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INTRODUCTION 
Tests consisting of multiple choice questions (MCQ) 
are widely used in medical education, as they allow 
the evaluation of high-level cognitive areas of Bloom's 
taxonomy and the evaluation of a large number of 
people simultaneously (1-5). 
Item analysis allows the quality of MCQs to be 
evaluated. Difficulty Index (DIF I), Discrimination 

Index (DI), and Distractor efficiency (DE) are the most 
frequently used item analysis values. With these 
analyses, the properties of each substance can be 
determined separately (6). Also, item analysis helps 
to decide on the selection, revision, or removal of 
questions to create question banks. It provides data 
for question writers on their performance and guides 
them to write more effective MCQs. Guides and 
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studies on MCQ preparation can be easily found in 
the literature (1, 7-12). 
DIF I takes a value between '0' and '1'; the closer it is 
to 1, the easier the MCQ is. DIF I value for medical 
education can be grouped as ≤ 0.29 too difficult, 0.30-
0.70 acceptable, 0.50-0.60 ideal, and ≥ 0.70 too easy 
(13-15). 
DI defines the extent to which the item can distinguish 
between students knowledgeable in the targeted field 
and students who are not. DI can take a value 
between '-1' and '+1'. As DI approaches '+1', the 
ability to distinguish between those who know and 
those who do not know increases. If the DI value of 
an item is 0.19 or below and does not contain an 
obvious error that can be corrected when examined, 
it is recommended that the item be removed from the 
test/not used again. A DI value of ≥0.35 is considered 
excellent in an ideal test.  
DE is effective in determining the difficulty and 
discrimination level of an item. For someone who 
does not have sufficient knowledge of the subject 
being evaluated, distractors are expected to be the 
correct answer and be preferred. Arranging the 
appropriate distractor is as tricky as arranging the 
correct response (16). A distractor with a preference 
rate of <5% is generally considered non-functional. 
The more non-functional distractors (NFD) in an 
MCQ, the lower and easier it becomes to 
discriminate. 
It is important in ensuring the validity and reliability of 
the exams that MCQ writers master the principles of 
question preparation and have knowledge about 
interpreting the results of item analysis. Besides, it is 
important to consider the item analysis results in 
creating question banks. 
The questions of this research are as follows: 
• What are the conditions of DIF I, DI, and DE of 

the evaluated MCQs? 
• Does the number of NFD have an effect on DIF I 

and DI? 
• Do question authors have a realistic foresight 

about the difficulty level of their questions? 
In this study, the evaluation of MCQ quality and the 
assessment of question authors' predictions about 
the difficulty level of their questions are aimed to find 
answers to the research questions mentioned above. 
 
MATERIALS AND METHODS  
In the 2021-2022 academic year, a total of six MCQ 
tests were applied to 346 students studying at Dokuz 

Eylül University Faculty of Medicine (DEUFM) Term 1 
for knowledge evaluation throughout the year. The 
tests were prepared using the blueprint. The number 
of questions to be included in the tests varies 
depending on the block time and total number of 
targets (min: 100 - max: 125 MCQs). MCQs in the 
tests have five options and one correct answer. All of 
the questions were used for the first time. Item 
analysis was performed routinely after each exam. 
The results were used as a guide to decide on the 
reuse of questions stored in the question bank. In the 
2021-2022 academic year, MCQ authors recorded 
their estimation of DIF I as 'very easy, acceptable or 
very difficult' when preparing the question. Before all 
MCQs were used in the tests, they were reviewed by 
an evaluator other than the MCQ authors in terms of 
grammatical clues, logical clues, having more details 
in the right option, the arrangement of options 
(chronological or numerical order), and unnecessary 
information in the stem. After the necessary 
arrangements and corrections were made, they were 
used in the exams.  
In our faculty, a question discussion session was held 
after each exam. Questions and correct answers 
were shared with students in discussion sessions. 
After these sessions, students had the right to object 
to the information contained in the MCQs and the 
correct answer by citing literature. According to the 
item analysis results, questions with a known rate of 
10% or less, questions with a noticeably high rate of 
marking a particular distractor, questions with DI 
≤0.19 and DIF I value <30, and questions objected to 
by students citing literature support were consulted 
with the MCQ author.  
A total of 700 MCQs were used in six Term I tests that 
took place during the period covered by the research, 
and the authors of 40 MCQs were consulted in line 
with the criteria listed above. Twenty of the MCQs 
whose authors were consulted were excluded from 
the evaluation because they were found to contain 
informational errors. This process was routinely 
applied in all MCQ exams in our faculty, and the final 
calculation of student scores was made after these 
procedures. The research results were based on the 
evaluation of data from the item analysis of 688 
MCQs used in calculating student scores. 
 
Item Analysis  
DIF I and DI are calculated and categorized as 
follows: 
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H= Number of students giving correct responses in 
the high score group (upper 27%).  
L= Number of students giving correct responses in 
the low score group (lower 27%).  
N= Total no of responses in both groups.  
 
DIF I = [(H+L) / N] (DIF I of an item range between 0-
1)  
Criteria for categorization of DIF I is,  

DIF I ≥0.7 = too easy 
DIF I = 0.3 – 0.7= acceptable 
DIF I = 0.5-0.6= ideal 
DIF I ≤0.29= too difficult 

 
DI = 2 x [(HL) / N] [DI of an item range between (-1) 
– (+1) ] 
Criteria for categorization of DI are,  

DI ≤ 0.2 = poor 
DI = 0.21-0.24 =acceptable 
DI = 0.25-0.34=good 
DI ≥0.35 = excellent 

 
For DE, a distractor with a preference rate of <5% 
was considered non-functional, and the number of 
non-functional distractors (NFD) was determined for 
each MCQ.   
 
Statistical Analysis  
Statistical analyses of the research were carried out 
via SPSS v.24.0 (IBM, Armonk, NY, United States of 
America) using the item analysis results of the 
education management system used in our faculty. 
The data were reported as a percentage and mean ± 
standard deviation (SD), minimum and maximum 
values of items. By grouping as Estimated and actual 
DIF I, acceptable DIF I, and other DIF I (easy DIF I + 
difficult DIF I), one-to-one matching was evaluated 
with Mc neamer chi-square test. DIF I and DI values 
among the groups formed according to the distractor 
activity were compared using the t-test, and the effect 
size was calculated. A p-value of <0.05 was 
considered statistically significant. 
 
Ethical Approval: The study was conducted after 
receiving approval from Non-interventional Research 
Ethics Committee of Dokuz Eylül University (Decision 
Date: 11.03.2023, No:2023/02-11). 
 
Data usage permission: The data used in the 
research were obtained retrospectively from the item 

analysis results of the examinations conducted by the 
Dean's Office of Dokuz Eylül University Faculty of 
Medicine. The usage of the data has been granted 
permission by the Dean's Office of Dokuz Eylül 
University Faculty of Medicine (29.12.2022 / 
Document number: E-13511134-044[044]-470153). 
This permission document, along with other 
requested documents, was submitted to the Ethics 
Committee of Dokuz Eylül University for Non-
interventional Studies. No personal data belonging to 
individuals were used, and no interventional 
procedures were performed. 
This research dataset is accessible at 
https://doi.org/10.5281/zenodo.10461566.The 
anonymized data can be made accessible on 
request. 
 
RESULTS 
DIF I mean in post-evaluation item analysis was 
determined as 0.57±0.21 (min:0.06 max: 0.99). 
60.2% (205 questions) of all MCQs were at the 
acceptable difficulty level, and 47.5% (327 questions) 
were at the ideal difficulty level (Table 1).  
According to the difficulty estimates made by the 
MCQ authors while preparing the questions, 52.0% 
(358 questions) of the questions were labeled 
acceptable, 39.0% (268 questions) were labeled too 
easy, and 9.0% (62 MCQs) were labeled too difficult 
(Figure 1).  
 

Table 1. Distribution of items according to their DIF I, DI 
and NFD* (n=688) 

 
Number of 

items % 

DIF I 

≤ 0.29 (too difficult) 69 10.0 
0.3 - 0.7 (acceptable) 414 60.2 
≥ 0.7 (too easy) 205 29.8 
0.5-0.6 (ideal) 327 47.5 

DI 

≤ 0.2 (poor) 183 26.6 
0.21-
0.24  (acceptable) 57 8.3 

0.25-0.34 (good) 148 21.5 
≥0.35 (excellent)  300 43.6 

NFD 

0 NFD 207 30.1 
1 NFD  166 24.1 
2 NFD 154 22.4 
3NFD 104 15.1 
4 NFD 57 8.3 

*DIF I: Difficulty Index, DI: Discrimination Index, NFD:Non-
Functional Distractors  
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Figure 1. Distribution of items according to their estimated 
DIF I and actual DIF I (n=688) (%). 
 
It was determined that there was a significant 
difference between the DIF I predicted by the MCQ 
authors and the actual DIF I groups (x2 mc neamer =9.45, 
p=0.002) (Table 2). 
The DI average for all items was 0.31 ± 0.17 (min: 
-0.19, max:0.84). In the grouping  according to the DI 
level, the discrimination of 43.6% (300 questions) of 
the items was at a very good level, while the 
discrimination of 26.6% (183 questions) was very low 
(Table 1). 
There were a total of 2752 distractors in 688 MCQs. 
36.8% of the distractors (1014 distractors) were NFD. 
It was determined that all distractors worked in 30.1% 
of the MCQs (207 questions), and none of the  
distractors worked in 8.4% (57 MCQs) (Table 1).   
In the comparison between DIF I and DI levels 
according to the operating status of the distractors, it 
was determined that there was a significant difference 
between the averages of the groups (p<0.001for all, 
η2 =0.569 and 0.083, respectively) (Table 3). 
 
DISCUSSION 
In our study, it was determined that the DIF I value of 
60.2% of all items was at an acceptable level, and 
47.5% of them were at an ideal level. When we look 
at the estimated DIF I proportional distribution 52.0% 
acceptable, 39.0% too easy, 9.0% too difficult. There 
is a statistically significant difference between 
estimated and actual DIF (x2 mc neamer =9.45, p=0.002). 
MCQs DI values, we found that 43.6% were at an 

excellent level and 21.5% were at a good level and it 
was found that all distractors worked in 30.1% of 
MCQs. When we compared the DIF I values of MCQs 
according to the number of NFDs, we saw that, as 
expected, as the number of NFDs increased, the DIF 
I value approached one, and the effect size was 
significant (p= 0.000, η2= 0.569).  
It is common to use tests consisting of MCQs for 
knowledge assessment in medical education. Item 
analyses are applied after the questions are used and 
provide valuable information about the test's overall 
quality and the MCQ's quality.  
In the literature, many studies evaluated the results of  
item analysis of tests consisting of multiple-choice 
and single-correct answers applied in medicine and 
the health field. These studies generally aim to 
evaluate the items of only a single test (13, 14, 17,19).  
Unlike these studies, our research is based on the 
item analysis results of 688 of the 700 MCQs used in 
the Term 1 knowledge evaluation exams in the 2021-
2022 academic year, which contained no information 
errors and were included in the question bank after 
the exams. These questions were used for the first 
time in the relevant exams.  
Recognition/frequent use of MCQs by students has 
an impact on item analysis results. Therefore, we 
think it is important that all MCQs are used for the first 
time. However, we found no information on this 
subject in the studies we compared the results of. 
In our study, it was determined that the DIF I value of 
60.2% of all items was at an acceptable level, and 
47.5% of them were at an ideal level. When our 
results are compared with similar studies in the 
literature, it is seen that our acceptable DIF I rate is 
lower than some studies (15, 18, 21, 22). However, 
approximately half (47.5%) of the 688 MCQs we 
evaluated in our research have an ideal DIF I value. 
This finding indicates that most questions within 
acceptable limits were stacked at an ideal level. The 
range defined as the acceptable limit is quite wide. 
MCQs in tests have a certain difficulty, and 
discrimination limit is a criterion that must be 

Table 2. Distribution of MCQs according to Estimated and actual DIF I 

 

Actual DIF I 

Total Acceptable Other 

n Row % Column % n Row % Column % n Row  
% Column % 

Estimated DIF I 
Acceptable 226 63.1 54.6 132 36.9 48.2 358 100.0 52.0 
Other  188 57.0 45.4 142 43.0 51.8 330 100.0 48.0 

Total  414 60.2 100.0 274 39.8 100.0 688 100.0 100.0 
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considered for the tests to serve their purpose and 
obtain valid and reliable measurement tools. Tests 
consisting of MCQs without appropriate values can 
also impact student exam success, both in terms of 
failure and passing (5, 8, 23, 24). Therefore, we think 
that the ideal level should be tried to be achieved 
rather than the acceptable level, and these questions 
should be given priority in the selection for the 
question bank.   
MCQ writers need to consider these criteria while 
preparing their questions and try to prepare questions 
suitable for the ideal DIF I and DF level, free from 
spelling and editing errors. Our faculty has been 
providing training on MCQ preparation and item 
analysis for many years. However, as a common 
behavior, there are problems in complying with 
existing guidelines or training materials, as described 
in the literature (8, 24 - 29). Hence, MCQs in our 
Faculty are reviewed for item writing flaws by a 
measurement evaluator other than the question 
authors before they are used in the tests. Detected 
errors are corrected. In this way, the effect of common 
errors carried by MCQs is tried to be minimized. In the 
literature, in similar studies on item analysis, no 
information was found indicating that MCQs were 
reviewed/corrected by measurement and evaluator 
before being used. In the study of Ali and Ruit, based 
on the item analysis results, the results obtained in 
the subsequent use of the MCQs reviewed in terms 
of item writing flaws and NFD were evaluated (30). 
Research that provides the opportunity to 
demonstrate the effect of the regulations by  
comparing them with the item analysis results of 
equivalent exams consisting of MCQs without final 

adjustments will allow us to evaluate the real impact  
of the intense effort given.   
When determining the difficulty of a question, the 
MCQ writer needs to consider the level of the learning 
goal related to the question and the cognitive level of 
the question, which is often overlooked. Our study 
evaluates the consistency of the item difficulty level 
predicted by the MCQ author with the actual difficulty 
level. When we look at the estimated DIF I 
proportional distribution (52.0% acceptable, 39.0% 
too easy, 9.0% too difficult), it can be thought that 
question writers generally tend to prepare MCQs at 
an acceptable difficulty level. However, when we 
examined the distribution of actual DIF I values, it was 
determined that there are proportional differences in 
the DIF I distribution compared to the estimated DIF 
I, within very easy and acceptable limits. In a one-to-
one comparison, it was determined that only half of 
the MCQs, which were within acceptable limits 
according to the actual DIF I, were labeled in the 
same way by the question authors. There is a 
statistically significant difference between estimated 
and actual DIF (x2 mc neamer =9.45, p=0.002). This 
situation is most likely because MCQ authors label 
DIF I without giving it much thought/care. It may also 
be effective that students do not have a realistic 
prediction about their knowledge level or that the 
MCQs are prepared by an assessment evaluator 
other than the author before the exams.  
In our study, when we grouped the MCQs according 
to their DI values, we found that 43.6% were at an 
excellent level and 21.5% were at a good level. In our 
study, the excellent DI level is lower than that of Uddin 
et al.'s study; however, the number of evaluated 
MCQs specifically given in percentage was not clearly 

Table 3. Comparison of MCQs' DIF I and DIF Levels 

 N Mean SD Min. Max. F p Eta Squared(η2) 

DIF I 

4 NFD 57 .8961 .04242 .81 .99 

225.37 0.000 0.569 

3 NFD 104 .7550 .12403 .30 .90 
2 NFD 154 .6353 .14244 .16 .84 
1 NFD 166 .4868 .15984 .06 .78 
0 NFD 207 .4127 .13096 .09 .71 
Total 688 .5722 .20576 .06 .99 

DI 

4 NFD 57 .1695 .08589 .00 .37 

15.36 0.000 0.083 

3 NFD 104 .2905 .14291 -.06 .84 
2 NFD 154 .3425 .15454 -.03 .77 
1 NFD 166 .3449 .17484 -.10 .73 
0 NFD 207 .3217 .16996 -.19 .66 
Total 688 .3146 .16502 -.19 .84 
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defined in the article (20). Our excellent DI level 
question rate was at a higher level than similar 
studies, except for the study by Rao et al. The high 
rate of questions with ideal DIF I and excellent DI 
levels can also be considered an important clue about 
exam reliability (15, 18, 21, 22). 
The presence of NFD is one of the factors affecting 
the quality of MCQ. In our research, it was found that 
all distractors worked in 30.1% of MCQs. In 8.4% of 
MCQs, all distractors were non-functional. These 
MCQs may have irrelevant distractors, the cognitive 
level may be very low, or they may indicate rare 
situations in which all students achieve correct 
learning. However, the rate of these MCQs is quite 
low. The results of the study are consistent with the 
study of Kumar et al., where the rate of MCQs with all 
distractors being functional was found to be 33%, and 
the rate of MCQs with all distractors being non-
functional was found to be 2% (22). However, 
Bhattacherjee et al., found in their study that the rate 
of MCQ with all distractors working was 13.33%, and 
the rate of MCQ with all distractors being non-
functional was 16.67% (21).  
We use five-choice MCQs with one correct answer in 
our exams. However, in studies conducted on 
medical and health education exams related to item 
analysis, it is observed that MCQs are arranged with 
one correct answer and four options. Studies are 
showing that the number of options in the MCQ being 
less than five does not have a significant effect on the 
DIF I and DI values or that increasing the number of 
distractors in the MCQ does not have a positive effect 
(31-37). Kheyami et al., state that using an MCQ with 
four options may be better than using an MCQ with 
five options (38). Rodríguez, reported that removing 
the least functional distractor did not have a negative 
effect on DIF I, while the remaining ones may have a 
positive effect on DI with higher selection frequency 
(39).  
When we compared the DIF I and DI values of MCQs 
according to the number of NFDs, we saw that, as 
expected, as the number of NFDs increased, the DIF 
I value approached one, and the effect size was 
significant (p= 0.000, η2= 0.569). In our analysis of the 
DI values of MCQs according to the number of NFDs, 
we revealed that although we found a significant 
difference, the effect size was very low (p= 0.000, 
η2=0.083). This finding is consistent with the results 
of the studies of Rodriguez, Hingorjo and Jaleel (39, 
40). The NFD number affects both the DIF I and DI 
value of the problem. This effect is worth considering, 

especially on DIF I. It is a difficult task to prepare 
MCQs with DIF I and DI values that can be 
considered ideal for assessments in medical 
education, and as the number of options increases, 
more editing effort and time is required for the 
authors. Based on this finding, which is compatible 
with the literature, we think that it would be 
appropriate to prepare MCQs with four well-
constructed options. 
 
CONCLUSION 
In our study, we found that MCQs had mostly ideal 
DIF I values, but the MCQ authors were not very 
accurate in their DIF I estimations. In our study, we 
found that the DI value of approximately half of the 
questions was excellent. We think that questions with 
ideal DIF I and DI values will provide a realistic 
evaluation opportunity. While the number of non-
functional distractors has a significant effect on the 
DIF of a question, we found that it has a significant 
but small effect on the DI. The effect of the number of 
NFDs on DIF I and DI suggested that questions with 
four options could be used instead of having difficulty 
and making mistakes while trying to create questions 
with five options. We did not have the opportunity to 
evaluate the effect of reviewing MCQs in terms of item 
writing flaws before being used in exams on item 
analysis values, but we think that studies on this 
subject will be valuable. It is important for MCQ 
authors to use the item analysis results in the 
question bank records as a guide for their 
development and to avoid repeating the same 
mistakes in the questions they have just prepared to 
create reliable tests with high measurement values. 
Assessing the item analyses of numerous MCQs, 
particularly examining the impact of NFDs on DIF I 
and DI, and comparing question writers' difficulty 
predictions with the actual difficulty encountered 
constitute the strong aspects of this study. On the 
other hand, the failure to evaluate the impact of 
having questions reviewed by someone other than 
the question writers before usage constitutes a 
weakness of this study. 
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