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Abstract: The use of multiple-choice questions in medical assessments is ubiquitous and extends in breadth from undergraduate 
formative and summative assessments to postgraduate certifications and reaccreditations. Despite the clear importance of multiple- 
choice questions in medicine, in the last thirty years there has been no authoritative peer reviewed publication that reviews the overall 
generation and use of multiple-choice questions in medicine. Producing effective and useful medical multiple-choice questions is as 
much of an art form as it is a science - unfortunately, every new writer of such questions tends to rely on their own experiences of such 
questions and then travel along their individual and tortuous pathway to produce “acceptable” questions. Our review article provides 
practical guidance and information that will assist writers of medical multiple-choice questions. As well as extensively discussing 
common pitfalls, we provide a checklist that represents optimum practice in question generation. We directly compare examples of 
good and poor multiple-choice questions. We describe the metrics for measuring effective questions; specifically, the discrimination 
and difficulty indices. We discuss the optimum approach to training faculty to produce flawless multiple-choice questions. We describe 
the potential role and benefits of students in writing multiple-choice questions. We address the current and future effectiveness of the 
major artificial intelligence software brands in developing objectively functional multiple-choice questions. We continue to support the 
pragmatic use of MCQs in undergraduate and postgraduate medical training, with the caveat that ongoing training is made available to 
the creators in order to facilitate the production of the highest quality questions. 
Keywords: multiple-choice questions, difficulty index, discrimination index, problem-based question, undergraduate education, 
postgraduate education, summative assessment

Introduction
Formative and summative assessments are key components in both driving and quantifying educational progress in the 
teaching and learning environment. Worldwide, the most popular item tool that is used in medical educational summative 
and formative assessments is the multiple-choice question (MCQ).1 This versatile question type can be used to assess 
recall, understanding, application, analytical skills and evaluation. Accordingly, it is also an excellent tool for evaluating 
medical competencies.2 The ubiquity of MCQs at all levels of medical education indicates that essentially all educators 
are required to be able to write reliable MCQs. So, this particular skill is a sine qua non for a medical educator/faculty 
member. Regrettably, the quality of MCQs produced by medical educators untrained in the preparation of MCQs can be 
variable and is often very poor.3–6 For example, Bhat and Prasad’s item analysis of an MB BS undergraduate 
ophthalmology question bank showed that 50% of the MCQs were flawed, the majority being due to bad stems or 
distractors.6 DiSantis et al’s analysis of Continuing Medical Education (CME) MCQs demonstrated that 43% of 
questions in major radiology journals were flawed.5 Furthermore, in 2006 Stagnaro-Green and Downing showed that 
40 of 40 evaluated CME questions in the New England Journal of Medicine were flawed - all with poor stems.7 Several 
studies have shown a quantifiable improvement in MCQ writing quality, with fewer stem flaws and non-functioning 
distractors, after the inexperienced MCQ creators received training sessions.3,4,8 For example, Gupta et al’s 2020 study 
showed a statistically significant reduction in item writing flaws from 27.7% to 15% after just one training session, with 
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most of the improvement being in the writing of answer options.4 Dellinges and Curtis’s 2017 study demonstrated 
a similar improvement in MCQ quality after a training session lasting for just one hour.8 This clearly indicates the need 
for readily available MCQ writing guidance for inexperienced question creators. Consequently, a major purpose of this 
narrative review is to be a primary introductory source of guidance to inexperienced medical MCQ writers. A large part 
of the motivation to create this narrative review was the difficulty we noticed that less experienced faculty members had 
in generating multiple-choice questions that could overcome the vetting procedures in place to guarantee high quality 
questions that were fit for purpose. This local observation was concordant with the variable standard of MCQ writing by 
inexperienced creators indicated in the international literature.3–6 Accordingly, a major objective of our review is to assist 
our less experienced colleagues; to facilitate question writing by providing structural guidance on good question writing, 
to indicate areas that require caution because of common errors and to indicate objective established criteria for 
evaluating the appropriateness of a question. We also understand that inexperienced faculty/question writers should be 
directed to better strategies for writing questions that make use of formal training resources9 and their colleagues’ 
experience. Alerting these inexperienced writers to the latest student and artificial intelligence approaches to generating 
multiple-choice questions can further assist these writers in developing a personal algorithm that will more reliably and 
consistently produce high quality MCQs.

Medical training is uniquely intense because of the ultimate professional responsibilities of qualified doctors. 
Accordingly, before any medical educational institution can certify that the student is appropriately accomplished, 
a high level of certainty needs to be reached regarding the student’s knowledge and clinical skills. In this regard, 
multiple-choice questions are particularly valuable as an integral part of formative and summative assessments10–12 in 
medical training because they can be equally applied to undergraduate and postgraduate education and can be extended to 
the more than 60 medical specialties. To support inexperienced medical MCQ writers and as an introduction to the field 
of MCQ writing, in this narrative literature review we describe:

● MCQ basic structure and terminology
● Written examples of flawed and acceptable MCQs
● The basic assessment of the quality and utility of MCQs; difficulty index and discrimination index
● A checklist of pragmatic considerations for writing good MCQs
● The importance of faculty training in writing MCQs
● The educational benefits of students framing MCQs
● Future perspectives - the role of artificial intelligence in generating MCQs

Materials and Methods
This review provides a narrative overview of the literature on the generation and use of MCQs in medical education and 
training. The research was carried out by searching electronic databases such as PubMed/Medline and Google Scholar for 
articles published between 1990 and 2023. Key terms used in the search for each database included medical MCQs, 
MCQs in medicine, medical MCQ review and creating medical MCQs. Furthermore, we screened the reference lists from 
pertinent articles to ensure a thorough search. This review excluded those works not written in English and published 
before or after the period specified in the inclusion criteria.

MCQs (Multiple-Choice Questions): Why We Use Them in Medicine
Assessing a large number of medical students by essay type questions is time consuming and is prone to subjective 
variation in the consistency and transparency of the evaluations. In contrast, evaluating a medical student by using 
multiple-choice questions (MCQs) is more objective and is more time efficient.13,14 Furthermore, good essay writing has 
a component that reflects the individual’s writing ability, rather than their medical knowledge or clinical skills.

In addition, as the Bloom’s classification indicates, multiple-choice tests can assess different levels of learning 
outcomes; beginning with basic recall to the clinical applications of basic sciences and their analyses and 
interpretations.13,15 This is possible because the student must choose the best answer for the given scenario from a set 
of potential answers which can vary in number from four to six. Additionally, the MCQ method of testing confers 
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reliability. It is well established that MCQs provide much less scope for guess work, making them a fairly accurate means 
of assessment.13,15 However, there are obvious limitations to this kind of assessment. One such limitation is versatility 
measurement which refers to the inability of the MCQ method to measure the standard to which the learner is able to 
organize his/her thinking processes, generate and creatively articulate explanations.16 While it is obviously important to 
have a clear understanding of the strengths and weaknesses of MCQs such as those we have described above, it is 
particularly important to always remain aware of the validity criterion in MCQ testing. Validity refers to the degree to 
which a test measures the learning outcomes it claims to assess.

Components of MCQs: Conventions in Question Organization
By convention, a multiple-choice question begins with a problem/statement, which is known as the stem. The stem has 
a list of suggested solutions which are called options/alternatives. The alternatives include one correct option which is 
the most suitable or single best answer. The rest of the alternatives are partially correct or incorrect, with respect to the 
statement provided in the stem and thus, are called distractors. The serial number or serial order of the correct answers is 
provided in the answer key. The key, whether hard copy or electronic, is understandably separately presented at the end of 
the set of MCQs. The stem is the most important part of understanding any MCQ that is to be answered. The stem may 
be in the form of a sentence or a number of sentences often comprising a clinical problem, in which case the MCQ may 
be designated as a PBQ (problem-based question17). Stems may also describe a requirement for simple factual recall 
which the question setter deems important. When the stem is composed of only a sentence, the sentence may be complete 
or incomplete.

Table 1 exemplifies these MCQ models:
Of course, question setters are always at their liberty to frame the stem in either way (i) or way (ii). However, a stem 

with an incomplete or partial sentence (although carrying the same meaning) should be less favoured. Because this 
requires the student to hold the partial sentence in working memory, sequentially completing the sentence with each 
option rather than just concentrating on the question’s answer options - in this case, by recalling the laboratory diagnostic 
test for typhoid fever. In spite of this consideration, some question setters are fond of constructing the stem with an 
incomplete sentence. A variation on the incomplete sentence stem model is a stem that starts with a blank space that must 
be filled. For example:

“ _________ is the most reliable test for the diagnosis of typhoid fever during the first week of illness.”
Such a question, with a blank space at the very beginning of the stem, unnecessarily increases the cognitive load on 

the student and so, its use should be avoided. It could also be argued that the additional linguistic load placed on the 
student is inappropriate in a supposed test of scientific/medical knowledge - especially true in the worldwide domain of 
medical training where so many students use English as a second language.

At this point, it is noteworthy to examine the options given in questions (i) and (ii) of Table 1. Here the correct 
response has been highlighted in a bold font. This may be preferred by some examiners taking a manual approach to 
MCQ assessment generation. However, in the modern era, the software platform used to create or format the final 
examination may have special requirements, such as marking the correct answer with an asterisk.

Table 1 MCQ Examples with Complete and Incomplete Stem Sentences

(i) Stem comprising a complete sentence (ii) Stem comprising an incomplete sentence

(i) Which of the following is the most sensitive investigation for the 
diagnosis of typhoid fever during the first week of illness? 

A. Stool culture 

B. Urine culture 
*C. Blood culture 

D. Widal test

(ii) The most sensitive laboratory investigation for the diagnosis of 
typhoid fever during the first week of illness is: 

A. Stool culture 

B. Urine culture 
*C. Blood culture 

D. Widal test

Notes: The asterisk (*) indicates the correct answer.
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Attempts should be made to keep all the alternatives homogenous in substance, style and length, because hetero
genous content may, at times provide clues to the students who are relying on guesswork or may even mislead the 
student. This issue is made more evident through consideration of the following multiple-choice question:

Q1. The factors that are most important in determining the prognosis of a malignancy are:
A. Stage and grade
B. Differentiation and grade
C. Stage and lymphatic invasion
D. Differentiation and lymphatic invasion
E. Differentiation and stage
In the above question, all the options offered have two components and are based on common properties of 

neoplasms. Hence, there is uniformity or homogeneity amongst the possible choices. Therefore, it will be necessary 
for the student to choose the right answer from the five apparently homogenous alternatives by applying his/her own 
good judgement. In this case, stage and grade represent the histopathological features that are generally assessed in order 
to determine the prognosis of a cancer - the correct answer is option A.

The above considerations hold true not only for a question having a stem with a complete or incomplete sentence, but 
also holds true for an MCQ with a stem based on a clinical problem. Question 2 is an example of such a PBQ that has 
a stem with a brief clinical history:

Q2. A 45-year-old farmer was an emergency admission to hospital with shortness of breath, a pounding sensation in 
his head and a tightness sensation in his chest. The farmer had been stung by bees on two previous occasions.

Which of the following statements does not hold true for his current condition?
A. The clinical condition he is experiencing is anaphylaxis.
B. Adrenalin and antihistamines should immediately be administered by injection.
C. Leukotrienes and prostaglandins act as pharmacological mediators to give rise to such a clinical presentation.
D. Degranulation of neutrophils leads to the secretion of the above-mentioned pharmacologic mediators.
The distractors given in the above question seem good and are appropriate. However, the situation would be less 

sanguine if an answer option like “degranulation of mast cells leads to the secretion of the above-mentioned pharma
cologic mediators”, were added as shown:

Q3. A 45-year-old farmer was an emergency admission to hospital with shortness of breath, a pounding sensation in 
the head and tightness in the chest. He had a past history of being stung by bees on two earlier occasions. Which of the 
following statements does not hold true for his current illness?

A. The clinical condition he is experiencing is anaphylaxis.
B. Adrenalin and antihistamines should immediately be administered by injection.
C. Degranulation of mast cells leads to the secretion of the above-mentioned pharmacologic mediators.
D. Degranulation of neutrophils leads to the secretion of the above-mentioned pharmacologic mediators
This would not be categorized as a good PBQ for the following reasons:
1. Since (C) and (D) are two similar options, differing only in the type of the cell type being degranulated, there will 

be a natural tendency for the candidate to presume that the correct response is probably one of these two options.
2. Secondly, the proximity and similarity of these two options might easily trigger the student to recall that mast cell 

degranulation would be the right answer.
The next MCQ (PBQ) example shows another classic pitfall in the description of answer alternatives:
Q4. A 38-year-old man with end stage renal disease due to chronic glomerulonephritis was given a cadaveric kidney 

transplant. On the 3rd postoperative day, his urea and creatinine levels decreased appreciably. On the 7th 

postoperative day, the graft site became tender and swollen, with signs of inflammation. Which of the following should 
be adopted as part of the ideal management of this clinical case?

A. Administration of intravenous third generation cephalosporins
B. Estimation of serum IgG levels
C. Renal cortical biopsy and intravenous administration of corticosteroids
D. Oral corticosteroid administration alone
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Option D, stating “oral corticosteroid administration alone”, does not appear to be a good answer alternative because 
the word “alone” creates an impression that this statement is not likely to be the correct answer. Thus, writing “oral 
corticosteroid administration” would be a better distractor than writing “oral corticosteroid administration alone.” The 
lesson here is that adding distractor options that have modifiers (“alone”) that seem absolute can decrease the effective
ness of the distractor.

The above considerations are intended to make the MCQs appropriate for the pertinent student population. Specifically, 
intending to strike a balance between clarity of writing and fair standard versus inherent complexity and assumed knowledge. 
Accordingly, a well-prepared student should be able to accurately judge and answer such polished MCQs. At the same time, 
it is very important for the question setter to be aware that the MCQs should not be so student-friendly that the framed 
question would be too easy for an average/below average student. Question 5 exemplifies the issue:

Q5. All of the following are antigen presenting cells except:
A. B cells
B. Macrophages
C. Dendritic cells
D. T cells
For an average student this question is too easy, because such a student should know that antigens are presented to 

T cells by other cells, but T cells themselves do not present antigens. The lacuna in the above question is that the 
distractors are not strong enough to challenge a typical student to critically judge and evaluate the answer options. 
Moreover, this MCQ is a negative question.

Including too many negative questions in a particular examination paper should be avoided; the necessarily increased 
linguistic complexity and consequent time consumption, decrease their value in actually testing knowledge or under
standing of the medical material. Instead of using this imperfect Q5 MCQ, this question should be modified and 
increased in difficulty, in this case by considering factors related to the recognition of antigen by the effector cells of 
the immune system.

Q6. The killing of a virally infected cell is best achieved by which of the following effector cells of the immune 
system?

A. T lymphocytes
B. B lymphocytes
C. Macrophages
D. NK cells
Compared to Q5, Q6 seems is more challenging because the students must recall their understanding of the 

mechanism of antibody dependent cell mediated cytotoxicity (ADCC) and the Fc receptors present on Natural Killer 
(NK) cells, in order to identify the correct answer. Fc receptors are present on the macrophages too but macrophages are 
seldom involved in ADCC, as granzymes and other mediators for neutralizing a virally infected cell are not liberated by 
an activated macrophage, rather are elaborated by an activated NK cell. Hence, option C in Q6 is an example of a good 
distractor. Hence, to write such a good quality question, the question setter must have a clear and accurate understanding 
of the topic being assessed - or seek more experienced support. Whatever the final form and phrasing of the MCQs, it is 
essential to validate the questions in terms of their difficulty and discrimination levels. This evaluation is performed after 
an MCQ test has been conducted and the students’ responses have been obtained. These evaluations include the 
determination and assessment of the difficulty index and the discrimination index.

Difficulty Index
Before calculating this index, it is necessary to determine the scoring groups; which are estimated as follows:
Upper scoring group, lower scoring group

● Imagine arranging the total number of answer papers in order from the highest scores to the lowest scores.
● For example, if there are 75 answer sheets in one set, select 25 answers with high scores (upper group), 25 answers 

with low scores (lower group), and the remaining 25 as the middle group.
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Now, the difficulty index is calculated using the formula P=(H+L)×100 divided by T; where H denotes the number of 
correct responses in the upper score group, L denotes the number of correct responses in the lower score group, and T, the 
total number of responses (both correct and incorrect) in all the groups. The value of P is usually expressed as 
percentage. The lower the percentage value, the more difficult is the question. Currently, the best quality examination 
software will automatically perform these described calculations.

Interpretation - A question with a difficulty index of 30–40% is difficult; below 30% being too difficult. An MCQ 
with a difficulty index of 50–60% is acceptable and one with 70% is too easy.18,19

Discrimination Index
The calculation of the discrimination index is performed using the following formula:

d=2×(H-L) divided by T
Here d can be expressed as a decimal or fraction.
Interpretation - An index of 0.35 is excellent, ie this question can obviously discriminate well between a good and an 

average student. A discrimination index of 0.25 is good, 0.20 acceptable and less than 0.15 is designated as unacceptable, 
which should be revised.20

In the above context, it is undoubtedly true that the construction of flawless MCQs21 is an art form in itself, at which 
some teachers inherently excel as part of their explicit evaluation of their students. Accordingly, at this point in the 
review, it worth evaluating the pros and cons of “faculty written MCQs” vs the recent trend towards “student framing and 
designing of MCQs.”

Faculty Written MCQs
Studies conducted recently highlighted that faculty members in a substantial number of medical institutions globally, 
were not adequately conversant with framing flawless MCQs for MBBS level examinations.17,18 Reports from India and 
other parts of the world22,23 stated that a few hours of conventional faculty training (as imparted by the Medical Council 
of India) was not adequate for the generation of the desired improvement in item writing flaws (IWFs). In contrast, Gupta 
et al11 documented a statistically significant reduction in the frequency of occurrence of IWFs as a result of training the 
faculties in the writing of MCQs. According to their observations, only 15% of the MCQs were flawless prior to training, 
whereas flawlessness increased to a maximum of 27.7% after the workshop; the workshop being three hours in duration. 
The authors demonstrated that after the workshops, there was a statistically significant percentage increase in flawless
ness, with a remarkable improvement in the quality of incorporated options/correct answers and distractors, which also 
reflected a better question homogeneity. In comparison with the 27.1% heterogeneity among the options prior to the 
workshop, a significant drop in heterogeneity to 5.6% was seen after the workshop training. It was therefore concluded 
that faculty training involving single/short discussion/training session(s) was not sufficient to correct all the flaws in 
writing MCQs. Rather, long-term training with a number of interactive workshop sessions should be a requirement for 
faculty MCQ training curricula.24,25

Issues Related to the Student Framing of MCQs
Students becoming involved in the process of designing MCQs is a relatively new facet of the students’ teaching and 
learning activities. In a recent study conducted by Grainger et al26 involving 4th year medical students learning anatomic 
pathology in the University of Otago, it became apparent that medical students were quite capable of creating cognitively 
challenging MCQs if supported with able guidance and direction. The majority (74%) of the MCQs thus framed, required 
the respondent to analyze and apply pathological knowledge in answering the questions. Thus, indicating that MCQ 
writing by senior medical students under proper guidance was quite a reasonable task, which could engage students in 
self-learning, self-evaluation and synthesis of information from a range of sources based on their theoretical knowledge. 
Other authors too, reported high quality student engagement in learning, when students were actively involved in the 
creative process of constructing MCQs as compared to passively answering MCQs.27,28 Accordingly, these studies 
indicated that a student generated MCQ approach should be introduced in medical institutions as part of active learning 
activities rather than as just online practice tools. Such a student centered MCQ generation process would actively 

https://doi.org/10.2147/AMEP.S513119                                                                                                                                                                                                                                                                                                                                                                                                                                  Advances in Medical Education and Practice 2025:16 1336

Steele et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



engage students, which would not only reinforce concepts learned in the seminar/lecture but could also develop a sense 
of responsibility for greater in-depth learning, including knowledge analysis and evaluation.

Overview and Practical Considerations in Developing MCQs
Undergraduate and graduate medical educators have a tendency to start de novo and accordingly, reinvent the wheel 
when first creating MCQs - this generally arises from a lack of realization of the number of helpful supportive 
resources29–31 that already exist and are publicly available. The checklist proffered by Case and Swan31 is 
a particularly useful summary that is adapted and presented in Figure 1.

We have found the checklist(s) to be generally clear and straightforward in application. In relation to these guides, we 
would like to draw attention to a common error made by inexperienced writers - the issue of convergence that is 
exemplified in Table 2:

The large number of repeated occurrences of ileum and stomach in the answer options for the poorly prepared MCQ 
are difficult to ignore and would suggest to the alert student that the option containing both of these words would most 
likely be correct. A better formed version of this question would diminish or remove convergence entirely - or even 

Figure 1 MCQ Preparation Checklist.
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better, use convergence for misdirection to the wrong answer option (Table 2). As there is a rules-based approach to 
writing MCQs, it is inevitable that these rules would be either implicitly or explicitly incorporated into attempts to 
generate computer-based preparation of assessments; artificial intelligence (AI) based MCQ production. Although many 
of the studies32–34 were related to the use of AI software to answer medical MCQs, there have been a small number of 
attempts to use AI to create credible medical MCQs. The most pertinent being Agarwal’s study35 which compared the 
effectiveness of ChatGPT, Google Bard and Microsoft Bing AIs to generate medical MCQs. All three were tasked to 
generate 110 multiple-choice questions in physiology, with appropriate competencies, for the MBBS (Bachelor of 
Medicine, Bachelor of Surgery) undergraduate exams. Although ChatGPT and Bard were able to generate 110 MCQs 
for the required competencies, Bing could only generate 100 MCQs for the necessary competencies. Furthermore, Bard 
and Bing generated significantly less difficult questions than ChatGPT. The researchers concluded that there were still 
limitations to the functionality of each AI at this early stage in their development. We believe that the rapid progression 
of AIs in learning how to produce MCQs will continue unabated and in the future will lead to good question generation. 
However, we suspect that human curation of MCQs36 by local subject experts will still be necessary for the preparation 
of the final formative and summative assessments.

Conclusion
Besides the above-mentioned sections on the general theory and practice of MCQ writing, it is also important to maximize 
the fairness and reasonableness of MCQs, which is an increasingly important component of summative written assessments 
in undergraduate and postgraduate training. Poorly produced MCQs may be prone to validity issues; In order to improve 
validity, all MCQ assessments should be aligned with theoretical learning goals and with practical methods. The following 
practice points are always to be borne in mind for the purpose of accepting an MCQ as fair and equitable:

(a) MCQs should be closely aligned with the target syllabus.
(b) MCQs should be able to assess practical competencies, in addition to assessing theoretical knowledge and 

theoretical competencies.
(c) MCQs should be free from constructive errors.
(d) MCQs should be scrutinized to prevent question re-use or significant question repetition.

Our article is the most comprehensive peer-reviewed overview of the practical generation and use of MCQs in medicine, 
published in the last three decades. We have indicated and exemplified the common pitfalls in MCQ writing in medicine. 
We have identified tools and approaches that should be used in the generation of high quality multiple-choice questions. We 
have indicated objective criteria for assessing the quality of MCQs. We have critically discussed the role of AI in MCQ 
generation. We support the pragmatic use of MCQs in undergraduate and postgraduate medical training, with the caveat that 
training and support are made available to the creators in order to generate the highest possible quality questions.

Table 2 Poor and Good Convergence in MCQs

Poor question because of convergence in the answer options. Note the 

number of times “ileum” and “stomach” are included in the options. An 
uncertain student might then choose option D, the correct answer.

Better question; note the greater variation in answers that avoids 

multiple use of words that might trigger an uncertain student to the 
correct answer.

Q7. Which two organs are most directly involved in the pathogenesis of 
pernicious anaemia? 

A. Duodenum and ileum 
B. Stomach and colon 
C. Pancreas and stomach 
*D. Ileum and stomach 
E. Pancreas and ileum

Q7. Which two organs are most directly involved in the pathogenesis 
of pernicious anaemia? 

A. Bone marrow and liver 
B. Duodenum and pancreas 
*C. Stomach and ileum 

D. Liver and pancreas 
E. Colon and caecum

Notes: i) “Stomach” in red to emphasize its use in 3 of the 5 answer options.ii) “Ileum” in blue text to emphasize its use in 3 of 5 answer options.iii) “Liver” in red to 
emphasize its use in only 2 answer options. iv) “Pancreas” in blue to show its use in only 2 answer options. v) The asterisk (*) indicates the correct answer.
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