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Abstract 

Background  Studies that have investigated the effect options’ number in MCQ tests used in the assessments of 
senior medical students are scarce. This study aims to compare exam psychometrics between three- and five-option 
MCQ tests in final-year assessments.

Methods  A cluster randomized study was applied. Participants were classified into three groups, according to their 
academic levels. Students in each of those levels were randomized into either the three- or five-option test groups.

Results  Mean time to finish the five-option test was 45 min, versus 32 min for the three-option group. Cronbach’s 
alpha was 0.89 for the three-option group, versus 0.81 for the five-options, p-value = 0.19. The mean difficulty index 
for the three-option group was 0.75, compared to 0.73 for the five-option group, p-value = 0.57. The mean discrimi‑
nating index was 0.53 for the three-option group, and 0.45 for the five-options, p-value = 0.07. The frequency of 
non-functioning distractors was higher in the five-option test, 111 (56%), versus 39 (39%) in the three-options, with 
p-value < 0.01.

Conclusions  This study has shown that three-option MCQs are comparable to five-option MCQs, in terms of exam 
psychometrics. Three-option MCQs are superior to five-option tests regarding distractors’ effectiveness and saving 
administrative time.
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Background
Globally, multiple choice question (MCQ) tests remain 
one of the most efficient, cost effective, and common 
methods of assessment. MCQs contain a stem and a 
number of options from which the candidate can choose 
the single best answer. Despite their popularity, the 

construction guidelines [1, 2] and item analysis guides [3] 
of MCQs remain a subject of debate. One of the debat-
able issues that is rarely explored in medical education is 
the optimal number of options that should be used in an 
MCQ test.

In recent years, educators have sought to improve the 
reliability and validity of MCQs [4]. Most institutions 
use four- or five-option MCQ tests [5]. Using four or 
five options is justified as being better able to maintain 
the reliability and validity of the assessment by decreas-
ing the rate of random guessing [6]. By contrast, there 
is an emerging school of thought that advocates for 
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three-option MCQs. Since then, there have been studies 
demonstrating that well-constructed three-option MCQs 
have better psychometric parameters; this is partially due 
to fewer non-functioning distractors (NFDs) [7, 8].

Moreover, the adoption of three-option MCQ tests can 
potentially increase exam efficiency by decreasing the 
time required for preparation and administration of the 
exam [9–11].

Studies that investigate the plausibility of three-option 
MCQs in medical education are scarce, especially in the 
final years of student instruction. Therefore, this study 
aims to contribute to the evidence regarding the optimal 
number of options in MCQ tests administered during 
students’ clinical years.

Methods
We investigated whether using a three-option MCQ 
test, in comparison with a five-option MCQ test, affects 
an exam’s psychometric parameters. This was an inter-
ventional randomized study involving two homogenous 
groups of students who answered the same sets of ques-
tions with a different number of options. The first group 
was assigned to the three-option MCQ exam, while the 
second group sat the five-option MCQ. We compared the 
exams’ reliability, difficulty, discrimination ability, and 
frequency of NFDs.

Research setting and participant recruitment
The study was conducted at the University of Jordan. The 
university runs a 6-year MD program into which students 
are accepted directly after finishing high school. The clin-
ical years are the last 3 years of study. Students’ summa-
tive assessment consists of an end-of-rotation objective 
structured clinical examination and a written MCQ test 
at the end of the year.

Students eligible to participate in this study were those 
in their final year who had completed 16 weeks of train-
ing in pediatrics. Due to the COVID-19 pandemic and 
related restrictions, the decision was made to administer 
the exams online. The study was approved by the Uni-
versity of Jordan and the University of Dundee ethics 
committees.

Randomization
The cluster randomization method was used. The stu-
dents who agreed to participate were sorted into three 
groups according to their pre-test GPAs: high perfor-
mance, intermediate performance, and low performance. 
To ensure a similar distribution of students meeting these 
performance levels in both study groups, the students in 
each of the clusters were randomized into either the five-
option MCQ group (control group) or the three-option 
MCQ group (experimental group).

MCQs preparation for both test versions
Fifty MCQs were chosen from previously validated and 
administered tests. These 50 MCQs with five options 
formed the “traditional test”, which was assigned to the 
control group. The options were reviewed by another fac-
ulty member, in addition to the first author. Both faculty 
members agreed on the two options that were expected 
to be the least attractive to the students, and they were 
eliminated to form the three-option test assigned to the 
experimental group.

All items were presented in English and evenly dis-
tributed to cover the taught curriculum. The items were 
a blueprint of the school’s summative assessment.  The 
items were variable in terms of their length, structure, 
and cognitive level and were distributed in a balanced 
way among cognitive levels according to Bloom’s taxon-
omy [12]. For example, 25 items (50%) covered applica-
tion and critical thinking, and another 25 encompassed 
recall and comprehension. The items were divided into 
two types according to what they measured. The first type 
was targeted skill questions, in which the students were 
asked to choose the best type of investigation, the most 
likely diagnosis, or the best treatment approach (Table 1). 
The second type included questions that inquired about 
general disease knowledge (Table 2).

Thirty-five items (70%) targeted specific clinical skills. 
The remaining 15 items (30%) measured general disease 
knowledge. There were 30 (60%) scenario-based items. 
Twenty-nine items (58%) had a stem length of more than 
20 words and were designated as long-stem items.

Time allocation
The five-option test was allotted the completion time 
recommended by the school guide, 90  s per item. To 
calculate the time for the three-option format, we first 
determined the assumed time needed for each option in 
the five-option format based on the following calculation: 
50 s were arbitrarily given to read the stem, and 40 s were 
left to be shared among the five options, resulting in 8 s 
for each option. Therefore, each item in the three-option 
test was allocated roughly 16 s less, shortening the whole 
test by about 10 min. Since our traditional test is paper-
based and includes time for completing the answer sheet.

Test administration
After randomization, two WhatsApp® groups were cre-
ated. The students were contacted by sending a welcome 
message and test instructions. The test was done on a Fri-
day afternoon which was lockdown day due to COVID-
19 situation. Google Forms were used to create the 
test. The test started by thanking the students for their 
participation and explaining its nature, including their 



Page 3 of 11Al‑lawama and Kumwenda ﻿BMC Medical Education          (2023) 23:212 	

anonymity. Question number one asked the participants 
to confirm their consent. Then, the test MCQs started 
with question number two. The test was real-time. The 
test link was sent on the WhatsApp® group 2 min prior to 
the exam start time. The link was set to open at 5:00 pm 
Amman local time and closes when the test time is fin-
ished; 60 min for the three-option group and 70 min for 
the five–option group. It was not proctored.

Ethical considerations
We made direct contact with the students through What-
sApp groups and shared the study information with 
them. The Google Form started by asking the student if 
he or she agreed to participate or not. Those who agreed 
to participate submitted the test forms.

The tests were gathered anonymously. The Google 
Forms were set so that the students only needed a link to 
access them, eliminating the need to register their email 
addresses. The forms did not require the students to pro-
vide their name or university ID number. All forms were 
stored securely using password protection, and only the 
researcher had access to them.

Statistical analysis
All test answers were downloaded into Microsoft 
Excel for analysis. We calculated the mean, standard 

deviation (SD), difficulty index (DF), discrimination 
index (DS), reliability, standard error of measurement 
(SEM), and frequency of NFDs from both groups. The 
detailed statistical methods are discussed in each rel-
evant section below.

The difficulty index
The difficulty index (DF) is the percentage of examinees 
who answered an item correctly. It is calculated by divid-
ing the number of students who answered the item cor-
rectly (C) by the total number of students (T), C/T = DF. 
The larger the number, the easier the item. The DF can 
range from 0 to 1. The higher the number, the easier the 
item [13]. The desirable difficulty level is slightly higher 
than midway between chance and a perfect score for the 
item. Thus, for five-option and three-option MCQs, the 
recommended DFs are 0.70, and 0.77, respectively [14].

For this study, the items were classified as easy, 
acceptable, or difficult, according to their difficulty 
levels. An easy item is one where 80% or more of the 
students chose the correct response. When more than 
30%, but less than 80%, of the students chose the cor-
rect response, the difficulty level was acceptable. If 30% 
or less of the students chose the correct response, the 
item was classified as difficult [15].

Table 1  Targeted skill item in its 5- and 3-option formats

Five-Option Format Three-Option Format

Q. A 12-year-old girl presented with several syncopal episodes over the 
past 8 months; there was an associated feeling of chest discomfort with 
a strong heartbeat prior to the syncopal attacks. On examination, her 
blood pressure and heart rate are normal, and there is a prominent right 
ventricular impulse with a loud second heart sound. An ECG shows right 
ventricular hypertrophy. The most likely diagnosis in this girl is

Q. A 12-year-old girl presented with several syncopal episodes over the past 
8 months; there was an associated feeling of chest discomfort with a strong 
heartbeat prior to the syncopal attacks. On examination, her blood pres‑
sure and heart rate are normal, and there is a prominent right ventricular 
impulse with a loud second heart sound. An ECG shows right ventricular 
hypertrophy. The most likely diagnosis in this girl is

A-Vasovagal syncope
B-Pulmonary hypertension
C-Anemia due to heavy menstruation
D-Coarctation of aorta
E-Long QT syndrome
Key: B

A-Vasovagal syncope
B-Pulmonary hypertension
C-Long QT syndrome
Key: B

Table 2  General disease knowledge item in its 5- & 3-option formats

Five-Option Format Three-Option Format

Q. One of the following lab abnormalities is expected in the case of 
chronic liver disease:
A-High ALT
B-Low Gamma GT
C-High INR
D-Normal Albumin
E-High AST
Key: C

Q. One of the following lab abnormalities is expected in the case of chronic 
liver disease:
A-Low Gamma GT
B-High INR
C-Normal Albumin
Key: B
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The discrimination index
The discrimination index (DS) reflects the ability of an 
item to discriminate between a high-scoring examinee 
and a low achiever on a test [16]. The DS ranges from -1 
to 1. The larger the value of the DS, the more discrimi-
nating the item. Negative discrimination items mean 
that more students in the low-performing group were 
able to answer the item correctly than students who per-
formed highly. These items are usually faulty ones [17]. 
The DS was calculated by subtracting the proportion of 
low-performing students who answered the item cor-
rectly (L) from the proportion of high-performing stu-
dents who answered the item correctly (U), U-L = DS.

To calculate the DS in this study, the scores for each 
test version were arranged in descending order. Then, 
the upper and lower 27% of the students’ scores were 
identified. An item’s discrimination ability was classified 
as excellent if the DS was > 0.4, and good, acceptable, or 
poor if it was within the range of 0.3–0.39, 0.2–0.29, or 
0–0.19, respectively [18].

Reliability
Reliability in measurement reflects the concordance of 
the “observed score” with the “true” score, which is meas-
ured with no error. Cronbach’s alpha (α) is a test of inter-
nal consistency [19]. It was used in this study to reflect 
reliability. A reliability coefficient α of 0.8 or more is 
desired for high-stakes, in-house exams [20, 21]. It was 
calculated using the following formula:

where Q is the total number of items.
Statistical comparisons were made between Cron-

bach’s alpha coefficients using an online calculation tool 
[22]. Calculations rely on the tests implemented in the 
“cocron” package for the R programming language [23].

Standard error of measurement (SEM)
The standard error of measurement (SEM) measures to 
what extent test scores are spread around a “true” score 
[24]. It was calculated using the following formula:

Non‑functioning distractors (NFDs)
For this study, a non-functional distractor (NFD) is 
defined as a distractor chosen by < 0.05 of the students 
[10]. The correlation between the frequency of NFDs and 
both exam difficulty and discrimination ability were cal-
culated using Pearson’s correlation coefficient (r). If r is 
between 0 and 0.19, the association is regarded as very 
weak, 0.2–0.39 indicates it is weak, 0.40–0.59 shows it is 

(α)=Q/(Q−1)∗(1−(Sum of variances of allitems/total test variance))

(SEM)=SD∗
√
(1−reliability).

moderate, 0.6–0.79 reflects it as strong, and 0.8–1 indi-
cates a very strong correlation [25]. An online tool was 
used to calculate the Pearson’s coefficient and its signifi-
cance [26].

Results
Participants’ characteristics
A total of 240 students met the inclusion criteria. Of 
these, 84 agreed to participate. Forty-three were ran-
domly assigned to the five-option test, and of these, only 
30 submitted the completed test results. Forty-one stu-
dents were randomly assigned to the three-option test, 
and of these, only 23 completed the test. Figure 1 shows 
the flowchart of the participants’ recruitment.

There was an equal gender distribution between the 
two study groups. Most of the included students were 
female; this reflects the gender distribution for this class, 
where females constitute 58% of the students. Most of the 
participants had an intermediate GPA (Table 3).

Test score analyses
The maximum possible score on both tests was 50. The 
mean ± SD for the five-option test was 36.53 ± 6.44, 
with a score range of 20–44. The equivalent for the 
three-option test was 37.74 ± 7.85, with a score range of 
14–47. This difference was not statistically significant 
(p-value = 0.54). The passing score was 25 (50%) for both 
exams. Six percent of the students in the five-option test 

failed the exam, compared to 4% in the three-option test.

Reliability and the standard error of measurement
The three-option test was more reliable than the five-
option one, with reliability coefficients of 0.89 and 0.81, 
respectively, p-value = 0.19. The reliability was also com-
pared among all the MCQ categories (Table 4). The SEM 
was lower for the three-option test (2.6) than for the five-
option one (2.8).

Difficulty index
The three-option test was easier, as the mean DF for all 
items was higher for three-option format: 0.75 ± 0.18 and 
0.73 ± 0.17, while for the five-option test, the p-value was 
0.57. The DF was also calculated according to the item cat-
egories. The three-option test’s DF was equal to or higher 
than the five-option test’s DF in all categories (Table 5).

Most items in the three-option format were found to 
be easy, 30 (60%), while in the five-option format, most 
of the items had an acceptable difficulty level, 27 (54%) 
(Fig. 2).
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Discrimination index (DS)
The mean discrimination index (DS) was 0.53 for the 
three-option items and 0.45 for the five-option items. The 
three-option items’ DS was higher in all items’ categories 
(Table 6).

Most of the items in both versions had excellent dis-
crimination; however, there were more items with excel-
lent discrimination in the three-option format (70 vs. 
50%, Fig. 3).

Distractors’ performance
We analyzed 300 distractors: 200 in the five-option test 
and 100 in the three-option test. The frequency of NFDs 
(those chosen by < 0.05 of the students) was higher in the 
five-option test: 111 NFDs (56%), versus 39 (39%) in the 

Fig. 1  Recruitment & Randomization of The Study Participants 

Table 3  Participants’ characteristics

Characteristic 3-Option 
Group (41)

5-Option 
Group (43)

P-Value

Gender

  Female 25 (61%) 26 (60%) 1.00

  Male 16 (39%) 17 (40%)

Pre-Test GPA

  Low GPA 17 (41%) 18 (42%) 1.00

  Intermediate GPA 20 (49%) 21 (49%)

  High GPA 4 (10%) 4 (9%)

Table 4  Reliability of three options and five options categories

Category Number of Items Three Options Five Options P-Value

All 50 0.89 0.81 0.19

Application/Critical Thinking 29 0.84 0.80 0.59

Recall/Comprehension 21 0.70 0.35 0.07

Long Stem 29 0.82 0.80 0.80

Short Stem 21 0.75 0.27 0.01

Targeted Skill 35 0.86 0.82 0.54

General Disease Knowledge 15 0.53 0.17 0.19
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Fig. 2  Items’ Distribution According to Difficulty Indices

Table 6  Discrimination index comparison according to items’ category

Domain Five Options (DS) Three Options (DS) P-Value

All Items 0.45 ± 0.21 0.53 ± 0.22 0.07

Recall/Comprehension 0.45 ± 0.20 0.53 ± 0.25 0.20

Application/Critical Thinking 0.46 ± 0.23 0.53 ± 0.19 0.25

Targeted Skill 0.45 ± 0.20 0.53 ± 0.19 0.09

General Disease Knowledge 0.47 ± 0.24 0.53 ± 0.28 0.53

Long Stem 0.46 ± 0.21 0.53 ± 0.20 0.20

Short Stem 0.48 ± 0.22 0.52 ± 0.24 0.58

Fig. 3  Items’ Distribution According to Discrimination Indices

Table 5  Difficulty index comparison according to items’ category

Domain Five Options (DF) Three Options (DF) P-Value

All Items 0.73 ± 0.17 0.75 ± 0.18 0.57

Recall/Comprehension 0.68 ± 0.16 0.72 ± 0.19 0.42

Application/Critical Thinking 0.77 ± 0.17 0.77 ± 0.17 1.00

Targeted Skill 0.76 ± 0.17 0.77 ± 0.16 0.80

General Disease Knowledge 0.65 ± 0.16 0.68 ± 0.22 0.67

Long Stem 0.75 ± 0.16 0.75 ± 0.18 1.00

Short Stem 0.70 ± 0.18 0.74 ± 0.19 0.49
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three-option test, p-value < 0.01. Of these NFDs, 73 (66%) 
were chosen by no students from the five-option group, 
versus 15 (38%) from the three-option group, p-value < 0.01. 
In the five-option test, 80% of the items had two or more 
NFDs. In the three-option format, 36% had no NFDs, while 
in the five-option format, only 6% had no NFDs (Table 7).

The performance of each NFD in each version was 
compared with its performance in the other version. 
Of the 111 NFDs in the five-option test, 29 performed 
poorly in the three-option test. Of these, 19 had variable 
levels of performance, and 80% were chosen by < 0.09 of 
the students, ranging from 8 to 34%. The remaining 63 
(57%) were expected to be non-plausible and therefore 
deleted when the three-option test was created. A per-
formance comparison of the same distractor in both test 
versions could not be conducted.

Of the 39 NFDs in the three-option test, 29 performed 
poorly in the five-option test. The remaining 10 had vari-
able performance, ranging from 8 to 34%. Of these, 80% 
were chosen by < 0.07 of the students (Fig. 4).

Correlation between NFDs and items’ DF and DS
There was a positive correlation, r = 0.71 and 0.81, for the 
three and five option tests, respectively, p-value < 0.01, 
for both versions. As for the correlation with an 
item’s discrimination ability, it was negative: r = -0.44, 
p-value < 0.01 for the three-option test and r = -0.38, 
p-value < 0.01 for the five-option version.

Test time
The mean time students needed to finish the five-option 
test was 45 min and 49  s, while it was 32 min and 58  s 
for the three-option test. This means they required 55 s 
per item to consider the five options and 40 s per item to 
consider the three options. The difference was 15  s per 
item. This results in an estimated 7 s per option.

Discussion
The findings of this study join the conversation on the 
feasibility of three-option MCQs following a reduction 
from five options. The study has demonstrated that a 
well-constructed three-option MCQ can significantly 
reduce the time required to administer the exam without 

Table 7  Comparison of NFDs frequency in the current study

NFDs per 
Item

Three Options Five Options P-Value

0 18 (36%) 3 (6%) 0.00

1 20 (40%) 7 (14%) 0.00

2 12 (24%) 18 (36%) 0.27

3 NA 13 (26%) NA

4 NA 9 (18%) NA

Fig. 4  Distribution of The NFDs Between Test Versions
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losing the psychometric properties of the assessment 
tool. Both test versions had a high level of reliability, with 
Cronbach’s alphas of 0.89 and 0.81 for the three- and five-
option tests, respectively (Table 4).

Most studies that compare the impact of the number of 
options on an exam analysis did not investigate reliability 
[9]. Few of the studies that have looked at the reduction 
of MCQ options from four to three have reported that 
there was no noticeable change in the reliability of the 
exams [8, 10, 27, 28]. Very few studies have compared the 
reliability of three and five options, but they, too, found 
no significant differences [29, 30].

This study also compared the reliability of a three-
option MCQ according to question categories: the cogni-
tive levels targeted, question length, and structure. There 
was a consistent pattern of higher reliability for the three-
option test in all categories, compared to the five-option 
test. Budescu and Nevo [31] investigated the effect of 
question complexity on the reliability difference between 
three and five options and found that the relationship 
between the number of options and reliability varied 
according to the skill being tested, and whether it was 
related to vocabulary, reading comprehension, or math-
ematics. They called this variability the “m” factor, which 
reflects the question’s complexity. When the complex-
ity approached zero, the three-option test yielded maxi-
mum reliability, evident in its short vocabulary questions. 
However, in more complex questions, five options pro-
vided higher reliability.

In this study, the SEM was slightly lower for the three-
option test: 2.6, versus 2.8 for the five-option test. This 
means that we are 95% confident that the true score of 
any student on the three-option test lies within 5.2 points 
of the student’s exam score, versus 5.6 for the five -option 
test [16]. The SEM is strongly related to reliability. The 
larger the test reliability estimate, the lower the SEM. 
However, the SEM helps us evaluate a particular student’s 
score. To the best of our knowledge, only one study to 
date has reported on the use of the SEM to investigate 
the optimum number of MCQ options, and it compared 
three and four options [27]. That study’s findings were 
consistent with ours, where we found a slight decrease in 
the SEM for the three-option format.

Difficulty and discrimination ability
The mean scores and standard deviation for the three-
option test were higher than those for the five-option 
test: 37.74 ± 7.85, versus 36.53 ± 6.44, respectively. How-
ever, this difference is not significant, p = 0.54. This is 
consistent with Tarrant and Ware’s [28] findings when 
comparing three and four options in nursing student 
assessments. However, Rogers and Harley [27] found that 
the mean score of a three-option test was significantly 

higher than that of a four-option one: 20.42 ± 4.88, ver-
sus 17.81 ± 4.61. However, they included high school stu-
dents, and the test was on mathematics.

Most of the items in the three-option test were consid-
ered easy, while they were mostly of an acceptable level 
in the five-option format (Fig.  2). This pattern contin-
ued upon computing the item DF, which showed that 
the three-option format was slightly easier than the five-
option format: 0.75 ± 0.18, versus 0.7 ± 0.17. However, 
this was not significant, p = 0.57. This finding is consist-
ent for all the MCQ categories (Table  5). The students 
who participated in this study were in their final year of 
medical school and were expected to perform at this level 
of proficiency in the exam subject.

Item difficulty is the most-studied parameter regard-
ing the optimum number of options in MCQs [9]. The 
findings of the present study are consistent with a meta-
analysis performed by Rodriguez [10]. He found that all 
the included studies he reviewed showed that a reduction 
in the number of options was always associated with an 
increase in DF, making the fewer-option format easier. 
However, the most significant effect was observed upon 
decreasing the option number to two. The meta-analysis 
results are also consistent with many not included and 
later studies [7, 8, 27]. To our knowledge, one study, by 
Tarrant and Ware [27], found that three-option tests 
were more difficult than four-option formats, with DF 
of 0.70 ± 0.5, versus 0.73 ± 0.14, respectively, yet their 
results were not significant. Many factors might have 
contributed to this different finding. For example, Tar-
rant and Ware administered the two tests in two differ-
ent years with different numbers of items. Furthermore, 
a considerable number of the items were not common 
between the two versions.

In this study, most of the items in the three-option 
test showed excellent discrimination ability: DS ≥ 0.4 
with a frequency of 70%, versus 50% for the five-option 
test. The mean DS was higher for three options: 0.53, 
versus 0.45 for five options. This was consistent for all 
the MCQ categories (Fig. 3). However, this finding was 
not significant. The DS reflects a question’s quality and 
how it can differentiate among students’ abilities [32]. 
This element is less studied than the DF when investigat-
ing the optimum number of options [9]. In Rodriguez’s 
meta-analysis [10], studies that investigated the effect on 
the DS showed that decreasing the number of options is 
associated with a reduction in items’ discrimination abil-
ity. This reduction was observed to be the smallest when 
changing from five to three options. However, Rodriguez 
included studies from all fields of science and differ-
ent educational levels. Many other studies have shown 
no difference in the DS when changing the number of 
options [8, 27, 33, 34].
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Distractors’ performance
The most frequent pattern of NFDs in the five-option for-
mat was two per item (36%), while only 6% had four func-
tioning distractors (Table  7). This high rate of NFDs is 
consistent with a study conducted by Kilgour and Tayy-
aba [35]. They reviewed four MCQ tests with five-option 
questions designed for medical students and found that 
33.1% had two functioning distractors, ranging from 
30.5% to 39.3%, and that only 7.1% had four functioning 
distractors, ranging from 5.5% to 8.6%. Fozzard et al. [36] 
reviewed an assessment administered to medical stu-
dents and found that 26% had two functioning distrac-
tors, ranging from 20 to 33%, while 19% of MCQs had 
four functioning distractors, ranging from 4 to 28%.

The overall frequency of NFDs in the five-option test 
was higher than that in the three-option test: 56%, ver-
sus 44%, respectively, p-value = 0.00. Items with 100% 
effective distractors (0 NFDs) were significantly higher 
for the three options: 36%, versus 6% for the five options, 
p-value = 0.00. Items with zero functioning distractors 
(100% NFDs) comprised 24%, versus 18% in the three- 
and five-option tests, respectively, but this result was not 
statistically significant, p-value = 0.27.

This finding is consistent with the published literature, 
where more options have been found to be associated 
with more NFDs [8, 9, 34]. This finding of such a high 
rate of NFDs in the five-option test, and the significant 
reduction in NFD frequency that occurs with decreas-
ing the number of options, further supports the assump-
tion by Haladyna and Downing [9] that three options 
per item may be a natural limit for MCQ item-writers in 
most circumstances. For any problem that is presented 
to students, there are a limited number of plausible solu-
tions. When the number of options is predetermined, 
as per the test regulation, item-writers might fulfil the 
requirement by using poorly constructed, implausible 
options.

Upon further analysis of distractor performance and 
its relation to an item’s difficulty and discrimination 
ability, there was a strong positive correlation between 
the number of NFDs per item and the item’s DF, where 
the more NFDs, the easier the item: r = 0.71 and 0.81 
for three and five options, respectively, p-value < 0.01 
for both. There was a moderate negative correlation 
between the frequency of NFDs per item and the item’s 
discrimination ability for both test versions: r = -0.44 
and -0.38 for the three and five options, respectively, 
p-value = 0.00. This is consistent with previous studies 
[37, 38]. This finding is essential for further proving the 
importance of designing effective and plausible distrac-
tors. In this study, the three-option test showed a higher 
discrimination ability than the five-option test, a finding 
that can be attributed to the fact that the three-option 

test had more functioning distractors than the five-
option format.

This study also showed that 53% of the NFDs in the 
five-option test were expected to perform poorly by 
experts and deleted when the three-option test was cre-
ated (Fig. 4). This observation further supports previous 
studies that found that experts were able to detect NFDs 
without conducting a formal exam analysis [39–41]. The 
other important observation regarding distractor per-
formance is that 29 distractors performed equally poorly 
in both test versions and were NFDs (Fig. 4). These two 
observations should draw the exam constructor’s atten-
tion to the idea that a distractor’s plausibility is an inher-
ent quality and not related to the number of options. 
Therefore, training on item-writing should improve the 
performance of distractors and, potentially, positively 
impact reliability and discrimination ability [41].

Test time
The time calculated before the administration of the test 
followed many theoretical and empirical studies that 
claim that the test’s allotted time should be proportional 
to the test’s length [42, 43]. Based on this principle, eight 
seconds were allowed per option; therefore, it was esti-
mated that 10 min less time was required for the three-
option test. This is the first study to consider a different 
test time for each option-number version. All previous 
studies calculated time as an outcome [31, 33, 34, 42, 43]. 
The actual time that the students took to finish each test 
was 10 min less than the pre-administration calculation. 
The difference between the two tests was 15 s per item. 
Since the items were identical, one can assume the differ-
ence was due to the distinct numbers of options, mean-
ing that each option needed 7  s. This study’s findings 
reveal that the time difference between the two versions 
per item is greater than previously reported. Vegada et al. 
[34] reported a savings of 6 s per item, in comparison to 
15 s in our study. This might partially be explained by the 
fact that they used a more difficult test than we did.

Conclusions
This study adds to the current literature that claims 
the optimum number of options in MCQ tests is three. 
Concerns about the reliability of this type of exam are 
not supported by evidence. Most educators who argue 
against using three-option formats base their opinion 
on the chance of guessing the correct response [44], 
which increases from 20% in the five-option format to 
33% when there are only three options. Even though 
this is only a theoretical argument and not supported by 
accumulated evidence over the last 100 years, it is based 
on applying principles of random guessing. The meas-
urement of students’ knowledge of a taught curriculum 
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using MCQ questions is not based on sheer guessing, 
as Costin [45] realized more than 45  years ago. Later, 
this theory was supported by many other studies [10, 
31]. The principle of random guessing is applied if all 
the options have an equal probability of being chosen; 
however, tests are usually designed to meet the learning 
objectives of a taught curriculum, and test takers are 
expected to have full or partial knowledge of the test 
items, so they approach each option with some degree 
of knowledge, which is certainly not random guess-
ing [46]. Examinees are familiar with the exam sub-
ject. Hence, they can narrow down the possible correct 
responses and change the provided number of options 
from five to a lower number of options according to 
their competency in that subject [30, 47].

Based on this study and the medical literature, we rec-
ommend the adoption of three-option MCQs. However, 
while making this recommendation, we also emphasize 
that the goal is not simply to have fewer distractors, 
but fewer well-functioning distractors [7]. In addition, 
and contrary to most previous studies that have recom-
mended adopting three-option MCQs, we would like to 
propose a more individualized approach that depends 
on the evaluation of each medical school’s MCQ-based 
assessments. Each school should perform an exten-
sive review of its MCQ tests and evaluate the quality 
of their items. They should calculate the exams’ reli-
ability and assess the frequency of NFDs in their test 
items. Subsequently, they should decide if switching 
to a three-option format would improve their exams’ 
psychometrics.

This study has proved that three-option MCQs are 
comparable to five-option MCQs, in terms of exam psy-
chometrics. Three-option MCQs are superior to five-
option tests with regard to saving time in relation to 
their construction and administration, and they allow 
for the better presentation of a curriculum. The choice 
of adopting a specific MCQ format should depend on 
each school’s assessment situation and the quality of its 
MCQs. Future research should focus on improving the 
quality of MCQ tests and on designing and implementing 
guidelines on MCQ construction, especially those related 
to creating plausible distractors.

Acknowledgements
This work was done during the first author’s sabbatical leave from the Univer‑
sity of Jordan.

Authors’ contributions
MA: conceived of the study’s idea and oversaw its design, analysis, and wrote 
the manuscript. BK: helped in revising the design and draft and approved the 
final manuscript. The author(s) read and approved the final manuscript.

Funding
This study did not receive funding.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
- All methods were carried out in accordance with the British educational 
research association (BERA) Ethical Guidelines
- Informed consent was obtained from all subjects
- This study was approved by Dundee ethical committee (approval number: 
20/107) and the university of Jordan ethical committee (approval number: 
19/2020/577).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 October 2022   Accepted: 28 March 2023

References
	1.	 Haladyna TM, Downing SM. A taxonomy of multiple-choice item-writing 

rules. Appl Measur Educ. 1989;2(1):37–50. https://​doi.​org/​10.​1207/​s1532​
4818a​me0201_3.

	2.	 Haladyna TM, Downing SM. Validity of a taxonomy of multiple-choice 
item-writing rules. Appl Measur Educ. 1989;2(1):51–78. https://​doi.​org/​10.​
1207/​s1532​4818a​me0201_4.

	3.	 Alamoudi AA, El-Deek BS, Park YS, Al Shawwa LA, Tekian A. Evaluating 
the long-term impact of faculty development programs on MCQ item 
analysis. Med Teach. 2017;39(sup1):S45–9. https://​doi.​org/​10.​1080/​01421​
59x.​2016.​12547​53.

	4.	 Tarrant M, Ware J. A framework for improving the quality of multiple-
choice assessments. Nurse Educ. 2012;37(3):98–104. https://​doi.​org/​10.​
1097/​nne.​0b013​e3182​5041d0.

	5.	 Baghaei P, Amrahi N. The effects of the number of options on the psy‑
chometric characteristics of multiple-choice items. Psychol Test Assess 
Model. 2011;53(2):192–211.

	6.	 Esmaeeli B, Esmaeili SE, Norooziasl S, Shojaei H, Pasandideh A, Kho‑
shkholgh R. The optimal number of choices in multiple-choice tests: a 
systematic review. Med Educ Bull. 2021;2(3):253–60. https://​doi.​org/​10.​
22034/​MEB.​2021.​311998.​1031.

	7.	 Loudon C, Macias-Muñoz A. Item statistics derived from three-option 
versions of multiple-choice questions are usually as robust as four- or 
five-option versions: Implications for exam design. Adv Physiol Educ. 
2018;42(4):565–75. https://​doi.​org/​10.​1152/​advan.​00186.​2016.

	8.	 Rahma A, Shamad M, Idris ME, Elfaki O, Elfakey W, Salih KM. Comparison 
in the quality of distractors in three and four options type of multiple-
choice questions. Adv Med Educ Pract. 2017;8:287–91. https://​doi.​org/​10.​
2147/​amep.​s1283​18.

	9.	 Haladyna TM, Downing SM. How many options is enough for a multiple-
choice test item? Educ Psychol Measur. 1993;53(4):999–1010. https://​doi.​
org/​10.​1177/​00131​64493​05300​4013.

	10.	 Rodriguez MC. Three options are optimal for multiple-choice items: 
a meta-analysis of 80 years of research. Educ Meas Issues Pract. 
2005;24(2):3–13. https://​doi.​org/​10.​1111/j.​1745-​3992.​2005.​00006.x.

	11.	 Shin J, Guo Q, Gierl MJ. Multiple-choice item distractor development 
using topic modeling approaches. Front Psychol. 2019;10:825. https://​doi.​
org/​10.​3389/​fpsyg.​2019.​00825.

	12.	 Armstrong P. Bloom’s taxonomy. Vanderbilt University Center for Teaching; 
2010. https://​cft.​vande​rbilt.​edu/​guides-​sub-​pages/​blooms-​taxon​omy/.

	13.	 Haladyna TM, Rodriguez MC. Developing and validating test items. New 
York, London: Routledge; 2013.

https://doi.org/10.1207/s15324818ame0201_3
https://doi.org/10.1207/s15324818ame0201_3
https://doi.org/10.1207/s15324818ame0201_4
https://doi.org/10.1207/s15324818ame0201_4
https://doi.org/10.1080/0142159x.2016.1254753
https://doi.org/10.1080/0142159x.2016.1254753
https://doi.org/10.1097/nne.0b013e31825041d0
https://doi.org/10.1097/nne.0b013e31825041d0
https://doi.org/10.22034/MEB.2021.311998.1031
https://doi.org/10.22034/MEB.2021.311998.1031
https://doi.org/10.1152/advan.00186.2016
https://doi.org/10.2147/amep.s128318
https://doi.org/10.2147/amep.s128318
https://doi.org/10.1177/0013164493053004013
https://doi.org/10.1177/0013164493053004013
https://doi.org/10.1111/j.1745-3992.2005.00006.x
https://doi.org/10.3389/fpsyg.2019.00825
https://doi.org/10.3389/fpsyg.2019.00825
https://cft.vanderbilt.edu/guides-sub-pages/blooms-taxonomy/


Page 11 of 11Al‑lawama and Kumwenda ﻿BMC Medical Education          (2023) 23:212 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	14.	 University of Washington. Understanding item analysis. 2021. https://​
www.​washi​ngton.​edu/​asses​sment/​scann​ing-​scori​ng/​scori​ng/​repor​ts/​
item-​analy​sis/.

	15.	 Florida State University, Office of Distance Learning. Item analysis 
techniques to improve test items and instruction. Faculty Development 
Lecture; 2021. https://​odl.​fsu.​edu/​sites/g/​files/​upcbn​u2391/​files/​media/​
PDFs/​ItemA​nalys​is.​pdf.

	16.	 Tavakol M, Dennick R. Post-examination analysis of objective tests. Med 
Teach. 2011;33(6):447–58. https://​doi.​org/​10.​3109/​01421​59x.​2011.​564682.

	17.	 Livingston SA. Item analysis. In: Downing SM, Haladyna TM, editors. 
Handbook of test development. 1st ed. New Jersey: Lawrence Erlbaum 
Associates; 2006. p. 421–441.

	18.	 Pande SS, Pande SR, Parate VR, Nikam AP, Agrekar SH. Correlation 
between difficulty & discrimination indices of MCQs in formative exam in 
physiology. South East Asian J Med Educ. 2013;7(1):45. https://​doi.​org/​10.​
4038/​seajme.​v7i1.​149.

	19.	 Tavakol M, Dennick R. Making sense of Cronbach’s alpha. Int J Med Educ. 
2011;2:53–5. https://​doi.​org/​10.​5116/​ijme.​4dfb.​8dfd.

	20.	 Downing SM. Reliability: on the reproducibility of assessment data. Med 
Educ. 2004;38(9):1006–12. https://​doi.​org/​10.​1111/j.​1365-​2929.​2004.​
01932.x.

	21.	 Swanwick T. Understanding medical education: evidence, theory, and 
practice. 2nd ed. New Jersey: Wiley-Blackwell; 2013.

	22.	 Diedenhofen B, Musch J. Comparing Cronbach alphas. Concorn; 2016. 
http://​compa​ringc​ronba​chalp​has.​org/.

	23.	 Diedenhofen B, Musch J. Cocron: a web interface and R package for the 
statistical comparison of Cronbach’s alpha coefficients. Int J Internet Sci. 
2016;11:51–60.

	24.	 Tighe J, McManus I, Dewhurst NG, Chis L, Mucklow J. The standard error 
of measurement is a more appropriate measure of quality for postgradu‑
ate medical assessments than is reliability: an analysis of MRCP(UK) 
examinations. BMC Med Educ. 2010;10(1):40. https://​doi.​org/​10.​1186/​
1472-​6920-​10-​40.

	25.	 Swinscow TDV, Campbell MJ. Statistics at square. 10th ed. London: BMJ 
Books; 2002.

	26.	 Pearson correlation coefficient calculator. Social Science Statistics; 2022. 
https://​www.​socsc​istat​istics.​com/​tests/​pears​on/​defau​lt2.​aspx.

	27.	 Rogers WT, Harley D. An empirical comparison of three-and four-choice 
items and tests: susceptibility to testwiseness and internal consistency 
reliability. Educ Psychol Measur. 1999;59(2):234–47. https://​doi.​org/​10.​
1177/​00131​64992​19698​20.

	28.	 Tarrant M, Ware J. A comparison of the psychometric properties of three- 
and four-option multiple-choice questions in nursing assessments. Nurse 
Educ Today. 2010;30(6):539–43. https://​doi.​org/​10.​1016/j.​nedt.​2009.​11.​002.

	29.	 Asmus EP. The effect of altering the number of choices per item on 
test statistics: is three better than five? Bull Counc Res Music Educ. 
1981;65:1–15 (http://​www.​jstor.​org/​stable/​40317​637).

	30.	 Trevisan MS, Sax G, Michael WB. The effects of the number of options 
per item and student ability on test validity and reliability. Educ Psy‑
chol Measur. 1991;51(4):829–37. https://​doi.​org/​10.​1177/​00131​64491​
05100​404.

	31.	 Budescu DV, Nevo B. Optimal number of options: an investigation of the 
assumption of proportionality. J Educ Meas. 1985;22(3):183–96. https://​
doi.​org/​10.​1111/j.​1745-​3984.​1985.​tb010​57.x.

	32.	 Johari J, Wahab DA, Ramli R, Saibani N, Sahari J, Muhamad N. Identifying 
student-focused intervention programmes through discrimination index. 
Procedia Soc Behav Sci. 2012;60:135–41. https://​doi.​org/​10.​1016/j.​sbspro.​
2012.​09.​359.

	33.	 Schneid SD, Armour C, Park YS, Yudkowsky R, Bordage G. Reducing the 
number of options on multiple-choice questions: response time, psycho‑
metrics and standard setting. Med Educ. 2014;48(10):1020–7. https://​doi.​
org/​10.​1111/​medu.​12525.

	34.	 Vegada B, Shukla A, Khilnani A, Charan J, Desai C. Comparison between 
three option, four option and five option multiple choice question 
tests for quality parameters: a randomized study. Indian J Pharmacol. 
2016;48(5):571. https://​doi.​org/​10.​4103/​0253-​7613.​190757.

	35.	 Kilgour JM, Tayyaba S. An investigation into the optimal number 
of distractors in single-best answer exams. Adv Health Sci Educ. 
2016;21(3):571–85. https://​doi.​org/​10.​1007/​s10459-​015-​9652-7.

	36.	 Fozzard N, Pearson A, Du Toit E, Naug H, Wen W, Peak IR. Analysis of MCQ 
and distractor use in a large first year health faculty Foundation program: 

assessing the effects of changing from five to four options. BMC Med 
Educ. 2018;18(1):252. https://​doi.​org/​10.​1186/​s12909-​018-​1346-4.

	37.	 D’Sa JL, Alharbi MF, Visbal-Dionaldo ML. The relationship between item 
difficulty and non-functioning distractors of multiple-choice questions. 
Int J Nurs Educ. 2018;10(3):48. https://​doi.​org/​10.​5958/​0974-​9357.​2018.​
00065.x.

	38.	 Tarrant M, Ware J, Mohammed AM. An assessment of functioning and 
non-functioning distractors in multiple-choice questions: a descrip‑
tive analysis. BMC Med Educ. 2009;9(1):40. https://​doi.​org/​10.​1186/​
1472-​6920-9-​40.

	39.	 Cizek GJ, Robinson KL, O’Day DM. Nonfunctioning options: a closer look. 
Educ Psychol Measur. 1998;58(4):605–11. https://​doi.​org/​10.​1177/​00131​
64498​05800​4004.

	40.	 Rogausch A, Hofer R, Krebs R. Rarely selected distractors in high stakes 
medical multiple-choice examinations and their recognition by item 
authors: a simulation and survey. BMC Med Educ. 2010;10(1):85. https://​
doi.​org/​10.​1186/​1472-​6920-​10-​85.

	41.	 Swanson DB, Holtzman KZ, Allbee K, Clauser BE. Psychometric charac‑
teristics and response times for content-parallel extended-matching 
and one-best-answer items in relation to number of options. Acad Med. 
2006;81(10 Suppl):S52–5. https://​doi.​org/​10.​1097/​01.​ACM.​00002​36518.​
87708.​9d.

	42.	 Dehnad A, Nasser H, Hosseini AF. A comparison between three-and four-
option multiple choice questions. Procedia Soc Behav Sci. 2014;98:398–
403. https://​doi.​org/​10.​1016/j.​sbspro.​2014.​03.​432.

	43.	 Tversky A. On the optimal number of alternatives at a choice point. J 
Math Psychol. 1964;1(2):386–91. https://​doi.​org/​10.​1016/​0022-​2496(64)​
90010-0.

	44.	 Lau PNK, Lau SH, Hong KS, Usop H. Guessing, partial knowledge, 
and misconceptions in multiple-choice tests. J Educ Technol Soc. 
2011;14(4):99–110.

	45.	 Costin F. Difficulty and homogeneity of three-choice versus four-choice 
objective test items when matched for content of stem. Teach Psychol. 
1976;3(3):144–5. https://​doi.​org/​10.​1207/​s1532​8023t​op0303_​13.

	46.	 Edwards BD, Arthur W, Bruce LL. The three-option format for knowledge 
and ability multiple-choice tests: a case for why it should be more 
commonly used in personnel testing. Int J Sel Assess. 2012;20(1):65–81. 
https://​doi.​org/​10.​1111/j.​1468-​2389.​2012.​00580.x.

	47.	 Green K, Sax G, Michael WB. Validity and reliability of tests having differing 
numbers of options for students of differing levels of ability. Educ Psychol 
Measur. 1982;42(1):239–45. https://​doi.​org/​10.​1177/​00131​64482​421030.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.washington.edu/assessment/scanning-scoring/scoring/reports/item-analysis/
https://www.washington.edu/assessment/scanning-scoring/scoring/reports/item-analysis/
https://www.washington.edu/assessment/scanning-scoring/scoring/reports/item-analysis/
https://odl.fsu.edu/sites/g/files/upcbnu2391/files/media/PDFs/ItemAnalysis.pdf
https://odl.fsu.edu/sites/g/files/upcbnu2391/files/media/PDFs/ItemAnalysis.pdf
https://doi.org/10.3109/0142159x.2011.564682
https://doi.org/10.4038/seajme.v7i1.149
https://doi.org/10.4038/seajme.v7i1.149
https://doi.org/10.5116/ijme.4dfb.8dfd
https://doi.org/10.1111/j.1365-2929.2004.01932.x
https://doi.org/10.1111/j.1365-2929.2004.01932.x
http://comparingcronbachalphas.org/
https://doi.org/10.1186/1472-6920-10-40
https://doi.org/10.1186/1472-6920-10-40
https://www.socscistatistics.com/tests/pearson/default2.aspx
https://doi.org/10.1177/00131649921969820
https://doi.org/10.1177/00131649921969820
https://doi.org/10.1016/j.nedt.2009.11.002
http://www.jstor.org/stable/40317637
https://doi.org/10.1177/001316449105100404
https://doi.org/10.1177/001316449105100404
https://doi.org/10.1111/j.1745-3984.1985.tb01057.x
https://doi.org/10.1111/j.1745-3984.1985.tb01057.x
https://doi.org/10.1016/j.sbspro.2012.09.359
https://doi.org/10.1016/j.sbspro.2012.09.359
https://doi.org/10.1111/medu.12525
https://doi.org/10.1111/medu.12525
https://doi.org/10.4103/0253-7613.190757
https://doi.org/10.1007/s10459-015-9652-7
https://doi.org/10.1186/s12909-018-1346-4
https://doi.org/10.5958/0974-9357.2018.00065.x
https://doi.org/10.5958/0974-9357.2018.00065.x
https://doi.org/10.1186/1472-6920-9-40
https://doi.org/10.1186/1472-6920-9-40
https://doi.org/10.1177/0013164498058004004
https://doi.org/10.1177/0013164498058004004
https://doi.org/10.1186/1472-6920-10-85
https://doi.org/10.1186/1472-6920-10-85
https://doi.org/10.1097/01.ACM.0000236518.87708.9d
https://doi.org/10.1097/01.ACM.0000236518.87708.9d
https://doi.org/10.1016/j.sbspro.2014.03.432
https://doi.org/10.1016/0022-2496(64)90010-0
https://doi.org/10.1016/0022-2496(64)90010-0
https://doi.org/10.1207/s15328023top0303_13
https://doi.org/10.1111/j.1468-2389.2012.00580.x
https://doi.org/10.1177/0013164482421030

	Decreasing the options’ number in multiple choice questions in the assessment of senior medical students and its effect on exam psychometrics and distractors’ function
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Research setting and participant recruitment
	Randomization
	MCQs preparation for both test versions
	Time allocation
	Test administration
	Ethical considerations
	Statistical analysis
	The difficulty index
	The discrimination index
	Reliability
	Standard error of measurement (SEM)
	Non-functioning distractors (NFDs)

	Results
	Participants’ characteristics
	Test score analyses
	Reliability and the standard error of measurement
	Difficulty index
	Discrimination index (DS)
	Distractors’ performance
	Correlation between NFDs and items’ DF and DS
	Test time

	Discussion
	Difficulty and discrimination ability
	Distractors’ performance
	Test time

	Conclusions
	Acknowledgements
	References


