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Online assessment in two consequent 
semesters during COVID‑19 pandemic: 
K‑means clustering using data mining 
approach
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Abstract:
BACKGROUND: Education and assessment have changed during the COVID‑19 pandemic so that 
online courses replaced face‑to‑face classes to observe the social distance. The quality of online 
assessments conducted during the pandemic is an important subject to be addressed. In this study, 
the quality of online assessments held in two consecutive semesters was investigated.
MATERIALS AND METHODS: One thousand two hundred and sixty‑nine multiple‑choice online 
examinations held in the first (n = 535) and second (n = 734) semesters in Birjand University of 
Medical Sciences during 2020–2021 were examined. Mean, standard deviation, number of questions, 
skewness, kurtosis, difficulty, and discrimination index of tests were calculated. Data mining was 
applied using the k‑means clustering approach to classify the tests.
RESULTS: The mean percentage of answers to all tests was 69.97 ± 19.16, and the number of 
questions was 34.48 ± 18.75. In two semesters, there was no significant difference between the 
difficulty of examinations (P = 0.84). However, there was a significant difference in the discrimination 
index, skewness, and kurtosis of tests (P < 0.001). Moreover, according to the results of the clustering 
analysis in the first semester, 43% of the tests were very hard, 16% hard, and 7% moderate. In the 
second semester, 43% were hard, 16% moderate, and 41% easy.
CONCLUSION: To evaluate the tests’ quality, calculating difficulty and discrimination indices is 
not sufficient; many factors can affect the quality of tests. Furthermore, the experience of the first 
semester had changed characteristics of the second‑semester examinations. To enhance the quality 
of online tests, establishing appropriate rules to hold the examinations and using questions with 
higher taxonomy are recommended.
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Introduction

Coronavirus disease (COVID‑19) has 
affected many people worldwide 

so that 200 million people have been 
infected. One year after the outbreak of 
the disease, life has changed extensively 
in business, communication, education, 
and research dimensions. COVID‑19 
has had a profound effect on medical 
education, as some studies have suggested. 

Perhaps, the most important effect of 
this pandemic is the postponement of 
practical classes and internships. The 
length of the semester model, followed 
by the length of the students’ studies, has 
been a challenge in itself.[1] Hence, this 
pandemic has developed virtualization in 
medical education.[2] Face‑to‑face courses 
and subsequent examinations were 
disrupted, followed by maintaining social 
distance and observing health protocols. 
Hence, universities replaced face‑to‑face 
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examinations with online tests.[3] Although online 
education and evaluation is not a new phenomenon, 
the recent epidemic outbreak has drawn scholars’ 
attention toward it.[4] For example, Jagadeesan and 
Neelakanta (2021) are used an online self‑assessment 
tool for medical students in biochemistry during 
pandemic.[5] Online tests, which are administered via 
the Internet over a period of time, are a reasonably 
effective approach to evaluate applicants’ knowledge. 
In most cases, students must assemble in one location 
at the institution to take the examination; however, 
in online tests, all participants must be linked to the 
Internet and join the relevant website. However, 
sometimes, validity of these tests may be compromised 
due to the uncontrollable nature of test takers, which 
is one of the most important challenges in this type of 
test.[6]

The advantages of online examinations include 
easy access, time and cost savings,[7] instant posttest 
feedback, use of multimedia in designing questions, 
display of options according to personal preferences, 
increased creativity and thinking power, as well as 
clarity in receiving answers. Regarding multiple‑choice 
questions having the highest rate of students’ 
acceptance in online tests, these tests are suitable for 
assessing knowledge.[8] However, the disadvantages of 
online examinations are nonacceptance of technology, 
infrastructure problems, and the increased likelihood 
of cheating.[6]

To evaluate the effectiveness of training and assessment, 
it is necessary to analyze and evaluate the examination 
quality after its administration so that the organizers 
and participants can ensure its quality. In this 
regard, Salas‑Morera et al. noted that online quizzes 
were effective in increasing students’ academic 
performance.[9] Hingorjo and Jaleel and Mahjabeen 
et al. analyzed multiple‑choice question tests based 
on the difficulty index, discrimination index, and 
distractor efficiency.[10,11] Upadhyah et al. examined 
multiple‑choice tests by calculating differentiation index 
and discrimination index followed by drawing the scatter 
plot between them.[12]

Although difficulty and discrimination indices are often 
used to assess tests,[13] employing two indices to measure 
the quality of a test or its questions is insufficient. In this 
case, a collection of indicators is often employed to offer 
a holistic perspective of the test. We intend to describe 
the quality of tests held in consecutive semesters in the 
corona period using the indicators of the percentage of 
the mean score, standard deviation, number of questions, 
skewness, and kurtosis of answers. Furthermore, 
using k‑means clustering method, we present the most 
important variables affecting the tests to classify the tests.

Materials and Methods

Study design
The present cross‑sectional study was conducted on the 
examinations held during two consecutive semesters in 
the academic year 2020–2021 in Birjand University of 
Medical Sciences, including nine faculties (medicine, 
dentistry, pharmacy, health, paramedical, nursing, and 
midwifery in Birjand and nursing in Tabas, nursing and 
midwifery in Ghaen, and paramedical in Ferdows).

Sampling and data collection tool and technique
One thousand two hundred and sixty‑nine online 
multiple‑choice questions tests (535 tests related to 
the first semester and 734 tests related to the second 
semester) were included in the study. Quantitative 
variables, including the percentage of mean score, 
standard deviation, and number of questions, skewness, 
and kurtosis of answers, discrimination coefficient, and 
difficulty coefficient were calculated for each test, and 
the checklist of each test was completed.

Cheang and Hasni (1998) defined the difficulty index as 
the ratio of students who answered a question correctly 
to the total number of students taking the test. The 
discrimination index is also considered as the power of 
a test item; that is, the degree to which success or failure 
on an item indicates possession of the ability being 
measured. Moreover, skewness and kurtosis values were 
defined as deviation from normal distribution.[14]

The marginal mean of each test was used to indicate 
the students’ performance. The data mining method 
was also applied to determine the relationship among 
the characteristics of tests. Data mining includes tools 
and techniques for “extracting knowledge from a large 
repository of data,” in which various techniques such as 
clustering are used.[15] Clustering is an analytical method 
for high information dimensions. That categorizes 
information in such a way that the points within a 
cluster are similar and different from members of other 
clusters.[16] In the k‑means method, the cluster centroid is 
representative of the cluster so that the distance among 
all members of the cluster and its centroid is minimized. 
As mentioned below:
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is the centroid of cluster Ck.

In k‑means clustering algorithm, the following steps 
are performed: (1) K of the initial point is selected as 
the clusters’ centroid, (2) all points are allocated to 
the nearest center of the cluster; (3) centers of the new 
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clusters are calculated; and (4) steps 2 and 3 are repeated 
until centroid of the clusters does not change.[17]

The rattle package was used to analyze information, 
identify clusters, and determine the relationships. 
Moreover, SPSS 19 (SPSS Inc., Chicago, Illinois, USA)  
and rattle package in R3.6.3 were used for data analysis. 
The significance level was considered at 0.05 in all tests.

Ethical consideration:
For ethical reasons, the tests were analyzed collectively.

Results

One thousand two hundred and sixty‑nine tests conducted 
in the first (n = 535) and second (n = 734) semesters in 
Birjand University of Medical Sciences during 2020–
2021were investigated. The mean percentage of correct 
answers to the questions of each test was 67.97 ± 19.16 
and the mean number of questions was 34.48 ± 18.75. 
Negative skewness and kurtosis were reported for 
the tests, which were significantly different in two 
consecutive semesters (P < 0.001). The mean difficulty 
index was 0.67 ± 0.19 and the discrimination index was 
0.32 ± 0.18. Table 1 entails details of the quantitative 
indices of the tests [Table 1].

Since the optimal difficulty index for multiple‑choice 
questions tests is usually 0.625, it can be said that the 
studied examinations were at the desired level of difficulty. 
However, the observed low level of discrimination index 
was expected since in criterion‑referenced tests, majority 
of students are able to answer most questions correctly.

The relationship between the difficulty and discrimination 
indices can indicate the quality of tests [Figure 1]. The 
inside area of the triangle illustrates the appropriate 
distribution of the tests so that 23% (295 tests) of all tests 
were out of the desirable area, which was 23% (123 tests) 

in the first semester and 23.7% (172 tests) in the second 
semester. However, the difference was not significant 
between the two semesters (P = 0.77).

Followed by describing the online tests, the relationship 
between test indices was examined. Since skewness and 
kurtosis of the tests were different, each semester was 
analyzed separately.

Based on the data mining analyses, which indicate the 
relationships between test indices [Figure 2], a positive 
and significant linear relationship was observed between 
skewness and kurtosis in the first semester [blue circles in 
Figure 2a]. However, a weak negative linear relationship 
was found among the number of questions, percentage 
of mean scores, and mean question difficulty 
index [Figure 2a. Pink circles]. In the second semester, 
the most important correlating variables included 
the number and difficulty of questions [Figure 2b]. 
Accordingly, the correlation pattern between test 
features has changed over time.

The studied tests were clustered using k‑means 
clustering. Table 2 shows the characteristics of the test 
clusters in each semester. Tests of the first semester were 
divided into four clusters, in which 73.31% of the changes 
were defined using the percentage of mean scores and 
standard deviation of the tests.

Each cluster was named based on the values of its 
centroid, especially test difficulty and discrimination, 
as the two main components. Moreover, considering the 
number of tests in each cluster, 43%, 16%, 7%, and 34% 
of the tests were very difficult, difficult, moderate, and 
easy, respectively.

In the second semester, 100% change was observed 
only by considering the number of questions and test 
difficulty, which is consistent with the correlation matrix 

Table 1: Characteristics of online tests and comparison of the results between two semesters
Variables Total Semester Mean±SD Test statistics P
Average Percent 67.97±19.16 First 67.40±19.23 −0.91 0.37

Second 68.39±19.12
SD 3.14±1.97 First 3.18±1.98 0.61 0.54

Second 3.11±1.97
Number of question 34.48±18.75 First 35.50±18.75 1.65 0.10

Second 33.74±18.74
Skewness index −2.64±14.07 First −0.82±0.90 4.00 <0.001

Second −2.57±7.96
Kurtosis index −3.22±19.42 First −0.990±1.15 3.55 <0.001

Second −2.98±9.11
Difficulty index 0.67±0.19 First 0.67±0.19 −0.20 0.84

Second 0.68±0.20
Discrimination index 0.32±0.18 First 0.30±0.17 −2.99 <0.001

Second 0.33±0.18
SD=Standard deviation
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presented in Figure 2. According to the findings, 43% 
of the tests were difficult, 16% were moderate, and 41% 
were easy [Table 2].

The sum of squares in clusters of the second semester is 
less than the first semester and has better goodness of fit. 
This can be due to the presence of some other influential 

variables such as test time, infrastructure quality, and 
other hidden factors. Followed by changes in the pattern 
of tests in the second semester, only difficulty and 
number of tests were determined as effective factors in 
clustering the questions. This change can be caused by 
the students’ experience from the first semester. Figure 3 
illustrates the tests’ distribution in clusters.

Table 2: Clusters’  centroid and goodness of fit  in  two consecutive semesters
Label of tests in each cluster First semester Second Semester

Cluster 1
Very difficult

Cluster 2
Difficult

Cluster 3
Moderate

Cluster 4
Easy

Cluster 1
Difficult

Cluster 2
Moderate

Cluster 3
Easy

Component for clustering
Average percent 0.13 0.25 0.56 0.79 ‑ ‑ ‑
SD 0.23 0.16 0.29 0.16 ‑ ‑ ‑
Number of question 0.38 0.43 0.26 0.19 0.30 0.19 0.15
Difficulty index 0.14 0.25 0.57 0.79 0.29 0.65 0.84
Skewness index 0.81 0.69 0.82 0.75 ‑ ‑ ‑
Kurtosis index 0.74 0.60 0.74 0.67 ‑ ‑ ‑
Discrimination index 0.59 0.01 0.29 0.3 ‑ ‑ ‑

Percentage of online examinations in cluster 43 16 7 34 43 16 41
Sum of squares in cluster 7.26 9.01 1.87 7.12 1.89 3.41 2.98
Goodness of fit for first two components, First semester=73.31% and Second semester=100%. SD=Standard deviation

Figure 1: Scatter plot of the difficulty and discrimination indices in two consecutive semesters; (a) first semester, (b) second semester
ba

Figure 2: Correlation between characteristics of examinations in two consecutive semesters; (a) first semester, (b) second semester
ba
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Discussion

Assessment is making inferences about a student’s 
learning outcome, which is usually in the form of 
“assessment of learning” (summative) and “assessment 
for learning” (formative). Summative method is usually 
used for final evaluation (pass/fail). Recently, assessment 
of the students’ knowledge and skills was challenged due 
to the COVID‑19 pandemic to maintain social distance.[18] 
Social distance implies that holding traditional tests 
with large crowds in test halls is impossible. Months 
after the onset of COVID‑19 pandemic, students were 
repeatedly evaluated using a variety of methods, such as 
online tests. Therefore, quality assessment and analysis 
of the conducted tests are of particular importance due 
to the uncertainty in the persistence of the pandemic. 
These evaluations help decision‑makers in education 
and assessment to conduct examinations with greater 
reliability and quality. In the present study, we described 
the tests in general and examined the trend of changes 
in test indices during two consecutive semesters. The 
difficulty index of questions was at an acceptable level, 
but the discrimination index of the tests was low.

Hassan et al. assessed the quality of online assessment 
among medical students during COVID19. They 
concluded that the mean scores of discrimination, 
difficulty, and student’s scores increased significantly 
among the online multiple‑choice questions tests.[19] 
These results were consistent with the present study 
discrimination index and inconsistent in the difficulty 
index report. Baghaei et al. evaluated the end‑of‑semester 
multiple‑choice questions of nursing students and 
reported that the discrimination index was at the moderate 
level,[13] which is not consistent with our findings.

The mean percentage of correct answer tests was about 
67%, which means that students who took the test were 

able to answer more than half of the questions on average. 
In other words, they were often able to pass the test. On 
the contrary, Holbrook et al. conducted a multi‑year 
cross‑sectional study, evaluated the online prescribing 
competence assessment among the final year Canadian 
medical students, and reported that the overall pass rate 
was 47.6%.[20] One explanation for the disparity in the 
proportion of mean scores is that in knowledge‑based 
assessments, there is often a left skewness in the results, 
with students with higher scores outnumbering those 
with lower scores. In skill‑based assessments, however, 
this occurrence is less typical. As a result, the passing rate 
in the cited study’s skill test was lower than in ours. The 
scatter plot between difficulty and discrimination indices 
showed a nonlinear relationship, which can justify the 
lack of a strong linear relationship among these indices 
in the study. Similarly, Upadhyah et al. presented the 
nonlinear relationship between these two indices by 
drawing a scatter plot.[12] This difference may be due to 
the test format.

Since educators and students were less experienced with 
regard to the online examinations in the first semester, 
many factors affected the classification and quality of 
the tests. As one of the most important components in 
classifying the quality of tests, the level of difficulty also 
played a significant role in the second semester. This 
finding is consistent with the study by Johari et al., who 
reported that the difficulty index was directly related to 
the achievement of program outcomes.[21] In our study, in 
both semesters, the difficulty coefficient of the tests was 
higher than the Johari et al. study. This could be due to 
a change in test conditions. In the presence of a corona 
pandemic, the lack of control and security of the tests 
can increase the difficulty factor in our study.

The analysis of test characteristics over time was 
considered, which was lacked in the literature. Although 

Figure 3: K‑mean clusters for two consecutive semester examinations; (a) first semester, (b) second semester
ba
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no significant change was observed in the students’ 
mean scores over time, the kurtosis and skewness 
values were higher in the second semester than in the 
first semester. In other words, increase of the students’ 
scores in the second semester had simplified the 
structure of relationship among test indicators in the 
second semester. This shows that the persistence of 
the pandemic has changed the experience of teachers, 
students, and officials, resulting in an alteration in 
the quality of examinations. These changes can be 
either due to teachers’ improved skill in designing 
questions, officials’ more careful planning in conducting 
examinations, or students’ adaptation to the online 
training and examinations. The results of this study are 
important because it not only examines the changes in 
test indices during two consecutive semesters but also 
provides a more accurate classification of tests using 
statistical methods, while this is the case in similar 
articles, less seen.

Limitation and recommendation
The following are some of the limitations of the current 
research. We were unable to evaluate the influence of other 
variables on the participants’ test performance since no 
information about their demographic characteristics was 
available throughout the testing. Regarding the changes 
in regulations of the virtual and timed examinations, 
educators and authorities are suggested to evaluate of 
next semester tests to assessment of the impact of new 
rules on holding examinations. It is also suggested that in 
addition to considering the demographic characteristics 
of students and teachers, the effect of the number of 
online, face‑to‑face, and offline classes was considered 
on the success of students.

Conclusion

To classify the tests, not only difficulty and discrimination 
properties but also other characteristics of tests should 
be investigated. Considering the impact of students’ 
previous experience on their results in the second 
semester, using multi‑purpose tools is recommended 
during the academic courses. In order to eliminate this 
impact, university instructors can consider various 
testing methods such as presenting conceptual or 
short‑answer questions as well as randomizing questions 
and test options.
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