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ORIGINAL PAPER
Abstract
Introduction. MCQs are increasingly being used to assess
students' knowledge. However, MCQs should be with quality
i.e. valid & reliable for efficient assessment. For the purpose
of assessing the quality of items and developing valid question
bank item analysis was done. Aim. By item analysis, the
quality of MCQs is assessed using the difficulty index,
discrimination index, and distractor efficiency. Material and
methods. A total 60 items with 180 distractors from an
internal examination in Physiology, of 150 medical students of
first phase of Vilasrao Deshmukh Government Medical
college, Latur, were analysed by calculating the difficulty
index(P), discrimination index (D) and distractor efficiency
(DE). Results. The mean of P was 58.07±23.26%. Out of 60
items, 33 had acceptable & 06 had difficult P value. The mean
of D was 0.17±0.13. Twenty-three had acceptable to excellent
D. Thirty-four items were with poor D and 3 were having
negative D indicating poor framing of items or under
preparation of students. Out of 180 distractors, 56 (31.11%)
were non-functioning distractors (NFDs). There were
26(43.33%) items with zero NFDs and only 3 items had zero
FDs. Fifteen items had only one NFD (66.6% distractor
efficiency) and 16 had two NFDs (33.3% distractor
efficiency). Some items with NFDs found to have acceptable
P value. Conclusion. The study concludes that item analysis is
easy & effective way of analyzing items. So, after every
examination item analysis is essential to improve standard of
assessment to assess learner’s knowledge.
Keywords: difficulty index, discrimination index, distractor

efficiency

I. INTRODUCTION
Assessment drives learning because it includes both
formative and summative knowledge and has a strong
influence on learning [1]. The medical education worldwide
consists of an initial assessment of a learner’s needs,
monitoring of teaching-learning activities, certification of the
competence to award a degree and practice medicine in
context to the of the societal need[2].It gives insights about
students’ learning and competencies. It also provides active
feedback to the teachers on their educational actions [3].
Multiple choice questions (MCQs) are the most used
assessment tool for medical students [4]. Being with
objectivity MCQs (items) avoid the assessor’s bias during
scoring, having the advantage of covering vast content and
assessing many candidates [5]. But if not well constructed, it
will direct students to guessing. It is twice as reliable
compared to short-answer questions [6] & is found to be
superior to the modified essay question in assessing
higher-order skills [7].
An MCQ consists of a stem and possible options. The
stem of an item can be in question form, or an incomplete
statement, or in fill in the blanks form. An item mostly has
four options, with one correct answer and three wrong options
which act as distractors. The teacher needs to know how good
the test questions are and whether the test items were able to
reflect students’ performance in the course related to learning
as he constructs and assesses a test [8]. The constructed items
should be valid & reliable, yielding the same results if
administered to the same group of test takers multiple times
[9]. The reason for poorly developed MCQ can be item
writing flaws like ambiguous stems, negatively worded
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options, or options that are not plausible. All of them affect the
quality of the MCQs and make the assessment process less
reliable and valid [10].
Item analysis, also called post-validation analysis, is
the statistical process of collecting, summarizing, and using
information from students’ responses to assess the quality of
test items and the test as a whole [11]. The purpose of item
analysis is to identify good MCQs, which is based on
difficulty index (P) or P-value, discrimination index (D), and
distractor efficiency (DE). It is a relatively simple but valuable
procedure performed after the examination that provides
information regarding the reliability & validity of a test [12].
The main aim of item analysis is to improve standard of tests
by revising or eliminating ambiguous or misleading items.
The aim of the present study was to assess the quality
of MCQs (items) by determining the difficulty index,
discrimination index of items, & distractor efficiency.
II. MATERIAL AND METHODS
This cross-sectional study was conducted in the
department of Physiology, Vilasrao Deshmukh Government
Medical College, Latur, Maharashtra in the month of January
2022 using term end & preliminary examination scores of 150
students of phase I MBBS of batch 2020–21. The study was
approved by the institutional ethical committee.
The study analyzed 60 single response type MCQs.
Each item has a single stem with four options, including one
being a correct answer & three distractors (incorrect answers).
Each item assigned one mark. The maximum possible score
was 60, and the minimum possible score was zero, with no
negative marking. Thirty-five percent was the passing score.
The data obtained was entered into MS Excel &
analyzed. The scores of 150 students were arranged in
descending order from highest to lowest marks. Then, students
were divided into three groups. One group consisting of higher
scores was considered as the higher score achievers (H) &
another group consisting of lower scores as the low score
achievers (L) group. Out of 150 students, 50 were in the H &
50 in the L groups, the rest 50 were in the middle group and
were not included in the study. This serves the twin purpose of
having groups large enough to be representative and different
enough to be meaningful [13].
The students were ranked in order of merit using
Microsoft Excel 2010. The bottom third (50) of low achievers
(L) and the top third (50) of high achievers (H) were used for
item analysis to serve the twin purposes of having groups
large enough to be representative and different enough to be
meaningful [14]. We analyzed a total of 60 items with 180
distractors. Based on this data, various indices such as the
difficulty index (P), discrimination index (D), and distractor
efficiency (DE) were calculated for all items using standard
methodological formulae.
DIF I (P): It is determined by calculating the
percentage of examinees that answered the item correctly.
Difficulty Index (P) = [(H+L)/N] × 100

Discrimination Index (D) = [(H–L)/N] × 2
Where: H – Number of students answering correctly in High
score achievers’ group
L – Number of students answering correctly in Low
score achievers’ group
N –Total Number of students in both groups
The difficulty index is an ease index because the higher the
value of P, the easier an item is and vice versa [15].
DIF I (P):
Range: 0 – 100%
P< 30% : Difficult
P 30–70%: Acceptable
P 50–60%: Ideal
P >70% : Easy
A higher value of P shows that greater number of students
have answered correctly. It indirectly proves that questions are
easy to attempt [16].
The discrimination index (D) is the ability of an item to
differentiate between high performing students and low
performing ones. Negative D indicates defective items or
wrong key.
Discrimination index (D):
Range: 0 – 1
≥0.36
: Excellent
0.25-0.35 : Good
0.21-0.25 : Acceptable
≤ 0.20
: Poor
DE is defined as the ability of incorrect answers to
distract the students. A non-functional distractor (NFD) means
< 5% students have chosen an incorrect answer & a functional
distractor means an option that is selected by 5% or more
students. Based on the number of NFDs in an item, DE would
be 0%, 33.3%, 66.6% and 100% [17].
III. RESULTS AND DISCUSSIONS
A. Results
A total 60 MCQs & 180 distractors were analyzed. The score
of 100 students ranged 24-47. The mean & standard deviations
(SDs) of P (DIFI), D (DI) & DE were 58.07±23.26%,
0.17±0.13 & 68.86±31.8% respectively (Table 1).
Table 1: Characteristics of MCQs evaluation criteria [18]
Parameters
Marks
Student (n)
150
MCQs (n)
60
Score Total (n) (mean±SD)
60
Score obtained (mean±SD)
35.67±5.78
Range
24-47
Difficulty index (%) (mean±SD)
Range

58.07±23.26
2-98

Discrimination index (mean±SD)
Range

0.17±0.13
-0.3 - 0.46

Distractor efficiency (%) (mean±SD)
Range

68.86±31.8
0-100
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Out of 60 items, 33 had an ‘Acceptable’ level of
difficulty & 21 had an ‘Easy’ level of difficulty, while 6 were
‘Difficult’ items (Table 2, Fig.1).

Discrimination
Index (D)

Table 2: Difficulty index (P)[19]

P
<30%
30-70%
>70%

No. of items
n=60
06(10%)
33(55%)
21(35%)

Interpretation

≥0.36
Excellent

6.67%

Difficult
Acceptable
Easy

56…

0.25-0.35
Good

18.33%
13.…

0.21-0.24
Acceptable
≤0.2 Poor

Difficulty Index (P)

Figure 2: Proportion of discrimination index

10%
<30% Difficult

35%

30-70% Acceptable

55%

>70% Easy

Figure 1: Proportion of difficulty index
Out of 60 items, 11 had ‘Good’ & 8 had ‘Acceptable’
discrimination power. Four items had excellent discrimination
power& 34 items had a poor discrimination index. Besides
this, 3 items had negative discrimination index (Table 3, Fig.
2).
Table 3: Discrimination Index (D) [19]
D
≥0.36
0.25-0.35
0.21-0.24
≤ 0.20

No. of items
n=60
04 (6.67%)
11(18.33%)
08(13.32%)
34(56.6%)

Parameters
MCQs (Total)
Distractors (Total)
Functional Distractors
Non-Functional Distractors
MCQs with zero NFDs/ 4
(DE=100%)
MCQs with 1 NFDs/ 3
(DE=66.6%)
MCQs with 2 NFDs/ 2
(DE=33.3%)
MCQs with 3 or more NFDs/1
FDs (DE=0%)

Excellent
Good
Acceptable
Poor

FDs

Number/%
60
180
124 (68.89%)
56 (31.11%)
26 (43.33%)

FDs

15 (25%)

FDs

16 (26.67%)

or 0

03 (5%)

Table 5: Discrimination index of items with
acceptable P value

Interpretation

D
Excellent
Good
Acceptable
Poor

Fifty-six out of 180 were non-functional distractors
(NFDs). Twenty-six items were with zero NFDs means having
100% distractor efficiency (all functional distractors) while
only 3 items had zero functional distractors (FDs), i.e. zero%
distractor efficiency. Fifteen items were with only one NFD
(66.6% distractor efficiency) & 16 had two NFDs i.e. with
33.3% distractor efficiency (Table 4).
Thirty-three items having an Acceptable level of
difficulty index when analyzed for discrimination index 7
items had an Acceptable D but 14 were with oor D. Only 3
were Excellent while 9 were with Good D value (Table 5).

14

Table 4: Analysis of Distractors [19]

No. of items, n=33
03(9.09%)
09(27.3%)
07(21.2%)
14(42%)

There were 34 items with different numbers of NFDs,
out of which 14 had an Acceptable difficulty index. Three
items were with a less than 30% difficulty index while 17
were at the Easy level of P. And out of 34 items, 26 (76.47%)
had a Poor discrimination index. Five (14.7%) items were with
good discrimination index while 2 had Excellent
discrimination index & only one had an Acceptable
discrimination index (Table 6).
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Table 6: Difficulty index (P) & discrimination index (D) of
items with different no. of NFDs[19]
P
Difficult
Acceptable
Easy
--

No. of items
n=34
03(8.8%)
14(41.2%)
17(50%)
--

D
Excellent
Good
Acceptable

No. of items
n=34
2(5.88%)
5(14.7%)
1(2.94%)

Poor

26(76.47%)

B. Discussion.
The study was done to analyze items which are used to assess
medical students’ knowledge. Assessment is an essential part
of learning process in education and MCQs are the most used
tool. It quickly evaluates different levels of cognition like
comprehension, application, analysis, and synthesis among
students [20]. MCQs need to be of quality which means
should be valid and reliable. Therefore, to assess items we did
post-validation analysis using DIFI, DI& DE, which is a
simple but effective method. It also detects specific technical
flaws, provides feedback for further improvement [21] &helps
to develop a pool of valid MCQs. An ideal MCQ should have
average level of difficulty (>30- 60%) with a higher
discrimination index (>0.25) and 100% distractor efficiency
(means all three incorrect responses should function) [22].
The mean score obtained was 35.67±5.78 & 100% of
students are having passing marks. Mean P was 58.07±23.26%
which is in the acceptable range of difficult index(P).Out of 60
items 33 (55%) were well within the acceptable range of
difficult index(P). Nine were ideal (P:50-60%). Thirty five
percent (23) were easy& 10% (06) were in difficult range &
should be revised or discarded. The difficult items should be
reviewed for any confusing language, incorrect key or else
discarded. The reason for items to be difficult may be because
of had not been taught properly or difficult for students to
grasp it or may not be studied it at all. These items can be used
for selecting toppers. Easy questions too needed for increasing
confidence level of students. Too difficult items (P ≤ 30%)
will lead to deflated scores, while easy items (P>70%) will
result into to inflated scores and a decline in motivation [23].
Only 35% of the total test items had difficulty index scores
crossing 70%. This observation was quite close to a study of
year two examinations of a medical school reported by Si Mui
Sim et al (2006), who found that about 40% of the MCQ items
crossed difficulty index 70% showing that the test items were
easy for the examinees [24]. It is advisable to place easy items
at the beginning of the paper to boost the confidence of overall
students and taken as warm up questions. Difficult items can
be used to select toppers [25].
Discrimination index differentiates between students
with higher and lower capabilities. The theoretical range of D
is from negative to 1.0, with >0.35 being acceptable: and
higher the D more differentiating is an item [26].In our study
mean D was 0.17±0.13. Eleven & 8 items had good and
acceptable D respectively so these items can be retained
&stored in the question bank. Four items were excellent to

discriminate the students. An item may show low
discrimination if the test covers a wide range of content areas
at different taxonomic levels of cognitive skills (Mehrens&
Lehmann, 1983) [27]. Thirty-four items had poor D which
indicates that the items were too difficult or too easy and need
to be revised or discarded. Three had negative D means poorly
framed with incorrect key or generalized under preparation of
students and should be discarded as these items reduces
validity of items [28]. Some studies have shown negative D in
20% and 4% items [29,30]. Revising these items may
contribute to the validity of the test on next test.
When items with acceptable difficulty level were
analyzed for discrimination, 9 & 7 had good & acceptable
discriminating power. Three were with excellent power to
differentiate high score achievers from low score achievers.
Though 14 were in acceptable difficulty level, having poor
discriminating power, so these should be revised.
Analysis of the distractors identifies their errors, so
that they may be revised, replaced or removed [31].
Distractors used in the items need to be plausible so that they
attract at least 5% of students [32]. Hingorjo observed that
items having one NFD had excellent discrimination ability
[33].
Out of 180 distractors, 56 were non-functional. Items
with 100% distractor efficiency that is with zero NFD, can be
retained in the question bank. We should remove or replace
NFDs with a more plausible option. More NFDs in an item
increases P (makes an item easy) and reduces D. While
framing quality MCQ, distractors should be plausible and the
number of NFDs should be reduced. However, NFD is not the
only factor that contributes to the difficulty of an item. Flaws
in item writing also contribute to poor student performance
[34]. Thirty-four items were with more than zero NFDs. We
determined the difficulty level of each item having more
NFDs before revision and found that 14 that is about 41.2% in
the acceptable range of difficulty so can be retained.
Therefore, items though have more NFDs, there is no need to
discard them& can be retained. Three items having a difficult
level of difficulty index need revision. Fifty percent were easy
& should be discarded or revised.
IV. CONCLUSION
Item analysis is an easy & effective method of
assessing the quality of MCQs. It helps to identify items with
good &poor indices. Depending upon analysis, we can decide
whether to retain, revise or discard items & this way can
improve the standard of MCQs. It is helpful to create a quality
question bank. In this study, the majority items were in the
acceptable range of difficulty index, so they can be stored in
the question bank. But easy items also were there which need
to be revised or discarded, otherwise it will create false
confidence in students. Many items had poor discriminating
power, hence it will be better to discard those items. Items
with an acceptable difficulty level had poor discriminating
power. Therefore, decision to retain or discard depends upon
the purpose of the examination. Many items have NFDs which
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need to be replaced or removed. Some MCQs, though having
more NFDs have been found to have acceptable difficulty
level so these items should be further analyzed for difficulty
before revision. As most of the items with a greater number of
NFDs had poor discriminating power their retention depends
on the purpose of examination. The analysis of defective items
should be done for flaws, and it should be optimized. These
should not be blindly dropped; otherwise, some skills may be
left out of the assessment.
The results show that there should be change in the
way MCQs are being selected for any test. After every
examination analysis need to be done to improve the standard
of assessment as standardized MCQs only can efficiently
assess learner’s knowledge.
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