or more were considered
functional distractors (FD). Distractor effectiveness was assessed
at the item level, based on the number of NFDs per item: 100%
=no NFDs; 66.6% = 1 NFD; 33.3% = 2 NFDs; 0% = 3 or more
NFDs.
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4. Reliability

The reliability of the examination was assessed using Cronbach’s
alpha coefficient. Interpretation: >0.90 = excellent; 0.80-0.89 =
good; 0.70-0.79 = acceptable; 0.60-0.69 = questionable; 0.50—
0.59 = poor; <0.50 = unacceptable’.

Data Analysis

Data were entered into Microsoft Excel 2010 and analysed
using SPSS version 26. Quantitative variables (DIF and DI) are
reported as mean + standard deviation (SD) and as frequency and
percentage by category. Qualitative variables are presented as
frequency and percentage.

Ethical Considerations

Ethical waiver for the study was obtained from the Institutional
Review Board (IRB) of Khesar Gyalpo University of Medical
Sciences of Bhutan with Ref. No. IRB/Waiver-Exempt/
PN/2026/001/ 179 dated 13" February 2026. Administrative and
site clearance were obtained from the Faculty of Undergraduate
Medicine and Khesar Gyalpo University of Medical Sciences of
Bhutan, respectively, before accessing examination papers.

RESULTS

Twenty-four second year undergraduate medical students
appeared for the examination in June 2025. All the MCQs from
the Basic Pharmacology semester-end examination were analysed
for item difficulty, discrimination index, distractor effectiveness,
and reliability. There were 50 MCQs in total and every student
attempted the questions. The mean difficulty index was 0.51 +
0.18 and the mean discrimination index was 0.31 + 0.14.

Analysis of the difficulty index revealed that 12 items
(24%) were categorised as very difficult, 8 items (16%) as easy,
and 30 items (60%) demonstrated an acceptable or moderate
level of difficulty (Table 3).

Table 3: Classification of Pharmacology Multiple Choice
Questions used in Semester-I Examination of Second-Year
MBBS Students at Khesar Gyalpo University of Medical
Sciences of Bhutan according to difficulty index (DIF) (n=50)

Difficulty Interpretation Items  Action

Index (p) (%)

0-0.25 Difficult 12 (24) Revise or discard
0.26-0.75  Rightdifficulty 30 (60) Retain

>0.76 Easy 8 (16)  Revise or discard

Regarding item discrimination, using the Shrinivas et al.
classification (0.20-0.39 = fair; 0.40-0.49 = good; >0.50 =
excellent): 10 items (20%) showed excellent discrimination, 22
items (44%) demonstrated good discrimination, 10 items (20%)
showed fair discrimination, and 8 items (16%) exhibited poor
discrimination (Table 4).

Table 4: Classification of Pharmacology Multiple Choice
Questions used in Semester-I Examination of Second-Year
MBBS Students at Khesar Gyalpo University of Medical
Sciences of Bhutan according to discrimination index (DI)

(n=50)

DI Range Interpreta- | Items Action

tion (%)
<0.20 Poor 8 (16) Discard
0.20-0.39 | Fair 10 (20) Revise
0.40-0.49 | Good 22 (44) Retain
>0.50 Excellent 10 (20) Definitely retain

With respect to distractor effectiveness, the analysis was
performed at the item level (n = 50 items, with 3 distractors per
item = 150 distractors total). At the item level, 33 (67%) items
contained no non-functioning distractors,10 items (20%) had one
NFD; 5 items (10%) had two NFDs; and 1 item (2%) (reported
as 3%, rounded) had three or more NFDs. The distribution of
distractor effectiveness is illustrated in Figure 1.

Reliability analysis of the 50 MCQs is reported
separately in Table 5. The Cronbach’s alpha coefficient was
0.78, indicating acceptable internal consistency for summative
assessment purposes.

Table 5: Reliability of the Pharmacology MCQ paper (n =50
items)

Measure Value Interpretation
Cronbach’s alpha 0.78 Acceptable (0.70-0.79)
Number of items 50
100

90

80

67 %

70

60

50

40

30

20 20%

10 10% 30

0 I
No NFDs 1 NFD 2 NFDs 3 or more NFDs

H Distractors

Figure 1: Distractor Effectiveness (DE) of Pharmacology
Multiple Choice Questions used in Semester-I Examination
of Second-Year MBBS Students at Khesar Gyalpo University
of Medical Sciences of Bhutan(n-150).

DISCUSSION

The present study evaluated the quality of MCQs used in the
Pharmacology semester-end examination conducted in June
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2025. The MCQ item analysis were done through difficulty index,
discrimination index, distractor effectiveness, and reliability.
The findings provide important insights into the overall quality
of assessment and areas requiring refinement at the newly
established Faculty of Undergraduate Medicine providing
Bachelor of Medicine and Bachelor of Surgery (MBBS) degree
in the country.

The majority of MCQs 30 (60%) had a difficulty index
between 0.26 and 0.75. The difficulty index in these range is
considered as a question with the right difficulty*. Therefore, these
questions may be retained and used in future exams on the same
topic subsequently, as per the previous finding*>°. The questions
with a proven right difficulty index may be used for future exams
so that the quality of the examination being conducted is good,
as claimed by many authors®”!°. However, 12 (24%) MCQs were
categorized as very difficult, which may suggest content beyond
the expected competency level, ambiguous stems, or inadequate
alignment with taught learning objectives, a common reason
stated by many previous studies>**. All the authors recommend
that these questions need either to be revised or discarded for
subsequent examination, as this will cause most students to fail®’.
Mostafa et al,2026'" suggested that if revised, again the question
would require revalidation to have right difficulty index for
possible incorporation in subsequent examinations. Similarly, a
smaller proportion of 8 (16%) MCQs were easy. Similar findings
were reported in other studies as well'>!3 where a small portion
of easy questions needs to be included as a general rule and
researchers found it useful for reinforcing core concepts!>!3!4,
But some argued its use should be limited to avoid reducing the
discriminatory capacity of the examination®. Therefore, some
are in favour of revision or discard for inclusion in subsequent
examination* while others in favour of keeping it°. If revised, it
needs to be analysed for future inclusion®.

Item discrimination analysis was performed using the
Shrinivas et al. (2023) classification, which defines DI >0.50
as excellent, 0.40-0.49 as good, 0.20-0.39 as fair, and <0.20
as poor. On this basis, 32 (64%) MCQs had good to excellent
discrimination indices. Similar findings were reported by other
researchers®®*!2) indicating that these MCQs were effective in
differentiating between high- and low-performing students’.
These MCQs are considered good quality and may be put in a
question bank and may be used for future examination for the
same topic, as suggested by Mostafa etal, 2026. But 10 (20%) of
the MCQs were found to be fair, which may be used or revised
based on the type of examination we conduct, as suggested by
Alemu et al 2024, Nevertheless, 8 (16%) of MCQs demonstrated
poor discrimination, which may reflect flawed construction, mis
keyed answers, or unclear wording. Such items require revision
or removal to improve overall test quality, as suggested by most
of the researchers'>!2,

Distractor effectiveness analysis demonstrated that 67%

of items had no non-functioning distractors, indicating generally
effective distractor constructions. However, 30 (20%) distractors
were non-functioning, while 15(10%) had two non-functioning
distractors and 5(3%) had three or more non-functioning
distractors. The presence of items with multiple non-functioning
distractors indicates that less than 5% of the students selected
it, and it is considered non-functional, and this may be replaced
by other distractors™'s. Effective distractors are essential for
enhancing item discrimination and preventing cueing, as claimed
by Rana et al. 20242,

The reliability analysis of the study yielded a Cronbach’s
alpha value of 0.78, indicating acceptable internal consistency
for summative assessment purposes. The overall reliability of 50
MCQs used in the basic Pharmacology semester end examination
was good and acceptable standard and quality. This suggests
that the MCQ paper was reasonably consistent in measuring
the intended construct®'>!®, Regular item analysis, refinement
or replacement of poorly performing items can further enhance
reliability!!.

Compared with similar item analysis studies from newly
established or low-resource medical schools, these findings are
broadly consistent. Alemu et al. (2024) and Rana et al. (2024)
reported similarly distributed difficulty and discrimination
profiles in early-stage curricula, suggesting that an acceptable
level of MCQ quality can be achieved even in new institutions,
while highlighting the continued need for faculty development
in item construction'>!3, The relatively higher proportion of
very difficult items (24%) in the present study may reflect the
limited prior experience of faculty in writing MCQs calibrated to
the level of second-year students, and warrants targeted faculty
development.

Overall, the findings underscore the importance of routine
item analysis in strengthening assessment quality. Establishing
a validated question bank comprising well-performing MCQs
would possibility contribute to maintaining fairness, validity,
and reliability in future Pharmacology examinations. Continuous
faculty development in MCQ construction and periodic review
of assessment tools are recommended to sustain high standards
in undergraduate medical education.

LIMITATIONS

The cohort size was small (n = 24), as this is the only MBBS
batch currently enrolled at the only medical institution in
Bhutan offering undergraduate training; no additional cohort
was available to expand the sample. This small cohort limits the
statistical power of the discrimination index calculations: with
only seven students per extreme group, the DI estimates may be
unstable and should be interpreted with caution. The 5% NFD
threshold, commonly applied to large cohorts, translates to fewer
than 1 or 2 students in this sample (effectively 0 or 1 student),
which is an extremely low threshold and may overestimate
distractor effectiveness; this is acknowledged as a limitation.
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The cross-sectional design and single-centre setting limit
generalizability, which is unavoidable given that this is the only
institution in Bhutan providing undergraduate medical education.
Furthermore, only one of four semester papers (Pharmacology)
was analysed; conclusions about overall assessment quality
across the programme cannot be drawn from this single paper
alone. Future studies should include all four papers and, where
possible, combine data across cohorts as the programme matures.

CONCLUSION

This study demonstrates that the majority of MCQs used in the
Pharmacology semester-end examination were of acceptable
quality, with appropriate difficulty levels, satisfactory
discriminatory power, and acceptable internal consistency.
However, a proportion of items exhibited poor discrimination
and non-functioning distractors, highlighting the need for review,
refinement or total replacement. The findings reinforce the
importance of routine item analysis as an essential component of
quality assurance in summative assessment. Regular evaluation
and revision of MCQs will facilitate the development of a
robust, validated question bank, thereby enhancing the validity,
reliability, and fairness of assessments in undergraduate medical
education. Continuous faculty training in MCQ construction and
psychometric evaluation is recommended to sustain and further
improve assessment standards.
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