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Abstract 
Introduction: Multiple Choice Questions (MCQs) is one of the most preferred tool of assessment in medical education as a 
part of formative as well as summative assessment. MCQ performance as an assessment tool can be statistically analysed 
by Item analysis. Thus, aim of this study is to assess the quality of MCQs by item analysis and identify the valid test items to 
be included in the question bank for further use. 
Materials and methods: Formative assessment of Ist MBBS students was carried out with 40 MCQs as a part of internal 
examination in Biochemistry. Item analysis was done by calculating Difficulty index (P), Discrimination index (d) and number 
of Non- functional distractors. 
Results: Difficulty index (P) of 65% (26) items was well within acceptable range, 7.5% (3) items were too difficult whereas 
27.5% (11) items were in the category of too easy. Discrimination Index (d) of 70% (28) items fell in recommended category 
whereas 10% (4) items were with acceptable, and 20% (8) were with poor Discrimination index. Out of 120 distractors 
88.33% (106) were functional distractors and 11.66% (14) were non-functional distractors. After considering difficulty index, 
discrimination index and distractor effectiveness, 42.5% (17) items were found ideal to be included in the question bank. 
Conclusion: Item analysis remains an essential tool to be practiced regularly to improve the quality of the assessment 
methods as well as a tool for obtaining feedback for the instructors. 
Key Words: Difficulty index, Discrimination index, Item analysis, Multiple choice questions, Non-functional distractors 
 

INTRODUCTION 

Assessment is a critical component of instructions, 
especially in the field of medical education where it is 
generally said that “Assessment drives the learning”1 

and thus playing a central role in determining what 
and how students learn. If properly used, it can aid in 
accomplishing key curricular goals. Tests are a strong 
motivator and are a way to convey students what is 
important. Assessment also helps to fill instructional 
gaps by providing the feedback to the teachers as 
well as encouraging students to read broadly on their 
own.2 Tests have a powerful influence on students’ 
future learning even as health professionals 
expanding their professional horizons. And thus, it is 
important to develop tests or assessments that will 

further educational goals.3 In view of this it becomes 
important to review or analyse the process of 
assessment itself.  

Multiple Choice Questions (MCQs) are commonly 
used as a part of formative as well as summative 
assessments for undergraduate students since last 
two decades in our evaluation settings of MBBS 
curriculum. MCQs has its’ own pros and cons when 
compared to other types of question formats. MCQs 
are versatile, allows assessment of different cognitive 
domains like Knowledge, Comprehension, 
Application, Analysis and are reliable as a form of 
assessment,4 provided they are structured properly 
which itself is a challenging and time consuming 
process.5 
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For any assessment method to be effective it has to 
be valid, reliable, properly constructed and in 
alignment with its purpose and most importantly it 
has to be devoid of any flaws.6 We can improve the 
quality of assessment method by eliminating the 
flaws and improving the quality of items itself and 
analysing the items’ actual performance. Item 
analysis helps us to grade or review the quality of 
MCQ based on its’ difficulty index i.e. the difficulty 
level, discrimination index i.e, ability to discriminate a 
good student from not so good student and 
distractor effectiveness.7, 8  Haladyana in a study 
showed that more than 50% test items constructed 
by educators failed to produce desired results.9 Thus 
item analysis is essential, so that flawed or ineffective 
items can be identified and either revised or detained 
from further use in order to improve the quality of 
assessment test.   

Aim and Objectives: 

Thus, this study was undertaken with the aim to 
evaluate the performance of assessment by item 
analysis and to bank the “ideal” items for future use. 
This is achieved by following objectives: 

1. To perform the item analysis by calculating 

a) Difficulty Index – i.e. whether the item is of 
appropriate level of difficulty for the batch of 
students tested at that level. 

b) Discrimination Index – i.e. whether the item is 
capable of discriminating between the 
knowledgeable and the ill-informed students. 

c) Distractor efficiency/effectiveness 

2. To find the correlation between Difficulty Index 
and Discrimination Index 

3. To identify the items of known difficulty and 
discrimination indices which can be used for banking. 

Materials and Methods 

The study was conducted in the Department of 
Biochemistry, at Dr. Vasantrao Pawar Medical 
College, Adgaon, Nashik, Maharashtra. 40 single best 
response type of MCQs administered for the 
submission test as a formative assessment in 
Biochemistry to the Ist MBBS students were analysed.  
The MCQ items were constructed by all the teachers 
in the Biochemistry department and were scrutinized 
at the department for content accuracy as a usual 
practice. Out of all items, 40 scrutinized questions 
were selected by the Head of the Department and 

formatted for question paper as a formative 
assessment after completing the respective 
interactive didactic sessions. Each item consisted of a 
stem with four options, one correct response (key) 
and other three alternatives (distractors). Students 
were informed at least 3 weeks prior regarding the 
syllabus, date, time and venue of the assessment 
test.  

Out of 100 Ist MBBS students, 96 students appeared 
for the assessment test. We scored the whole test for 
all the students. A correct response was awarded 0.5 
marks and the wrong one zero marks, no negative 
marks were awarded. Students were ranked in order 
of merit based on their test scores.  

Top third (H) (n=32) were taken as high achievers and 
bottom third (L) (n=32) as low achievers. These two 
groups were considered for calculating difficulty and 
discrimination index of each item. The data was 
entered in Microsoft excel sheet and indices were 
calculated using Microsoft office excel 2017. Each 
item was analysed for its difficulty index, 
discrimination index and distractor efficiency with the 
help of following formulae:7,8,10-15 

1. Difficulty Index (P): The item difficulty or 
difficulty index or facility value indicated by the 
symbol ‘P’ is calculated by the formula 

P = H + L X 100 

         T 

Where, 

H = Number of students answering correctly in the 
high achieving group. 

L = Number of students answering correctly in the 
low achieving group. 

T =Total number of students in two groups including 
non-responders. 

P value or difficulty index is interpreted as follows: 

P < 30% – Difficult 

P = 30% to 70% - Acceptable 

P > 70% - Easy 

2. Discrimination Index (DI or d): It is the measure 
of the ability of the item to discriminate between 
good/actually knowledgeable students and not so 
good/ill-informed students.  

The discrimination index ‘d’ is calculated by the 
formula  
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           d = H - L X 2 

     T 

Where H, L & T are same as above. 

Discrimination Index (d) is interpreted as follows: 
d = negative – defective item/wrong key 
d < 0.15 – Poor discriminating ability 
d = 0.15 to 0.25 – Acceptable 
d = 0.25 to 0.35 – Good discriminating ability 
d > 0.35 – Excellent discriminating ability 

Distractor Efficiency (DE): Non-functional distractor 
(NFD) in an item is the option or alternative (other 
than the key), selected by <5% students whereas the 
alternative selected by >5% students is called as 
Functional distractor (FD).16 Depending on the 
number of NFDs present in an item, its’ distractor 
effectiveness (DE) ranges from 0% to 100%. If an item 
contains three or two or one or nil non-functional 
distractor (NFD) then DE will be 0%, 33.3%, 66.6%, 
and 100%, respectively.7 We analysed 120 distractors 
for distractor efficiency.   

Pearson’s Correlation “r” was calculated for Difficulty 
index and Discrimination index. 

Observations and Results 

Total 40 items of single best response type MCQs and 
160 options (40 correct answers i. e, key and 120 
distractors) were analyzed. The results are illustrated 
in the tables. 

Table 1: Distribution of 40 items as per their difficulty 
index (facility value ‘P’) with its’ interpretation: 

Difficulty Index/ 
Facility Value 
“P” Value (in %) 

 
< 30 

 
30 To 70 

 
> 70 

No. of MCQs 3 26 11 

Percentage of Items 7.5% 65% 27.5% 

Interpretation Difficult  
(or Defective) 

Acceptable Easy 

Mean = 55.94%  S.D. = 18.39% 
 

Table 2: Distribution of 40 items as per their 
discrimination index (DI or d) with its’ interpretation: 

Discrimination 
Index 
 (“d" value) 

<0.15 0.15 – 0.25 0.25 – 
0.35 

>0.35 

No. of MCQs 8 4 13 15 

Percentage of 
Items 

20% 10% 32.5% 37.5% 

Interpretation Poor Acceptable Good Excellent 

 Mean = 0.30   S.D. = 0.17 

For an item to be acceptable it should have difficulty 
value (P) in the range of 30 to 70 and a discrimination 
index (DI or d) more than 0.25, thus accordingly when 
the two indices were combined 25 items i.e. 62.5% of 
the total items were “Ideal”. 

Distractor Analysis: 

For distractor analysis, out of 120 distractors for 40 
items, 106 (88.33%) distractors were functional 
distractors whereas 14 (11.66%) distractors were 
found to be non-functional distractors (NFDs). 29 
items had 100% distractor efficiency i.e. nil NFDs and 
9 items had single non-functional distractor 
(DE=66.66%), whereas one item had two NFDs (DE= 
33.33%) and one was found to have all the three 
distractors as NFDs (DE= 0%) 

Table 3: Distribution of 40 items as per their Distractor 
Efficiency (D.E.): 

No. of NFDs D.E. No. of Items Percentage  
(%) of Items 

0 100% 29 72.5 

1 66.66% 9 22.5 

2 33.33% 1 2.5 

3 0% 1 2.5 

Correlation between Difficulty Index and 
Discrimination Index: 

Pearson Correlation between difficulty index and 
discrimination index showed no significant 
correlation (r=0.16).  

Discussion 

As stated by Boud D17 “Students can, with difficulty, 
escape from the effect of poor teaching. However, 
they cannot (if they want to graduate), escape the 
effects of poor assessment.” Assessment being one of 
the most fundamental, judgmental and influential 
phenomenon in the teaching and learning of the 
students, needs continuous evaluation.18 

Item analysis helps to identify the quality of items 
which in turn decides the quality of assessment test, 
which is one of the key elements in curriculum 
development.19 Hence each item has to be evaluated 
for its’ difficulty index, discrimination index and 
distractor efficiency not only to determine quality of 
assessment but also for further use and banking of 
items. 
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In this study 40 items of single best response type 
MCQs with 120 distractors from the Biochemistry, 
administered for a formative assessment to 96 Ist 
MBBS students were evaluated.  

Difficulty Index (P): Difficulty Index (P) or Facility 
Value refers to the percentage of students getting the 
item correct and thus as mentioned earlier, items 
with difficulty Index (P) < 30 % will be more difficult 
and those with P > 70% will be easier. In our study 
the mean difficulty index was found to be 
55.94+18.39% which is well within the acceptable 
range of 30-70% and is consistent with previous other 
similar studies where it ranges from 43 to 65%.11-13, 18, 

20, 21  We found 65% (26) items were in the acceptable 
range (P between 30-70%), whereas 27.5% (11) items 
were too easy i.e, P > 70 and 7.5% (3) items were too 
difficult. (P < 30).  

When the P is very small it is indicative of a difficult 
question. This could be due to improper coverage of 
the area related to test item or may be that part was 
difficult for the students to grasp. It also may indicate 
that the area assessed is not appropriate at that level 
of formative assessment for the students.22-24 Thus 
items with P <30% needs to examine for construction 
of the stem, presence of any confusing language, 
ambiguous distractors or may be an incorrect key and 
should be revised or discarded otherwise. But 
sometimes it is advisable to have some difficult 
questions also in test paper to select the toppers. 
Similarly easy questions can be retained to increase 
the confidence of students. 

Discrimination Index (d): Our study demonstrated 
the mean DI (d) of 0.30 + 0.17 which is comparable to 
other similar studies demonstrating the mean DI 
ranging from 0.21-0.37.11-13,18,20-21 We had 28 items 
with good/excellent DI (d > 0.25), out of these 15 
items (d > 0.35) were excellent in discriminating the 
actual knowledgeable students versus ill-informed 
students.  

In this study though 4 items (d = 0.15 to 0.25) needs 
to be revised, whereas 8 MCQs (d < 0.15) are to be 
discarded. Sometimes we can use items with low DI 
(d) for adequate or representative sampling of the 
course content and objectives. Thus the purpose of 
the assessment will affect the discriminating power 
of the particular item and hence the item 
discrimination indices are always interpreted in 
relation to the type of test being analysed. 25 

As in the study carried out by Saxena et al12 we also 
had 20% (8) items with d <0.15 with two items having 
negative DI. Poor discrimination index commonly 
indicates either ambiguous wordings or wrong stem 
or key or it may indicate grey areas of 
understanding.26,27 So when we further analysed 
these two items with negative discrimination index 
we found that one had a wrong key and other was a 
defective stem due to a typographical error, and both 
these items had P <30. Matlock-Hetzel28 presented 
that items with negative DI has to be discarded as 
these are not only useless, but they also reduce the 
validity of the test. 

Relationship between the ‘P’ and Difficulty Index 
(d): 

Difficulty index and discrimination index are usually 
inversely related.22 But, we could not found any such 
relationship in our study. Rao et al11 in a similar study 
found that moderately easy/difficult (acceptable 
range) items had the maximal discriminative ability. 
Items with P values closer to 0.50 are considered 
more useful in differentiating between individuals. 29 

Distractor Analysis: 

Distractor efficiency (DE), is one such tool that 
indicate whether the item was well constructed or 
failed to perform its purpose, ultimately affecting the 
quality and purpose of the assessment itself.16 In our 
study with 40 MCQs and 120 distractors we found 
106 (88.33%) distractors were functional distractors 
(FDs) whereas 14 (11.67%) were non-functional 
distractors (NFDs). Mean DE was 88.33 + 22.07 and is 
comparable with other studies.11,12,20,21 Saxena et al12 
found that, out of 90 distractors, 86 (95.55%) were 
functional distracters and only 04 (4.44%) were NFDs, 
and the mean DE was 95.55 ± 11.55 whereas Rao et 
al11 demonstrated the distraction effect of items was 
89.99%. Suryakumar Namdeo13 in a study from 
Bhubaneswar showed that out of 75 distracters, 40 
(53.4%) were NFDs and 35 (46.4%) were FDs. In this 
study they observed 32% items with one NFD, 40% 
items had two NFDs whereas 16% items had 3 NFDs.  

The number of NFDs also affect the discriminating 
power of an item. It has been observed that 
decreasing the number of distractors from four to 
three decreases the difficulty index while increases 
the discrimination index and reliability. In our study 
there were 29 items with nil NFDs, 9 items with one 
NFD and there was one item with 2 NFDs and one 
item with 3 NFDs. The items with 2 or 3 NFDs needs 
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to be revised or replaced, but the items with a single 
NFD may be used. Tarrant et al16 has concluded that 
items with two functioning distracters were more 
difficult than items with three functioning distracters. 
Whereas Hingorjo 30 observed that items having one 
NFD had excellent discrimination ability (d = 0.427) as 
compared to items with all four functioning 
distractors (d = 0.351). But again as we commonly use 
3 distractors with one correct option, the fact that 
“items having one NFD has better results in items 
having 3 distractors”, needs to be evaluated.  

Thus, functionality of the distracters in itself is an 
independent factor affecting the quality and item 
functioning. Hence, designing or constructing the 
distractors with equal plausibility is an important but 
at the same time is a difficult task. More the number 
of non-functional distractors easier the item, also 
increases the P, whereas more the number of 
functional distractors P value of the item decreases 
making the item more difficult. 

After considering all the indices of item analysis (P, d 
and DE) of the given assessment, out of 40 single best 
response MCQs as items there were 17 (42.5%) items 
which can be considered as ideal and hence can be 
used for banking for future use. 7 items having single 
NFD may or may not be revised and rest 16 items 
needs to be revised or replaced. 

Conclusion  

The functionality of distracters, the flaws in item 
writing, and the optimum number of options are 
interrelated and affect the item quality, item 
performance, and the test performance as a whole. 
Item analysis remains as an essential tool to validate 
the reliability and feasibility of a MCQ based 
assessment. It helps in indicating the assessment 
quality and assessing the functionality of the test 
carried out. It helps in identifying the gaps in the 
instructions and further improvements in 
instructions, thus serving as a very effective feedback 
mechanism for teaching as well. Item analysis 
provides a measure to identify the flawed items and 
thus provides an opportunity to construct better 
quality items. It also helps in identifying the items 
with average difficulty, with good to excellent 
discrimination index having functional distractors 
which we call as Ideal items and are banked for 
future use.  

Thus this study reinforces the fact that item analysis 
is an essential tool to be practiced regularly as a 

routine in all the formative as well as if possible in 
summative assessments too, to improve the quality 
of assessment methods which could further the 
learning and curricular goals of medical students. 
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