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ABSTRACT
Objective: To determine the association of distractor efficiency with difficulty and discriminatory indices in Anatomy
multiple choice questions (MCQs).
Design: Cross-sectional.
Place and Duration of Study: Department of Anatomy, Army Medical College, National University of Medical
Sciences Rawalpindi from January 2020 till July 2020.

Materials and Methods: About 215 MCQs of Anatomy of both MBBS and BDS classes through convenience sampling
were selected. The MCQs were obtained through optical marks recognition data from the examination branch along
with variables of interest, i.e., distractor efficiency, difficulty index and discrimination index. Data were analyzed in
STATA Version 14 and SPSS version 26.

Results: The mean distractor efficiency was 64.96 + 34.28, the mean difficulty index was 65.22+22.53 and the mean
discrimination index was 0.30+0.13. Distractor efficiency has a significantly strong negative association with
difficulty index (r = -0.73, p=0.001) while a significantly weak positive association with discrimination index (r=
0.20, p=0.002).

Conclusion: The Anatomy MCQs item analysis showed that distractor efficiency is negatively correlated with
difficulty index but positively correlated with discrimination index.
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INTRODUCTION meaningful MCQs is a time consuming and challenging
process. The correctly formed MCQs result in unbiased
analysis that measures understanding, knowledge,
application, and assessment.” MCQs to be used must be
of good quality, and they need to be tested for that
standard or quality. Interpretation of post-exam item
analysis report and modification or improvement of
MCQs accordingly is an essential prerequisite to
maintain good quality MCQ bank as required by the
regulatory bodies like Pakistan Medical Council
(PMC). Item analysis’ is an essential step in the
development of any assessment strategy." The phase
Correspondence: helps us identify an item that is either too difficult or too
Dr. Rehana Khadim easy for the examinee. This process also helps in
Managing Editor PAFMJ, Army Medical College, National detecting items that fail to discriminate between skilled
University of Medical Scjenc_ffs and unskilled examinees. Item analysis also gives a
Email: dr.rehana.butt@gmail.com view of the process of instructions. If correctly sampled,

Evaluation or assessment is a step wise process of
forming an opinion about the quality and depth of
student performance and accomplishment, then
concluding regarding the learning process at the end.'
Assessment drives learning emphasizes the central role
of assessment in any form of education and particularly
in high stake medical education assessments. Multiple
choice questions (MCQs) items are the most common
method of assessing the knowledge capabilities of
undergraduate students in medical colleges. Framing
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the items will inform whether the subject/topic/concept
has been learnt and understood by the learner. Proper
assessments will decipher the grey areas,
misconceptions and low clarity zones that require the
attention of the learner and facilitator both.

In item analysis, the process checks the effectiveness of
testitems by the score of the exam and sorts the results by
score. Based on student results, the measurement of
difficulty and discrimination indices and the correlation
of marks will provide proof of validity. The complexity
of the test item and its discrimination power (DP) may
provide supporting evidence of the accuracy of the
examinations.’

The difficulty index is the percentage of participants
who correctly attempts the exam item (e.g. single
question in the best response form MCQ paper).’ Its
calculation is simply by dividing the participants who
have passed the exam item by the participants who have
not cleared the exam items.” A simple item may have a
high discrimination index (e.g., 0.9) while a hard item
may have a low discrimination index (e.g., 0.1). The
degree to which success or failure on a test item indicates
possession of the ability being measured is referred to as
the discriminatory index of a test item. It determines how
discriminating an item is among examinees in terms of
the function or ability it measures. This number might be
anywhere between 0.0 and 1.00. The higher the value,
the greater the item's discrimination.’ The discrimination
power has the capability to differentiate between a low
performing student and a high performing student. The
DP s the ability of a test item to distinguish between high
and low performers. For DP calculation, firstly the
students are ranked in order of their scores/marks
achieved in the examination. Then the students in the
uppermost third and bottom-most third are calculated.
Then the percentage of students correctly attempting the
MCQs item in the bottommost third is subtracted from
the percentage of students in the. uppermost third. A
positive DP is desired. A negative DP needs to be
assessed and corrected.™

A MCQs item analysis showing a low discrimination
index may have many reasons: that is it may be out of the
syllabus; the teaching methodology was flawed or
ineffective; the construct of the item is not proper;
students have not understood the topic properly.” " An
error in the MCQs can be detected by a negative value: it
means that the students identified as low performers are
answering more accurately than the students who are
high performers: this means that the MCQs item is

flawed in the construct, examination misconduct was
there or the answer was incorrect. Therefore, a negative
discrimination index needs evaluation and
improvement. The MCQs construct shall aim to avoid
non-functional distractors completely and add
functional distractors, the ones that are incorrect but
shall be able to differentiate between low and high
achievers."

Distractors had been extensively investigated in terms of
guessing probability, but their impact on other item
analysis parameters like difficulty and discriminatory
indices generally remained out of focus. Hence, this
study was planned to determine the association of
distractor efficiency with difficulty and discriminatory
indices in Anatomy MCQs at Army Medical College,
Rawalpindi.

METHODOLOGY

This cross-sectional study was carried out at the
department of Anatomy, Army Medical College,
National University of Medical Sciences. The study
commenced after obtaining permission from the
Institutional Ethical Review Committee. The sample
size was calculated by using the software G-Power
version 3.1.9.4, Considering the values of effect size as
0.20, alpha error probability as 0.05 and power of the test
as 80% as the sample size of 191 was calculated.
However, we took a sample of 215 MCQs of Anatomy of
both MBBS and BDS classes through convenience
sampling. Optical marks recognition (OMR) data related
to the MCQs were obtained from the examination
branch, and variables of interest, i.e., distractor
efficiency, difficulty index and discrimination index,
were analyzed.

Distractor efficiency was calculated based upon a
number of non-functional distractors (NFDs). Any
distractor attempted by less than 5% of the students was
declared as NFD. Zero NFD means 100% distractor
efficiency, 1 NFD means 66.67% distractor efficiency, 2
NFD means 33.33% distractor efficiency and 3 NFD
means 0% distractor efficiency.

Based on the difficulty index, the MCQs were divided
into three categories. MCQs with less than 30%
difficulty index were classified as 'hard', those from 30 to
70% difficulty index were classified as 'moderate’, and
the MCQs with greater than 70% difficulty index were
classified as 'easy' MCQs.

Similarly, the MCQs were divided into three categories
based on the discrimination index. MCQs having
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discrimination index less than 0.2 were classified as
poor, those from 0.2 to 0.39 as good and the MCQs with
discrimination index over 0.4 were classified as
excellent.

The data were entered in STATA Version 14 and SPSS
version 26 for analysis. For continuous variables, mean,
and the standard deviation was calculated while for
categorical variables, frequency and their percentages
were calculated. The correlation between numerical
variables was calculated using the spearman correlation
coefficient as the data was not normally distributed.
Whereas the association between categorical variables
was calculated using the Chi-Square test. The p-value of
less than or equal to 0.05 was considered significant.

RESULTS

Descriptive analysis of 215 Anatomy MCQs is shown in
figure 1. Pie Charts in the figure (la, Ib, Ic) shows the
frequency and percentage of the MCQs in each category
of distractor efficiency, difficulty index and
discrimination index. Figure Id shows the mean and
standard deviation of all three variables.
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Fig 1: Descriptive analysis of distractor efficiency,
difficulty index and discriminatory index showing
frequency, percentage, mean and standard deviation
(SD)
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Figure 2: Correlation of distractor efficiency with
difficulty and discrimination indices

The scatter diagram in figure 2 shows the correlation of
distractor efficiency with difficulty and discrimination
indices along with values of correlation coefficient and
alpha error (p-value). Figure 2a shows a significant
negative correlation between distractor efficiency and
difficulty index (p<0.001) while a significant positive
correlation between distractor efficiency and
discrimination index (p=0.002). However, the strength
of the correlation is high with difficulty index but weak
with discrimination index as shown by the 'R-values'.

Frequency/percentage comparison of MCQs in each
category of distractor efficiency and difficulty index is
shown as cross-tabulation in table 1. It is evident from
the table that out of the 215 MCQS, as there is an
increase in distractor efficiency, the difficulty index
increases. The distractor efficiency of 33% and 66.67%
have mostly the moderate and easy difficulty index,
which means that there is at least 1-2 distractor with
100% distractor efficiency.

The table I shows that frequency/percentage of MCQs in
'hard' category of difficulty index increases with the rise
in distractor efficiency whereas that in 'easy' category
decreases and the association between the two variables
is statistically significant (0<0.001).

Table II shows the frequency/percentage comparison of
MCQs in each category of distractor efficiency and
discrimination index. The frequency/percentage of
MCQs in 'excellent' category of discrimination index
increases with the rise in distractor efficiency whereas
that in 'poor' category decreases and the association
between the two variables is statistically significant
(p<0.001).
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Table I: Association of distractor efficiency with a
difficulty index
Difficulty index
Hard  Moderate
0% 0 0
33.33% 6(14.63%)
66.67%
100.00%

p-value
Easy
26(100%)  <0.001

Distractor 2(4.88%) 33(80.49%)

efficiency

3(4.55%) 29(43.94%) 34(51.52%)

16(19.51%) 57(69.51%) 9(10.98%)

Table II: Association of distractor efficiency with
discrimination index

Difficulty index
Good
13 (50.00%)

p-value

Poor Excellent

0% 11 (42.31%)
33.33%
66.67%

100.00%

2(7.69%)  <0.001

Distractor

efficiency 6(14.63%)  26(63.41%)  9(21.95%)

13(19.70%)  32(4848%) 21 (31.82%)

13 (15.85%) 41 (50.00%) 28 (34.15%)

The total Anatomy MCQs item analysis has shown the
mean, standard deviation of distractor efficiency to be
64+34.28, difficulty index of 65.22+22.53 and
discrimination index of 0.3+0.13. There are 38.14% of
the MCQs having three functional distractors with the
majority of them having a moderate difficulty index
(42.79%) and a discrimination index of 52.09%. A
strong significant negative association (r= -0.73,
p=<0.001) is found between distractor efficiency and
difficulty index while a weak positive significant
association (r= 0.21, p<0.002) between distractor
efficiency and discrimination index is established. In
the Anatomy MCQs item analysis, there was a large
number of MCQs with having three functional
distractors of moderate difficulty index (69.51%). While
the MCQs having one and two distractors were mostly of
the type having moderate (43.94%) and easy difficulty
index ((80.49%) respectively.

DISCUSSION

In the educational institute, the MCQ quality can be
evaluated on the distractor efficiency, difficulty index
and discrimination index.” The distractor efficiency,
difficulty index and discrimination index are among the
instruments to check whether the MCQs are well
constructed or not. Distractor efficiency analyses the
quality of distractors and is closely associated with
difficulty and discrimination indices. A distractor used
by less than 5% of students is not a significant distractor
and should be either replaced or corrected as it affects the
overall quality of the question.

In a study conducted in Saudi Arabia Nursing Institute,

the mean distractor efficiency was 74.3% which is more
than the mean distractor efficiency of this study that is
64.96+34.28. In the same study, the difficulty index and
discrimination index had a negative correlation (r = -
0.721; p<0.01) while in this study it was also a negative
one that is - 0.08 but increased in comparison.”

The distractor efficiency of difficult items in this study is
100%, which was expected, as difficult items would
require much guesswork on the part of the student,
thereby using all the distractors. We observed that items
having one NF-D had excellent discriminating ability
(difficulty index = 0.427) as compared to items with all
four functioning distracters (difficulty index = 0.351).
This compares well with other studies favouring better
discrimination by three distracters as compared to four."

Distractor construction is often a difficult task and yet an
essential element of an MCQ construct. A distractor
selected by <5% of the graduate is categorized as a poor
distractor.’ It is quite challenging to construct an MCQ
with more than three plausible distractors, and so the
fillers are added.” In one study, 39% of the MCQs were
having two plausible distractors, indicating difficulty in
the construction of three plausible distractors. Through
item analysis, the instructor shall be able to remove non-
plausible distractor and replace it with a more
appropriate one.

In a study conducted in Pakistan, many MCQs were
having difficulty index of 81% and discrimination index
of 83% in comparison to this study which has shown
47.44% of easy difficulty index and 28% of excellent
discrimination index."" The item analysis of 48 MCQS
showed the mean difficulty index of 67.5 and mean
discrimination of 0.44 as compared to the 65.22 and 0.3
respectively.”

The quality of MCQs has a significant impact on the test
analysis. About 40 MCQs analysis showed a mean
discrimination index of 0.22, which is lower than in this
study that is 0.3+0.13." As we have not randomly
selected the MCQ for analysis, there might be a chance
of having sampling bias. So the association between
distractor efficiency and discrimination index must be
re-evaluated in further studies with larger sample sizes
and random sampling. The evaluation of student's
cognitive knowledge through MCQ shall be based on
information of the subject rather than recall only. In
another study, the discrimination index was 0.26 which
is again less than this study thatis 0.3+0.13."

Framing concise MCQs is a time-consuming and
challenging process. It is said that appropriately
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constructed MCQs result in objective testing that can
measure knowledge, comprehension, application,
analysis, and evaluation.” The MCQ medium is English
which is not the native language of the student is so the
evaluation might be affected by the language
bias/reading ability. It is not possible to construct
medicine MCQ in the Urdu language, but if in future
they are constructed, the language validity of the MCQ
can be checked through item analysis in all the MCQ
pools.

CONCLUSION

Distractor efficiency is negatively correlated with
difficulty index but positively correlated with
discrimination index.

While constructing MCQs, this fact needs to be kept in
mind because the addition of non-functional distractors,
which is not uncommon, will reduce the quality of MCQ
by not only decreasing the distractor efficiency but
adversely affecting other item analysis variables like
difficulty and discrimination indices.
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