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ABSTRACT 
Background: The ability to generate a high-quality multiple-choice question (MCQ) is a very important skill 
for every medical educator. Analysis of these questions is an important post-test evaluation step that will give 
valuable feedback to the item (MCQ) constructor regarding how difficult and discriminative each item was. 
Moreover, the effectiveness of each alternative is also investigated and their efficiency is calculated. 
Objectives: To evaluate the quality of MCQs used in Anatomy exam over a period of 2 years. 
Materials and methods: A cross-sectional study was conducted to analyze 320 MCQs used in four anatomy 
tests. For each item, the difficulty index (DIF), discrimination index (DI) and distractor efficiency (DE) were 
calculated. 
Results: The mean difficulty of the four tests ranges between 57.35-61.52. The majority of MCQs were 
either of average difficulty (39.7%) or moderately easy (35.3%). Seventy per cent of MCQs were highly 
discriminative with DI above 0.4. The efficiency of the distractors was 100% in 49.7% of questions. The four 
tests were highly reliable with KR-20 >0.9. A very strong negative and positive correlation was found 
between DIF and DE, DI and DE respectively. 
Conclusion: The four anatomy tests showed high reliability and acceptable difficulty and discrimination 
reflecting competence in item writing. However, Conscious attention is always required while writing the 
distractors to eliminate any non-functioning ones thus Increasing the DE of the MCQ.  
 
Keywords: Anatomy, item analysis, difficulty, discrimination, distractor efficiency. 
 

 السنت لطلبت التشريح لمبدة الاختيبراث متعذدة الاسئلت تقييم

 الموصل خبمعت الطب كليت في والثبنيت الأولى

 
 *سؤٔف يًزبص سَب

 انعشاق ، انًٕصم ، انًٕصم جبيعخ ، انطت كهٛخ ، انزششٚخ فشع*

 

 الخلاصت

رعذ انمذسح عهٗ إَشبء سؤال يزعذد الاخزٛبساد عبنٙ انجٕدح يٓبسح يًٓخ جذًافٙ يجبل انزعهٛى انطجٙ. ٚعذ رذهٛم ْزِ الأسئهخ  الخلفيت:

خطٕح يًٓخ فٙ رمٛٛى يب ثعذ الاخزجبس ٔانزٙ سزٕفش يعهٕيبد لًٛخ فًٛب ٚزعهك ثًذٖ صعٕثخ كم عُصش ٔرًٛٛضِ. علأح عهٗ رنك، 

 يشزذ ٔدسبة كفبءرّ.ٚزى أٚضًب دساسخ فعبنٛخ كم 

 انًسزخذيخ فٙ ايزذبٌ انزششٚخ عهٗ يذٖ عبيٍٛ. MCQsرمٛٛى جٕدح الأسئهخ  الأهذاف:

(، DIFسؤالاً يزعذد الأخزٛبساد. نكم عُصش، رى دسبة يؤشش انصعٕثخ ) 023أجشٚذ دساسخ يمطعٛخ نزذهٛم  المواد والطرق:

 (.DE( ٔكفبءح انزشزٛذ )DIٔيؤشش انزًٛٛض )

إيب يزٕسطخ انصعٕثخ  MCQ. ٔكبَذ غبنجٛخ الأسئهخ 25.52-53.05صعٕثخ الاخزجبساد الأسثعخ ٚزشأح ثٍٛ ط يزٕس النتبئح:

. ٔكبَذ كفبءح 3.0أعهٗ يٍ  DIكبَذ رًٛٛضٚخ نهغبٚخ يع  MCQs% يٍ الأسئهخ 33.0%(. 05.0%( أٔ سٓهخ إنٗ دذ يب )3..0)

ًُشززبد  . رى انعثٕس عهٗ علالخ سهجٛخ ..KR-20 >3د الأسثعخ يٕثٕلخ يع % يٍ الأسئهخ. ٔكبَذ الاخزجبسا3..0% فٙ 533ان

 عهٗ انزٕانٙ. DIF ٔDE ،DI ٔDEٔإٚجبثٛخ لٕٚخ جذاً ثٍٛ 

أظٓشد اخزجبساد انزششٚخ الأسثعخ يٕثٕلٛخ عبنٛخ ٔصعٕثخ يمجٕنخ ٔرًٛٛضاً ٚعكس انكفبءح فٙ كزبثخ انًبدح. ٔيع رنك،  الاستنتبج:

ب الاْزًبو انٕاعٙ ًً  .MCQانخبص ثـ  DEأثُبء كزبثخ عُبصش انزشزٛذ لإصانخ أ٘ عُبصش غٛش عبيهخ ٔثبنزبنٙ صٚبدح  يطهٕة دائ
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 .انزششٚخ، رذهٛم انعُبصش، انصعٕثخ، انزًٛٛض، كفبءح انزشزٛذ الكلمبث المفتبحيت :

 

INTRODUCTION 
ssessment of students’ knowledge and 
performance is a cornerstone process that 

determines progress in medical schools. The 
quality assurance of all the assessment practices 
from planning, preparation, execution, and analysis 
of examination results is thus essential to ensure 
valid and reliable assessment practices 

1
 . Multiple 

Choice Questions (MCQs) are commonly used to 
test knowledge outcomes in medical colleges due 
to their preference among both students and 
faculty members 

2,3
 . When appropriately 

constructed, MCQs (commonly referred to as 
items) are superior to essay questions as they can 
test the student’s higher cognitive abilities 
especially, the application, interpretation and 
synthesis of knowledge 

4
 . 

Constructing an effective MCQ test needs a pre-
test conscious decision from the examiner 
regarding the test difficulty and test discrimination 
abilities of each item 

5
 . Still, post-test 

psychometric evaluation of the MCQ items can 
give valuable information about the quality of the 
test. This is performed mainly by calculating the 
DIF, the DI and DE for each item used in the test, a 
process known as item analysis 

6
 .  

The item difficulty index (DIF) reflects the number 
of students who correctly answered the item and it 
ranges between 0-100%. A smaller DIF, means a 
more difficult question 

7
 . On the other hand, the 

item discrimination index (DI) is defined as the 
ability of the item to distinguish between high and 
low-achieving students within the same cohort. It 
ranges between -1 and +1. Ideally, a perfect item 
will have a DI of +1, which means that all the high-
achieving students and none of the low-achieving 
students have chosen the correct answer 

7
 . 

However, this is not the case in the real world and 
the DI of a properly constructed item usually 
ranges between 0 - >0.4 

6,8-10
  

Another item analysis parameter is the distractor 
efficiency (DE). Each item contains a stem and 
four to five options, one is the correct option (key). 
All the other options are incorrect alternatives and 
are called distractors. Non-functional distractors 
(NFD) are those alternatives selected by less than 
5% of students. Every distractor selected by 5% or 
more students is regarded as a functional 
distractor (FD) 

11
 . Based on how many FDs each 

item has, its DE will range from 0% to 100%. If all 
the distractors were efficient (functional) then the 
DE is 100%. If one, two, three or four distractors 
were regarded as NFD then the DE would be 75%, 
50%, 25% and 0% respectively 

6,12
 . 

Test reliability is another quality assurance 
parameter. It measures the internal consistency of 
the test results. In other words, how well the test is 
measuring what we want to measure. Many 
formulas have been used to calculate the internal 
consistency (Reliability) of a test for example 
Cronbach alpha and Kuder Richardson (KR)-20 

13
 . 

The test reliability score ranges between 0 to 1. 
The closer the number to 1 means better reliability 
and at least a score of 0.7 is required for an MCQ 
test to be considered reliable 

14
 .  

The study aimed to analyze the quality of the 
Anatomy MCQ questions used in Anatomy final 
exams over two academic years (2021-2022 and 
2022-2023).  
 

MATERIAL AND METHODS 
Data Collection and Ethical Approval:  

The study was conducted in the Department of 
Anatomy and was approved by the College 
Council who authorized access to the examination 
data. Students' identities were kept anonymous 
and confidential at all stages of the study.  
A cross-sectional descriptive study was designed 

to analyze 320 Anatomy MCQ items with their 
1280 distractors. These items were used for the 
final exams for the Anatomy I course and the 
Anatomy II course that were conducted over the 
years 2022 and 2023. The characteristics of each 
test (number of students, number of items, mean 
and range of test scores) are shown in Table 1. In 
the four tests, each item consisted of a stem and 
five different answers from which the students 
were asked to select the correct one. Student 
exam papers were automatically corrected using 
an optical Mark Recognition system.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 
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Table 1: Number of students, number of items, mean (± SD) and the range of test scores in each final exam 
for the years 2021-2022 and 2022-2023 

Test Academic year 
No. of 
students 

Course 
No. of 
items 

Mean test score 
± SD 

Range of 
test score 

1 2021-22 427 Anatomy I 100 61.52 ± 19.3 16-100 

2 2021-22 690 Anatomy II 100 57.35 ± 16.7 9-98 

3 2022-23 497 Anatomy I 60 35.55 ± 10.9 8-57 

4 2022-23 452 Anatomy II 60 35.22 ± 11.03 9-59 
 

  
Item Analysis and Data Interpretation 

Students were first ranked based on their test scores; each correct answer gets 1 point. Data obtained were 
then analyzed using Microsoft Office Excel and GraphPad Prism software. Statistical significance is 
determined using ANOVA, with P<0.05 considered to be statistically significant.  
The DIF: was calculated for each item using the formula (DIF=C*100/TN, where C=total correct responses 

for that particular item and TN=total number of students) 
11

 . Interpretation of DIF according to the Local 
college guidelines is shown in Table 2A. 
The DI: was calculated for each item using the formula (DI=HG-LG/n). where HG= The number of students 

who answered the item correctly in the high-achieving group (top 25%) and LG= The number of students 
who answered the item correctly in the low-achieving (LG) group (lower 25%), and n=total number of 
students in each group 

11
 . Interpretation of DI according to the Local college guidelines is shown in Table 

2B. 
 

Table 2: Interpretation of (A) DIF and (B) DI according to local guidelines 

DIF %   DI 

80.01-100 Very easy   <0 Faulty question, eliminate 

60.01-80 Moderately easy   0-0.19 Poor discrimination 

40.01-60 Average   0.20-0.29 Acceptable discrimination 

20.01-40 Moderately difficult   0.30-0.40 Good discrimination 

0-20 Very difficult   >0.40 Excellent question 

DIF; Difficulty index, DI; Discrimination index. 
 
Test reliability: was calculated based on Kuder-Richardson (KR)-20 formula as it is specifically used for 

items with binary data (0,1) 
15

  using the formula: 
KR-20= (k / (k-1)) * (1 – Σpiqi / σ2). where: k= Number of MCQs in the test, pi= Proportion of students who 

correctly answered MCQ (j), qi= Proportion of students who incorrectly answered MCQ (j), σ2= score 
variance for all students who took the test. 
The number of NFD and DE was calculated for each item 

5
 . A distractor is considered a NFD if it was 

selected by fewer than 5% of students. The correlation between different item analysis parameters was 
calculated using Pearson’s correlation coefficient (r). The correlation is considered very weak, weak, 
moderate, strong or very strong based on r values (between 0-0.19, between 0.2–0.39, between 0.40–0.59, 
between 0.6–0.79 and between 0.8–1 respectively) 

16
 .  

 

RESULTS 
The four tests were highly reliable with KR- 20 above 0.9 (Table 3). A total number of 320 Items, were 

analyzed with the mean DIF for the 320 items being 59.26±16.7. The hardest item in the four tests had a DIF 
of 16.4% (which means only 16.4% of students were able to choose the correct answer) while the easiest 
item had a DIF of 97.2%. The number of questions in each difficulty category is shown in Table 3. 
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Table 3: Reliability, mean DIF and No. (%) of items in each category based on DIF interpretation 
according to local guidelines. 

T
e
s
t Test 

reliability 
(KR-20) 

Mean DIF 
± SD 

No. (%) of items 

VE ME A MD VD 

1 0.95 61.52 ± 15.7 10 (10.0) 40 (40.0) 39 (39.0) 11 (11.0) 0 (0.0) 

2 0.93 57.35 ± 17.2 10 (10.0) 32 (32.0) 40 (40.0) 16 (16.0) 2 (2.0) 

3 0.91 59.25 ± 17.1 7 (11.7) 22 (36.7) 22 (36.7) 8 (13.3) 1 (1.7) 

4 0.90 58.69 ± 17.2 8 (13.3) 19 (31.7) 26 (43.3) 6 (10.0) 1 (1.7) 

Total 35 (10.9) 113 (35.3) 127 (39.7) 41 (12.8) 4 (1.3) 

A; Average, DIF; Difficulty index, ME; moderately easy, MD; moderately difficult, VE, very easy, VD; 
very difficult. 
Of the 320 test items analyzed, the majority of questions were found to be either of average difficulty (127 

MCQs, 39.7%) or moderately easy (113 MCQs, 35.3%). The number of very easy questions (35 MCQs, 
10.9%) was near to that of the moderately difficult ones (41 MCQs, 12.8%).  Only a few MCQs were 
considered very difficult (4 MCQs, 1.3%) (Figure 1A). The 4 tests were comparable in regard to their difficulty 
and no significant difference was found (Figure 1B). 

 
Figure 1: (A) Frequency distribution of the number of MCQs according to their difficulty levels for the 

four tests. (B) box plot showing the mean DIF for the 4 tests. (C) box plot showing the mean DI for the 4 
tests. (D) Correlation between the DIF and the DI for the 320 MCQs analyzed. A; Average, DIF; 

Difficulty index, DI; Discrimination index, ME; Moderately Easy, MD, Moderately Difficult, VE; Very 
Easy, VD; Very Difficult 

Of the total 320 items analyzed, the majority (over 70%) have an excellent DI. Only a few were regarded as 
faulty or having poor discrimination (1.3% and 2.8% respectively) (Table 4). No significant difference was 
found between the discriminative abilities of the 4 tests (figure 1C). Analysis of the correlation between DIF 
and DI of the 320 items showed a very weak positive correlation (r=0.0184) of these 2 parameters (Figure 
1D). The correlation analysis using individual data from each was also performed and this also showed a 
very weak negative correlation that is not significant (data not shown). 
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Table 4: Mean ± SD of DI and No. (%) of items in each category based on DI interpretation for the four 
tests according to local college guidelines.  

T
e
s
t Mean DI 

± SD 

No. (%) of items 

Faulty 
question 

Poor DI 
Acceptable 

DI 
Good DI Excellent DI 

1 0.48 ± 0.14 1 (1.0) 3 (3.0) 5 (5.0) 18 (18.0) 73 (73.0) 

2 0.43 ± 0.13 1 (1.0) 3 (3.0) 9 (9.0) 24 (24.0) 63 (63.0) 

3 0.46 ± 0.15 0 (0.0) 3 (5.0) 4 (6.7) 7 (11.7) 46 (76.7) 

4 0.47 ± 0.15 2 (3.3) 0 (0.0) 2 (3.3) 13 (21.7) 43 (71.7) 

Total 4 (1.3) 9 (2.8) 20 (6.2) 62 (19.4) 225 (70.3) 

DI; Discrimination index, SD; Standard deviation. 

Analyzing the effectiveness of 1280 distractors for the 320 items was also performed. The number and 
frequency of Functional distractors (FD) were reported (Table 5). Nearly three-quarters of the items had an 
excellent distractor efficiency of either 100% or 75% reflecting very high-quality questions. However, items 
with 2,1 and 0 functional distractors represented 12.5%, 9.4% and 3.4% respectively. Frequency distribution 
analysis of the number of items according to their DE was done for each test individually (Figure 2). Nearly 
half of the questions in the four tests have 100% DE.  
 

Table 5: Number of items in each distractor efficiency category with the number of their functional and non-
functional distractors of the four Anatomy exams. 

DE Categories Number of items (%) 

items with 4 functional distractors (0 NFD, DE =100%) 159 (49.7) 

items with 3 functional distractors (1 NFD, DE =75%) 80 (25.0) 

items with 2 functional distractors (2 NFD, DE =50%) 40 (12.5) 

items with 1 functional distractor (3 NFD, DE =25%) 30 (9.4) 

items with 0 functional distractors (4 NFD, DE =0%) 11 (3.4) 
 

DE; Distractor efficiency, NFD; non-functioning distractor 
 

 
Figure 2: Frequency distribution of the MCQs according to their DE for test 1(A), test 2 (B), test 3 (C) 

and test 4 (D). DE; Distractor Efficiency 
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The correlation between the DE of the 320 items and their DIF and DI was then analyzed. DE was 
significantly negatively and positively correlated with the DIF (Figure 4E) and DI (Figure 5E) respectively. 
This means that the more efficient distractors the item has, the more difficult and more discriminative it will 
be. The analysis was also repeated on each test. While the significant negative correlation between DIF and 
DE was maintained between the 4 tests (Figure 3, A,B,C,D), the significant positive correlation between the 
DI and DE was only maintained in tests 1,2, 3 and it was lost in tests 4 (Figure 5, A,B,C,D). 

 
Figure 3: Correlation between distractor efficiency (DE) and the number of non-functioning distractors 
(NFD) in the Y-axis, and difficulty index (DIF) in the X-axis, for each MCQ item in test 1 (A), test 2 (B), 

test 3 (C) and test 4 (D). (E) is the correlation between the DE and DIF of the 320 MCQ items analysed 
in the four tests. 

 
 

Figure 4: Correlation between distractor efficiency (DE) and the number of non-functioning distractors 
(NFD) in the Y-axis, and the discrimination index (DI) in the X-axis, for each MCQ item in test 1 (A), test 

2 (B), test 3 (C) and test 4 (D). (E) is the correlation between the DE and DI of the 320 MCQ items 
analysed in the four tests. 

 

DISCUSSION 
Item analysis is the process by which the 

performance of different items included in the 
exam is assessed based on the student's 
response.  This analysis will help in evaluating the 
quality of each item as well as the quality of the 
exam as a whole, thus, increasing confidence in 
test scores 

17
 . Item analysis will also give 

feedback to teachers about the effectiveness of 

their teaching practices, the need to give more 
focus on certain outcomes that students found 
difficult and the teacher's item writing skills. In 
addition, the different item statistics measured are 
important not only to decide the reliability of the 
exam but also to help to decide which items are to 
be retained in the item bank (good items) and 
which items need further improvement of the stem 
and/or distractors (badly performing items) 

11
 .  
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Ideally, all MCQ questions used in any summative 
test should have been evaluated previously, 
formatively, in order to determine each MCQ 
difficulty and discrimination indices. This allows the 
examiner to use the appropriate difficulty level for 
the whole test and to use the items that best 
discriminate between high and low-achieving 
students. A perfectly constructed item should have 
a DIF between 30–70%, DI of >0.25 and a DE of 
100% 

18
.  

The majority of the items analyzed in this study 
were of an acceptable DIF (DIF is between 30-
70%). The mean DIF of 4 analyzed tests is 
considered acceptable by many other studies 
which reported mean exam difficulty of 53.2±22.4 
19

, 54.1±17.5 
20

, 47.9±16.4 
21

. In their paper, 
Kheyami et al 

18
  analyzed 16 summative exams 

performed over 3 years (2013-2016). The mean 
DIF of these exams ranged between 36.70–
73.14% which they considered acceptable. They 
reflect the considerable variation in item DIF to 
continuous improvement in faculty item writing 
skills. Another study by Karelia et al 

22
 analyzed 12 

summative exams administered between 2008-
2012, they reported a mean DIF of the individual 
tests in the range of 47.17% to 58.08%.  
The four tests had a very high ability to 

discriminate between high and low-achieving 
students. The mean DI of the analyzed tests 
ranged between 0.43-0.48. More than 70% of the 
320 questions were of excellent DI (>0.4). This 
reflects a very good ability among faculty members 
in regard to item construction and a high 
confidence that these tests can differentiate 
between good and bad students. This is much 
higher than the discrimination abilities of other 
tests reported in literature where studies have 
reported only 0% 

21
 , 29% 

23
, 32.5% 

19
 of items 

have an excellent DI. However, other studies had a 
comparable level of items with excellent 
discrimination to our study 

17,20
 . Items with poor or 

negative DI usually have incorrect answer keys or 
are suffering from unclear, confusing stems. These 
items should not be utilized again unless they are 
corrected 

18
.  

Despite one might think that there should be a 
strong correlation between the item DIF and DI; 
where more difficult questions can more effectively 
discriminate between low-achieving and high-
achieving students and vice versa; the present 
work showed a very weak non-significant 
correlation which was also reported by other 
studies 

19,21
. This weak negative correlation was 

reported to be significant by Mitra et al 
24

. Other 
studies also reported a weak, but significant 
positive correlation between DIF and DI with the 
maximal discrimination occurring with moderately 

easy to moderately difficult items (DIF between 40-
70%) 

9,18,23
. 

Having plausible distractors is another measure of 
good MCQ. An item with DE of 0,25 or 50% 
reflects either a poorly constructed item or an easy 
item that is utilized by the examiner on purpose. In 
the current study, nearly half of the items had a 
100% DE. Other studies reported 13.3%,13.8% 
and 70% 

5,21,25
. In the current study, the number of 

items with 100% DE was highly negatively 
correlated with the DIF and positively correlated 
with DI. This means that the higher the number of 
functional, plausible distractors the item has, the 
more difficult and discriminative it will be. Any 
increase in the number of nonfunctional distractors 
will reduce the DI and increase the DIF of the item 
so the item will be easier to be answered by a 
larger number of students.  
 

CONCLUSION 
Performing an item analysis is an important step 

after every MCQ exam. It will ensure a high-quality, 
reliable exam that can effectively differentiate 
between low and high achieving students. Item 
analysis parameters also very important to develop 
an MCQ bank which contain items with acceptable 
DIF and DI. Feedback to teachers should also be 
given after the test on how their MCQs performed 
and any possible improvement measures.  
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