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Abstract

Assessment facilitates and improves learning outcomes. Multiple choice questions (MCQs) is one of
the important tools in the assessment of learning outcomes and used most often due to its reliability
and simplicity. It requires more time and effort of the educators in order to construct effective MCQs
that serve its purpose. Work is only half done if we do not perform Item analysis after the completion
of the MCQ test for assessment. Item analysis assesses the quality of each item (questions) in term of
its difficulty level (Index of Difficulty), its ability to differentiate between high performers and low
performers (Index of Discrimination) and how correctly the distractors are used in each item
(Distractor Efficiency). The results of Item analysis helps to improve the strength of the MCQs, as
good items can be retained whereas bad items are revised, replaced or removed.
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Introduction goals of the curriculum that propound the
learning outcomes. The theoretical component of
the knowledge can be tested by various written
format tools viz, long answer questions, short
answer questions, multiple-choice questions,
modified long essay questions, key feature
questions, concordance script test etc., among of
the gamut of methods available. MCQs are one
of the canonical recipes in the assessment of
knowledge due to its reliability and simplicity. It

Assessment is an essential and integral
component of learning process as the former
drives the latter. The goal of assessment is to
measure the learning outcomes but at the same
time it also facilitates and improves learning
outcomes. Teaching also must undergo
appropriate modifications based on the results of
assessment, so that teaching aligns itself with the
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stands out among the assessment tools as it can
evaluate enormous load of curriculum, both its
breadth and depth within a short span of time,
though the examiner who constructs the
questions must invest huge amount of his time
and effort to come out with effective MCQs. It
can be used to test the whole spectrum of
knowledge ranging from recall types of memory
to higher-order thinking and application based on
how the MCQ is constructed and its target
audience. It is increasingly used in the
assessment of medical undergraduates during
their formative as well as summative assessments
in addition to various screening tests that qualify
the candidates to various medical education
programs throughout the country. It can be a
critical segment in the comprehensive
competence assessment game plan when it is
combined with other tools as it is efficient,
objective and discriminative  when due
importance is given for its construction [1].
Usually MCQs are made to two parts- the first
part is called the stem which contains the
problem or statement and the second part, called
the response which contains a list of probable
explanations. The list contains a single best
answer called key, along with inappropriate
options which are wrong answers called
distractors [2]. The distractors also must be
logical and meaningful so that they provide a
tough competition while choosing the correct
option. Though it is extensively used in medical
curriculum, the antagonistic truth is that most of
the professionals involved in making and using
the MCQs for assessment purpose are in dire
need of proper knowledge and training in
constructing and analyzing it for its intended
purpose. The work done is only sketchy if the
teachers use the MCQs to assess the students’
knowledge without assessing the MCQs for its
validity and reliability, which is called the Item
analysis [3]. Thus the aim of this article is
provide adequate knowledge on how to assess
the MCQs for its validity and reliability, which is
called Item analysis in simple terms.

Invest quality time in the construction of
effective MCQs

When preparing MCQs for assessment, do not
pick it directly from the MCQ books or from the
end of the chapters given in certain textbooks.
The strength of the assessment tool depends on
how it is made. If adequate thought process goes
into the making of the MCQs, an efficient tool
emerges that provides valuable insights to both
the learner and the instructor. The time spent in
making effective MCQs is worth for the
following reasons.

1. It helps to identify the strengths and
weakness in students understanding of a
particular topic, while providing guidelines
to teachers [4].

2. Higher-order cognitive processing, as per
Blooms taxonomy, such interpretation of
data, application of learned information and
synthesis of new knowledge can be tested,
instead of just pure recall of sheer facts [5,
6].

3. The assessment is completely objective with
consistent scoring and grading in comparison
to other tools of assessment [7, 8].

4. It conjures complex thought process as
students have to deliberate on different units
of information with each other to arrive at a
decision [9].

5. Due to its high objectivity, results can be
released immediately after the examination,
as it can be corrected by anybody (including
machines) who has the keys [10, 11].

6. As correction can be done by a machine
(computer), large number of students can be
assessed within a short span of time [12, 13].

7. A context-rich question hones the problem-
solving ability of the student, which help him
to encounter real situation in his practice
with confidence [9].

Item analysis

As mentioned earlier, the utilization of the MCQ
as an assessment tool to analyze the knowledge
of the students is only work half done. The
remaining important part of the work, called Item
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analysis, is to analyze the MCQ itself in terms of
its level of difficulty and its ability to
discriminate between high performing students
and low performing students. It assesses the
student responses to individual test items in order
to assess the quality of each item and of the test
as a whole. Item analysis makes use of statistical
methods and expert judgments to gauge a test
based on the quality of individual items, item
sets, and the entire set of test items, as well as the
relationships among the test items [14]. The
information provided by this analysis can be used
to improve the quality and accuracy of the
individual item as well as the test as a whole
[15]. Items with ambiguous distractors or
misleading information in the stems can be
eliminated from the MCQ pool. Through item
analysis, the instructors can improve their skill in
constructing valid MCQs in the future. In
addition it also directs the curriculum
administrators to identify specific areas of the
course content that needs revision or further
clarification as evidenced by poor mastery of the
subject in that area by the students [16]. The
three important indices discussed in this article
are index of difficulty, index of discrimination
and distractor efficiency.

Index of difficulty

Any item analysis starts with the analysis of
index of difficulty. Simply it states the level of
difficulty in answering the questions by the
respondents during their test. It indicates the
level of difficulty of the items in relation to the
cognitive ability of the respondents [17]. It is
defined as the proportion or percentage of
respondents who have correctly answered the
questions [18-20].

How to calculate the Index of Difficulty?

The scores of the respondents are arranged in the
order of merit so that the upper 27% forms the
higher achievers (HA) and the lower 27% forms
the lower achievers (LA). To calculate the Index
of Difficulty we need three parameters. They are
a) number of higher achievers, b) number of
lower achievers (LA) and c) total number of

respondents (N) and the formula to calculate the
Index of Difficulty is given by Kelly method

[21]:
Index of Difficulty = HA;LAXIOO

*HA — number of respondents in the Higher
Achievers group who have correctly answered
the item.

*LA - number of respondents in the Lower
Achievers group who have correctly answered
the item.

*N — total number of respondents in HA and LA
groups

Table - 1: Ranges of index of difficulty.

Sr. No. Range Difficulty level
1 20 & below Very difficult
2 21-40 Difficult

3 41-60 Average

4 61-80 Easy

5 81 & above Very easy

Ranges of index of difficulty are depicted in
Table — 1. Index of Difficulty describes the
percentage of respondents who have answered an
item correctly and it can vary from 0 to 100%
[21]. Actually it is a misnomer as higher the
value easier is the item and lesser the value more
difficult is the item, and because of this some
authors designated this as Ease Index [22].
When selecting MCQs for a test, the very
difficult level (20 & below) and very easy level
(81 & above) should generally be avoided.
Before avoiding, particular attention must be
paid to very difficult level items as it indicates
that the students have not understood the
concepts well, the particular topic was not given
adequate attention or teachers have not taught
that particular topic properly. Item moderation
should follow item analysis for very difficult
items, and if it cannot be moderated either it
should be discarded or replaced [23]. In a test the
easy, average and difficult items should be in the
proportion of 25%, 50% and 25% respectively
[24].

Index of discrimination
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After analyzing index of difficulty, next go for
the determination of Index of Discrimination. It
tells about the capacity of an item to differentiate
higher achiever group from lower achiever group
[25]. It determines whether those who have
performed better throughout the test also
performed better on each item. Like in the Index
of Difficulty, here also the higher achiever group
and lower achiever group is compared with one
another.

Index of Discrimination?
HA;LAX2
*HA, LA, and N are same as in Index of

Difficulty.

How to calculate

Index of Discrimination =

Table — 2: Classification of items based on the
index of discrimination [26].

Index of Difficulty value (easier questions),
discriminate poorly whereas questions with a low
Index of Difficulty value (harder questions) are
considered to be good discriminators [28].

Distractor efficiency

Sr. | Index of | Description
No. | Discrimination
levels

1 0.40 & above Very good items

2 0.30-0.39 Reasonably good

3 0.20-0.29 Marginal items
(subject to
improvement)

4 0.19 Or less Poor items (to be
rejected or improved
by revision)

Classification of items based on the index of
discrimination [26] is shown in Table — 2. It
ranges between -1.00 and +1.00. The index gives
positive values ((between 0.00 and +1.00) when
HA group respondents choose correct option in
each item than the LA group respondents. It
gives negative values (between -1.00 and 0.00)
when LA group respondents got a specific item

correct more often than the HA group
respondents [27]. In other words, negative
Discrimination index signifies that more

knowledgeable respondents are selecting wrong
options whereas the less knowledgeable
respondents are selecting correct options more
often. Index of Difficulty and Index of
Discrimination are often related reciprocally to
each other, but not always. Items having high

Distractors are the wrong options in the response
segment of the MCQs. Analysis of the strength
of these distractors in confusing students while
selecting the correct option is called Distractor
Efficiency. There are two types of distractors
based on how frequently it is chosen by the
respondents. Functional Distractors (FD) are the
distractors that are chosen by more than 5% of
the respondents whereas the Non-functional
Distractors (NFD) is the distractors that are
chosen by less than 5% of the respondents [22].

How to calculate the Distractor Efficiency?
Analyze each item in terms of how many times
each distractor was selected by the respondents.
Distractor Efficiency (DE) =

Number of times an option was selected

N X100
N is the total number of respondents.

DE ranges from 0% to 100%. If an item contains
three or two or one or nil NFDs, then DE would
be 0, 33.3%, 66.6%, and 100%, respectively
[29]. Once identified, these NFDs must be
revised, replaced, or removed [30] as erroneous
MCQs affect the performance of the HA group
than the other group of respondents [31]. It is
equally important in making a MCQ tool more
efficient when compared to Index of Difficulty
and Index of Discrimination. The performance of
the respondents is influenced by the way the
distractors are designed [32]. Ideally, if the
distractors are properly designed, it should lead
to LA group selecting these options more often
than the HA group [27].

Summary

MCQs are effective tools to assess the learning
outcomes of a teaching programme. Item
analysis makes this tool more powerful by
assessing the difficulty level of the question,
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differentiating high achievers from low achievers
and pointing out the areas of course content that
needs further clarification or modification.
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