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ABSTRACT The quality of multiple-choice questions (MCQs) can be determined by the discrimination index
(DsI), difficulty index (DI), and distractor efficiency (DE) in post exam analysis. Selection of distractors is one of the
most neglected aspects of MCQ preparation. The present study evaluated the effect on DsI by replacing non-
functional distractor (NFD) with more plausible alternatives using a quasi-experimental study model. The DsI and
NFD values were obtained from the MCQ examinations that were conducted during the year 2017 from 37 courses
with each containing 50 MCQ’s in the College of Dentistry, Majmaah University. The post exam analysis results were
informed to the course directors and the faculty were given orientation program about replacing the NFD’s with more
plausible options. In the following year (2018), sixty percent of the previous year MCQ’s were used with modified
NFD’s in those questions (1100 MCQ’s). The average DsI and NFD were significantly improved from the year 2017
to 2018 (P< 0.000) with significant negative correlation between them (P<0.000). This study shows that the
psychometric properties of MCQs can be improved by creating better distractors.  The researchers recommend
providing faculty with more training on how to use distractors effectively in MCQ writing.
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INTRODUCTION

Multiple choice questions (MCQs) or single
best answers (SBAs) are among the most widely
used assessment tools and often account for a
major portion of course grades (DiBattista and
Kurzawa 2011; Mahjabeen et al. 2017). MCQs are
very popular among university faculty because
they can be standardised easily, they are objec-
tive, valid and reliable, and evaluator bias is elim-
inated, making them very useful in high stakes

tests, such as professional qualification exams
(Considine et al. 2005).

To enhance the quality of exams, MCQ test
items are analysed using information from stu-
dents’ responses to evaluate the quality of test
items (Collins 2006; Considine et al. 2005; Shaikh
et al. 2020). Parameters like the difficulty index
(DI), discriminatory index (DsI), distractor effi-
ciency (DE), coefficient of reliability, etc., help
to identify questions requiring amendment be-
fore item banking or that need to be deleted
(Chavda et al. 2015; Zubairi  and Kassim 2006).
An important factor determining the quality of
an MCQ is its DsI, which tells one the extent to
which a more knowledgeable student is likely to
answer the question correctly than a less knowl-
edgeable student. The value of DsI should be
positive, which means that the proportion of stu-
dents who obtained higher grades also performed
better on this particular question.
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An item’s DsI, in turn, depends heavily on
the quality of distractors. Lowe (1991) noted,
“The mark of a good question is often the qual-
ity of the distractors,” and this reflects the im-
portance of these incorrect options for discrim-
ination between examinees. A good distractor
should seem plausible to less knowledgeable
students but should not mislead more knowl-
edgeable students away from the correct answer.
A distractor is said to be effective when at least
some examinees select it, and if it is not selected,
then it is non-functional and does not contrib-
ute to the discriminatory power of the MCQ.
Many authors agree that at least five percent of
examinees must select a distractor for it to be
considered functional (Tarrant et al. 2009). Anal-
ysis of distractors can serve as a valuable guide
to the quality of MCQs, as the distractors should
create reasonable doubt about which option is
the correct answer. Even though some authors
have mentioned that the quality of distractors is
the most important part of item analysis, this
remains one of the most neglected aspects of
MCQ writing (Haladyna and Downing 1989;
Shenoy et al. 2016). Most faculty members spend
a lot of time and energy on the construction of
stem and lead in parts of an MCQ but use dis-
tractors only as fillers to complete the questions.
Additionally, creating options with equal plau-
sibility in the health sciences is a difficult task.
Some studies have investigated the role of NFDs
on discrimination and difficulty indexes by re-
ducing the number of options from five to three
(Deepak et al. 2015; Elfaki et al. 2015). However,
the results have been inconsistent and many
academics feel that more options help them to
cover more content, and additionally, three-op-
tion MCQs increase weaker students’ chances
of getting correct answers by guessing (Rogers
and Harley 1999; Trevisan et al. 1991). Similarly,
replacing and correcting the faulty distractor could
positively improve the discrimination indices (Ali
and Ruit 2015).

Objectives

As limited studies exist in the literature on the
qualitative assessment of MCQ, the present study
was done to evaluate the effect of replacing NFDs
with more reasonable or plausible alternatives.

MATERIAL   AND  METHODS

This study was conducted by the Depart-
ment of Dental Education, College of Dentistry at
Majmaah University in Al Majmaah City, King-
dom of Saudi Arabia. Approval for the study was
obtained by the institutional review board of the
university. Completed examinations consisting of
50 MCQs each were obtained from 37 courses
across all levels of the program in 2017, and item
analysis was performed. There were a total of 1850
MCQ’s across all courses (37 * 50) and the DsI and
NFD’s were recorded. The course instructors of all
37 subjects were then made aware of the results of
the item analysis and were suggested to focus on
replacing the NFDs with more plausible options on
the exam in the following year. For the 2018 exam,
the course directors of the same 37 courses were
instructed to retain at least sixty percent (1100
MCQ’s) of the questions from the 2017 examination
papers after changing the NFDs. The following MCQ
is taken as an example to explain this.

‘Which of the following cells are the most
prominent cells seen in acute inflammation?

a. Neutrophils
b. Lymphocytes
c. Epithelial cells
d. Blood vessels’
In this question, the researchers found that

options C and D were not inflammatory related
cells and hence the faculty were given feedback
to change distractors. On post exam analysis this
question had two NFDs and DsI of 15 and DE of
33.3 percent. In the year 2018, the same question
was repeated with modified distractors as below.

‘Which of the following cells are the most
prominent cells seen in acute inflammation?

a. Neutrophils
b. Monocytes
c. Lymphocytes
d. Eosinophil’
Post exam analysis revealed that there was 0

NFD with DsI at 82 and DE of one hundred percent.
For the purpose of the study, only those 1100

MCQ’s, which were common between 2017 and
2018, were evaluated. The content validity of
the questions was verified by the departmental
council and approved for both examinations.

The DsI measures how examinees with high
scores perform on a particular MCQ item com-
pared to examinees with low scores on the same
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item. The DsI scores ranged between -100 and
100. A positive value indicates that the student
who performed well on the total test also an-
swered the item correctly. Conversely, a nega-
tive value suggests that the student, who scored
high on the total test, answered the item incor-
rectly. A high (or positive) score indicates good
discrimination, whereas a negative score indi-
cates an unacceptable question. In the present
study, an item with a DsI score of more than 75
was graded as good, a score between 35 and 75
was graded as moderate, while items with scores
of less than 35 were graded as having poor dis-
criminatory capacity. The items with negative
DsI scores were noted separately.

Distractors that were not chosen by at least
five percent of the examinees were considered
to be an NFD (Tarrant et al. 2009). The number of
NFDs in each question was noted and the ques-
tions were categorised as containing 0, 1, 2 or 3
NFDs. An item with 0, 1, 2 and 3 NFD’s has a
distractor efficiency of 100.0 percent, 66.66 per-
cent, 33.33 percent and 0 percent, respectively
(D’ Sa and Visbal-Dionaldo 2017). It has been
reported that items having 0 or 1 NFD have good
discriminating ability than items with 2 or 3 NFDs,

Hence the MCQs in this study were grouped into
2 sets, one having MCQs with 0 and 1 NFD while
the other had MCQs with 2 or 3 NFDs. The same
37 courses that were selected for the 2017 exami-
nations were analysed for DI, DsI, and propor-
tion of NFDs. The DsI and NFDs along with re-
sults of examination were provided by a Scantron
OCR scanner.

Statistical Analysis

The DsI and NFD across 2017 and 2018 for
all 37 subjects were analysed using descriptive
statistics and Chi-square test. The effect sizes
were also calculated. All statistical analysis was
performed using SPSS (USA, Version 26). P value
< 0.05 is considered significant.

RESULTS

It was noted that significant difference exist-
ed in the distribution of MCQs with negative,
less than 35.0, 35.0 to 75.0 and more than 75.0
percent of DsI between the year 2017 and 2018
(Table 1; (χ2= 269.01, P< 0.001)). Significant dif-
ferences were noted in the distribution of MCQs

Table 1: Distribution of Discrimination Index (DsI)

Discrimination Actual Percentage Actual Percentage Chi-square Significance Effect
2017 2017 2018  2018 statistic   size (r)

Negative 37 3.36 28 2.52 269.01 .00001 0.5
Less than 35 772 69.57 402 36.22 large
35 - 75 257 23.11 537 48.37
More than 75 44 3.96 143 12.88
Total 1110 100 1110 100

Note: Chi-square test shows significant difference in the distribution of negative, less than 35, from 35 to 75, more
than 75 (percent) DsI between the year 2017 and 2018. The effect size was 0.5, indicative of large effect size. The
result is significant at p < .05. It can be noted that after the feedback to the course directors, the discrimination
index improved in the year 2018.

Table 2: Distribution of Non-functional Distractors (NFDs)

No. of NFDs Actual Percentage Actual Percentage Chi-square Significance Effect
2017 2017 2018 2018 statistic size (r)

0 146 13.2 205 18.48 57.59 0.00001 0.28
1 299 26.9 376 33.87 medium
2 347 31.26 350 31.53
3 318 28.64 179 16.12
Total 1110 100 1110 100

Note: Chi-square test shows significant difference in the distribution of MCQ’s with 0, 1, 2 and 3 NFD’s. The effect
size was moderate. The result is significant at p < .05. It can be noticed that the percentage of NFD has significantly
reduced in the year 2018.
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with 0, 1, 2, 3 NFD’s when compared between
two years (χ2= 57.59, P< 0.001) and with moder-
ate effect size (r = 0.28) (Table 2). Significant
difference was also noted in NFD’s when they
were grouped into 0, 1 and 2, 3 between 2017
and 2018 (χ2= 33.52, P< 0.001). However, the ef-
fect size was low (r= 0.17) (Table 3) while Table 4
shows the correlation between DsI and NFDs.
The results showed a strong negative correla-
tion (r= -0.821) between DsI and NFDs, showing
that higher the average number of NFD’s, the
lower is the DsI (Table 4).

DISCUSSION

Assessment, whether formative or summa-
tive, is an important aspect of education, and
the quality of assessment to a large extent also
determines the quality of students’ knowledge
and skills upon completion of a course. One of
the major indicators of a good assessment is its
ability to discriminate between good students
and poor students (Kilgour and Tayyaba 2016).
This study evaluated the number of NFDs in
each item for the exams conducted in 2017 and
found that only 13.2 percent of the questions
had no NFDs (discrimination efficiency (DE): 100
percent), 26.9 percent had one NFD, 31.26 per-
cent had two NFDs, and 28.64 percent of the
items had three NFDs (DE-0). These figures were

either similar or inferior to most of the studies
reporting the prevalence of NFDs (Haladyna and
Downing 1993; Tarrant et al. 2009; Vyas and Supe
2008). There is substantial evidence to suggest
that most MCQs used in examinations contain a
high proportion of NFDs (Baghaei and Amrahi
2011; Cizek and O’Day 1994; Rogausch et al.
2010; Tarrant et al. 2009). Al Rukban (2006) opined
that the process of generating distractors for
MCQs is complex and time consuming, and this
often results in the selection of unconvincing
distractors. Some researchers have even sug-
gested that in the health sciences, there is a nat-
ural limit to the number of plausible distractors
for any given topic, and that this limit is general-
ly less than four (Haladyna and Downing 2002).
Based on this argument, many studies have re-
moved the poor-quality distractors using a re-
duced option format (Kolstad et al. 1985; Lan-
drum et al. 1993; Rahma et al. 2017; Schneid et al.
2014; Shizuka et al. 2006). The early studies test-
ed the effect of removing the poor options. In
Sidick et al. (1994), the authors, with the help of
experts, removed poorly functioning options
and created three-option MCQs from five-op-
tion MCQs. They found that the removal of the
non-functioning options did not influence the
psychometrics. The authors, therefore, conclud-
ed that three options are adequate. Rodriguez
(2005) suggested that three options are optimal

Table 3: Distribution of MCQs with 0, 1 and 2, 3 NFDs

No. of NFDs Actual Percentage Actual Percentage Chi-square Significance Effect
2017 2017 2018 2018 statistic  size (r)

0/1 445 40.09 581 52.34 33.52 .00001 0.17
2/3 665 59.9 529 47.64 small
Total 1110 100 1110 100

Note: It can be noted here that there was a significant difference in the distribution of MCQs between these two
categories with smaller effect sizes. The percentage of MCQs with 2 or 3 distractors is significantly less than the
percentage of MCQs with 0 or 1 distractor.

Table 4: Correlation between Average discrimination and average NFD

Descriptive Statistics   Correlations

Mean Std.  N Pearson Sig.
Deviation   Correlation   (2-tailed)

Average discrimination 33.6527 8.408 37 -0.821 .000
Average NFD 1.5343 0.38616

Note: It can be noted that strong significant negative correlation was present between average DsI and average
NFDs. The result is significant at p < .05.
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in any MCQ, and they can perform as well as
four options with less time required by faculty
to make tests. Haladyna and Downing (1988)
suggested in their study that two distracters play
a more effective role in MCQs than four or five
options because distracters beyond three op-
tions are mostly “fillers”. Some studies showed
improvement in the quality of questions, where-
as many did not show any major difference in
the item parameters (Cizek et al. 1998; Owen and
Froman 1987).

Despite the argument that it is difficult to
make four-option MCQs and that a reduced for-
mat should be used, major testing organisations,
MCQ writing guidebooks, institutional policies,
and MCQ banks mostly use four- or five-option
MCQs (Ercikan and Julian 2002; Masters et al.
2001). This could be because the teachers find
more options help in good content coverage and
using three-option MCQs increases the chanc-
es of correct guessing by weaker students. Ad-
ditionally, assessments are conducted accord-
ing to the established rules of the educational
institution and teachers generally have very lit-
tle role in deciding the format. The item writers
often find it difficult to strike a balance between
efforts to generate several functioning options
and while reducing the number of total options
(Swanson et al. 2008; Vyas and Supe 2008).

In this study, the researchers did not delete
the NFDs. Rather, they chose to replace them
with more plausible distractors with the help of
subject experts. When these items were tested
again in the next exam, it was noticed that the
questions with no NFDs or one NFD had in-
creased to 18.5 percent and 33.87 percent re-
spectively, and the items with three NFDs had
decreased to 16.12 percent. These psychomet-
ric properties of the items had significantly im-
proved from the previous year and were also
better than many in studies mentioned earlier.
The study showed that in 2017, 40.09 percent of
the questions had fewer than two NFDs and
59.9 had more than two NFDs. Following the
intervention by the medical education depart-
ment in 2018, the study found that more than
half of the MCQs (52.34%) had fewer than two
NFDS, which is very desirable, and only 47.34
percent had more than two NFDs. These results
may require further improvement when compared
to other studies, but the researchers could show

a statistically significant improvement by replac-
ing the distractors rather than by deleting them
(Abdulghani et al. 2015; Tenzin et al. 2017).

Although this study used a novel approach
to improve the quality of MCQs by replacing
NFDs, one of the limitations of the study was
that the researchers used only one criterion to
define NFD and did not consider the amount of
time spent on each distractor or the weight, which
would have defined the non-functionality of a
distractor more effectively.

CONCLUSION

The results of the study confirm that the
psychometric properties of an MCQ can be im-
proved by creating better distractors, and that
reducing the number of options may not always
be required. Therefore, the researchers suggest
that the quality of distractors is more relevant
than their quantity. One of the reasons for the
high number of NFDs seen in many previous
studies is the lack of faculty training and profes-
sional developmental programs, which prevents
the faculty from being equipped with MCQ writ-
ing skills. The results of this study would en-
able faculty members to be aware of flaws in the
MCQ and address them in a scientific manner.

RECOMMENDATIONS

The result of this study warrants the educa-
tional institutions implement faculty training in
MCQ assessments with emphasis on the fact
that distractors are an important component of
MCQs and not just fillers, as this aspect is more
often neglected.
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