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A b s t r ac t
Aim. To conduct an item analysis of a dental foundation course (biostatistics) taught in the first semester of the foundation year at King Saud
University (KSU), Saudi Arabia.
Materials and methods: A total of 32 students completed the final examination for a dental foundation course (biostatistics) that is taught in
the first semester of the foundation year at KSU. This exam consisted of 30 test items. The test items were evaluated for their level of difficulty,
the measure of difficulty index (p-value), power of discrimination as measured by the discrimination index (DI), and distractor analysis. In the
data analysis, the test reliability of inter-item consistency, or how strongly the test items are connected was determined using the Kuder–
Richardson formula.
Results: The average test score was 18; the standard deviation was 6.9, and the standard error of the mean was 2.2. The skewness for the scores
was 0.31, which indicates that the distribution was positively skewed. The kurtosis was 1.82, which indicates that the distribution was almost
normal. No correlation was found between item DI and the item difficulty level.
Conclusion: The item DI and item difficulty level had no relationship, indicating that the test items lacked practical and excellent discriminating
power.
Clinical significance: Item analysis is a valuable test for determining the accuracy and quality of multiple choice items, and it should be utilized
when creating exams and assessments for dentistry students.
Keywords: Classroom assessment, Dental courses, Difficulty index, Discrimination index, Distractor analysis, Item analysis.
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Introduction
Classroom assessment is a crucial component of the learning and
teaching process.1 From an analytical and quantitative standpoint,
researchers have established valuable theories and learning
taxonomies for assessing the academic skills, intellectual growth,
and cognitive capacities of pupils.2 In different situations, different
types of evaluations are suitable. Item analysis is a useful tool for
academic teachers can utilize to guide and enhance the quality of
their training. 3
Item analysis is a method of evaluating pupil responses to
each test question (item) to measure the test’s overall quality.4 It is
a valuable tool as it incorporates a number of several measures to
determine the validity of the test as well as to improve the accuracy
and quality of multiple choice items so they may be utilized in
future tests. These statistical tools can be used to assess both the
performance of examinees and the effectiveness and fairness of
tests.5 The test statistics summary and frequency table are one
technique to analyze multiple choice tests which describe the
distribution of test scores.6,7 Another method is to employ item
analysis statistics, which consider the class’s overall performance on
each test item.4 It is crucial to know how to develop a well-designed
exam as it is to know how to assess and apply data based on student
test scores. It is critical to use test feedback to guide and enhance
training which is an important step in the process. This may include
the use of certain statistical indices such as item discrimination, item
difficulty, reliability, and distractor analysis.3
The present study was carried out to conduct an item analysis
of a dental foundation course (biostatistics) that is taught in the
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first semester of the dental foundation year at KSU and evaluate
its validity and reliability.

M at e r i a l s

and

Methods

A cross-sectional study was carried out at the Faculty of Dental
Medicine of KSU, Saudi Arabia. After a dental foundation course
(biostatistics) taught in the first semester of the dental foundation
year, 32 students took the MCQs test comprising 30 questions
with a single best response. The test duration was 2 hours. There
were four possibilities for each item, one of which was the correct
answer while the other three were distractions. One point was
given for each right answer. For erroneous responses, there were no
negative marks. The test was evaluated by the authors. The study

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Test Item Analysis and Relevance to Dental Foundation Course
was conducted in July 2021. All the students who completed the
course were included in the study.

Item Analysis Procedure9
The mean item difficulty (or mean item ease), difficulty index,
reliability coefficient, and item DI were calculated using the results
of the student’s exam performance.
The percentage of respondents (examinees) choosing the
correct response for items (multiple choice items) with one correct
alternative worth one point is known as the item difficulty and is
given by
c
p=
n
Where p = the difficulty factor, c = the number of respondents
selecting the correct answer to an item, and n = the total number
of respondents.
Item difficulty plays a crucial role and determines whether or
not pupils have understood the topic being evaluated. It also aids
in determining if an item can distinguish between students who
know and do not know the topic being examined. 3
The ideal (or moderate or desirable) item difficulty level
(pm), is defined as a point halfway between the probability of
success (ps), of correctly answering the multiple choice item and
a perfect score for the item to maximize item discrimination,
and is given by
pm = ps +

1 – ps
2

(i) Using the formula above, pm for multiple choice questions may
be quickly estimated, as shown in the Table 1.10
Item DI is a fundamental measure of an item’s validity. It
is described as an item’s capacity to distinguish between high
and low achievers based on the same criteria, that is, (1) internal
criterion, for example, the test itself; and (2) external criterion, for
example, achievement or intelligence test. Furthermore, the item DI
calculation presupposes that the test scores distribution is normal
and that the wrong or right dichotomy of a pupil’s performance on
an item is based on a normal distribution.11
Let the pupils’ test scores be ranked ordered from lowest to
highest.
pu =

Number of students in upper 25%: 30% group
answering the item correctly
Total number of students in upper 25%: 30% group

and
pl =

Number of students in lower 25%: 30% group
answering the item correctly
Total number of students in lower 25%: 30% group

According to some, the analysis group is made up of the
lower 27% and the upper 27%. The item discrimination index (D)
is calculated as follows:
D = pu – pl
Table 2 provides a guideline for the value of an item
discriminating index.12
The average DI for all test items combined is the mean item
DI. A significant positive number ( >0.30) shows that the upper
and lower performing pupils are well separated. Tests that don’t
discriminate well aren’t particularly dependable, and they should
be re-evaluated.
The test items were evaluated for their level of difficulty, the
measure of difficulty index (p-value), power of discrimination as
measured by the DI, and distractor analysis. Data were analyzed
with simple proportions, mean, standard deviations, skewness, and
kurtosis. The Kuder–Richardson method was utilized to determine
the test reliability of inter-item consistency, or how well the test
items are associated. The Kuder–Richardson formula 20 was used
to analyze the internal consistency reliability of the test findings
for our test, which had multiple choice questions that were scored
incorrect or correct and were administered just once.8 We created
an R package that can be used to analyze any test item. The data is
first imported as an excel file in this package. However, the package
can also import any type of file extension. The R code is available
upon request.

R e s u lts
The exam comprised 30 items. The scores of 32 pupils ranged from
29 to 10. The mean test score was 18; the standard deviation was 6.9;
and the standard error of the mean was 2.2 (Table 3). The score
skewness was 0.31, indicating that the distribution was positively
skewed. The kurtosis of the distribution was 1.82, indicating that
it was almost normal.
Based on the statistical evaluations, the middle value of
KR20 = 0.88 for this biostatistics course implies higher reliability. The
standard error of measurement was 2.2 and an ideal mean value was
18 (>15) for the test. These findings are depicted in the scatter plots
and bar charts created using R for different test item data, such as
item difficulty (p), item DI, and so on (D), which are presented below
in Figures 1 and 2. Figure 1 shows the distribution of item difficulty
for the thirteen questions. It ranges from 0.2 to 1, where most of the
item difficulty lies between 0.4 and 0.6. Whereas Figure 2 shows
the distribution of the DI for the 30 questions. It ranges from 0 to 1,
where most of the discrimination index lies between 0.2 and 0.8.
The relation between the difficulty index and the DI is seen in
Figure 3. It shows that there is no link between the item DI and item
difficulty. This indicates that the test items lacked excellent and
effective discriminating power, demonstrating that item DI and item
Table 2: Item discriminating index’s guideline

Table 1: Item difficulty for multiple choice questions
Number of
alternatives

Item discrimination index, D Quality of an item

Probability of success Idea item difficulty level
(pS)
(pM)

Two
Three
Four

0.50
0.33
0.25

0.75
0.67
0.63

Five

0.20

0.60

D ≥ 0.5
0.40 ≤ D ≤ 0.49
0.30 ≤ D ≤ 0.39
0.20 ≤ D ≤ 0.29

Very good item; definitely retain
Good item; very usable
Fair quality; usable item
Potentially poor item; consider revising

D ≤ 20

Potentially very poor;
possibly revise substantially, or discard
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Table 3: Summary of test parameters
Exam
109 STAT

Reliability

Mean

SD

SEM

p < 0.3

0.3 < p < 0.7

p > 07

D > 0.2

0.99

18

6.9

2.2

1

22

7

28

Fig. 1: Distribution of item difficulty for the thirteen questions

Fig. 2: Distribution of discrimination index for the thirteen questions

difficulty level had no relationship. Where the test is not legitimate,
a good test should have a substantial positive connection between
item difficulty and item DI.

Discussion
There should be synchrony of classroom instruction with
test items to obtain instructional validity, which requires the
development of good test items. Our statistical studies show
how important it is to understand and use statistical analysis
of test materials to enhance test construction and design This
study might be useful in identifying the most important aspects
of test item data and determining whether or not the test item
needs to be revised. This paper’s methodology may be used
to demonstrate why test item analysis is crucial in classroom
exams. These approaches may be used to assess, characterize,
and enhance tests or surveys like college mathematics placement
examinations, attitude surveys, mathematics study skills,
S74

Fig. 3: Scatter plot showing relationship between difficulty index (P)
and discrimination index of items

information literacy, other general education learning outcomes,
and test anxiety, among others.
Finally, this study endeavor has provided us with fresh insights
into the biostatistics course’s requirements. It has given us insight
into the pupils’ learning methods, individual characteristics, and
skills. It has also provided us with the knowledge necessary to
design legitimate and reliable assessments and examinations
to increase student performance and accomplishment in the
classroom. The difficulty and discrimination indices can both be
used by instructors to assess the quality of test items. The average
item difficulty in this study was 0.6. The DI was 0.5 on average.
Distractors must be analyzed to identify the relative usefulness
of each test item. If certain options are consistently not selected,
they are likely to be implausible and not of much use as test items.
Hence, it is necessary to appropriately design plausible distractors
to improve the quality of tests.3
Odukoya et al. conducted an Item analysis of university-wide
multiple choice objective examinations in a Nigerian Private
university and found that majority of the items did not meet the
psychometric standard in terms of difficulty and distractive indices
and recommended that these should be part of statutory quality
assurance procedures.13 Ingale AS et al. conducted research to assess
the item and test the quality of MCQs and deal with the learning
difficulties among medical students in India. They concluded that
items having average difficulty and high discriminating power with
functional distracters should be incorporated into tests to make
them more robust.14 Rehman et al. conducted an item analysis
to evaluate the quality of MCQs being used to assess final-year
dental students in the subject of Prosthodontics in Pakistan and
opined that posttest item analysis of all summative and formative
assessments should be conducted to improve the quality of
healthcare education.15
This study used item analysis to determine the validity of the
biostatistics final examination that is administered in the first year
as a foundational course for dental students at KSU to determine
the accuracy and quality of multiple choice questions in this
examination. The test items in this study did not have strong and
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effective discriminating power since there was no link between
item DI and item difficulty level. As a result, item DI and item
difficulty level had no relationship. As a result, the effectiveness
of the exam’s test components must be evaluated. Assessment in
the classroom is an important part of the teaching and learning
process. Item analysis is a useful statistical technique to evaluate
student responses to each test question (item), to determine the
quality of each item and the test.

C o n c lu s i o n
We applied the item analysis to a dental foundation course
(biostatistics) taught in the first semester of the dental foundation
year at KSU. As there was no correlation between item DI and the
item difficulty level, the test items in this study did not have an
effective and good discriminating power. Hence, there was no
relation between item DI and item difficulty level. Hence, there is
a need to evaluate the effectiveness of the test items.
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