
Item analysis is the process of collecting, summarizing
and using information from students’ responses to assess
the quality of test items. Difficulty index (P) and
Discrimination index (D) are two parameters which
help evaluate the standard of MCQ questions used in an
examination, with abnormal values indicating poor
quality. In this study, 120 test items of 12 Type A MCQ
tests of Foundation 1 multi-disciplinary summative
assessment from M2 / 2003 to M2 / 2006 cohorts  of
International Medical University were selected and
their P-scores in percent and D-scores were estimated
using Microsoft Office Excel. The relationship between
the item difficulty index and discrimination index for
each test item was determined by Pearson correlation
analysis using SPSS 11.5. Mean difficulty index scores of
the individual summative tests were in the range of 64%
to 89%. One-third of total test items crossed the
difficulty index of 80% indicating that those items were
easy for the students. Sixty seven percent of the test
items showed acceptable (> 0.2) discrimination index.
Forty five out of 120 test items showed excellent
discrimination index. Discrimination index correlated
poorly with difficulty index (r = -0.325). In conclusion,
a consistent level of test difficulty and discrimination
indices was maintained from 2003 to 2006 in all the
twelve summative type A MCQ tests.
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Introduction

Designing multiple choice questions (MCQ) is a
complex and time consuming process in a
multidisciplinary integrated curriculum. MCQs are used
mostly for comprehensive assessment at the end of a
semester or academic sessions1,2 and provide feedback to
the teachers on their educational actions3. Having
constructed and assessed a test, a 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 learning4.

Because of their versatile character, multiple choice
questions are the most commonly used tool type for
assessing the knowledge capabilities of medical
students5,6. There are different types of MCQs which
have been used in the medical field. The most
frequently used type of MCQ is the five choice
completion type (type A MCQ)1,7,8. The assessment
methods used for the Foundation 1 summative
assessment course at the end of six months in the
medical program of the International Medical
University included short answer questions, objective
structured practical examinations (OSPEs) and type A
multiple choice questions. These test questions were
taken from various disciplines like anatomy, physiology,
biochemistry, genetics, statistics and behavioural
science subjects. Therefore, the summative examination
papers for the Foundation 1 course were
multidisciplinary. The examination questions had been
developed by the content experts who taught the
respective disciplines and the questions had been vetted
within the individual departments before being sent to
the higher level vetting committee, which included
senior academics of various disciplines. 

One of the major concerns in the construction of test
items for an examination is ensuring the reliability of
the test items8. Item analysis is the process of collecting,
summarizing and using information from students’
responses to assess the quality of test items9,10. The item
statistics can help to determine those items that are
good and those that need improvement or deletion from
the question bank. It allows any aberrant items to be
given attention and reviewed. One of the most widely
used method in investigating the reliability of a test
item has been classical test theory (CT) item
analysis10,11. This type of item analysis essentially
determines test homogeneity. The more similar are the
items given in the test; it is more likely that they
measure the same kind of intended ability and therefore
attaining higher reliability. Item difficulty index is the
first item characteristic in classical test theory to be
determined12,13. This is a common practice as tests are
often not regarded as reliable measures of students’
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performance due to misfit of item difficulty with the
ability of the students.  In addition to item difficulty,
item discrimination is an important index10.
This provides information on how effectively the items
in a given test discriminate between students who are
higher in the ability measured and those who are low.
Presence or absence of faults logically affects the values
of discrimination.  Items that discriminate poorly should
be inspected for possible deficiencies11,13,14. 

Some basic forms of item analysis has been carried out
routinely by the academic affairs department in
International Medical University, but the data
generated has not been used  regularly to test the quality
of the questions or for the development of multiple
choice questions for the subsequent tests. Hence the
present research study was taken up with an objective to
analyze the quality of the multiple choice questions
(type A) used in the summative assessments of seven
cohorts of semester 1 students in the preclinical phase in
the International medical University. We have also
aimed to find out whether there was any relationship
between the item difficulty and item discrimination
indices of these MCQ items in the seven cohorts. 

Materials and Methods

Data Collection
Multiple choice question items were taken from the

twelve Foundation 1 summative assessment test papers
from the years 2003 – 2006 (with each year having two
cohorts except 2003). Items from two tests held in each
cohort from 2003 to 2005 and 1 test held in two cohorts
of 2006 were used for analysis. Each of these summative
examinations was held during the first six months
of the preclinical phase and the test paper was
multidisciplinary. A total of 120 test items were selected
for the item analysis. Each type A MCQ consisted of a
stem and five choices and the students were to select
one best answer from these five choices. A correct
answer was awarded 2 marks and there were no negative
marks for the incorrect answer. 

Item Analysis
The results of the examinees’ performance in the

summative tests were used to analyze the difficulty index
and discrimination index of each multiple choice
question item. The item difficulty index is calculated as
percentage of the total number of correct responses to
the test item15,16. It is calculated using the formula
P=R/T, where P is the item difficulty index, R is the
number of correct responses and T is the total number
of responses (which includes both correct and incorrect
responses). An item was considered difficult when the
difficulty index value was less than 30% and the item
was considered easy when the index value was greater
than 80%. The item discrimination index measures the
differences between the percentages of students in the
upper group with that of the lower group who obtained
the correct responses. At first 27% of the total number
(n) of students (varied between 195 to 217 students in
different cohorts) were counted16,18. Then the total
number of students in the upper 27% (UG) who
obtained the correct response and the lower 27% (LG)
who obtained the correct response was counted.
The discrimination index was calculated using the
formula D=(UG-LG) / n. The higher the discrimination
index, the test item can discriminate better between
students with higher test scores and those with lower
test scores. Based on Ebel’s (1972) guidelines on
classical test theory item analysis, items were
categorized in their discrimination indices10,19. The item
with negative discrimination index (D) was considered
to be discarded; D: 0.0 – 0.19 – poor item – to be
revised; D: 0.2 – 0.29 – acceptable; D: 0.3 – 0.39 – good;
D: >0.4 – excellent. 

Statistical Analysis 
All data were expressed as mean ± standard deviation

of the total number of items. The relationship between
the item difficulty index and discrimination index for
each test item was determined by Pearson correlation
analysis using SPSS 11.5. 
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Results
Figure 1 shows the difficulty index values from the

twelve summative tests held from 2003 to 2006. The
mean difficulty index of the nine tests were found in the
range between 64% and 79% and only two tests (held in
the year 2004) had mean difficulty index value more
than 80%, which could be considered as easy test paper.
M2 / 2006 cohort summative examination MCQs had
the mean difficulty index of 64.05, which has been the
least among all the tests. Only 40% of the test items in
this study crossed the difficulty index of 80% indicating
that one-third of the items were easy for the students.

Figure1. Bar chart showing the mean difficulty indices
(± S. D) of the individual summative MCQ tests

Figure 2 represents the discrimination index values of
the twelve summative tests. Except for one test for the
cohort M2/2003 held in 2003, all the other tests showed
the discrimination index values of 0.2 or higher
indicating that the test items were of acceptable
discrimination quality.

Eighty (66.7%) out of total 120 test items were found
with discrimination index level of 0.2 of higher and
were able to discriminate good and weak students.
Out of the twelve tests, only one test showed poor mean
discrimination index.  Seven out of twelve tests showed
excellent mean discrimination index, equal to or more
than 0.4. 

Figure 2. Bar chart showing the mean discrimination
indices (± S. D) of the individual summative MCQ tests

Figure 3. Scatter plot showing relationship between
difficulty index and discrimination index of items.
Also showed is the Pearson Correlation value.
Correlation was tested between individual item’s
difficulty index and discrimination index score.

When difficulty index was analyzed along with
discrimination index, 74% of the test items with poor
discrimination index had the difficulty index ranging
between 89 – 98%. Forty five out of 120 test items
showed excellent discrimination index (0.4 or >0.4).
Out of these items 82.5% had the difficulty index
between 50 – 79%. 50% of the items with difficulty
index greater than 80% were with poor or negative
discrimination index.
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Pearson correlation between difficulty and
discrimination indices showed that discrimination
index correlate poorly with difficulty index (r = -0.325).
The correlation is significant at 0.01 level (2-tailed).
Negative correlation signifies that with increasing
difficulty index values, there is decrease in
discrimination index. As the items get easy (above
75%), the level of discrimination index decreases
consistently (Figure 3). 

Discussion

Out of the 12 summative tests conducted from 2003
to 2006 for Foundation 1 course, the mean difficulty
index scores of the individual tests were ranging from
64% to 89%. Only two tests had the mean difficulty
index value more than 80%. These two tests had many
easy multiple choice questions where most of the
students got full score in the tests. Thus majority of
these tests (with mean difficulty index scores between
64% and 79%) had good MCQ test items. Only 40% of
the total test items had difficulty index scores crossing
80%. This observation was similar 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 examinees16. Li Chan
Lin et al (1999) while doing item analysis of Basic
Medical Science items of Registered Nurse Licensure
Examination in Taiwan found item difficulty in the
range of 10% – 93% with a mean of 48%17.
Brown (1983) and Algina (1986) have reported that
any discrimination index of 0.2 or higher is acceptable
and the test item would be able to differentiate between
the weak and good students20,21. In the present study,
we have seen that 80% of the MCQ from the twelve
tests had the discrimination index of more than 0.2.
Thus it showed that most of the multiple choice
questions used in all these summative tests were good or
satisfactory questions which would not need any
modifications or editing as they were able to
differentiate good and weak students. Seven of the 12

tests showed mean discrimination index equal to or
more than 0.4, indicating that these MCQ items were
excellent test items for differentiating between poor and
good performers. Li Chan Lin et al (1999) reported that
29% of the multiple choice test items in the Basic
Medical Sciences Nursing Licensure examination in
Taiwan had the discrimination less than 0.217.

Negative correlation between difficulty and
discrimination index indicated that with increase in
difficulty index, there is decrease in discrimination
index. As the test items get easier, the discrimination
index decreases, thus it fails to differentiate weak and
good students. Si Mui Sim et al (2006) found that
maximum discrimination occurred with difficulty index
between 40 – 74%16. In the present study, 82.5% of the
test items with difficulty index between 50% and 79%
had excellent discrimination index. 

For calculation of the discrimination index our study
used the method adopted by Kelley (1939) where upper
and lower 27% performers were selected18. The only
limitation of this test is that it cannot be used for a
smaller sample size.  But in our study, the sample size was
from 160 to 205 in various groups and hence the
observed results truly reflect the discriminative power of
the test items used. One inadequacy of only analyzing a
question in terms of its difficulty index is the inability to
differentiate between students of widely differing
abilities. Subjective judgment of item difficulty by item
writer and the vetting committee may allow faulty items
to be selected in the item bank. Items with poor
discrimination index and too low or too high difficulty
index should be reviewed by the respective content
experts22. This serves as an effective feedback to the
respective departments in a Medical school about the
quality control of various tests. When the difficulty
index is very small, indicating difficult question, it may
be that the test item is not taught well or is difficult for
the students to grasp. It also may indicate that the topic
tested is inappropriate at that level for the students23.
In the scatter plot, there is a wide variation in the
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discrimination indices with similar levels of difficulty
index below 75%. The negative marking for incorrect
responses has not been started in the summative MCQ
tests in our university. Hence guessing practices by the
students might have caused the wide variation in
discrimination indices.

A consistent level of test difficulty and discrimination
indices appears to be maintained from 2003 to 2006 in
all the twelve summative tests. This observation could
be due to the fact that the test items went through a
series of vetting before being selected for the
examinations. The quality of test items may be further
improved based on action taken in reviewing the
distractors by the item writer based on the calculated
discrimination and difficulty index values. Few common
causes for the poor discrimination are ambiguous
wording, grey areas of opinion, wrong keys and areas of
controversy24,25. Items showing poor discrimination
should be referred back to the content experts for
revision to improve the standard of these test items.  It
is important to evaluate the test items to see how
effective they are in assessing the knowledge of the
students based on the difficulty and discrimination
indices of the test items. 

Conclusion

There is a consistent spread of difficulty in type A
MCQ items used for three years in 12 summative tests.
The test items that demonstrated excellent
discrimination tend to be in the moderately difficult
range. Factors other than the difficulty, like the faulty
test item constructions, are not significant at the
summative tests in the preclinical Foundation I
summative examinations at International Medical
University. The results of this study should initiate a
change in the way MCQ test items are selected for any
examination and there should be a proper assessment
strategy as part of the curriculum development. Much
more of these kinds of analysis should be carried out
after each examination to identify the areas of potential
weakness in the one best answer type of MCQ tests to
improve the standard of assessment. 
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