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Abstract

Introduction:
questions (MCQs) are still being reused in medical and

Poorly constructed multiple-choice

dental colleges. Item analysis reports are used to
evaluate MCQ tests and eliminate the substandard
MCQs for quality improvement purposes.

Aim: This study aims to assess the quality of the MCQ
item analysis of dental students’ final year
orthodontics examination using the difficulty index
(DIF 1) discrimination index (DI) and distractor
Additionally, the

relationship between these parameters is determined to

efficiency (DE) parameters.

categorize the tested MCQs into either acceptable,
which would be stored in the MCQ bank, or
substandard (poor), which would be eliminated or
rephrased.

Methods: Four MCQ examinations from the sixth-
year undergraduate orthodontic course of the academic
year 2018—2019 were evaluated by item analysis
using the OIF I, DI, and DE. A total of 165 MCQ
items (495 distractors) were collated and analyzed
after 189 students answered the tests.

Results: The mean and standard deviation of the DIF
I and DI were 0.76 (+0.19) and 0.25 (+0.14)
respectively. Distraction assessments tevealed that
27.5% were non-functional distractors (NFDs) with a
DE of 78.2%. There was a significant negative
correlation between the DIF I and the DI (r: -0.711;
p < 0.01). A significant positive correlation was found

between the DIF I and NFDs (: 0.644; p < 0.01). Of
the 165 MCQ items, 153 were considered sufficiently
good to be stored in the MCQ bank, and only 12 were
poorly constructed and recommended for elimination

or rephrasing.

Conclusion: Item analysis was effective in identifying
the good and poorly constructed MCQ items.
Therefore, it should be used with each university
MCQ examination for the development of a reliable
and valid MCQ bank,

Keywords: Item Analysis, Difficulty Index,
Discrimination Index, Non-Functional Distractors).

Introduction

Multiple Choice Question (MCQ)
examinations are extensively used as an
educational examination tool in  many
institutes.”  Many believe that a well-
constructed MCQ test is an unbiased
assessment that can measure knowledge and is
necessary to reflect students’ performance in a
course.>® Therefore, high-quality MCQ tests
are essential for accurate education level
assessment.*

Item analysis is used to evaluate MCQ tests by
examining the responses of the student to
individual MCQ test items using distractor
efficiency (DE) and the difficulty and
discrimination item indices.’ The
difficulty index (DIF 1) is useful for analysis. It
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measures how many exam-takers answered
the MCQ item accurately. The values range
from 0 to 1. A low DIF I indicate that the MCQ
item is very difficult and not easy to
comprehend. It is desirable for the MCQ item
to have a moderately difficult index score (>
0.3 and < 0.8).° The discrimination index (DI)
is valuable for analysis. It determines if the
correct answer option for the MCQ item is
effective in distinguishing between the higher-
performing knowledgeable students and the
lower-performing students who are not as
knowledgeable. Its values range from -1 to +1.
If the correct answer option for the MCQ item
has a negative DI, it indicates that the
reliability of the test is low and that it should
be eliminated.”®®

Distractor analysis is used to identify the
functional distractors (FDs) and the non-
functional distractors (NFDs) in an MCQ item.
An effective distractor is a FD because it is
similar to the correct answer. Hence, an FD
should indicate what the students commonly
misunderstand regarding the correct answer. It
can be identified by its frequent selection by
exam-takers (> 5%) as the correct answer. An
NFD, however, is a poorly constructed and
ineffective distractor. It is identified by its
infrequent selection by exam-takers (< 5%). It
is termed a poorly constructed distractor
because it is either not a true statement, or it is
unrelated to the question being asked. DE is
calculated based on the number of NFDs for
the MCQ item. Its value ranges from 0% to
100%; if the number of NFDs for the MCQ
item is zero, the DE is 100%."% !

Some researchers have studied the relationship
between MCQ item difficulty Index (DIF 1)
and the discrimination power (DI) of the
correct answer option and found an indirect
relationship; for an MCQ with a high DIF |
(easy MCQ), the DI of the correct answer
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option is low. The relationship between MCQ

item DIF I and the number of NFDs has also

been studied and a direct relationship has been

found; as DIF | increases (easy MCQ), the
number of NFDs increases.'**®

At the faculty of dentistry in King Abdulaziz
University (KAU), Jeddah, Saudi Arabia, the
examination committee  weighed the
advantages and limitations of multiple-choice
tests and decided to use them in all the
undergraduate university examinations. Few
studies on MCQ tests’ item analysis were
conducted at King Abdulaziz University in the
faculty of medicine. However, to our
knowledge, no studies were conducted at the
faculty of dentistry at the same university
(KAU). Although all the departments of the
college of dentistry at KAU routinely conduct
item analysis for all the MCQ exams, the
importance of the item analysis reports is
underestimated by the faculty members who
create the MCQ tests, and the reports on MCQ
item analysis feedback are inadequate. In fact,
the automatically generated analysis is not
useful, and the same MCQ mistakes are
repeated.”*®  Therefore,  for  quality
improvement purposes, this study aimed to
assess the item analysis of four MCQ
examinations, namely the dental students’ final
year “Orthodontics” examinations. This
assessment was conducted using the DIF | the
DI, and the DE. The relationship between them
was also determined to categorize the tested
MCQs (depending on the values of DIF I, DI,
and the number of NFDs). Thus, the MCQs
were categorized as either acceptable, to be
stored in the MCQ bank, or substandard (poor),
to be eliminated or rephrased.

Materials and Method

The Research Ethics Committee at King
Abdulaziz University in Jeddah, Saudi Arabia,
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approved this cross-sectional descriptive study,
RCE # 049-02-109.

DATA COLLECTION AND ANALYSIS

Item analysis reports of four MCQ
examinations for the sixth-year undergraduate
orthodontic course of the academic year 2018—
2019 were used. These MCQ examinations
were formulated by 14 orthodontic staff
members teaching the sixth-year orthodontic
course at the faculty of dentistry, KAU. A total
of 189 students took the sixth-year
undergraduate  orthodontic ~ course  and
answered these four MCQ tests “Hence, they
are the MCQ test-takers”. Each MCQ item
included a stem and four options: three
distractors and one correct answer. One mark
was awarded for the correct answer, and zero
was awarded for the incorrect response.
Negative marking was not used.

The four MCQ examinations were two quizzes
(each examination quiz contained 10 MCQ
items), the midterm examination (50 MCQ
items), and the final examination (95 MCQ
items). From these tests, 165 MCQ items with
660 options (165 correct answers and 495
distractors) were collated. The MCQ tests were
assessed for difficulty level using the DIF I of
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each MCQ item and for discrimination power

between low-achieving and high-achieving

students using the DI of the correct answer for

each MCQ item. Finally, a distraction

assessment of the three distractors in each

MCQ item was performed to identify the FDs
and NFDs to analyze the DE.

The DIF I was computed by means of the
formula H+L/NxI00, where H and L are 26%
of the high-performing and low-performing
students with the correct responses, and N is
the total number of exam-takers in each group.
The DIF I value ranged between 0 and 1. High
values indicated a low difficulty level (easy
MCQ item) and vice versa. Furthermore, the
Dl was computed to evaluate the correct
answer option’s discrimination power between
the high-achieving and low-achieving student
groups using the formula H-LX2/N. It ranged
between -1 and +1. High values indicated a
higher discrimination power and vice versa.
Based on Ebel and Frisbe’s (1972) guidelines
on classical test theory item analysis as
explained by Haladyna and Downing (1989).*°
The DIF I and DI were categorized as seen in
(Tablel).

Table 1. Ebel and Frisbe’s (1972) interpretation of difficulty and discrimination indices

Difficulty Index (DIF I) Discrimination Index (DI)
Difficult 0to 0.30 Poor Negative to O
Moderatel

/ 0.31100.79 Fair 0.01t00.19
Difficult
Good 0.20t0 0.39
Easy >0.80to1
Excellent >0.40to 1
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DIF | value > 0.30 indicate acceptable
moderately difficult MCQ item, and values >
0.8 indicate an easy MCQ item (low difficulty
level). However, the MCQ item is only
considered acceptable if the distractors are
effective. Values lower than 0.31 indicated
very difficult MCQ items, and these items were
recommended to be removed or rephrased.
Regarding the discrimination power of the
correct answer option in an MCQ item using
the DI, an acceptable DI value was between
0.01 and 1, and a DI value > 0.4 was
considered excellent. A negative DI value (less
than zero) was considered unacceptable.
Distractor assessment was performed by
identifying the FDs and NFDs for each MCQ
item. If the distractor was chosen by less than
5% of the exam-takers, it was considered an
NFD, and if the distractor was chosen by more
than 5% of the examinees, it was considered an
FD. From the distractor analysis, the DE was
calculated based on the number of NFDs in the
MCQ item. The DE ranged from 0% to 100%.
If the MCQ item had no NFDs, the DE was
100%, and if the MCQ item had one, two, or
three NFDs, the DE percentages of the MCQ
item were 66.66%, 33.33%, and 0%,
respectively. The relationship between the DIF
I, DI, and the number of NFDs was calculated
using a two-tailed ANOVA Pearson’s
correlation test.

It was essential to categorize the MCQ items
based on their item analysis results to update
the MCQ bank with reliable and valid MCQ
items. Therefore, based on the results of the
DIF I, DI, and NFDs of the four MCQ tests in
this study, the MCQ items were categorized as
follows:

- MCQ items with a moderate difficulty
level (DIF | between 0.31 and 0.79), high
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discrimination power of key answer (DI
between 0.20 and 1), and zero NFDs were
considered “Ideal MCQ Items” and
recommended to be used frequently in future
examinations because they increased the MCQ
test’s reliability.
- MCQ items with an easy difficulty
level (DIF | between 0.8 and 1), fair to high
discrimination power of the key answer (DI
between 0.01 and 1), and one or two NFDs
were considered easy but acceptable MCQ
items, classified as “Good MCQ Items,” and
recommended to be stored in the MCQ bank to
be reused in future examinations.
- MCQ items with an extremely high
difficulty level (DIF I between 0 and 0.30) “,
low discrimination power of the key answer (a
negative DI value or zero) with three NFDs
were considered very difficult, misleading and
useless, classified as “Poor MCQ Items,” and
recommended to be eliminated or rephrased
before being reused.

Results

The average examination score of all four
MCQ tests was 86%. The frequencies and
percentage values of the difficulty and
discrimination indices of the 165 MCQ items,
as suggested by Ebel and Frisbe’s (1972) 2 test
theory of item analysis are presented in Table
2. The difficulty levels of the 165 MCQs of the
four tests were classified as moderately
difficult (47.9%), easy (48.5%), and very
difficult (3.6%). The mean DIF | was 0.76 (SD
+ 0.19). Further, more than 50% of the correct
answer options showed fair discrimination
power, and 41.8% had good to excellent
discrimination power. The mean and standard
deviation of the DI was 0.25 (SD + 0.14). A
bar chart representation of the DI percentages
of the MCQ answer key is shown in Figure (1).
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Table 2. Difficulty index and discrimination index frequencies and percentage values of each MCQ

test with the overall mean and SD of the DIF | and DI
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Difficulty Index (DIF I) n (%)

Discrimination Index (DI) n (%)

MCQ Score
. Difficult Moderate Dif Easy Poor Fair Good Excellent
Examinations %

0-0.30 0.31-0.79) ((>0.8t0 1 negative) | (0.01-0.19)| (0.2-0.39) |((>0.4-1

n (# of MCOS) ( ) | ( ) |2 ) || (negative) | ( )| ( ) |& )
Quiz 1 (10) 1 (10%) 8 (80%) 1(10%) 0 (0%) 3 (30%) 3 (30%) 4 (40%) | 78%
Quiz 2 (10) 1 (10%) 6 (60%) 3 (30%) 0 (0%) 3 (30%) 4 (40%) 3(30%) | 80%
Midterm (50) 0 (0%) 26 (52%) 24 (48%) 2 (4%) 32 (64%) 9 (18%) 7 (14%) | 90%
Final (95) 4 (4.2%) 39 (41%) 52 (54.8%) 10(10.5%) | 46 (48.4%) 32 (33.7%) 7(7.4%) | 96%

Total (165) 6 (3.6%) 79 (47.9%) 80 (48.5%) 12 (7.3%) 84 (50.9%) 48 (29.1%) |21 (12.7%)
Mean +SD (%) 0.76 (+0.19) = 76% (+19%) 0.25 (+0.14) = 25% (+14%) 86%

40

Percent

Poor Item (-ve to 0}

Fair Item (01 to 0.19)

Good item (0.2 to 0.39)

Discrimination Item Index Values

Excellent item (0.4 to 1)

Figure 1. Bar chart of the discrimination index percentages of the MCQ answer key

Table 3 shows the result of the discrimination assessment. Of the 495 distractors, 359 (72.5%) were

found to be FDs, and 136 (27.5%) were found to be NFDs.
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Table 3. The overall frequency and percentage of the non-functional distractors (NFDs) and

functional distractors (FDs)

Distractor Type Frequency Percentage (%)
Functional Distractors (FDs) 359 72.5%
Non-Functional Distractors (NFDs) 136 27.5%
Total 495 100%

The distribution of NFDs per MCQ item is
shown in Table 4. Of the 165 MCQ items, only
seven MCQ items had three NFDs. However,
73 MCQ items had zero NFDs, and the
remaining MCQ items (85 MCQ items) had

one or two NFDs. Hence, 44.2% of the MCQ
items had effective distractors (100% DE), and
only 4.2% of the MCQ items exhibited 0%
ineffective distractors.

Table 4. Frequency and percentage of NFDs per MCQ item

Number of NFDs Distractor Efficiency (DE) Frequency Percentage
(%)
Zero 100% 73 44.2%
One 66.66% 55 33.3%
Two 33.33% 30 18.2%
Three 0% 7 4.2%
Total | e 165 100%
6 —1
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Difficulty and discrimination indices

correlation

The two-tailed ANOVA Pearson’s correlation
between DIF | and DI showed a significant
negative correlation (r: -0.712; p < 0.01).

Correlation between the difficulty index and
the number of non-functional distractors

The ANOVA test showed a significant positive
correlation (r: 0.644; p < 0.01) between the
DIF I and the number of NFDs.
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The frequency and percentage of the 165 MCQ
items categorized as ideal, good, or
substandard (poor) MCQ items according to
their DIF I, DI, and NFDs are presented in
Table 5 and represented in bar chart Figure (2).
Of the 165 MCQ items, 12.7 % were “Ideal
MCQ Items,” and 80% were “Good MCQ
Items.” Both were recommended to be stored
in the MCQ bank to be reused for future tests.
However, only 12 MCQ items (7.3%) were
considered “Poor MCQ Items” and
recommended to be eliminated or rephrased.

Table 5. Frequency and percentage of MCQ type (substandard, good, and ideal) distributed

according to DIF I and DI values and number of NFDs

MCQ Type and Fate Decision Frequency | Percentage (%)
Substandard (poor) MCQ to be removed 12 7.3%
DIF | = (0 to 0.3), DI = (negative), NFDs = 3
Good MCQ to be stored in bank 132 80%
DIF 1 =(0.31t0 0.79), DI = (0.01 to 0.39), NFDs =1 or 2
Ideal MCQ to be stored in bank 21 12.7%
DIF 1 =(0.31t0 0.79), DI = (0.2 to 0.39), NFDs = 0
Total 165 100%
Question Store Desion
’ Poor MCQ Remove Good MCQ Keep Ideal MCQ Keeo
Question Type and Fate Desion
Figure 2. Percentages of the MCQ type (substandard, good, and ideal)
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Discussion

Examinations using multiple-choice questions
have become one of the main assessments at
universities worldwide. In King Abdulaziz
University (KAU), Jeddah, Saudi Arabia,
MCQ tests are extensively wused for
undergraduate examinations for two reasons.
First, because the examination committee
believes that, compared with other tests, a well-
constructed MCQ test evaluates a wide range
of higher-order thinking skills quickly and
efficiently.Second, because MCQ examinations
provide a quick and easy method of scoring by
hand or electronically. This is essential because
the increasing number of undergraduate
students enrolling in the university makes it
difficult for educators to submit examination
marks in a limited time frame. Hence,
evaluating the item analysis report of every
MCQ test is essential to ensure high-quality
MCQ examinations.t* 3

In this study, the 165 evaluated MCQ items
had a DIF | percentage mean of 76% and an
SD of +19%, indicating an acceptable
difficulty level. The DI mean was 0.25, with an
SD of +0.14, indicating good discrimination
power of the key answer. These results were
similar to results from other institutions, such
as the study on the MCQ tests at the pediatric
department of the Arabian Gulf University,
Manama, in which the mean DIF | was 73%
and the DI was 0.20.” In addition, Omer AA et
al. (2016), reported similar findings, with a
mean DIF | of 74% and a DI of 0.20 in a study
on a surgical examination administered to 44
sixth year medical students at the faculty of
medicine, University of Tabuk, Saudi Arabia.'’
Additionally, in a study at Mohammed Bin
Rashid University of Medicine and Health
Sciences, Dubai, UAE, conducted to assess the
effectiveness of multiple-choice question items
in two postgraduate pediatric dentistry tests,
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the DIF I mean was 89% and 76%, and the DI
mean was 0.25 and 0.32, respectively.® Date
AP et al. (2019), conducted an item analysis
evaluation of MCQ tests of the pharmacology
department at Salve Institute of Medical
Sciences, India, and found the mean DIF | to
be 70%, with a DI of 0.26.° Hence, the
majority of the studies including the present
study agree that a moderately difficult MCQ
item with a good DI key answer is an effective
examination tool *> 171819

In our study, the correlation between difficulty
and discrimination indices showed a significant
negative correlation (r: -0.712; p < 0.01),
indicating an indirect relation; the DI of an
MCQ item with a high DIF | value (easy
MCQ) is low. Similar observations were
reported in many studies such as Rao C et al.
(2016), Gajjar S (2014), Mitra et al. (2009),
and Si-Mui Sim et al. (2006). These studies
showed that the DI was negatively correlated
with the DIF 1, indicating that a very easy
MCQ would likely have a low level of
discrimination. This is usually because low-
performing students are as likely to choose the
correct answer as high-performers with these
MCQ items, resulting in the MCQ item being
useless due to its poor DI, 13142122

In addition, this study found a significant
positive correlation (r: 0.644; p < 0.01)
between the DIF | and the number of NFDs,
indicating that as the DIF | increased (easy
MCQ), the number of NFDs increased. Hence,
as the number of NFDs increases, the DE of
the MCQ item decreases. This finding aligns
with the findings of Date AP et al. (2019) and
Mehta & Mokhasi (2014).> *°

Student achievement is related to the
construction of distractors. Distractor analysis
detects  inaccuracies  requiring  review,
substitution, or elimination.™* ** Our analysis
demonstrates that from the 495 distractors, 359
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(72.5%) were FDs and 136 (27.5%) were
NFDs and the DE percentage of the 165 MCQs
ranged from 100% to 66%. Date AP et al.
(2019,) showed similar findings after testing
120 distractors. Of them, 84 (70%) were (FDs),
and 36 (30%) were NFDs. with DE of 66% to
100%."

When creating an MCQ bank, detection of very
difficult and very easy MCQ items is crucial,
and the elimination or rephrasing of such MCQ
items is required before reusing them in future
examinations. The evaluation of MCQ item
analysis reports serves as a useful tool to detect
defective MCQ items and construct a reliable
MCQ bank at the department and university
levels. However, not all faculty staff possess
the experience and knowledge required to
comprehend  examination item  analysis
reports.™ Therefore, in this study, we
categorized the tested MCQ items as poor,
good, and ideal, depending on the DIF I, DI,
DE, and NFDs. Thus, of the 165 MCQs, 21
(12.7%) were classified as “Ideal MCQ Items”
and 132 (80%) were classified as “Good MCQ
Items.” Both were recommended for storage in
the MCQ bank to be reused in future MCQ
tests. However, of the 165 MCQ items, only 12
(7.3%) were classified as “Poor MCQ Items”
and recommended for elimination from the
MCQ bank or restructuring if they were to be
reused in future examinations.

Similar studies have wused this kind of
classification. For example, Date AP et al.
(2019), found that of the 40 examined MCQ
items, 31 items (77.5%) were excellent, with
acceptable discriminating power, and they
were recommended for storage in the MCQ
bank for further use; only nine MCQ items
(22.5%) had a poor DI and required rephrasing
to be stored.’ Furthermore,, Mehta and
Mokhasi (2014), found that 70% of the MCQ
items in their study could be classified as good
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or excellent, suitable for storage in the MCQ
bank.® Also, in a the study done by Mandeep
Kaur et al. (2016), they found that 27 out of
the 50 tested MCQ items were classified as
being good MCQ items and recommended for
storage in the MCQ bank, 17 MCQ items
required revision, and only six MCQ items
were recommended for elimination.’® Also the
studies of Kheyami et al. (2018) and Kowash et
al. (2019), showed similar results.”*® However,
all of the previous studies, including the
present study, agree that easy MCQ items and
fair to good discrimination power with one or
two NFDs and DE of 33% to 66% are suitable
to be stored in the MCQ bank to be reused in
future MCQ tests.

Conclusion

In our study, the majority of the tested MCQ
items achieved the standards of acceptable
difficulty level with fair to good discrimination
power, which indicates that the chosen MCQ
items for the sixth-year students studying
orthodontics were of good quality. Easy MCQ
items were considered good and acceptable if
their DI was fair to good. MCQ items with
poor discrimination or negative discrimination
indices of the correct answer option were either
very easy or very difficult, and were
recommended for elimination or restructuring
in order to create a reliable MCQ bank.

Recommendations

- Each course director should evaluate the
item analysis report of each MCQ test and
provide feedback on the quality of MCQ items
to each faculty member involved in
formulating the MCQ examination for high
quality MCQ tests.

- To ensure MCQ bank excellence, all the
restructured MCQ items should be compared
with the item analysis results to decide if they
should be reused in future tests.
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