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Background: Multiple choice questions represent one of the commonest 
methods of assessment in medical education. They believed to be reliable 
and efficient. Their quality depends on good item construction. Item analysis 
is used to assess their quality by computing difficulty index, discrimination 
index, distractor efficiency and test reliability.

Objective: The aim of this study was to evaluate the quality of MCQs used in 
the College of Medicine, King Khalid University, Saudi Arabia.

Design: Cross sectional Study design

Materials and Methods: Item analysis data of 21 MCQs exams were collected. 
Values for difficulty index, discrimination index, distractor efficiency and 
reliability coefficient. Descriptive statistic parameters were computed.

Results: Twenty-one tests were analysed. Overall, 7% of the items among all 
the tests were difficult, 35% were easy and 58% were acceptable. The mean 
difficulty of all the tests was in the acceptable range of 0.3-0.85. Items with 
acceptable discrimination index among all tests were 39%-98%. Negatively 
discriminating items were identified in all tests except one. All distractors 
were functioning in 5%-48%. The mean functioning distractors ranged from 
0.77 to 2.25. The KR-20 scores lie between 0.47 and 0.97.
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There is wide agreement that the ultimate goal of undergraduate 
and postgraduate medical education is improvement of health 
of individuals and community [1].  Therefore, medical 
education programs strive to design their outcomes to that end 
and align student assessment to ensure adequate competency. 
One of the commonest methods of assessment in medical 
education is Multiple Choice Questions (MCQs) [2]. They are 
proved to be reliable, efficient and fair but that is not inherited 
in them and is dependent on many factors among which are 
adequate psychometric properties and good construction [3]. 
Item analysis is quite useful for assessment of quality of MCQs 
items and tests [4]. This helps in revision and improvement 
of these items and tests [5]. The quality parameters identified 
by item analysis include Difficulty Index (D), Discrimination 
Index (DIS), Distractor Efficiency (DE) and test reliability. 
The D is the percentage of students who answered an item 
correctly and ranges between 0 and 100% [6, 7]. DIS describes 
the ability of an item to differentiate between higher and lower 
ability students and ranges between -1 and 1 [8]. For distractor 
function analysis, any distractor selected by less than 5% of the 
examinees is considered Non-Functional Distractors (NFD). 
The KR20 formula was used to measure reliability of each test. 
Values ≥ 0.80 are considered acceptable [9]. Thus, item analysis 
provides valuable information about the reliability and validity 
of a test item. The objective of the present study was to assess 
the quality of MCQs used in the summative exams at the end 
of semester in the College of Medicine, King Khalid University, 
Saudi Arabia.

MATERIALS AND METHODS

Settings

This cross-sectional study was conducted in the department 
of medical education of the College of Medicine, King Khalid 
University, in the period January-February 2017. The college 
was established in 1980 as the first one in the southern region of 
Saudi Arabia. The MBBS program in the college is seven years 
long including the internship. The curriculum is discipline-
based and is divided into preclinical phase and a clerkship phase. 
The preclinical phase is devoted for basic sciences. Male and 
female students are taught the same curriculum separately in 
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two different campuses. Exactly the same assessment is applied 
to all students in the two campuses. One best answer MCQs are 
used through all subjects and disciplines for both formative and 
summative purposes. They form an important component with 
different weights from the final assessment.

Data collection

The item analysis of MCQs tests for 21 courses at the end of 
first semester for the academic year 2016-2017 were collected. 
All of the tests were summative tests developed by the course 
instructors and approved by the relevant departments. All of 
the tests were also screened for item-writing flaws by assigned 
experts in MCQs construction before final approval. The studied 
quality parameters of item analysis included three for items and 
one for the whole test. Those which assess the quality of the 
items were the D, DIS and DE. The D and DIS were calculated 
according to the following formulas.

D = [(U + L)/N] x 100

DIS = 2 x [(U – L)/N]

Where U represent the upper 27% students, L the lower 27% 
and N the number of students.

Data analysis

All data was entered into MS Excel 2013 and descriptive 
statistics parameters were computed. Items with D values below 
30%, more than 85% and between 30%-85% were classified as 
difficult, easy and acceptable respectively [8]. Regarding DIS, 
in this study, items were categorized into four groups based on 
their DIS values: below zero, zero, >0-<0.2 and ≥ 0.2. Only 
those with DIS values ≥ 0.2 were considered acceptable. Items 
in each test were counted to have one, two, three or nil NFDs 
based on the criteria for NFD as that selected by less than 5% 
of the examinees. For the tests, reliability measured by KR-20 
was assessed. Ethical approval for this study was obtained from 
the research ethics committee of the college of medicine, King 
Khalid University.

RESULTS

The number of MCQs tests studied was 21, covering all levels 
of study from year two to six. The number of items in each test 
ranged from 25 to 87 (Table 1).  

The percentage of difficult items ranged from zero to 36%. 
Seven to 68% and 26% to 84% of items were classified as easy 

Description Test

1 2 3 4 5 6 7 8 9 10 11

Study level (year) 4 2 2 3 3 6 4 3 4 2 6

No of items 25 80 30 80 60 60 60 60 80 87 60

Description Test

12 13 14 15 16 17 18 19 20 21

Study level (year) 5 2 2 5 5 3 4 4 6 4

No of items 39 73 30 25 50 76 70 40 60 60

Tab. 1. Basic descriptive data

Tab. 2. Distribution of MCQs 
among the difficulty index 
groups 

Test Difficult (%) <30% Easy (%) >85% Acceptable (%)  
30%-85%

Number of 
items Mean difficulty index

1 9 (36) 7 (28) 9 (36) 25 0.51
2 5 (6) 9 (11) 66 (83) 80 0.62
3 0 14 (47) 16 (53) 30 0.76
4 2 (3) 10 (13) 68 (84) 80 0.6
5 11 (18) 4 (7) 45 (75) 60 0.56
6 4 (7) 20 (33) 36 (60) 60 0.71
7 2 (3) 27 (45) 31 (52) 60 0.78
8 0 16 (27) 44 (73) 60 0.66
9 6 (8) 14 (17) 60 (75) 80 0.54

10 4 (5) 47 (54) 36 (41) 87 0.79
11 3 (6) 41 (68) 16 (26) 60 0.85
12 5 (12) 15 (39) 19 (49) 39 0.78
13 7 (10) 23 (31) 43 (59) 73 0.66
14 4 (14) 8 (28) 18 (58) 30 0.66
15 2 (8) 14 (56) 9 (36) 25 0.75
16 4 (7) 24 (48) 22 (45) 50 0.66
17 2 (3) 21 (27) 53 (70) 76 0.68
18 6 (8) 37 (53) 27 (39) 70 0.75
19 5 (13) 5 (12) 30 (75) 40 0.55
20 4 (6) 35 (59) 21 (35) 60 0.81
21 3 (4) 11 (19) 46 (77) 60 0.66

Total 74 (7) 386 (35) 640 (58) 1100  
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had acceptable DIS. The range of percentage of items with 
acceptable DIS values in all tests were 39%-98%. 

The percentage of items with NFDs are shown. Seven percent 
to 75% of distracters were functional in all of the exams. All the 
distracters were functional in 5%-48% of the items in all exams 
(Table 4).

Means of D, DIS, FD per item and KR-20 scores are shown in 
Table 5.

and acceptable respectively. Overall, 7% of the items among all 
the tests were difficult, 35% were easy and 58% were acceptable 
(Table 2). 

Analysis of the DIS values revealed all the tests contained 
some items which were negatively discriminating except one  
(Table 3). In eight exams, items with negative DIS reached 10% 
or more, while in seven exams 80% or more of the questions 

Test % of Negative 
values

% of zero 
values

% of values in the 
range 0-0.19

% of values in the 
range 0.2 or above

Mean discrimination 
index

1 12 4 4 80 0.64
2 3 10 0 87 0.56
3 0 6 12 82 0.46
4 1 1 0 98 0.6
5 12 8 0 80 0.6
6 15 38 1 46 0.12
7 6 24 9 61 0.29
8 2 3 9 86 0.42
9 5 8 8 79 0.4

10 5 56 0 39 0.2
11 3 37 16 44 0.27
12 11 34 5 50 0.2
13 4 40 1 54 0.36
14 17 27 3 53 0.25
15 4 6 37 53 0.2
16 10 30 0 60 0.2
17 2 3 5 90 0.5
18 8 40 2 50 0.21
19 10 12 6 72 0.32
20 13 28 15 44 0.19
21 5 13 8 74 0.38

Tab. 3. Distribution of MCQs among the 
discrimination index values

Test Three 
NFDs Two NFDs One NFD Nil No of 

questions

Functioning 
distractors 

per test

Mean functioning 
distractors per item

1 38% 27% 16% 19% 25 39% 1.17
2 5% 25% 40% 30% 80 65% 1.95
3 22% 33% 23% 22% 30 48% 1.44
4 12% 37% 32% 19% 80 52% 1.56
5 5% 27% 47% 21% 60 61% 1.83
6 22% 30% 33% 15% 60 47% 1.41
7 18% 35% 35% 12% 60 47% 1.41
8 10% 30% 40% 20% 60 57% 1.71
9 9% 16% 30% 45% 80 70% 2.11

10 32% 30% 26% 12% 87 39% 1.17
11 52% 27% 15% 6% 60 26% 0.77
12 18% 40% 33% 9% 39 44% 1.32
13 14% 22% 36% 28% 73 59% 1.77
14 12% 30% 37% 21% 30 56% 1.68
15 44% 11% 28% 17% 25 39% 1.17
16 38% 30% 26% 6% 50 33% 1
17 3% 16% 34% 47% 76 75% 2.25
18 17% 21% 10% 52% 70 65% 1.94
19 3% 18% 31% 48% 40 75% 2.25
20 43% 28% 22% 7% 60 31% 0.93
21 8% 22% 37% 33% 60 65% 1.95

Tab. 4. Distractor analysis of MCQs 
items in all tests

4



 −

© Oncology and Radiotherapy 

DISCUSSION

This was a cross sectional descriptive study in a medical school 
where a discipline-based curriculum had been implemented. 
Twenty-one MCQs final exams were analysed representing 
21 different courses at all study levels. This was the first study 
done in the college for the same purpose and could be the first 
one covering all the MBBS program in a Saudi medical school 
context as far as the authors know. The mean D of all the tests was 
in the acceptable range of 0.3-0.85. In fact, all of the means were 
in the range of 0.51-0.85 indicating that the items tended to be 
more near the easy end. This is also shown by the percentage of 
easy questions among all the tests which reached 35% compared 
to 7% difficult questions. In a similar study where 12 tests 
were analysed, the D scores ranged from 64% to 89% [10]. In 
another study, 40% of the items had D values of more than 70% 
and were classified as easy [11]. It was also identified that in five 
exams, the easy questions reached more than 50%. Overall, the 
mean of DIS values were acceptable. Only two of the exams, 
number 6 and 20, had unacceptable mean DIS of less than 0.2. 
However, all the exams contained negatively discriminating 
questions except exam number 3. In exam 14, the negatively 
discriminating items were 17%. In similar studies but analysing 
lesser number of items, 20% (12) and 4% (2) of the items were 
negatively discriminating [12]. The percentage of NFDs ranged 
between 3% and 52% among all exams. This could explain 
the high D noticed in some of the exams. It seemed that the 
distracters used in those questions were not plausible.  Haladyna 
and Downing concluded that more than 38% of distractors on 
the tests were NFDs and were eliminated [13]. Tests become 
more valid and reliable whenever the number of plausible 
distractors increases [14]. A NFD in an item lowers the quality 
of that item and should be revised or removed [15]. It had 
been found in some studies that items with three functioning 

distractors ranged from 1.1 to 8.4% of all items. Teachers might 
expect up to 50% of the items they develop not to perform as 
they expect [16]. Distractors chosen by students can be helpful 
in identification of the learning difficulties experienced by them 
[17]. The mean number of functioning distractors per item 
ranged from 1.35 to 1.74 in one of the studies where 514 items 
with three options were analysed. Our findings identified values 
of mean functioning distractors in the two extremes in the range 
of 0.77 in test 11 to 2.25 in tests 17 and 19. In 76% of the 
exams the reliability was acceptable reaching above 0.7. In 62% 
of the exams it was more than 0.8. A reliability of less than 0.5 is 
considered questionable, [18] while that from 0.5 to 0.6 makes 
it necessary to revise the test.  In the present study, only one 
exam has got a reliability of less than 0.5. A possible explanation 
for that could be the relatively low number of questions which 
was 25. The test scores obtained from such tests may not reflect 
student competency but reflect the effects of factors related to 
the testing conditions and peculiarities of the items [19]. The 
analysis of ten pharmacology MCQs exams resulted in reliability 
coefficient scores of 0.38 to 0.66 [20] which was below the 0.7 
limit taken as the lowest acceptable reliability for a class room 
test [21].

CONCLUSION

Overall, the quality of the items and tests was found to be 
acceptable. Some items were identified to be problematic and 
need to be revised. The quality of few tests of specific courses 
was questionable. These tests need to be revised and steps taken 
to improve this situation.
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Test No of items Mean D Mean DIS Mean FD per item KR-20

1 25 0.51 0.64 1.17 0.57

2 80 0.62 0.56 1.95 0.95

3 30 0.76 0.46 1.44 0.93

4 80 0.6 0.6 1.56 0.97

5 60 0.56 0.6 1.83 0.89

6 60 0.71 0.12 1.41 0.83

7 60 0.78 0.29 1.41 0.82

8 60 0.66 0.42 1.71 0.9

9 80 0.54 0.4 2.11 0.89

10 87 0.79 0.2 1.17 0.72

11 60 0.85 0.27 0.77 0.72

12 39 0.78 0.2 1.32 0.51

13 73 0.66 0.36 1.77 0.83

14 30 0.66 0.25 1.68 0.85

15 25 0.75 0.2 1.17 0.47

16 50 0.66 0.2 1 0.61

17 76 0.68 0.5 2.25 0.92

18 70 0.75 0.21 1.94 0.77

19 40 0.55 0.32 2.25 0.85

20 60 0.81 0.19 0.93 0.68

21 60 0.66 0.38 1.95 0.85

Tab. 5. Summary of item analysis parameters
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