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Preface 

All assessment methods have varying strengths and weaknesses, and it is 

appropriate that multiple formats, such as MCQs, OSCEs and portfolios, are used 

within a robust programme of assessment for undergraduate and postgraduate 

medical programmes.  This booklet is designed to provide guidance to RCSI staff on 

the development of multiple choice items and assessments specifically.  As such, it 

is an introduction to multiple facets of this process, such as item writing, assessment 

blueprinting, standard setting and item analysis as they relate to multiple choice 

assessments, but is not intended to provide a comprehensive review of all of these 

individual topics, and covering each of these in depth is beyond the scope of this 

booklet.   

The booklet was written by Dr Jane Holland, who has led assessment workshops 

within RCSI for over a decade, in conjunction with Dr Niall Stevens, with whom she 

has worked on multiple assessment and curricular committees over the years. The 

authors hope that this publication is of use to our colleagues and the broader 

community.  

 

Jane Holland PgDipEd MD PhD MRCSI FAS 

Niall Stevens PgDipEd PhD  

Acknowledgements:  The authors wish to thank Paul Murphy MLIS, Grainne 

McCabe DLIS & Eliška Komárková MLIS, for their review and advice on self-

publication of these guidelines.  

Citation: Holland J, Stevens N. (2020) Guidelines for the development of multiple 

choice items & assessments. Dublin, Ireland: RCSI University of Medicine and 

Health Sciences. ISBN: 978-1-9996983-0-0 

CC licence by NC-SA 

 

This work is licensed under a Creative Commons Attribution-NonCommercial-

ShareAlike 4.0 International License 

 

https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/


Page 1 of 36 
 

Table of contents 

1. Introduction ....................................................................................................... 2 

2. Multiple choice questions (MCQs) ................................................................... 3 

2.1 Principles ..................................................................................................... 3 

2.2 Single Best Answer items (SBAs) ................................................................ 3 

2.3 Extended Matching Questions (EMQs) ........................................................ 6 

2.4 Item flaws ..................................................................................................... 7 

2.5 MCQs and linguistic complexity ................................................................. 11 

2.6 MCQs and images ..................................................................................... 13 

3. Assessment design, reliability & validity ...................................................... 15 

3.1 What is the purpose of the examination? ................................................... 15 

3.2 Blueprinting ................................................................................................ 17 

3.3  Item analysis – classical test theory ........................................................... 18 

3.4 Item analysis – item response theory ......................................................... 20 

3.5 Standard setting ......................................................................................... 21 

4. Summary of recommendations ...................................................................... 23 

5. References ....................................................................................................... 24 

6. Appendices ...................................................................................................... 29 

6.1 SBA Item writing overview ......................................................................... 29 

6.2 EMQ Item writing overview ........................................................................ 31 

6.4 Item writing Checklist ................................................................................. 32 

6.4 Item analysis (CTT) overview ..................................................................... 34 

 

  



Page 2 of 36 
 

1. Introduction 

The aim of educational assessments is to quantify the amount of a pre-defined ability 

or construct possessed by a candidate; usually in relation to one or more defined 

criteria e.g. does a candidate have the appropriate knowledge, skills and behaviours 

to graduate from their chosen course of study?  Broadly speaking, the purpose of 

assessment may fall into three main categories: 

¶ Assessment of learning 

¶ Assessment for learning 

¶ Assessment as learning 

Given that all assessment methods have varying strengths and weaknesses, it is 

appropriate that multiple constructs and multiple data points are employed, 

particularly in respect of high-stakes decisions 1.  Once the curriculum and the 

purpose of the assessments therein have been defined, then the individual 

assessment components can be designed.  The learning outcomes will define the 

range of assessment formats available and appropriate assessment methodologies 

should be used to assess the relevant learning outcomes.  With regard to written 

assessment formats, these may be broadly subdivided into two categories; 

constructed response and selected response 1, 2.  Selected response items, or 

multiple choice questions, require that a candidate selects a correct (or best) 

response to a question from among a pre-determined set of options, as opposed to 

spontaneously generating an answer 1-3.   

Multiple Choice Questions (MCQs) are an extremely time-efficient method of 

assessment, enabling representative sampling of broad areas of course content 4.  

Additional advantages include the automation of both the marking process and 

generation of psychometric analyses (e.g. Classical Test Theory)5. While traditionally 

used primarily to test factual knowledge, the incorporation of layered and detailed 

scenarios (contextual vignettes) within the stimulus format, followed by a “lead-in” 

question designed to test the understanding or application of information thereof, 

allows testing of these higher cognitive levels and problem-solving abilities 2, 3.  In 

addition, it is essential that care is taken when writing multiple choice questions in 

order to minimise the possibility of cueing, the effects of which may be either positive 

or negative, but most of these flaws can be avoided with appropriate staff training 

and quality control processes 6-8.   
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2. Multiple choice questions (MCQs) 

2.1 Principles 

While various MCQ formats have been employed over the past century since their 

introduction, those most commonly seen in current use fall into two main categories, 

true/false or one-best-answer, which “pose very different tasks for the examinee” 3, 9.  

Within the true/false format, the candidate is required to decide whether each option 

provided is true or false.  This frequently means that they must also make a value 

judgment as to what extent or degree an option is correct; this may be 

straightforward, or may involve also trying to anticipate what the examiner had in 

mind when phrasing the question 3.  In order to reduce potential ambiguity, item 

writers may default to assessing the recall of precise details and minutiae, instead of 

testing the understanding of broader, but perhaps more nuanced, concepts.  In 

comparison, for single-best-answer MCQs (SBAs), the candidate is simply required 

to rank the options in order, and then choose the best or most appropriate option 

from the list.  Current guidelines from both North American medical licensing 

institutions with regard to writing MCQs advise the use of one-best-answer formats, 

for example either single best answer or extended matching questions (EMQ)  3, 10.    

 

2.2 Single Best Answer items (SBAs) 

In the single best answer (SBA) format, candidates are asked to choose the best 

answer out of a list of options.  There are three main elements, the stem, the lead-in 

and then the options.  

 

2.2.1 Stem 

If simply testing factual recall, as may be appropriate for some basic sciences, this 

may be quite simple.  However, the use of context-rich questions, with detailed 

clinical case presentations, can test higher cognitive levels and stimulate thinking 

processes which represent problem solving ability 2.  In many cases, a clinical 

vignette, or case presentation may be an appropriate way to apply context to a 

question, and in some examinations, for example the USMLEs, these stems can 

become quite complex 3.  However, it is preferable that the “shape” of the question 

produces a long stem, with all required information contained therein, so that the 

options can be kept short and concise 3.  



Page 4 of 36 
 

So, a typical SBA item may describe a situation, such as a patient presenting to the 

Emergency Department and then ask the candidate to indicate the most likely 

diagnosis, or the most appropriate antibiotic to administer, etc.  Information 

presented within the vignette may include parameters such as the patient’s age or 

gender, the presenting problem, and relevant positive or negative findings or test 

results.  Depending on the estimated ability level of the candidates, the clinical (or 

contextual) vignette may be simple or complex, but all information included should 

be relevant, and irrelevant or redundant text should be excluded. 

2.2.2 Lead-in 

The lead-in is typically a single sentence, which follows the contextual vignette, and 

should assess a single objective, with a definitive, positively phrased, question (i.e. 

“Which of the following is the most likely diagnosis”?)3, 9.  After reading the stem and 

the lead-in, the candidate should know exactly what the problem is, and what they 

are being asked to answer. A negatively-phrased lead-in is to be avoided; students 

may find the wording of these items confusing, particularly if double-negatives or 

additional exemptions are introduced.    

2.2.3 Options 

The number of response options within each format (SBA & EMQ) is not entirely 

fixed, and institutions may vary these slightly according to their assessment strategy 

11, 12.  That being said, most institutions will provide between 3 and 5 response 

options when writing SBAs, and within RCSI, five options are used with this format.  

These options should be short, homogenous (i.e. all arteries, all medications), 

grammatically consistent, and logically compatible.  These options should be placed 

in alphabetical or logical order.  One flaw to be aware of, and to avoid, is that of edge 

aversion, which is the (unconscious) avoidance of placing the correct option in 

position A or E. Placing options in alphabetical order minimises this risk.  In order to 

rank-order the relative correctness of options, the options must differ on a single 

dimension or else all options must be absolutely 100% true or false 3.  If the options 

are heterogeneous, and refer to disparate or miscellaneous facts, they cannot be 

rank ordered; moreover a question using options in this manner is often not clear in 

its phrasing, and so candidate cannot anticipate an answer to the question, based on 

reviewing the vignette and lead-in. 

  



Page 5 of 36 
 

Many point to the “cover test” as a useful guideline to follow for the above, namely 

can the candidate anticipate a plausible answer to the question before seeing the 

possible options available 3?  However this is a guideline only, and if followed rigidly 

arguably results in questions being written as single correct answer items, with only 

one possible correct answer and four incorrect distractors.  The strength of the single 

best option question format is that options may differ in their degree of correctness, 

allowing more nuanced and analytical items, for example which diagnosis is most 

likely in the context of a particular clinical scenario.  While one option should be 

more probable, or ranked higher, than the other options, these other options may be 

plausible differentials.  As long as the options can be laid out on a single continuum, 

for example from “most likely diagnosis” to “least likely diagnosis”, distractors in 

single-best-answer questions do not have to be totally wrong 3. 

The use of the options “all of above” and “none of the above” is not recommended, 

for the reasons outlined in Table 1 13  Furthermore, these items often suffer in that 

one false and 4 true options are provided, which may be quite heterogeneous: if 

options cannot be rank-ordered on a single continuum, the examinees cannot 

determine either the “least” or the “most” correct answer 3.  Furthermore, use of 

“none of the above” has been shown to decrease item discrimination, and both “all of 

the above” and “none of the above” reduce test score reliability 9.  

 

Table 1. “All of above” and “none of the above” (Burton et al 1990)13 

Recommendation:  single best answer (SBA) items should include a 

contextual vignette, a clearly- defined, positively phrased question (lead-in), 

and 5 homogenous, concise, options, one of which is clearly identifiable as 

the single best answer.    
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2.3 Extended Matching Questions (EMQs) 

Extended matching questions (EMQs) adhere to the same principles as SBAs; any 

SBA can be converted to an EMQ, and vice-versa.  However, the order of the 

elements is reversed, and an overarching theme is identified and made explicit 

(Figure 1).   

 

Figure 1.  Elements of an extended matching question (EMQ) 

 

So, in EMQs, after the theme has been identified, the list of around 10 – 20 options 

is then listed next 2, 3.  This is followed by the lead-in statement, which should clearly 

define what is required of the candidate, i.e. “From the list above, choose one 

vaccine that could have prevented the following infections.  Options from the list 

above can be used more than once or not at all.”  This is then followed by a series 

(at least two) item stems or vignettes, for each of which the candidate has to select 

the most appropriate option from the list provided 2, 3.   These vignettes are similar in 

nature to those in the SBA format, but perhaps more moderate in length.  As with 

SBAs, all options within the answer list provided should be short, homogenous, and 

plausible.   

Recommendation:  extended matching questions (EMQs) are best used 

when there is a common theme but the topic being assessed is broad.  

When used, the theme should be clearly stated and the standardised lead-in 

statement given after the answer options but before the clinical vignettes   
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2.4 Item flaws 

One frequent criticism of the MCQ format is that the questions may be phrased in 

such a way as to be easily guessable to a “test-wise” candidate.  For example, the 

presence of logical cues or word repeats in both the stem and options may guide a 

candidate towards the correct option, even if they possess little or no intrinsic content 

knowledge 3.   Likewise, overly complex item formats increase irrelevant item 

difficulty, and may disproportionally affect learners who are not native English 

speakers14. Given the extent to which MCQs are relied upon to provide an accurate 

assessment of candidates’ competence in both undergraduate and postgraduate 

medical education, there is a high demand for high-quality MCQs.  Nonetheless, 

research over the past decade indicates a high prevalence of flawed items, in 

numerous contexts; this prevalence typically ranges from 33% to 72%, but with one 

of publication reporting that all items reviewed contained at least one flaw 8, 15.   

 

The question then arises as to the impact that flawed or ambiguous items may have 

on candidates.  Most authors will group the potential effects into two main 

categories; those that introduce irrelevant difficulty into the question, and those that 

enable test-wise candidates to perform well 9, 14.  The potential risks should not be 

underestimated; one study examining the impact of item writing flaws demonstrated 

that 33–46% of MCQs were flawed in a series of basic science examinations; the 

authors concluded that perhaps as many as 10 – 15% of the examinees were 

incorrectly graded as failing, when they should in fact have passed, due to the 

presence of these flawed items 15, 16.  However, interaction between flawed items 

and student achievement can be complex, and the effect of flawed items may not be 

consistent, with some flaws confusing and penalising otherwise high-performing 

candidates14.  
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Test-wise candidates will be aware that the elimination of options containing the 

words “always” and “never” greatly improves their probability of choosing the correct 

option by chance.  For these reasons, the use of absolute terms, in either the stem 

or options, is strongly discouraged 3, 8.  A further complication is that examiners may 

differ in their interpretation of the terms “always” and “never”, and so the candidate’s 

interpretation of the question, and what response is appropriate, may not match that 

of the question writer (Figure 2)17. 

 

Figure 2.  Absolute terms (Holsgrove 1998)17  

 

Best practice also recommends against using relative or absolute frequency terms 

(e.g.  adverbs such as “frequently”, “sometimes”), again due to the multiple 

interpretations that may be inferred, even among examiners (Figure 3) 8, 18.  

Arguably, any confusion arising from the use of these frequency terms is reduced 

when using a question format that requires students rank order the options, from 

most to least likely, as opposed to the true-false format, but their use is still 

discouraged 18. 

 

Figure 3.  Vague frequency terms (Case 1994)18 
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Item flaws typically fall into six main categories 3. Many of these are a result of 

unconscious bias and past research indicates a high prevalence of flawed items 

(ranging from 33% to 72%) in numerous contexts 8, 15.  Grammatical cues can occur, 

particularly if the lead-in is phrased as a run-on sentence, as opposed to definitive 

question (Figure 4a).  Indefinite articles, or combining single and plural nouns, may 

also cause problems with run on sentences (Figure 4b); this is why guidelines 

recommend that lead-ins be written as clearly- defined, positively phrased questions.   

 

Figure 4.  Item flaws – examples of grammatical cues 

In some cases, word repeats may also creep in, whereby a word or phrase used 

within the item stem is mirrored within one of the options (Figure 5a) 3. Faculty may 

have a bias to spend more time ensuring that the correct option is factually accurate 

and grammatically perfect, making it longer and more precisely phrased than the 

distractors (Figure 5b)3.  Conversely, the distractors may include overlooked 

typographical errors, which cue the candidate to ignore them as having received less 

attention, and thus being less relevant.   

 

Figure 5.  Item flaws (a) word repeat (b) long correct option and typographical error 

in distractor3 
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Similarly, logical cues may not specifically point a candidate to the correct answer, 

but may mean that one or two options can be removed from consideration, and so 

increase the candidate’s likelihood of guessing the best option 3. In the example in 

Figure 6a, the correct option must be a, b or c.  Options d & e can be safely ignored, 

increasing the “guess rate” from 20% to 33% for this item.  Finally, convergence 

strategy may be seen when an old true false item has been “tweaked” or adjusted 

into the new single best answer format, by altering a word here and there to make 

new options (Figure 6b) 3.  For this reason, examiners are advised against 

attempting to “rewrite” old true-false items into the SBA format; the underlying ethos 

and principles of these two formats differ significantly, and simply rephrasing or 

adjusting the true-false item is unlikely to result in a robust SBA.  Writing items de 

novo is more productive. 

 

Figure 6.  Item flaws (a) logical incompatibility (b) convergence 3 

 

To summarise, while selected response items (SBAs & EMQs) are valuable tools, 

flawed MCQs may be confusing to examination candidates, penalizing some 

examinees (particularly non-native speakers), and thus potentially reducing the 

validity of the examination.  While faculty training, and adherence to accepted 

guidelines, may reduce item flaws, many of these are a result of unconscious bias.  

As such, all items submitted for assessments should undergo further internal review 

by peers, prior to inclusion on assessments forwarded to externs for approval.   

Recommendation:  all MCQ items submitted for assessments should 

undergo formal internal review by peers, prior to inclusion on assessments 

forwarded to externs for approval  
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2.5 MCQs and linguistic complexity 

While context-rich vignettes can explore deeper understanding and application of 

knowledge, they are more grammatically and linguistically complex, potentially 

increasing construct-irrelevant-variance (CIV) of MCQs even within predominantly 

monolingual jurisdictions 3, 15, 19, 20.  Within some institutions, a large proportion of 

medical students may be non-native English speakers (NNS), learning the technical 

vocabulary and practice of medicine in their second language.  Within second-level 

education, it has been suggested that (the similar population of) English language 

learners (ELLs) may be disadvantaged by the presence of sources of linguistic 

complexity that are irrelevant to the content being tested 21-23.  For example, in 

English a double negative forms a positive, whereas in Russian (and some other 

languages) a double negative remains a negative.  Within academic and 

professional courses, however, the role of linguistic complexity is more nuanced, as 

specific types of language use may be an important component of science 

knowledge “that facilitates communication and thinking about disciplinary content” 24, 

and “intervention research is needed that specifically scaffolds discipline-specific 

academic language as opposed to just applying generic literacy strategies to 

discipline-specific academic language” 25.  Linguistic features which may potentially 

contribute to both construct-relevant and construct-irrelevant variance may be 

categorized as lexical, grammatical and text level (Figure 7) 24.  

 

While our current evidence suggests that that non-native language speakers are not 

disadvantaged by this context-rich MCQs, some thought should be given to which 

linguistic features are indeed construct-relevant as a part of medical education, and 

which are construct-irrelevant, thus increasing generative cognitive processing  

requirements 20, 21, 23.  This is as opposed to suggesting “simplification” of items 

which connotes a “dumbing down” of assessments, and so the term the term 

“linguistic modification” is more appropriate in this context 24.  For those linguistic 

features that are construct-relevant, and part of the expected lexis of qualified 

medical practitioners, consider which are potentially assessable from the pre-clinical 

(or pre-medical) years, and which should instead be consciously scaffolded within 

the curriculum, and thus only assessable in later years.   
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Figure 7 – Examples of Linguistic features (Avenia-Tapper & Llosa, 2015) 24  

 

Recommendation:  present tense active-voice verbs are preferable, and 

consider whether the language and vocabulary within the MCQ is context-

relevant (e.g. technical vocabulary), or context-irrelevant, and avoid 

irrelevant complex sentence structures (e.g. left-branching sentences) 
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2.6 MCQs and images 

The multiple representation principle states that instructional media benefit from 

multiple resource types, combining visuals and text for example 26, 27.  This multiple 

representation principle is based upon the Cognitive Theory of Multimedia Learning, 

a core principle of which is the dual channels assumption, which proposes that 

learners process information through separate auditory-verbal and visual-pictorial 

channels (Figure 8) 20, 26, 27.    While the use of appropriate illustrations in learning 

has been shown to facilitate understanding and increase information retention, 

particularly for delayed recall 28, 29, information on the effect of illustrations in 

examinations is limited  30, 31.  The inclusion of images in written assessments was 

previously problematic, due to typesetting and printing limitations.   Methods used 

would have ranged from the reduction of images to very simple diagrams, to the 

production of specific booklets with illustrated colour plates for distribution with 

examination papers 32, 33.  Guidelines for the production of these images were 

extremely specific as this was a complex matter, whereas nowadays digital 

photography, image processing and online assessments make this a relatively 

simple task 33. Some previous studies, examining the use of images in written 

examinations, have suggested that the addition of images may increase item 

difficulty and cognitive load, slowing the speed at which students are able to process 

information, leading to increased testing time and item difficulty 32, 34.  

 

 

Figure 8 – Three Assumptions About How the Mind Works in Multimedia Learning 

(Mayer & Moreno, 2003)27   
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Previous work has demonstrated no evidence to suggest that the inclusion of images 

within MCQ vignettes per se has a consistent effect on quantitative item properties 

such as item difficulty or discrimination 30, 35.  However, think aloud analysis suggests 

that textual options promote elimination of distracters and internal visualization of 

answers, while visual options promote cueing and the ability to interpret visual 

information 36.  Interestingly, students demonstrate different cognitive processes 

when answering items nested within themes utilising cross-sectional images, with 

more reliance on option elimination, and less visualising or verbal reasoning being 

described. This agrees with recent research in learning, which suggests that while 

high-fidelity reproductions, or simulations, certainly maintain authenticity, they risk 

increase cognitive load in novice learners, and students perform better when 

interesting but extraneous information is excluded 27, 37. This coherence effect 

provides evidence that over-excessive detail reduces learners’ capacity for essential 

information processing 27.   

 

Many undergraduate medical programs will require that students are capable of 

identifying and interpreting images, whether histological, radiographic, or otherwise 

38, 39 .  Ideally,  these skills should then be assessed in an aligned outcomes-based 

curriculum and  the lack of evidence with regard to their use in assessments is 

concerning 39, 40.  Most qualified doctors will investigate and examine their patient’s 

anatomy via physical examination or radiographic means, notwithstanding that that 

those who specialise in areas such as surgery will go further 41, 42. So, in considering 

whether images should be included or not, it is worthwhile reflecting on the purpose 

of the assessment, and certainly recognition and interpretation of images are 

essential skills within disciplines such as histology and radiology, and the inclusion of 

images to test these abilities within assessments ensures authenticity and 

constructive alignment 43.  

 

Recommendation:  Images may be used as indicated by the content 

examined, in accordance with the principles of constructive alignment, but 

take care to avoid redundancy and the duplication of information in both 

visual and textual formats 
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3. Assessment design, reliability & validity 

3.1 What is the purpose of the examination? 

The complexity and content examined in an MCQ will be influenced by a number of 

factors; an item that is appropriate and valid in one examination may in entirely 

inappropriate for use in an alternative context.  Validity is the evidence that can be 

produced to prove that the measurements (scores) generated from a measurement 

process (tests) satisfy the original purpose for which the measurement process was 

designed. An assessment can never be defined as being intrinsically valid per se, 

but only as being valid for a specified and specific purpose 44.  The reliability of a 

test is the degree to which the test consistently measures something 45.  The more 

reliable the test, the more likely it is that a similar result would be obtained if it were 

to be re-administered 45, 46 47. Reliability refers to the reproducibility of the results, 

and is a characteristic of the outcome of the assessment.  A full discussion regarding 

assessment design is beyond the remit of this document, but the main 

considerations are summarised in Figure 9 (Wass et al, 2007) 48. 

 

Figure 9.  From Wass V, Bowden R, Jackson N. The principles of assessment design. 

Assessment in medical education and training: A practical guide. 2007:11-26 48 
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Formative assessment guides future learning, provides reassurance and promotes 

reflection, and so the items may be written for this assessment with the intent to 

promote recall, or reinforce basic information 49.  Summative assessments make 

overall judgements including those of competence and fitness to practice; the 

number of items on these assessments is limited, and so items which reliably assess 

these constructs must be prioritised.  It is difficult to design assessments that fulfil 

both functions, so the purpose of the assessment is the first factor to consider in the 

design 49, 50.   

 

The next consideration is whether an MCQ is an appropriate format used to test the 

learning outcome, or construct to be assessed.  For example, while an MCQ may be 

able to test whether a candidate knows the position of the brachial artery, it cannot 

test the candidate’s ability to locate this pulse when examining a patient, or test their 

competency in measuring blood pressure by auscultating it.  Miller’s pyramid 

conceptualises the essential facets of competence (See Figure 10) 51. The base of 

the pyramid represents knowledge.  “Knows” (basic facts) is followed by “knows 

how” (applied knowledge); this method is appropriate in the early stages of the 

curriculum, but alternative forms of assessment are required to measure “shows 

how” and “does”. OSCEs are considered to be able to measure competency by 

assessment of “shows how”.  Competence describes what the healthcare 

professional “can do”, but performance is what the healthcare professional “does do” 

in practice.  Performance is therefore represented by “does” at the top of the 

pyramid, and is best measured through workplace based assessments.   

 

Figure 10.  Miller's Triangle of Assessment 
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3.2 Blueprinting  

Appropriate sampling of content, or blueprinting, is essential if assessments are to 

reflect the curriculum being taught. Put simply, we should assess what we teach, and 

teach what we assess.  Linking the curriculum to assessment through the formal 

construction of blueprints ensure constructive alignment between assessment, 

teaching strategies & intended learning outcomes in an educational programme 

(Figure 11) 40. 

 

Figure 11.  Constructive alignment 

Blueprints can be at a high level (covering the programme as a whole), may 

encompass all modalities within a single module or be more focused, down to the 

level of individual assessment modalities, such as an MCQ assessment. A key 

strength of MCQs is that they enabling broad sampling of content in assessments, 

given that the time allotted per item is typically 60-90 seconds 4.  More ambitiously 

(and more challenging), a complex, analytical blueprinting framework may be used, 

for example weighting accordingly to the  impact and frequency of clinical 

presentations within a given speciality 52. 

Recommendation:  all assessments should at a minimum be blueprinted at 

modular level, mapping assessment components to Modular Learning 

Outcomes 

Recommendation:  Switching between SBA and EMQ formats within a single 

assessment is not recommended; however, if performed, these should be 

placed in separate sections (i.e. Section A – SBAs, Section B – EMQs) 

Recommendation:  Summative SBA assessments should have a minimum 

of 30 items (60-90 seconds per item); summative EMQ assessments a 

minimum of 40 (90 seconds per item) 
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3.3  Item analysis – classical test theory 

A further advantage of MCQs is the ability to evaluate the examination, and the 

performance of individual items within, by models such as Classical Test Theory, 

which can be automated with  most optical scoring systems 5.  .  The central core of 

Classical Test Theory is that any observed test score is a function of both the true 

score and random measurement error (X = T + e); in addition to evaluating the 

validity of the overall test score, this theory also enables the evaluation of individual 

questions, by means of item analysis 5.  This typically involves calculating 

parameters such as item difficulty, measures of discrimination and performing 

analysis of whether all distracters provided are appropriate and plausible 5, 53.  

Examples of item level statistics or analyses include item facility, distractor choice, 

discrimination index and point biserial correlation (see Appendix 6.2). 

 

3.3.1   Item facility  

Essentially, this parameter asks what proportion of candidates got the question 

correct.  It may be referred to by a number of synonyms including item difficulty, item 

facility, or mean score (in the case of our current speedwell analyses).  The ideal 

level of difficulty will depend on the purpose of the examination (formative vs. 

summative, number of options, high/low stakes), but items of moderate difficulty are 

generally preferable  5, 12, 54,   Excessively easy items which are answered correctly 

by most students are of limited use if seeking to discriminate between high and low 

performing candidates; the same is true of those that are unduly difficult 5.  A useful 

rule of thumb is Half way between chance and perfect (Pc + [( 1 - Pc) / 2]) and then 

to have a equidistant range to either side of this point.  So, for a 5-option SBA paper 

with a chance score of 20% Ý 

 (1 + [(1 - 0.2) / 2]) = 0.60; equidistant range to 0.40 – 0.80 

 

3.3.2 Distractor Choice 

Distractor choice examines which options were chosen most frequently?  Examine 

the proportion of candidates choosing each option – ideally at least 5% of students 

should choose each of the distractors, otherwise they are not fulfilling their purpose.  

Non-performing distractors should be replaced.    
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3.3.3 Discrimination 

Item discrimination examines which options were chosen by low, medium and high 

performers on the test as a whole.  Items which are answered poorly by students 

with a high overall test score, or those which receive more correct responses from 

low-performing students as compared to high-performing students, are also poor 

discriminators of ability 53, 54.  The student cohort completing the test is divided into 

thirds when using 33% item discrimination.  Performance of the upper third of 

students on an individual item is then compared to the performance of the lower third 

of students; the difference in performance is the 33% discrimination index (Figure 

12).  An item with a DI over 0.2 discriminates well and is acceptable for low-stakes 

examinations.  For high-stakes examinations a DI of over 0.4 is optimal.  

 

Figure 12 – 33% discrimination index 

 

3.3.4 Point Biserial Coefficient (or Correlation) 

This is an additional measure of discrimination, which examines how a candidate’s 

success on an individual item correlates with their overall test score.  This statistic is 

somewhat analogous to a correlation co-efficient, but it instead of being a correlation 

between two continuous variables, it is instead between a binomial factor (0 or 1) 

and a continuous variable (overall test score).  Items which are answered poorly by 

students with a high overall test score, or those which receive more correct 

responses from low-performing students as compared to high-performing students, 

will have low point biserial coefficients and so are poor discriminators of ability 53, 54.  

As above, an item with a point biserial over 0.2 discriminates well and is acceptable 

for low-stakes examinations.  Optimally, we should aim for a point biserial of over 

0.4, particularly for high-stakes examinations.  Some psychometric analyses will also 

give the corrected point biserial coefficient.  This is a slightly more robust version, 

wherein the relationship between the item score and the test score is calculated after 

removing that item score from the total test score. 
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3.4 Item analysis – item response theory 

Classical test theory, while useful in assessing item quality, has some limitations 

primarily that all classical test analyses are cohort specific i.e. limited to analysing a 

specific sitting of an individual examination paper.  As such, it is highly sample 

dependent 5.  The item facility is not only a reflection of the facility, or intrinsic 

difficulty of the item itself, but also the ability level of the cohort of candidates sitting 

that specific iteration of the examination 5.  Item response theory (IRT) is a more 

complex set of non-linear models that “provide an estimate of the probability of a 

correct response on a test item as a function of the characteristics of the item (e.g. 

difficulty, discrimination) and the ability level of test takers on the trait presumably 

being targeted by the test form 5.”  While classical test theory analyses are 

straightforward to perform, IRT analyses are typically limited by two factors (1) cohort 

size (2) available psychometric or statistical expertise.  

Cohort size: 

A one-parameter model (1-PL) is analogous to item facility or difficulty in classical 

test theory, and typically requires a cohort size of over 200 candidates 5.  

Specifically, it estimates the probability of correctly answering the item, allowing for 

both the difficulty of the item and the ability level of the candidate.  The two-

parameter model (2-PL) is analogous to item discrimination indices; estimated 

sample sizes for this model are in the region of 500 candidates 5 

Psychometric or statistical expertise 

IRT has several advantages over and above classical test theory, primarily in that 

analyses are not sample or examination-specific, and so can compare student 

abilities across multiple iterations of an examination.  However, all IRT models, 

including the 1-PL and 2-PL models are statistically complex, requiring that basic 

underlying assumptions are identified and met, such as unidimensionality, local 

independence, that tests are non-speeded and so forth.   

Recommendation:  Classical test theory item analyses can and should be 

routinely performed on all MCQ examinations, and reviewed by module 

boards.  IRT may be performed on high-stakes assessments where 

appropriate psychometric expertise is available. 
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3.5 Standard setting 

Standard setting is the process by which a cut-score, a specific point along the score 

scale, is selected 55.  This activity is particularly critical for high stakes examinations 

of healthcare professionals, given the need to satisfy the stakeholders that passing 

candidates have the requisite knowledge, skills and attitudes for safe practice 55, 56. 

Passing or failing a candidate is a complex decision 57. Standard setting is a 

“judgemental process involving arbitrary, but not capricious, decision of what is 

considered good enough” 56. The question of how good is good enough to pass 

cannot be answered statistically. The standard is set rather than estimated, and so 

there is no “gold standard” on which the results can be judged 55, 58. The cut-score 

will vary depending on the method used, the participating experts and policy 

decisions 55, 59, 60. The important issue is that the decisions and the process are fair 

and defensible 56, 61.  The simplest absolute method is to set a pass mark.  

Traditional pass marks range from 50% to 70% in most institutions 61.  This approach 

also has problems in that the cut-score is arbitrary and the concept that the 

healthcare professional has only mastered 50% of the required competencies may 

not be acceptable to stakeholders 56, 61.  High-stake assessments have traditionally 

employed test-centred methods, based on the judgment of test items, of which there 

is the most published research. Test-centred methods, such as the modified Angoff 

or Bookmark, are particularly appropriate for tests of multiple, independently-scored 

items such as MCQs 62-64.  

 

Recommendation:  Examples of test-centred methods include the modified 

Angoff & Bookmark, which are recommended for standard setting of 

multiple choice examinations. 
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3.3.1   Angoff 

Determination of a cut-score by means of the (modified) Angoff method may be 

performed at any time after the assessment paper has been finalised, either before 

or after the candidates have completed it.   A panel of expert judges is convened, 

who pass judgment on the proportion of minimally competent (borderline) candidates 

who could correctly answer each item 63.  The sum of these probabilities the 

represents the minimally acceptable score, of cut-score.  A minimum of 8 judges is 

recommended, but the participation of 12-18 judges is preferable.  One challenge 

with this method is that each judge must keep in mind a commonly agreed upon 

definition for a hypothetical borderline candidate.  While a superficially intuitive 

method, many judges will have difficulty in defining the “borderline” candidate, erring 

on the side of “should know” instead of “would know”, and potentially arriving at an 

elevated cut-score.  Nonetheless, this method is internationally accepted and there 

exists over 20 years’ worth of literature validating its use. 

 

3.3.2   Bookmark 

For the Bookmark method, a difficulty value is calculated for each item by means of 

Item Response Theory; in practice this necessitates that standard-setting be 

performed after candidates have completed the assessment, and psychometric 

analysis has been performed 65.  Items are ordered in a “booklet” from the easiest 

item to the most difficult.  Expert judges are then given this item booklet, and asked 

to place a “bookmark” at the place where the borderline student would probably get 

all items to that point correct, and probably get all items beyond that point incorrect.  

The method has multiple strengths; judges can set multiple cut-scores (pass, 

honours etc.) relatively quickly, and multiple item formats may be incorporated into 

the booklet.  However, the method does depend on the use of IRT, which 

necessitates both the presence of sufficient candidates within the cohort, and an 

experienced psychometrician to produce the booklet. 
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4. Summary of recommendations 

1. Single best answer (SBA) items should include a contextual vignette, a clearly- 

defined, positively phrased question (lead-in), and 5 homogenous, concise, 

options, one of which is clearly identifiable as the single best answer.   

2. Extended matching questions (EMQs) are best used when there is a common 

theme but the topic being assessed is broad.  When used, the theme should be 

clearly stated and the standardised lead-in statement given after the answer 

options but before the clinical vignettes. 

3. Peer-review: All MCQ items submitted for assessments should undergo formal 

internal review by peers, prior to inclusion on assessments forwarded to externs 

for approval. 

4. Language: Present tense active-voice verbs are preferable, and consider 

whether the language and vocabulary within the MCQ is context-relevant (e.g. 

technical vocabulary), or context-irrelevant, and avoid irrelevant complex 

sentence structures (e.g. left-branching sentences 

5. Images: Images may be used as indicated by the content examined, in 

accordance with the principles of constructive alignment, but take care to avoid 

redundancy and the duplication of information in both visual and textual formats 

6. Blueprinting:  All assessments should at a minimum be blueprinted at modular 

level, mapping assessment components to Modular Learning Ooutcomes. 

7. MCQ formats: Switching between SBA and EMQ formats within a single 

assessment is not recommended; however, if performed, these should be placed 

in separate sections (i.e. Section A – SBAs, Section B – EMQs). 

8. Summative MCQ assessments:  Summative SBA assessments should have a 

minimum of 30 items (60-90 seconds per item); summative EMQ assessments a 

minimum of 40 (90 seconds per item). 

9. Item analysis:  Classical test theory item analyses can and should be routinely 

performed on all MCQ examinations, and reviewed by module boards.  IRT may 

be performed on high-stakes assessments where appropriate psychometric 

expertise is available. 

10. Standard-setting:  Examples of test-centred methods include the modified 

Angoff & Bookmark, which are recommended for standard setting of multiple 

choice examinations. 
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6. Appendices 

6.1 SBA Item writing overview  
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6.2 EMQ Item writing overview 
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6.4 Item writing Checklist  
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6.4 Item analysis (CTT) overview  
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