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Abstract

Background: Evaluation of students’ scores helps us indirectly examine the status of education system in university departments.
Objectives: In this study, in order to assess the education system, consistency between the students’ scores was evaluated by mea-
suring the Bayesian intraclass correlation coefficient (ICC) in postgraduate students of School of Public Health, Kerman University
of Medical Sciences during 2013 - 2015.
Methods: This cross sectional study was conducted on all postgraduate students of the School of Public Health of Kerman University
of Medical Sciences during 2013 - 2015. The students’ scores were collected from the Office of Postgraduate Studies. First, the Bayesian
ICC of students’ scores was calculated for all fields. Next, cluster analysis was performed on Master’s fields of study, and the Bayesian
ICC was recalculated for each cluster. Data were analyzed using R 3.3.2 and OpenBUGS 3.2.3.
Results: Out of 117 postgraduate students, 102 (87.2%) were MSc students, and 15 (12.8%) were PhD students. The highest ICC was at-
tributed to health education (ICC = 0.345) and the lowest to environmental health engineering (ICC = 0.023). Clustering was effective
in most fields, and ICC of the clusters increased.
Conclusions: According to the results, consistency between the students’ scores was low in the majority of fields; therefore, it is
necessary to modify and improve teaching and evaluation methods.
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1. Background

In every education system, in addition to address-
ing the quantitative development of educational services,
quality development should be also evaluated (1). Several
approaches have been proposed to improve the quality of
education, the most important of which is modification of
teaching and evaluation methods in the assessment of stu-
dents’ academic achievement. Many experts believe that
reforms in evaluation methods, as the most important as-
pect of education, can significantly improve education.

Evaluation is one of the important components of edu-
cational planning. Assessment of academic achievement is
also one of the important steps in the teaching process. If
this assessment is not carried out accurately, students with
good and poor performance cannot be differentiated, and
revision and decision-making cannot be applied in sub-

sequent teaching activities (2). Therefore, establishment
of an effective system for examining the quality of educa-
tion provides a means for universities to reform their ac-
tivities, identify their strengths and weaknesses, and se-
lect an appropriate strategy for reform (3). Evaluation of
academic achievement is a systematic process, which in-
volves collecting, analyzing, and interpreting information
to understand to what extent the students have achieved
their learning goals. This type of assessment involves an
appraisal of students’ learning abilities, used in decision-
making about teaching activities of university faculties (4).

In Kerman University of Medical Sciences, the most
important university in Southeast of Iran, student as-
sessment is performed by educational groups. Different
groups evaluate the students’ academic achievement by
conducting final exams. It seems that by examining the
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scores of students at different educational levels in differ-
ent courses, it is possible to study the status of the educa-
tional system of schools, and in part, the educational status
of the university department (5).

One of the important measures for the assessment of
learning process is measurement of intraclass correlation
coefficient (ICC) of the students’ scores. ICC, as well as
correlation coefficient, measures the magnitude of the re-
lationship between two variables. ICC is a modification
of correlation coefficient; therefore, in addition to consis-
tency, it can take measurement differences into account
and assess the agreement of two measurements. Overall,
if there are “n” individuals, each with “k” measurements,
there are two sources of variation: between members of
one group (intra-group) and between two different groups
(inter-group).

ICC is an appropriate index for measuring the consis-
tency and similarity of intra-group measurements. It is the
ratio of inter-group variance to total variance. The low dif-
ference in the scores of each student, besides high ICC, can
indicate the validity of exams and scores. If there is no con-
sistency between the students’ scores in some courses, its
cause should be investigated. Such inconsistencies can be
found only by measuring the ICC of scores (6). Generally,
in standard exams, strong students are expected to achieve
higher scores in almost all courses, compared to weak stu-
dents. In other words, strong students are assumed to
achieve higher scores, and weak students are expected to
obtain lower scores; therefore, ICC is high and close to one.
In fact, a high ICC indicates that the exam can differentiate
strong and weak students.

2. Objectives

In this regard, several studies have been conducted
in Iran. However, these studies have been performed us-
ing classical methods (frequency-oriented) to analyze the
students’ scores, and Bayesian statistic has not been mea-
sured yet. Overall, evaluation of students’ scores helps us
indirectly examine the education system of university de-
partments. In the present study, for the assessment of ed-
ucation system, consistency between the students’ scores
was evaluated using Bayesian ICC in postgraduate students
of School of Public Health, Kerman University of Medical
Sciences during 2013 - 2015.

3. Methods

This descriptive, analytical study was conducted on
postgraduate students (MSc and PhD) at the School of Pub-
lic Health of Kerman University of Medical Sciences from

2013 to 2015, using census sampling. All students’ scores
were collected from the Office of Postgraduate Studies.
Then, the students’ scores in each course were determined
as a constant value. If a student repeated a course more
than once and had more than one score for the course, the
mean score was calculated and considered in the statistical
analysis.

To determine the ICC of students’ scores, the Bayesian
model was fitted to the data. The Bayesian method was
used because of the small sample size. Generally, in a small
sample size, the Bayesian method is more suitable than the
classical method, and the confidence interval is narrower;
therefore, the precision of ICC is higher. Also, Bayesian ICC
always ranges from 0 to 1, while classic ICC is sometimes
negative and not meaningful. With the assumption that
the structure of some courses may not be consistent with
other courses and that some students show better perfor-
mance in some courses, clustering method was applied to
make sure that the student’s score don’t need to be similar
in all courses. First, the courses included in each field were
clustered, and then, for each cluster, ICC was calculated.

The Bayesian statistics was determined based on Bayes’
theorem by multiplying the likelihood function by “prior
probability” for determining the “posterior probability”
(7). The Bayesian ICC was also defined using random effect
models. In this study, consistency between the students’
scores was measured. Consistency means that if a student
obtains a high score in one of the courses, he/she will also
obtain high scores in other courses; therefore, the two-way
mixed-effect model was used (8):

(1)yij = µ+ αi + βj + εiji = 1, ..., k, j = 1, . . . , ni

Where µ is the total average, yij is the jth score of the
ith student, αi is the random effect of students, βj is the
fix effect of the course (because the course was specific for
students and all courses were included in the analysis), and
εij is the residual of the model.

In the Bayesian method,σ2
a is the variance of scores be-

tween students, and σ2
ε is variance in the scores of each

student. According to the described model, Bayesian ICC
was calculated in the consistency mode using the follow-
ing equation (9):

(2)ICC =
σ2
a

σ2
a + σ2

ε

Bayesian method estimates ICC based on the posterior
distribution, using Markov Chain Monte Carlo (MCMC) al-
gorithm (10). After calculating the ICC of students’ scores,
a cluster analysis was conducted for the courses in each
field, and ICC was calculated for each cluster. Generally,
clustering is the classification of data in logical groups
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so that data in similar clusters have the greatest similar-
ity, and different clusters have the least similarity. In this
study, the courses were clustered using Ward’s clustering
method. This method is considered the most accurate hi-
erarchical method, where the sum of squared difference
between each data from a cluster and the mean vector of
the cluster is used as a criterion for evaluating the cluster
(11).

In this study, the MSc fields included epidemiology,
biostatistics, health education, occupational health engi-
neering, and environmental health engineering, while the
PhD fields included epidemiology and biostatistics in the
School of Public Health, Kerman University of Medical Sci-
ences. For analyzing the data, R 3.3.2 and OpenBUGS 3.2.3
were used.

4. Results

In this study, 117 postgraduate students from the School
of Public Health were included during 2013 - 2015. Among
these students, 102 (87.2%) were MSc students, and 15 (12.8%)
were PhD students. Also, 55 (47%) students were enrolled in
2013, 28 (23.9%) were enrolled in 2014, and 34 (29.1%) were
enrolled in 2015. The MSc students included 30 (29.4%) stu-
dents of epidemiology with 13 common courses, 19 (18.6%)
biostatistics students with 9 common courses, 18 (17.6%)
students of health education with 12 common courses, 13
(12.7%) students of occupational health engineering with 13
common courses, and 22 (21.6%) students of environmental
health engineering with 11 common courses.

On the other hand, PhD students included 11 (73.3%)
students of epidemiology with 10 common courses and 4
(26.7%) students of biostatistics with six common courses.
In terms of gender, of 102 MSc students, 58 (56.8%) were fe-
male, and 44 (44.2%) were male. Also, of 15 PhD students, 9
(60%) were female, and 6 (40%) were male. The ICC of MSc
students’ scores, with and without differentiation of the
enrolment year, is shown in Table 1.

According to Table 1, health education students, who
were enrolled in 2013, had the highest ICC. Also, these stu-
dents had a higher ICC than students of other fields in all
entries. On the other hand, environmental health engi-
neering showed the lowest ICC. The ICC of this field de-
creased from 2013 to 2014, whereas it slightly increased
since 2014; however, all three entries had a very low ICC.

Among MSc students, the scores of biostatistics and
epidemiology students showed an increasing trend from
2013 to 2014, whereas a decreasing trend was observed in
2015. Also, there was an insignificant difference between
the total ICC (all entries) and ICC of each entry in biostatis-
tics; therefore, it seems that the status of students in this

field is stable. It should be noted that Kerman Univer-
sity of Medical Sciences did not accept any students in the
field of occupational health engineering in 2014, and there
were only two entries; there was a significant difference be-
tween the ICCs of these two entries, and a decreasing trend
was observed. Moreover, health education showed a de-
creasing trend from 2013 to 2014, while it had an increasing
trend from 2014 to 2015.

After measuring the ICC of MSc students’ scores, ICC of
PhD students’ scores was also calculated. However, due to
the low number of PhD students and also the low number
of common courses that students had completed during
these three years, only the total ICC (without entries differ-
entiation) was calculated for PhD courses. The ICC of PhD
students’ scores at the School of Public Health, without en-
tries differentiation, is presented in Table 2.

As shown in Table 2, the ICC of PhD students’ scores
in epidemiology and biostatistics was very low (< 0.1), in-
dicating a very poor consistency between the scores in
each field. After examining the ICC, cluster analysis was
performed for each MSc field to determine which courses
were homogenous with similar scores. Table 3 presents the
courses grouped in different MSc clusters.

Clustering of MSc courses indicated that the courses
grouped in each cluster had the greatest similarity with
each other, whereas they had the lowest similarity with
courses in other clusters. Next, ICC for each cluster was cal-
culated, the results of which are presented in Table 4.

As shown in Table 4, the first cluster of biostatistics
and the second cluster of health education had the highest
ICCs, respectively, indicating a significant correlation be-
tween the courses in these two clusters; in other words, the
scores of students in these courses were similar. Clustering
of courses in occupational health engineering, health ed-
ucation, and biostatistics was effective in finding courses
with similar scores.

5. Discussion

The results of the present study showed that by com-
paring the ICC of students’ scores, validity of the scores
can be easily determined in different educational depart-
ments. The high ICC may be attributed to the students’ mo-
tivation for better learning, higher faculty experience, or
high agreement between the university faculties; in other
words, the students’ points of view are similar. Low ICC
may be related to the substitution of old faculty members
with young ones, who use different teaching and evalua-
tion methods. However, confounding variables, such as In-
ternet addiction and social networking addiction, cannot
be ignored in recent years.
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Table 1. ICC of MSc Students’ Scores in the School of Public Health

Field
ICC (95% Confidence Interval)

Total Students Entries of 2013 Entries of 2014 Entries of 2015

Health education (n = 18) 0.34 (0.18, 0.55) 0.42 (0.16, 0.74) 0.29 (0.05, 0.67) 0.35 (0.005, 0.94)

Biostatistics (n = 19) 0.27 (0.11, 0.48) 0.25 (0.008, 0.61) 0.28 (0.001, 0.76) 0.20 (0.002, 0.63)

Occupational health engineering (n = 13) 0.19 (0.05, 0.41) 0.33 (0.11, 0.67) - 0.11 (0.0008, 0.51)

Epidemiology (n = 30) 0.15 (0.06, 0.26) 0.15 (0.04, 0.33) 0.317 (0.77, 0.03) 0.21 (0.03, 0.50)

Environmental health engineering (n = 22) 0.02 (0.0002, 0.11) 0.09 (0.0006, 0.30) 0.03 (0.0003, 0.22) 0.05 (0.0003, 0.032)

Table 2. The ICC of PhD Students’ Scores

Field ICC (95% Confidence Interval)

Epidemiology (n = 11) 0.03 (0.0005,0.15)

Biostatistics (n = 4) 0.062 (0.001,0.39)

The low ICC may be also attributed to the students’
low motivation during education, concerns about their fu-
ture occupational status, and job saturation in the field of
study, which may disperse some of the scores and lead to
an unexpected ICC. In other words, low ICC may not be only
related to the method of teaching and evaluation, and its
value and interpretation may be distorted.

In a study by Danesh Kazemi et al., the correlation co-
efficient between the students’ scores of theoretical and
practical tooth restoration courses in the School of Den-
tistry, Yazd University of Medical Sciences, was determined
during 1991 - 2012. There was a direct significant correlation
between the evaluation score of all theoretical and practi-
cal courses (12). In another study by Haghdoost et al. (5),
academic achievement of medical students in Kerman Uni-
versity of Medical Sciences was investigated during 1995 -
2003, and it was found that females are more successful in
medical courses. Overall, the ICC between male students’
scores was greater than that of females. Also, the students’
scores in different courses had low consistency with the
students’ scores in comprehensive exams (5).

Moreover, in a study by Smits et al. (13), predictive
factors of successful learning were investigated in post-
graduate medical students. They observed that improve-
ment of students’ mental health problems significantly
contributed to their academic achievement. It seems that
in addition to teaching and evaluation methods, establish-
ment of counseling centers and attempts to improve the
mental health status of students can affect their academic
achievement (13). In another study by Corell et al. (14), ef-
fects of competitive learning tools on the medical educa-
tion of students were investigated. It was found that stu-
dents, who used the competitive learning tool, had better
academic performance and were more satisfied with this

type of learning. Therefore, besides teaching and assess-
ment methods, a healthy competitive environment may
contribute to the students’ academic achievement (14).

The present study is different from similar studies in
this area, as it only focused on the scores of postgraduate
students. In this study, it was revealed that the ICC of MSc
students’ scores in the mentioned fields was low. As shown
in Table 1, all ICCs were below 0.5, which represents poor
consistency. According to the results, it seems that in some
fields with low ICC, improvement of teaching and evalua-
tion methods is essential. Generally, it is suggested to ap-
ply new and modern teaching and evaluation methods to
increase the ICC and consistency of students’ scores. Also,
the students’ motivation for a more effective learning ex-
perience should be promoted.

Clustering in the field of occupational health engineer-
ing, health education, and biostatistics was an effective
method, which could successfully identify courses with
similar scores or classify similar courses in separate clus-
ters. In most fields, the ICC of clusters increased, which
shows that some courses were different and that students
should not necessarily obtain high scores in all courses. It
is recommended to examine more educational groups and
more entries in future studies. Also, further research, es-
pecially qualitative research, is recommended in depart-
ments with low ICC.

The present study had some limitations. The students’
data and scores were included only during three years
(2013 - 2015), and the sample size for each field of study
was small. We used only three entries to remove the ef-
fect of faculty member (to have a single faculty member in
the course). By including few entries (three entries in the
present study), we hoped that the faculty member involved
in each course would not change and that consistency and
ICC would not be influenced.
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Table 3. Cluster of MSc Courses in Each Field in the School of Public Health

Field of Study Course

Epidemiology

Cluster 1 Epidemiology of non-contagious diseases, social epidemiology in health, seminar, and application of epidemiology in health
systems

Cluster 2 Principles of epidemiology, research methodology, epidemiology of contagious diseases, computer-based analysis of health
data, and epidemiological methods

Cluster 3 Biostatistics methods (1); biostatistics methods (2); statistical methods in epidemiology, and sampling methods

Biostatistics

Cluster 1 Survival data analysis in medical research, applied multivariate analysis, design and analysis of clinical trials, statistical
methods in epidemiology

Cluster 2 Biostatistics methods (2); biostatistics methods (3); and seminar

Cluster 3 Inference of biostatistics and analysis of categorical data

Health education

Cluster 1 Health promotion and healthy lifestyle, school health education and health promotion, internship, and health education
and communication (2)

Cluster 2 Health education and communication (1); group dynamics, technology and educational methods, communication in health
education and health promotion, psychology of healthy behavior, and research methodology in health education and health

Cluster 3 Health sociology and biostatistics

Occupational health engineering

Cluster 1 Design of lighting in workplace, occupational toxicology, applied occupational toxicology, and evaluation of air pollution

Cluster 2 Work-related diseases, radiation protection in the workplace, design of air pollution control systems in the workplace, and
design of noise and vibration control systems

Cluster 3 Applied human-factors engineering (1); design of heat, cold, and humidity control systems, applied human factors
engineering (2); modeling in occupational hygiene, and workplace safety (system safety)

Environmental health engineering

Cluster 1 Management of radiation protection, soil pollution, wastewater treatment plant design, industrial wastewater management,
and apprenticeship

Cluster 2 Water treatment plant design, management of water resources development, solid waste management, air pollution control,
application of advanced methods in pollutant analysis, and evaluation of the effects of development on the environment

Table 4. Bayesian ICC for MSc Clusters in Each Field

Field of Study ICC (95% Confidence Interval)

Cluster 1 Cluster 2 Cluster 3

Epidemiology 0.08 (0.0007, 0.28) 0.16 (0.004, 0.35) 0.11 (0.06, 0.49)

Health education 0.38 (0.11, 0.64) 0.56 (0.35, 0.75) 0.11 (0.0002, 0.50)

Biostatistics 0.64 (0.43, 0.82) 0.12 (0.0005, 0.44) 0.18 (0.0003, 0.61)

Occupational health engineering 0.32 (0.008, 0.65) 0.25 (0.001, 0.60) 0.33 (0.04, 0.63)

Environmental health engineering 0.03 (0.0005, 0.13) 0.01 (0.0001, 0.08) -

cal Sciences, who helped us collect the data for this study.
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