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Multiple-choice questions (MCQs) are useful for assessing student performance because 
they objectively cover a wide range of topics. Its dependability and validity are determined 
by how well it is built. Defective Items detected by item analysis must be checked for and 
optimized for item writing flaws. This study used item analysis to evaluate the test items for 
difficulty levels and discriminating power with functional distractors. A total of 623 students 
took a summative examination in Genetics. It comprised 60 single-response MCQs and 20 
true or false (T/F) questions as a part of a 2-h paper for 25 marks. Items were categorized 
according to their difficulty index, discrimination index, and distractor efficiency. Among 60 
MCQs, 32 have zero non-functioning distractors (NFD); 19 had one, 8 had two, and 1 had 
three. DIFI and DI were in the acceptable range; however, T/F items showed 15% (n=3), 
10% (n=2), 5% (n=1) fair, poor, and negative discrimination, respectively. Non-functional 
distractors (NFD) were found as 53.3 % (n=32) of questions have 0 NFD of 100% DE, 7.92% 
(n=19) have DE of 66.6%, 3.33% (n=8) have DE of 33.3%. About 0.42% (n=1) have DE of 0%. 
Therefore, item analysis is a valuable tool for identifying poorly constructed test items, and 
optimizing these items is an essential step in producing a high-quality question bank. 
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1. Introduction

Developing good quality Multiple-choice questions
(MCQs) to comprehensively evaluate students' knowledge 
at the end of a semester is a difficult, time-consuming 
process and requires trained faculty. Therefore, a well-
designed MCQ test should assess most of the intended 
learning outcomes, including the higher-order cognitive 
process of Blooms Taxonomy (Carneson et al.; Quaigrain 
and Arhin, 2017), which is considered a significant part of 
how teachers receive feedback on their instructional 
practices. However, MCQs are frequently criticized for 
emphasizing what students can recall rather than gauging 
their capacity to apply and analyze course-related material 
(Kaur et al., 2016; Sharif et al., 2014). Moreover, the MCQ 
format allows students to guess even when unfamiliar with 
the subject (Biggs and Tang, 2011). Blind guessing, on the 
other hand, is relatively infrequent on well-written 
classroom tests, and informed guessing, based on a critical 
analysis of the question and the available options, offers a 

valid indicator of student achievement, according to 
Downing (2005). 

There are two main types of multiple-choice tests: 
criterion-referenced tests (CRTs) and norm-referenced tests 
(NRTs). In criterion-referenced tests (CRTs), the goal is 
usually to decide whether or not a student can show 
mastery in a certain content area and competencies. In 
norm-referenced tests (NRTs), the goal is usually to rank 
the whole group of people so that you can compare their 
performances relative to each other (Hotiu, 2006). For 
example, a typical MCQ has a stem that is a question and a 
set of two or more options, usually from 3 to 5 options for 
the question. The key represents the best or correct 
response, while the other options are referred to as 
distractors, which also have a key role in determining the 
appropriate quality of MCQ (Burud et al., 2019; Cizek and 
O'Day, 1994).  

A good distraction should be able to distinguish 
between informed and uninformed students (Quaigrain and 
Arhin, 2017). The reliability of test results is a significant 
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issue of MCQs. For this reason, item analysis is a very 
important process, including gathering, compiling, and 
utilizing data from students' responses to evaluate the 
quality of the test items (Burud et al., 2019; Quaigrain and 
Arhin, 2017). Therefore, it is a procedure that gives 
information about the reliability and validity of a test item. 
In item analysis, several terminologies are utilized, each of 
which requires adequate comprehension.  

Difficulty index (DIFI) enables us to identify either too 
hard or too easy items. DIFI (p-value) ranges from 0% to 
100%; the easier the question, the higher the percentage of 
items and the average difficulty level should be between 
0.31 and 0.60. (31 % -60 %) (Kheyami et al., 2018). The 
discriminatory index (DI) tells the difference between 
students who are doing well and those who are doing 
poorly. The point-biserial correlation (DI) is a value between 
-1 and +1. It's +1 when more students in the upper group 
(the high achievers) get the question right, and it's -1 when 
more students in the lower group (the low achievers) get 
the question right. An item with a difficulty of 0 or 1 will 
always have a DI of 0, and DI is at its highest when DIFI is 
close to 0.50. It is favorable to have a DI between 0.15 and 
0.25 (Burud et al., 2019; Kaur et al., 2016). 

Distractors are an integral part of a question and 
significantly impact students' overall performance (Mehta 
and Mokhasi, 2014). Distractor efficiency (DE), which 
indicates whether the questions' distractions were well-
chosen or ineffective in preventing students from selecting 
the correct answer, is therefore crucial (Kheyami et al., 
2018). Everything other than the item's key must be close 
to the key. Functional diversions (FD) are those that are 
selected by more than 5% of examinees, while non-
functional diversions (NFD) are those that are selected by 
fewer than 5% of examinees (Patil and Patil, 2015; Tarrant 
et al., 2009). DE is determined by the number of NFDs for 
each item and ranges from 0% to 100%.  

The purpose of the present study was to evaluate the item 
and test quality and investigate the relationship between 
difficulty and discrimination indices and distractor 
performance (DE). Following the revision/disposal of the 
tested items, the post-evaluation information on items will 
be used to develop a question bank. 

 

2. METHODS 

An internal assessment for a Physiology course was 
undertaken by 623 undergraduate students of the first 
semester summative exam of their first year in January 
2022. A total of 623 students participated in the test. The 
test consisting of 60 MCQs and 20 true or false questions, 
was based on the assessment blueprint. All respondents 
were first-year undergraduate students pursuing first-
semester summative exams on the genetics course. It was 
conducted at Mansoura University- faculty of veterinary 
medicine in 2021. All ethical standards were strictly 
adhered to. Students' responses from the test were 
analyzed using Microsoft Excel (2016). Both test items were 
analyzed for their difficulty level, a measure of difficulty 
index (p-value), power of discrimination measured by the 

discrimination index (DI), and distractor analysis for all non-
correct options. Using the following formulas, the indices 
DIF I, DI, DE, and non-functional distractor (NFD) were 
calculated for a total of 80 test items. 

Index of Difficulty (DFI) = (UG+LG/N) x 100, where UG 
represents the upper group of students with high ability 
who correctly answered the question, while LG represents 
the lower group of students with low ability who correctly 
answered the question. N is the total number of students 
who correctly answered the question. The greater the 
difficulty index, the more difficult the item is believed to be. 

Index of Discrimination (DI) = (UG-LG/N), where the 
item DI is the biserial point correlation between the item's 
correct response and the sum of all other item scores. 
Then, the total number of students in the top 27 percent 
who received correct responses and those in the bottom 27 
percent who received correct responses were tallied. The 
greater the DI, the more effectively the test item 
discriminates between students with higher and lower test 
scores. 

Distractor Efficiency (DE) = Non- Functional Distractor (NFD) 
from the distractor selected by less than 5% of the students 
(Sharma, 2021). 

 Table 1. Reference for item statistics. 

Difficulty 
index 
(DFI) 
(Ranges) 

Interpretation 

 

Discriminatory 

index (DI) 

(Range) 

Interpretation 

< 0.20 Most difficult Negative Worst/ defective  

item 

0.20-0.39 Difficult < 0. 20 Not discriminating  

item, marginal item 

0.40-0.59 Moderately 0.20- 0.29 Moderately  

discriminating, fair  

item 

0.60-0.79 Moderately .30- 0.39 Discriminating  item, 

good item 

.80-. 89 Easy ≥ 0.40 Very  discriminating, 

very good item 

> 0.90 Easiest   

Distractor Efficiency (DE)= Distractor efficiency ranged from 

0 - 100% and was determined on the basis of the number of 

NFDs in an item. Three NFD: DE = 0%; 2 NFD: DE = 33.3%; 1 

NFD: DE =66.6%; No NFD: DE = 100%. 

3. Ethical Considerations  

The study was performed after obtaining the 
institutional ethics committee's approval. 

4. Results 

A total of 80 test items and 60 MCQs with 240 
distractors were analyzed. The DFI, DI, and DE were 
analyzed for both test items. Table (2) presented the DIFI 
and DI for MCQs item analysis. 



Table 2: MCQs item analysis: Difficulty index (DFI) and 
Discriminatory index (DI) (n=60). 

Difficulty 

index 

(DFI) 

(Ranges) 

Interpret

ation 

No. of 

item 

(%) 

Discrimin

atory 

index (DI) 

(Range) 

No. of 

item (%) 

Interpretati

on 

< 0.20 Most 

difficult 

0 Negative 0 Worst/ 

defective  

item 

0.20-

0.39 

Difficult 1 (2) < 0. 20 1 (1.67) poor 

0.40-

0.59 

Moderat

ely 

difficult 

9 (15) 0.20- 0.29 0 Fair 

0.60-

0.79 

Moderat

ely easy 

39 

(65) 

.30- 0.39 7 (11.67) Good 

.80-. 89 Easy 11 

(18) 

≥ 0.40 52 (86.67) Excellent 

> 0.90 Easiest 0 

Distractor Efficiency (DE)= Distractor efficiency ranged 

from 0 - 100% and was determined on the basis of the 

number of NFDs in an item. Three NFD: DE = 0%; 2 NFD: 

DE = 33.3%; 1 NFD :DE =66.6%; No NFD: DE = 100%. 

 Regarding MCQs' difficulty index, about 18% (n=11) 
and 65% (n= 39) were easy and moderately easy questions, 
respectively. About 15% (n=9) were moderately difficult, 
while 2% (n=1) were the difficult question. Concerning the 
discriminatory index, (86.67%, n=52) items showed 
excellent discriminatory index, and 11.67% (n=7) showed 
good discrimination. Meanwhile, 1.67% (n=1) showed poor 
discrimination. No negative or fair DI has been recorded. 
Non-functional distractors (NFD) were found as 53.3 % 
(n=32) of questions have 0 NFD of 100% DE, 7.92% (n=19) 
have DE of 66.6%, 3.33% (n=8) have DE of 33.3%. About 
0.42% (n=1) have DE of 0% (Table 3). 

Table 3: MCQs Percentage of non-functional distractors 
(n=60). 

No. of Nonfunctional 

Distractors (NFD) 

number of Items DE 

0 NFD 32 (53.3) 100% 

1 NFD  19 (7.92) 66.66% 

2 NFD 8 (3.33) 33.33% 

3 NFD  1 (0.42) 0% 

Concerning the true or false (T/F) item analysis, about 
15% (n=3) and 65% (n= 13) were easy and moderately easy 
questions, respectively. About 20% (n=4) were the difficult 
question. For the discriminatory index, 50% (n=10) items 
showed excellent discriminatory index, 20% (n=4) good 
discrimination; meanwhile, 15% (n=3), 10% (n=2), 5% (n=1) 
showed fair, poor, and negative discrimination (Table 4). 

Table 4: True or false item analysis: Difficulty index (DFI) 
and Discriminatory index (DI) (n=20). 

Difficult
y index 
(DFI) 

(Ranges) 

Interpretatio
n 

No. of 
item 
(%) 

Discrimina
tory index 
(DI) 
(Range) 

No. 
of 
ite
m 
(%) 

Interpretatio
n 

< 0.20 Most difficult 0 Negative 1 
(5%) 

Worst/ 
defective  
item 

0.20-
0.39 

Difficult 4 (20) < 0. 20 2 
(10) 

poor 

0.40-
0.59 

Moderately 
difficult 

0 0.20- 0.29 3 
(15) 

Fair 

0.60-
0.79 

Moderately 
easy 

13 (65) .30- 0.39 4 
(20) 

Good 

.80-. 89 Easy 3 (15) ≥ 0.40 10 
(50) 

Excellent 

> 0.90 Easiest 0 

5. Discussion

Classroom instruction must synchronize with the test 
items to achieve instructional validity, which requires a 
good test item and analyzing items. In addition to the DIFI 
and the DI, the DE is extremely important because the 
distractors' quality substantially affects the DIFI and the DI 
(Bhat and Prasad, 2021). Items with NFD (5% of examinees 
chose the distractor) are critical for establishing DE. The 
NFDs present in an item range from 0% to 100%. DE is 
indirectly proportional to NFD, and functional distractors 
increase DE (Hingorjo and Jaleel, 2012; Rehman et al., 
2018). Items with high NFDs decrease both the DE and DI 
while increasing the DIFI; consequently, the item is easy 
for students but a poor predictor of their performance 
(Kheyami et al., 2018). DE is expressed as 0%, 33.3%, 
66.6%, and 100% depending on the number of NFDs, which 
is 3, 2, 1, or 0 in each case (Elgadal and Mariod, 2021). DE 
provides the best direction for selecting or rejecting items 
for question banks. Items with 0% DE should be discarded, 
whereas items with varying DE percentages should be 
revised by replacing the distracters with better options 
and reusing them in future exams (Adiga et al., 2021).  

In the current study, MCQs difficulty index was in the 
acceptable range, 80% items (P= 40-80), 2% items (P= 20- 
<40), and 15% items (p= 80- <90). Similarly, DFI for the true 
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or false items was acceptable also, 65% of items (P=40-80), 
15% of items (P= 80- <90), and 20% of items (P= 20- <40). 
Our results are consistent with previous studies that 
showed DFI within the same range, Karelia et al. (2013) 
showed 61% of items in the acceptable range (P = 30–70%), 
24% of items (P >70%), and 15% items (P < 30%). Patel and 
Mahajan (2013) conducted a study on 150 students for an 
MCQ test with 50 questions 40 (80%) items were in the 
acceptable range. Item analysis for MCQs test comprising 
50 questions in the subject of anatomy done by Mehta and 
Mokhasi (2014) on 100 students reported DIF I of 31 (62%) 
items in the acceptable range (P = 30–70%), 16 (32%) items 
were too easy (P > 70%), and 3 (6%) items were too difficult 
(P < 30%), further,  the P value of 26 (65%) items was in 
acceptable range (30–70%), 10 (25%) items were easy (P > 
70%), and 4 (10%) items were difficult (P < 30%) (Kolte, 
2015). Too difficult items (DIF I ≤ 30%) can lead to deflated 
scores, while the easy items (DIF I > 70%) may result in 
inflated scores and a decline in motivation (Gajjar et al., 
2014). High DIF Items (>90%) should be placed either at the 
start of the test as "warm‑up" questions to boost the 
confidence of students or discarded, similarly items with 
low DIF I (<30%) should be either revised or removed 
altogether (Kaur et al., 2016). The present study's most 
difficult or too easy questions were not recorded. 

DI is a crucial item analysis indicator, distinguishing 
between skilled and non-skilled students. DI normally 
ranges from -1 and |+1; the negative DI could be linked 
either to an ambiguous question or an answer key that was 
wrongly marked. In this study, 52 MCQs had DI ≥ 40 
(excellent), 7 MCQs had DI 30 - <40 (good), meanwhile only 
on1 MCQ had DI <20 (poor). True or false questions, 10 
items had DI ≥ 40 (excellent), 4 items had DI 30 - <40 
(good), and 3 items had DI 20 - <30 (fair); meanwhile, only 
two items and one item had DI <20 (poor), and negative DI. 
Questions with negative and poor DI should be discarded 
since it decreases the validity of the test. In the same 
context, out of a total of 100 items, 24 had DI < 0.2 (poor), 
45 had DI ≥ 0.20 and ≤ 0.35 (good), and 31 had DI > 0.35 
(excellent) (Patil and Patil, 2015). Six items (30%) with DI < 
0.2, 4 (20%) items with DI ≥ 0.20 and ≤ 0.35, and 10 (50%) 
items with DI > 0.35 were reported by (Singh et al., 2014) 
on item analysis of 20 MCQs. Further, (Patel and Mahajan, 
2013) reported 9 items had DI < 0.2, 21 items had DI ≥ 0.20 
and ≤ 0.35, and 20 items had DI > 0.35 for item analysis of 
50 MCQs. Mehta and Mokhasi (2014) showed that out of a 
total of 50 items, 15 (30%) items had DI < 0.2, 9 (18%) items 
was DI ≥ 0.20 and ≤ 0.35, and 26 (52%) items had DI > 0.35.  

The fundamental principle when framing effective 
MCQs is that the distracters must be plausible, close to the 
correct response, increasing the likelihood that students 
will select these diversionary strategies instead of the right 
response. Unrealistic distractions prevent opportunities to 
test a learner (Bayir et al., 2011; Tarrant et al., 2009). 
Herein, out of the 240 distractors, 32 (53.3%) items had 0 
NFD, while 19 (7.92%), 8 (3.33%), and 1 (0.42%) items 
contained 1, 2, and 3 NFDs, respectively.  In the same 
context, Gajjar et al. (2014) conducted item analysis on 50 
items with 150 distractors and found 133 were FD and 17 

NFD. Mehta and Mokhasi (2014) reported that a total of 
150 distractors were used, of which 69 had no response, 28 
were FDs, and 53 were NFDs. Additionally, 263 FD and 37 
NFD were found in a study of item analysis (Patil and Patil, 
2015). Bhat and Prasad  (2021)  found 25 MCQs have FD; 7 
had 1NFD, 5 had 2NFD, and 3 had 3NFD out of 40 MCQs. 

Conclusion 

Performing item analysis is an important aspect of 
quality assurance of examinations. It is concluded from the 
present study that considerable test items were within the 
recommended values. However, very few true or false 
items did not meet the requirement of well‑designed 
question items, especially regarding their DI. Hence, these 
items can be revised or discarded, and a viable question 
bank can be prepared. 
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