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ABSTRACT  

Background: Multiple choice questions (MCQs) are substantially used to assess cognition in medical education 

worldwide. One of the limitations of MCQ tests is the ease of cheating. Use of a multi-version test can overcome this 

challenge because it makes cheating difficult while maintaining the same content to ensure fairness. The aims of the 

current study are to explore the effect of scrambling MCQ items on the difficulty index (DI) and to determine the 

subsequent effect on students’ performance Materials and Methods: Six MCQ tests with different versions were 

taken by 514 third-year medical students who were in the preclinical phase at the College of Medicine, Qassim 

University. Each test comprised 100 A-type MCQs. Each exam was divided into quintuples, and the mean DI for 

each quintuple was calculated and analysed. Results: Generally, there was no difference in the mean DI for the 

different versions of the same test. The DI of the fourth and fifth quintuples was significantly lower than the first 

three (p < 0.01). This change was less evident for students with a more advanced level in the programme. 

Conclusion: The scrambling of MCQs on a multi-version test does not affect the test’s overall difficulty. However, 

items may yield a lower DI when they are presented late in the test. The inclusion of more test questions may cause 

some difficulties regarding the length of the test rather than item quality being the cause.  
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INTRODUCTION 

Medical schools require a high-quality assessment 

system because tests provide important feedback to 

stakeholders and educators regarding students’ 

educational progress. There is a growing body of 

literature that addresses the importance of validity, 

reliability and other quality indicators of assessments 

(1–4). Different methods are used to assess students’ 

competencies in medical education. Among them, 

multiple choice question (MCQ) tests are used 

substantially worldwide (5). MCQs are used for both 

low-stakes and high-stakes exams because they 

provide broad sampling, they can assess a large 

number of examinees, they produce timely results and 

they are feasible (6, 7). 

A major concern with MCQ test construction is 

ensuring reliability (8), which depends on grading 

consistency and discrimination among students of 

differing performance levels. Reliability is influenced 

by many factors, such the test’s length, time limit, 

appropriate sampling and difficulty (9–11). 

Post-exam psychometric analyses are used as quality 

indicators of a test and its particular items (12, 13). 

Several studies have reported that high-quality, 

credible MCQs will result in better validity and higher 
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reliability of an assessment (6, 8, 14–16). 

One limitation of MCQ tests is the ease of cheating 

(17, 18). The use of a multi-version test can overcome 

this challenge because it makes cheating difficult 

while maintaining the same content to ensure 

fairness(19).  

The Qassim University College of Medicine uses 

multi-version MCQ tests with other modalities to 

assess students’ achievement at the completion of 

different courses.  

The purposes of this study were to explore the effect 

of scrambling MCQ items on the difficulty index (DI) 

and to determine the subsequent effect on students’ 

performance. 

MATERIALS AND METHODS 

The Qassim College of Medicine uses a 100 A-Type 

MCQ test at the end of a block (EOB) in the 

preclinical phases (the first, second and third year) to 

assess students’ learning status. These exams are 

multi-versions that use computerised random 

scrambling. The data in this study were extracted from 

an item analysis of 6 EOB exams, which included 600 

questions. The exams included two for first-year 

students, two for second-year students and two for 

third-year students. This study was done as part of an 

internal quality assurance assessment at the college. 

The main variable in this study was the DI of MCQ 

items. The DI measured the ratio of examinees who 

responded correctly to an item of all examinees. It was 

calculated as follows: 

DI = 
                                                     

                                                
 

The mean DI of each version of the same exam was 

compared to ensure fairness. Each exam version was 

then divided into five quintuples, according to the 

items’ order (1–20, 21–40, 41–60, 61–80 and 81–100). 

Then, similar quintuples from different exams were 

compiled, and the mean DI of each quintuple was 

compared using ANOVA and Tukey’s tests. A p value 

of <0.05 was considered statistically significant. The 

performances of students from different levels 

throughout those quintuples were also compared. 

  

 

RESULTS 

Five of six exams had three versions, and one exam 

(C) had only two versions. Table 1illustrates the 

number of versions for each test and the DI for 

different versions of the same exam. These findings 

show no statistically significant difference in the DI 

between the different versions of the same exam. 

As shown in Table 2 and Figure 1, the results revealed 

no statistically significant differences in the DI of the 

first three quintuples. By contrast, a significant drop (p 

<0.05) was observed in the DI of the fourth quintuple, 

as compared to that of the second and third quintuples. 

Further remarkable diminution in the DI was observed 

in the fifth quintuple, as compared to that of the 

second and third quintuples (p <0.01 and p <0.01, 

respectively) (Table 3). 

Regarding the performance of students according to 

their level, the study included 514 examinees: 220 

freshmen, 178 sophomores and 116 middlers (third-

year students). Figure 2 shows that student 

performance was significantly lowered in the fourth 

quintuple for all students in their first, second and third 

years as compared to their performance in the second 

and third quintuples (p <0.05). In addition, the DI 

significantly diminished in the fifth quintuple for 

students in their first and second years (p < 0.01 and p 

< 0.05, respectively) as compared to that of the third-

year students.  

DISCUSSION 

The effective and reliable measurement of knowledge 

is an important component of medical education. 

Educators presume that a student’s performance on a 

test is an indicator of how well the student 

comprehends the learning materials. A student’s 

performance on a test may be affected by the effort 

exerted towards learning the material, the student’s 

innate learning ability, random chance and perhaps 

factors that are related to the test itself (20, 21). 

The question of students’ performance being affected 

by the item order in MCQ tests has been explored 

previously (22–24). The present study found no 

statistically significant difference in the DI between 

the different versions of the same test. These findings 

match those of previous studies, which found that 
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scrambling the item order of MCQs did not affect 

students’ performance (25, 26). However, some 

previous studies have found that scrambling the item 

order of MCQs on tests had a statistically significant 

effect on test scores (27, 28). It is assumed that the 

level of difficulty of an MCQ test is determined by the 

level of difficulty of the questions being asked in the 

test and not the order in which the questions are asked 

(29, 30). The present study did not align with this 

assumption. 

The findings of the present study showed that the 

performance of students on a 100-item MCQ test 

varied remarkably, and their performance increased by 

the second and third quintuple yet decreased by the 

fourth quintuple. The increase from the first to the 

second and third quintuples might be due to anxiety at 

the beginning of the test, which tends to subside as 

students become comfortable with the questions. This 

phenomenon has been reported previously (31, 32). 

The diminution in the mean DI that was observed in 

the fourth and fifth quintuples (61–100 items) may be 

attributed to the exhaustion of students and their 

suboptimal English language skills, which may have 

accelerated the loss of their attention and 

concentration as the test progressed. It seems that the 

students’ performance initially rose as the test 

progressed, reaching its maximum near the middle, 

and considerably descended thereafter with time (26).  

The number of items that are needed to cover the 

content and ensure candidate separation reliability is 

often questioned. On many assessments, reliability has 

been shown to improve with larger numbers of items 

on a test (16). Previous studies have reported that two 

factors can affect the ability of a test to discriminate 

between levels of student ability: (1) the quality of 

individual test items and (2) the number of test items 

(4, 7, 16). 

The present results revealed that item position on 

MCQ tests significantly affects the performance of 

students. Variance in student performance supports the 

statement that students may lose their attention and 

concentration as tests progress (31). Some authors 

believe that longer MCQ tests tend to be more reliable 

because having more items automatically reduces the 

measurement error (4, 14, 33). However, as MCQ tests 

become longer, student anxiety increases, while 

concentration and performance decrease (31). As 

shown in Figure 1, without considering the quality of 

test items, increasing the number of questions to 

increase reliability; is not always beneficial. Instead, it 

may have a negative impact on student performance.  

The current study also addressed whether a student’s 

school level affects the DI of items and therefore 

his/her performance. The results illustrate that the 

performance pattern of third-year students was 

remarkably higher in the last quintuple of the MCQ 

test compared to that of first- and second-year 

students. It seems that students who were more 

advanced in the programme had more testing 

experience and better English, which enabled them to 

maintain concentration, even during the last quintuple 

of the test (26). 

The current research presented some limitations, 

including that it was a one-centre study and it only 

evaluated students who were in the early years of the 

programme. Moreover, the number of tests that were 

examined may not have been sufficient to generalise 

the findings, and only the DI was evaluated. 

Therefore, further studies are required using in-depth 

evaluation of more psychometric parameters and 

different study designs with larger samples from 

multiple centres. 
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Figure 1. Mean of DI in different quintuples of MCQ 

exam 
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Figure 2. Mean of DI in different quintuples of MCQ 

exam for the students of first, second and third year 
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Table 1. Mean of difficulty index (DI) of the different versions of the MCQ exams 

Preclinical 

Courses 
Year level 

No of 

versions 

Mean DI (±  SD) 
P-value 

(Significance) 
Version 

1 

Version 

2 

Version 

3 

Exam A First year 3 0.53 (±0.24) 0.49 (±0.23) 0.50 (±0.26) > 0.05 (NS) 

Exam B First year 3 0.61 (±0.24) 0.61 (±0.24) 0.62 (±0.27) > 0.05 (NS) 

Exam C Second year 2 0.54 (±0.21) 0.57 (±0.23) NA > 0.05 (NS) 

Exam D Second year 3 0.46 (±0.20) 0.45 (±0.21) 0.46 (±0.21) > 0.05 (NS) 

Exam E Third year 3 0.56 (±0.22) 0.53 (±0.21) 0.54 (±0.21) > 0.05 (NS) 

Exam F Third year 3 0.63 (±0.22) 0.62 (±0.21) 0.65 (±0.20) > 0.05 (NS) 
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Table 2. Descriptive statistical analysis of item difficulty index in different quintuples 

Quintuple Item order Mean (DI) Variance SD SE 

1
st
 (1-20) 0.5265 0.06172 0.248 0.00778 

2
nd

 (21-40) 0.5388 0.05642 0.237 0.00743 

3
rd

 (41-60) 0.5385 0.06119 0.247 0.00774 

4
th

 (61-80) 0.4993 0.06235 0.249 0.00782 

5
th

 (81-100) 0.4908 0.05821 0.241 0.00755 

 

Table 3. Tukey's test of significance between different quintuples of exams 

Quintuples 1
st
 2

nd
 3

rd
 4

th
 5

th
 

1
st
   N.S. N.S. N.S. <0.05 

2
nd

 N.S.   N.S. <0.05 <0.01 

3
rd

 N.S. N.S.   <0.05 <0.01 

4
th

 N.S. <0.05 <0.05   N.S. 

5
th

 <0.05 <0.01 <0.01 N.S.   

N.S refers to Non-statiscally significance 
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