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Introduction

Introduction Student assessment by multiple-choice questions (MCQs) is an integral
part of student evaluation in medicine. The medical teacher should be trained to con-
struct an item with proper stem and valid options. Periodic item analyses will make the
process of assessment more meaningful. Hence, we conducted the study to analyze
MCQs (item analysis) tested on a batch of MBBS students in pharmacology in their
three internal assessment examinations.

Methods The study was conducted in the Department of Pharmacology of a medical
college in Mangaluru on 150 students. The MCQs of the three internal assessment
examinations (20 each) respectively were analyzed. We analyzed each question for
difficulty index (DI), discrimination index (Dsl), and distracter efficacy or functionality
and expressed the percentage results.

Results The DI was in an acceptable range of 60, 75, and 90%, respectively, in the
three internal assessments. The percentage of “too difficult” questions was 10, 20,
and 10% and the average Dsl was 0.32 + 0.04, 0.28 + 0.02, and 0.26 = 0.02, respec-
tively. In the second and third internal assessments, 95% of questions had functional
distracters, while in the first internal assessment, only 60% of questions had functional
distracters.

Conclusion We conclude from our study that even though the items (MCQs) framed
for the internal assessments were in the acceptable range of quality in terms of the
parameters assessed, we must improve MCQ’s construction in selecting distracters in
some topics.

the subject in professional courses. Therefore, objectivizing
the evaluation has become increasingly important in edu-

Many methods can assess the learning and competency of
undergraduate students. In the professional courses, it is
essential to evaluate the competence acquired during their
professional training. The understanding of the subject is an
integral part of performing and mastering the competency.
Hence, it is crucial to assess the student’s understanding of
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cation for summative and formative purposes. One such
method is multiple-choice questions (MCQs), which is being
very commonly employed nowadays.!

The MCQ-based evaluation assesses the knowledge, eval-
uates understanding, and analyzes student’s power.? An

© 2021. Nitte (Deemed to be University).

This is an open access article published by Thieme under the terms of the Creative
Commons Attribution-NonDerivative-NonCommercial-License, permitting copying
and reproduction so long as the original work is given appropriate credit. Contents
may not be used for commercial purposes, or adapted, remixed, transformed or
built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Thieme Medical and Scientific Publishers Pvt. Ltd. A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India



MCQ consists of a stem, a complete or incomplete statement,
followed by four to five options with a single best answer.
Constructing a right stem with appropriate options needs
experience and sound knowledge on the subject. These
well-constructed items will be preferred over other methods
since they can assess the students objectively with minimal
bias from the assessor and the comprehensive coverage of the
subject.

Item analysis is the process of analyzing an MCQ’s per-
formance after it has appeared in an examination. The item
analysis evaluates the question on three parameters. The dif-
ficulty of the questions that were asked can be analyzed by
judging the difficulty index (DI) or facility value of the item.
The discrimination index (Dsl) measures the ability of the
item to discriminate good students from others. The item
analysis is also useful to get feedback on the functionality
of the alternative or distracter efficacy (DE), which gives the
idea of the quality of the distracters compared with the cor-
rect response.! “Item analysis” examines student responses
to individual test items (MCQs) and test as a whole.? It helps
to improve/revise items and the test.* Ideally, the constructed
item can assess the cognitive, affective, as well as the psycho-
motor domains.>*”’

Periodic assessment of item analysis on different batches
will enable the teachers to have a pool of “good question
banks,” which are considered ideal, and get feedback on valid
MCQ construction. It also guides the teachers to fine-tune their
method of teaching wherever needed. The present study’s
objective is to analyze the MCQs that were tested in internal
assessment examinations of pharmacology in a batch of MBBS
students to assess them critically and take remedial corrective
measures if required in future objective assessments.

Materials and Methods

In this retrospective study conducted in a medical college in
Mangaluru, Karnataka, we considered MCQs tested in the three
internal assessment pharmacology examinations (20 each) in
a batch of (150) MBBS students for item analysis. Each assess-
ment session contained 20 MCQs (item), with each item car-
rying 4 options with a single best response type (key). The
students were given 20 minutes to answer these questions,
and there was no negative marking for the wrong answer. The
master chart was prepared in which students’ performances
with their responses to each item were entered. The students
were ranked based on their MCQ score, and they were divided
into three equal groups. The top one-third was assigned as
high achievers, and bottom one-third as low achievers.

We analyzed each item for DI, Dsl, and DE or functionality
of the distracters! with the following formula:

P=[(H+L)/N]x 100 (expressed as percentage),

where

P = Facility value or DI.

H = Number of students answering the item correctly in
the high-achieving group.
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L =Number of students answering correctly in the
low-achieving group.
N = Total number of students in the two groups, including
the nonresponders.
The DI (or P) of each MCQ in the three assessments was
expressed as follows:
* When P was >70%, MCQ was considered “easy.”
* When P was 30-70%, MCQ was considered of “acceptable
difficulty level.”
* When P was <30%, MCQ was considered as “too difficult.”

The DsI' was calculated by the formula:
Dsl =2 x [(H-L)/N]

A value greater than 0.35 was considered “excellent,”
between 0.20 and 0.34 was considered “good,” and less
than 0.20 was considered as “poor.”

Distracter Efficacy:! This is the number of distracters in
each item across the entire batch that has not attracted even
5% of responses. This is expressed as percentage of functional
distracters, that is, 0, 33.3, 66.6, and 100% for an item with 3, 2,
1, and 0 distracters not selected by <5% students, respectively.

Statistical Analysis

The average DI, Dsl, and the DE were expressed as percentage
mean * standard error of the mean for each assessment. The
different categories in each parameter were also expressed
in percentages.

Ethical Considerations
The study was performed after obtaining the institutional
ethics committee approval.

Results

Among the 150 students, 108 students responded in all the
3 sessions included for the analysis.

Difficulty Index: The percentage of easy questions in
different internal assessments was 30, 5, and 0%, respec-
tively. The percentage of too difficult questions was 10,
20, and 10% in three internals, respectively. The percent-
age of items at an acceptable level of difficulty was 60, 75,
and 90%, respectively, in the three assessments (=Fig. 1).
The average DI of items as a whole was 60.69 + 4.53,
43.54 +3.54, and 38.45 £ 2.21% in the three internal assess-
ments (=Table 1), which was in the acceptable test range
(30-70%).

Discrimination Index: The average Dsl in the three
internal assessments was 0.32 + 0.04, 0.28 = 0.02, and
0.20 £ 0.02, respectively (=Table 1). Overall, 55% of ques-
tions in the first internal were categorized as excellent,
20% in the second, and 30% in the third internal assess-
ment. Also, 25% of questions were considered acceptable
in the first internal, 60% in the second, and 50% in the third
internal. In the first internal, 20% of questions were cate-
gorized as poor, 30% in the second, and 20% in the third, as
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Fig. 1 Percentage of difficulty index in all three internal examinations.

B >70% (Easy)
B 30%-70% (Acceptable)

I <30% (Too difficult)

Table 1 Consolidated results of item analysis of multiple-choice questions in three internal assessments

S. no. First internal assessment Second internal assessment Third internal assessment

DI (%) Dsl DE (%) DI (%) Dsl DE (%) DI (%) Dsl DE (%)
Q1 29.48 0.37 100 41.82 0.29 100 34.55 0.25 100
Q2 87.96 0.16 333 11.82 0.16 100 52.73 0.33 100
Q3 32.41 0.43 100 72.73 0.33 100 33.64 0.38 100
Q4 64.81 0.37 100 36.36 0.25 100 28.18 0.24 100
Q5 77.78 0.11 66.6 30.00 0.31 100 31.82 0.24 100
Q6 36.11 0.43 100 46.36 0.34 100 31.81 0.38 100
Q7 28.74 0.54 100 55.45 0.31 100 38.18 0.36 100
Q8 51.85 0.37 66.6 21.82 0.29 100 54.55 0.36 100
Q9 92.59 0.07 0 52.73 0.33 100 34.55 0.36 100
Q10 76.85 0.24 66.6 59.09 0.27 100 40.91 0.24 100
QM 55.55 0.41 100 45.45 0.25 100 35.45 0.27 100
Q12 47.22 0.61 100 60.00 0.14 100 45.45 0.22 100
Q13 98.15 0 0 45.45 0.36 100 17.27 0.20 100
Q14 58.33 0.31 100 22.73 0.13 100 57.27 0.27 66.66
Q15 53.70 0.52 100 48.18 0.49 100 30.00 0.05 100
Q16 48.15 0.41 100 20.91 0.02 100 39.09 0.05 100
Q17 65.74 0.46 66.6 46.36 0.27 100 40.91 0.38 100
Q18 74.07 0.30 66.6 65.45 0.4 66.66 38.18 0.18 100
Q19 69.44 0.31 100 41.82 0.22 100 51.82 0.31 100
Q20 62.96 0.26 100 46.36 0.42 100 32.73 0.14 100
Mean £ 60.69 £ 032+ 7831+ 43.54 + 0.28+ 98.33 3845+ 0.26 + 98.33
SD 4.53 0.04 7.74 3.54 0.02 7.37 2.21 0.02 7.37

Abbreviations:

Journal of Health and Allied Sciences ™V Vol. 11

DE, distracter efficacy; DI, difficulty index; Dsl, discrimination index; SD, standard deviation.
Notes: n = 108. Questions in all three assessments were different.
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they failed to discriminate between the good and mediocre
students (=Fig. 2).

Functionality of Distracter (or DE): In the first internal
assessment, eight questions had options not selected by
even 5% of students. One option in five questions was not
chosen in these eight questions by less than 5% of students.
Two options in one question were not recognized as answer
by less than 5% of students. In two questions, three options
were not chosen by less than 5% of students (=Table 1,
=Fig. 3). In the case of second and third internals, only one
question had an option that was not chosen by the student as
the answer (=Table 1; ~Fig. 3).

Discussion

MCQs are an integral part of assessing medical students objec-
tively. Properly constructed questions serve to determine the
subject understanding of the students. Time-to-time anal-
ysis of these items will help retain the good ones and dis-
card the improper ones. Item analysis will also help teachers
construct good questions. An item is usually analyzed for the
difficulty level of the question, Dsl, and functionality of each
distracter chosen for a question.

The DI will provide the overall picture of the MCQ test.
Item’s key is considered acceptable if the DI ranges between
30 and 70%, which means 30 to 70% of the upper-third and
lower-third students in the class correctly answered that
MCQ. If the DI is more than 70% for an MCQ, it is considered
easy (contradictory), and when it is less than 30%, that MCQ
is deemed to be difficult. Ideally, MCQs should be in the
acceptable range.

In our study, the average DI of the test varied from 38.45%
in the third internal assessment to 60.69% in the first inter-
nal assessment. Pande et al reported that the mean DI was
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39.4% and 52.5% in their study.® As per Karelia et al, it was
47.17% and 58.08% in the analysis of two assessments.’
Hence the DI of our examinations was at par with the other
similar item analyses. In our study, the acceptable range
items were 50, 75, and 90%, respectively, in the three inter-
nals. This was similar to findings in other studies: 69 in
Karelia et al,° 80 as per Patel and Mahajan,!® and 62% as per
Mehta and Mokhasi."" The rest of the items, that is, 50, 25,
and 10%, were unacceptable (either too easy or too difficult).
These results were again in line with other study findings:
31,°20,"° and 38%."

The Dsl is a measure of the item to discriminate
between students with higher and lower abilities and
ranges between 0 and 1. It identifies good students from
mediocre students. In general, the value between 0.20 and
0.35is considered as good. Items with DI > 0.35 are consid-
ered excellent, while those with DI < 0.20 are considered
poor. The Dsl is inversely related to the DI because, if the DI
value is higher, the item poorly discriminates the students
with good abilities from poor abilities. Conversely, the
lower DI value differentiates two categories of students.!!
The Dsl sometimes is a negative value; it means that the
students with lower abilities have guessed the answer
correctly. Students with higher abilities had some doubt
about that item or some flaws in teaching that particular
concept. Items of such kind should be addressed explic-
itly in future classes by emphasizing or employing suitable
methods such as small group teaching.>*

In our study, the average Dsl was 0.32 + 0.04, 0.28 +
0.02, and 0.26 + 0.02 in the three assessments, respectively
(=Table 1). Items with good to excellent DI were 80% each in
the three assessments in our study (=Fig. 2), which was sim-
ilar to the results described by Mehta and Mokhasi in which
the DsI' was 0.33 £ 0.18." The finding was in contrast to Gajjar
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Percentage of discrimination 40
index
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20

10

| Sessional (%)
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B 020034 (Good)
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Il Internal (%)

Assessments (n = 108)

Fig. 2 Percentage of discrimination index in all three internal examinations.
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Fig. 3 Distracter efficacy in percentage in all three internal examinations.

et al’s findings, where DI was 0.14 + 0.19, and 48% of items
were considered good to excellent.?

The functionality of distracter, or DE, is a measure of each
option’s ability to distract the student, or, in other words,
each distracter is perceived by the students as an answer so
that all the options are chosen by at least 5% of students as the
answer. Most of the items will have a key (correct response)
and three options, which are distracters. Functional or useful
distracter refers to the option selected by more than 5% of
students. In comparison, the nonfunctional distracter is the
option other than the key, chosen by less than 5% of students.
DE for an item ranges from 0 to 100. If an item has three non-
functional distracters, then the DE of that item is 0, while DE
is 33.33, 66.66, and 100% if it contains 2, 1, and nil nonfunc-
tional distracter.>46

In our study, the average DE of the three assessments
was 78.31 + 7.74, 98.33 + 7.37, and 98.33 + 7.37, respec-
tively. In total, out of 60 items, 50 items (>83%) had 100%
DE, 7 items had 66.6%, and 1 item had 33.33%, while 2
items had 0% DE. The conclusion drawn is that items con-
structed in our assessments were excellent, except for two
items across the three assessments. It was mainly in the
first internal where 25, 5, and 10% of items had DE of 66.66,
33.33, and 0%, respectively. In the second and third internal
assessments, only one item had a DE of 66.66%. In compar-
ison, the rest of the items had 100%. It indicated the need
for precaution to be taken while constructing distracters,
which can increase the DE of the items. Gajjar et al reported
that 70% of items had 100% DE in their study, while the rest
of the items had DE ranging from 33.33 to 66.66%, with no
items having 0% DE.'? Different studies have quoted varying
degrees of functional distracter ranging from 18.66,'? 52.2,°
and 89.6%."

Ideal objective assessment by MCQ requires careful con-
struction of items that reflect on the evaluation of students
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with different abilities; hence student’s performance can be
taken as a yardstick of the quality of the assessment. Analysis
of the items in terms of various parameters mentioned above
identifies the error in constructing an item that may be
revised, replaced, or removed if deemed.

Limitations of the Study: Being a retrospective study, the
number of items analyzed for each internal assessment was
small. The items analyzed in our study were from the inter-
nal assessments, which were not compared with the level
of different parameters for items of university examination
questions.

Conclusion

We conclude from our study that all the assessments had
an acceptable range of DI, and good Dsl. The DE, with few
exceptions, was also good. Therefore, constructing ideal
MCQs with good distracters requires more effort from the
teachers. Serially designed item analysis exercise will signifi-
cantly help in having a good pool of good-to-excellent items
in terms of DsI and DE.
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