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Abstract

Background: Anatomy is the foundation stone of medical education, and assessing anatomy
competency is essential. Assessment tools should fulfill objectivity, reliability, validity, and test
higher cognitive skills. Assessment is a very significant component of education. To correctly
judge the knowledge and skill of learners, assessment should be valid and should judge the
appropriate levels of cognition. A large portion of the curriculum is assessed in a short period
of time, requiring less effort from the student. However, it takes a lot of effort and time for the
examiner to make high quality MCQs. Properly constructed multiple-choice questions assess
higher-order cognitive processing of Bloom's taxonomy, such as interpretation, synthesis, and
application of knowledge, instead of just testing recall of isolated facts

Methods: Hundred MCQ's from internal examinations of anatomy papers were analyzed
for difficulty index, discrimination index (DI), and distractor efficiency (DE).

Results: In the present study, out of 100 MCQs, 19 were difficult, 60 were acceptable, and 21
were easy. 25 items did not discriminate against high achievers versus low achievers, 37 were
acceptable, and 38 were highly discriminatory. There was a low positive correlation between
the Difficulty Index and the Discrimination Index in tests two and three. However, there was a
negligible correlation in tests one, four, and five.

Conclusion: Item analysis of the MCQs performed after the assessment provides insight
into test item reliability and validity. In addition, it indicates how difficult or easy the questions

were.
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INTRODUCTION

Anatomy is the foundation of the medical
sciences, and students need to attain core
anatomical competencies for a strong basis for
clinical correlation and professional practice.!
Assessment is an essential component of teaching
and learning. It is imperative to assess competence
attained, so understanding the subject is a vital
step towards performing and mastering the
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competency.? Assessment in anatomy must obey
the same general assessment parameters like
objectivity, validity, and reliability.! The objectivity
of assessment tools is important, irrespective of
the purpose of the evaluation. Multiple-choice
questions (MCQs) are one such tool that fulfills
these parameters and is very commonly employed
nowadays.

Designing MCQs is complex, difficult, and
time consuming, but easy to administer. They are
often used because of their high objectivity and
ability to cover a wide area in a short amount of
time. Higher levels of cognitive domains in Bloom’s
taxonomy can be assessed by properly constructed
multiple-choice questions instead of just testing
recall. This is done by formulating an item® and it
needs to be tested for standard or quality.**® Item
analysis is a valuable yet relatively simple way of
statistically analyzing assessment data. It is used to
evaluate the quality and performance of test items
performed after appearing in the examination.*?
The item analysis evaluates the difficulty level of
the question and measures the ability of the item to
discriminate exemplary students from others. The
Difficulty index (DIF) and discrimination index
(DI) are markers of the psychometric quality of the
MCQ?

The difficulty index is the fraction of students
who get the answer correct. The higher the value,
the easier the question, and it ranges from zero
to 100. The higher the difficulty index value, the
easier the questions. The discrimination index
compares the performance of high achievers with
that of low achievers, and the value may range
from zero to one. If the discrimination index is
higher, the item discriminates between high
and low achievers. A third marker is distractor
efficiency (DE). Percentage fluctuations in the
distractors can be used to determine how well
they distracted the students.”” They can also be
used to compare the quality of the distractors
with the correct response. This helps to revise
items and prepare for the test.” and indicates
whether distractors function as distractors or
not. If the distractors are selected by 5% or more
of the students, they are considered functional
distractors.

Item analysis is critical to maintaining the quality
of multiple-choice questions, and it is constructed
from the responses given by students. The most
difficult or easiest questions need to be revised
or discarded, and they are based on the difficulty
index, discriminatory index, and functional
distractors.”

The present study evaluated the difficulty index,
discriminatory index, and functional distractors
of multiple-choice questions in a formative
examination of anatomy.

METHODOLOGY

This was a descriptive longitudinal study. The
analysis included 100 MCQs, 20 items per test,
which were used in a formative assessment of
anatomy for the 2019-20 and 2020-21 batches
of medical students. Subject experts vetted and
validated each of the MCQs based on the blueprint.
200 students evaluated each MCQ.

Data Collection: For item analysis, the results of
all students were ranked in descending order, from
highest marks to lowest marks, and then divided
into quartiles. The top 27% scores as upper quartile
or high scores (n = 54) and the bottom 27% scores
as lower quartile or low scores (n = 54) groups were
included in the analysis. The average scores, middle
quartiles were excluded from the study.

Item analysis: Difficulty Index, discrimination
index and distractor efficacy were calculated to
evaluate MCQ.

Difficulty Index (DIF): DIF= [(H+L)/N] x 100

H= Number of students who marked correct
options in high score group

L=Number of students who marked correct
options in low score group

T=Total number of students in both groups
DIF value is expressed in percentage. Its range
is 0-100. Its recommended value is 45-60 and its
acceptable value is 25-75°
Interpretation of DIF:
e DIF >70% = Too easy
e DIF b/w 30-70% = Acceptable
* DIF <30% = Too difficult

Discrimination Index (DI): DI=2x[(H-L)/N] x 100
DI value is expressed in as a fraction. Its range
is 0-1.0

Interpretation of DI:

* DI<0.2 = Poor

* DIb/w 0.21-0.24 = Acceptable

e DIb/w 0.25-0.35 = Good

e DI>0.36 = Excellent
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Distractor efficacy (DE): Distractor efficiency
was determined for each item based on the number
of NFDs in it and ranged from 0 to 100%. DE was
100%, 66.6%, 33.3% and 0% based on presence of
zero, one, two or three nonfunctional distractors in
an item respectively.?

Distractor % = No of students selected the
distractor/ Total no of students *100

Another way to analyze the distractors is
calculating the item discriminator (ID).

ID= Nu-Nl/n

Nu = Number of students answered in upper
group

NI =Number of students answered in lower
group

n= Number of students in 27%

Statistical analysis: All data are reported as mean
+ SD of n items. The relationship between the item
discrimination index and difficulty index values for
each test paper was determined using regression
analysis by statistical package of IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY: IBM Corp
and the coefficient of determination is given by R2. A
P value of <0.05 was considered to indicate statistical
significance.

Table 1: Interpretation of Difficulty index for each test

RESULTS

A total of 200 students in each batch took the test.
Three tests for 17-18 batch and two tests for 18-19
batch students were conducted and each test had
20 MCQ. A total of 100 Macq’s and 300 distractors
were analyzed.

Difficulty index (Table 1): Out of 100 questions,
19% were difficult, 21% easy and 60% are in the
acceptable range. Test one has the highest number
of easy questions followed by test five, then test
three, and test two & fourhasthe least number of
easy questions.

Discrimination index: (Table 2): Out of 100 questions
38% are excellent, 37% are acceptable and 25 % are poor
in discriminating the good students from poor. Test three
has the maximum number of excellent questions and
poor questions, test four maximum number of acceptable
& good questions.

Out of 100 items according to difficulty index 23 items
need to be discarded and according to discrimination
index 10 items need to be discarded.Testsone, three and
five are more difficult than test two and four (Table 4).

There was a negligible correlation between the
Difficulty Index and the Discrimination index (Fig. 1,

Difficulty = Interpretation Action Test1 Test 2 Test 3 Test 4 Test 5 Total
index Value N (%) N (%) N (%) N (%) N (%) N (%)
o e Revise
<30% Difficult Discarc/l 4 (20) 4 (20) 4 (20) 5 (25) 2 (20) 19 (19)
31-70 Acceptable Store 9 (45) 14 (70) 12 (60) 13 (65) 12 (60) 60 (60)
571 Easy Revise/ 7 (35) 2 (10) 420) 2 (10) 6 (30) 21 21)
Discard
Table 2: Interpretation of Discrimination index for each test
Discrimination Interpretation Action Test 1 Test 2 Test 3 Test 4 Test 5 Total
index N (%) N (%) N (%) N (%) N (%) N (%)
<0.2 Revise/
(Poor) Poor Discard 5 (25) 6 (30) 7 (35) 4 (20) 3 (15) 25 (25)
0.21-0.24 Revise/
(Acceptable) Acceptable Discard 3 (15) 3 (15) - 2 (10) 1) 9(9)
0.25-0.35
(Good) Good Store 5 (25) 3 (15) 3 (15) 9 (45) 8 (40) 28 (28)
>0.36
(Excellent) Excellent Store 7 (35) 8 (40) 10 (50) 5 (25) 8 (40) 38 (38)
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4&5) of Testone (r= -.051, p=.830), Testfour (r= .207,
p=-381) and Test five. (1= .086, p=.717). It was observed
that there was a low positive correlation between the
Difficulty Index and the Discrimination index (Fig. 2&3)
of Test two. (r= .400, p=.080) and Test three (r= .397,
p=-083).

Table 3: Distractor efficacy

Distractor efficacy (Table 3 & Fig. 6): Out of 300
distractors 250 were functional distractors and 50 were non
functional distractors and 61 were not good distractors and
need to be removed.

Distractors analyzed using item discrimination (ID),
ID=Test two had a maximum number of non functional /
not good distractors.

Number of NFD  Number of MCQ Distractor Efficacy <
DISCUSSION
0 63 100% _—EE——
1 25 75% Assessment strategies are crucial for effective
5 1 50% assessment, and their proper use presents a great
challenge to educators. The assessment should be
3 1 25% designed according to the objective. If the objective
i =
25 O 0 O
22 Distractor efficacy
20
16
15 13
=
10
6
5
0 L
Testl Test2 Test3 Test4 Tset5
o |

Fig. 6: Number of non functional/ not good distractors

Table 4: Mean and standard deviation of distractor efficacy, difficulty, and discrimination index of each test

Test Difficulty index Discrimination Index Distractor efficacy
Mean StD Mean StD Mean StD
1 53.702 23.027 0.306 0.114 -0.09 0.08
2 47.304 17.653 0.292 0.286 -0.1 0.14
3 54.793 28.500 0.323 0.201 -0.12 0.16
4 48.032 18.712 0.309 0.145 -0.08 0.1
5 53.15 19.914 0.3 0.177 -0.08 0.12
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is not clear, we will fail to plan the assessment,
leading to test failure.’

Several factors are considered for an effective
assessment. Resource considerations are very
significant, as this plays a major role in the
exam chosen. The reliability and validity of an
assessment play a significant role, and assessment
tools should also be able to discriminate between a
good and poor candidate. One such tool is MCQs,
and they are highly reliable and valid. MCQ’s are
easy to mark and have a low impact on academic
time compared to essay questions. However,
its construction is a very time consuming and
complex process.!?

Item analysis assesses the quality of individual
MCQ’s and the whole test. It helps to identify
topics that need more emphasis while teaching.
The difficulty index and the discrimination index
are often related.” Effective MCQs should have a
proper difficulty level and discriminate between
performers and non-performers. An item analysis
helps to identify effective MCQ’s depending on the
difficulty index (DIF I), discriminating index (DI),
and distractor efficiency (DE).>*?

The wide spread use of discrimination values
with same level of difficulty may reflect some
degree of guessing. Items with poor discrimination
indices should be reviewed or discarded. This also
gives feedback to the faculty regarding the test’s
validity. If the item is very difficult, it can be due
tovariety of reasons. These include not being taught
well, being inappropriate, or having the wrong
wording or key given.'

In the present study, out of 100 MCQs, 19 were
difficult, 48 were acceptable, and 33 were easy.
Among the items, 25 did not discriminate against
high achievers compared to low achievers, 37 were
acceptable, and 38 were highly discriminatory. Out
of 100 items, 77 could be retained, but 23 need to
be discarded. There was a low positive correlation
between the Difficulty Index and the Discrimination
Index in tests two and three. However, there was a
negligible correlation between tests one, four, and
five. Tests one, three, and five were more difficult
than tests two and four. This may be because the
individuals responsible for creating the item were
different.

It is possible that a successful student might not
take the risk of attempting or taking a tough path
to solving a difficult item. This might cause him to
become unsuccessful. A weak student might guess
and answer without understanding, and this could
result in negative discrimination index.'**!13

Distractors are vital components of an item and
have a substantial impact on test score. The design
of distractors influences student performance. A
distractor is effective when more students from
the group of low achievers choose it than from the
group of high achievers. A distractor that is not
chosen by students is dysfunctional, does not help
measure educational outcomes, and has a negative
impact on learners.'

For the items that have the highest number of
non-distractors, it is inevitable that most students
will get the items correct. If a high proportion of
easy items are included in a test with absolute pass
scores set at a fixed percentage (i.e., 50%), it will
likely result in many borderline candidates passing
who should not."”

In the present study, only 63 items had all
distractors with 100% distractor efficacy, and only
one item had all non functional distractors.

The number of non functional distractors affects
an item’s discriminative power. Items with one non
functional distractor will have better discriminating
abilities than items with four functioning distractors.
Reducing the number of distractors from four to
three decreases the difficulty index but increases
the discrimination index and reliability. Because
writing items with four distractors is difficult,
the fourth distractor will mostly fill the gap and
become the weakest distractor.”#°?" Two or more
functional distractors per item are required to say
the item is good quality.?! Distractor efficiency can
be related to Bloom’s cognitive level. Items at the
application level will have an increased number of
efficient distractors than items at the knowledge
level 2%

Although MCQ items measure analyzing
skills, they cannot provoke cognitive processes
as effectively as essays. These essays are better
suited to testing higher cognitive levels of Bloom's
taxonomy. Answering essay questions requires
students to recall information from the text, but
answering MCQs relies on familiarity. So, it is
expected to correlate positively with the extent
of active processing a reader engages in during
text comprehension while answering essays.
However, objectivity is difficult. Therefore, it
is better to have a combination of MCQ’s and
essays in a test. Without changes in curricular or
teaching learning activities, qualitative changes
in assessment methods can alter student behavior
and improve academic performance. This should
be considered when planning a competency based
curriculum.”
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Entrance and licensing examinations prefer
MCQs because they are easy to grade and
objective. Some educators argue that MCQs
require only knowledge recall, but many authors
argue that well constructed MCQs can test higher
order thinking. However, constructing MCQs to
assess higher order questions is difficult and time
consuming, and documentation of the cognitive
levels associated with each question is very
essential when interpreting student performance.*
Assessment and case based questioning drive
learning. The assessment tool influences students’
critical thinking approach to learning. MCQ'’s
with good context richness aid in complex clinical
thinking, while questions with poor context mostly
test recall levels of knowledge.”

Psychometrics not only reflect the quality of
the items but also the quality of the students, and
therefore, they cannot be taken as absolute values.
So expert review is essential despite acceptable
psychometric performance.” The quality of item
also depends on faculty who constructed it and
Bloom’s taxonomy. Teachers can make necessary
modifications to MCQs, like editing or deleting
them, depending on the analysis results.?**

The difficulty and discrimination index of four
option items are lower than those of five option
items. Psychometric properties remain same for
three-option, four-option, and five-option tests. It
is true that reducing the number of options may
make the exam easier. However, removing the least
distracting component is a vital strategy to maintain
item’s quality. It also reduces the time to answer
questions, more content can be covered at the same
time, and burden on the item writer is minimized.?

CONCLUSION

Item analysis is performed after the examination
and provides information regarding test item
reliability and validity. It also tells you how difficult
or easy the questions were. Item analyses help
detect specific technical flaws in the questions and
provide information for improvement. Distractor
efficiency is one such tool that tells whether the
item was well constructed or failed to perform its
purpose. Increases the examiner’s item writing
skill. Items having average difficulty and high
discrimination against functioning distractors
should be incorporated into future tests to improve
test development and review. This would also
improve the overall test score and provide proper
differentiation among students.

Limitations: Limitation of this study was,
different set of faculties were involved in preparing
the items. There was no comparison between the
different sets of students who were evaluated.
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