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ABSTRACT

The aim is to investigate the effects of delivering group-based personalized teaching via an electronic
performance support system (EPSS) in an online medical informatics course on medical students’ academic
achievement and community of inquiry levels. The basic working principle of EPSS is to provide the most
appropriate teaching methods to the educator, according to the students’ variables and learning outcomes.
The research design of this study involved a quasi-experimental pretest-posttest design with a control
group and the qualitative research method of answers to follow-up questions. While the students in the
experimental group were taught various teaching approaches (flipped classroom, brain storming, case-based
learning, debate and think-pair-share), the students in the control group were taught directly by online lessons
according to direct instruction method. It was seen that the experimental procedure had a positive effect on
both the academic achievement and community of inquiry levels of the experimental group compared to
the control group. Besides, students in the experimental group reported that the lessons were more effective
when they were enjoyable, motivating, focused on discussion and research, and were taught through cases.
The group personalized teaching method used in this study could be a guide for future studies.

Keywords: Online learning, improving classroom teaching, learning commuanities, teaching strategies.

INTRODUCTION

One of the situations that education should deal with is mostly that a uniform education has been given to
students, although they are completely different from each other (preliminary knowledge, needs, interests,
etc.). From a historical point of view, two main approaches have been used in solving this fundamental
problem: (1) creating homogeneous classes by selecting students (grouping, monitoring, identifying, etc.),
and (2) creating heterogeneous classes with different students without any selection, and then arranging the
teaching environment/resources according to the various characteristics of the individuals (Bernacki et al.,
2021). The first approach is very difficult to implement, as student profiles/variables are very diverse and
constantly changing. The second option, “personalization”, has become one of the main goals for educators
with technology accompanied by integration of computer/data and learning sciences (Basham et al., 2016).

The concept of personalized education, which emerged for the first time in the laboratory school project
by Dewey in 1896, was defined as a situation in which the learning environment (presentation, exam,
course material, teaching method, etc.) is arranged in line with students’ personal information (individual
characteristics, interests, needs, etc.) (Xie et al., 2019). Although the concepts of “personalized teaching”
and “adaptive teaching” are different from each other in the literature, they are often seen to be used
interchangeably (Li et al., 2021). In adaptive learning, teaching activities can be applied according to the
academic performance of the students without defining any personal characteristics/preferences. However,
in personalized teaching, teaching is performed according to the individual characteristics, without any
adaptation regarding the on-going progress of individuals in a task or situation.
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It is observed that personalized education has a positive effect on many variables in every field of study,
when the research studies in the literature are examined in general. Systematic review studies revealed that
personalized education was effective on the variables of performance, perception, satisfaction, engagement,
motivation, enjoyment, attendance and interest (Bernacki et al., 2021). However, it has been reported
that most of these studies were carried out in short intervention periods and generally provided high-
level technology-enhanced personalized education. The development of technology and accompanying
technology-enhanced teaching can facilitate personalized teaching (Hernandez-Cardenas et al., 2022; Lim
et al., 2020). Recently, data on individuals have been collected with learning analytics, artificial intelligence
(Al), virtual reality and wearable technologies, and fully-personalized teaching situations are designed
according to these data (Hernandez Cardenas et al., 2022; Lim et al., 2020). However, these situations bring
about very complicated processes and are difficult to implement. Basically, it was reported that the hardest
of these implementation difficulties are the existence of multivariate student profiles and the cost/workforce
(Tan, 2021). We carried out this study with the idea of providing optimal group-based personalization, in
order to reduce the limitation of this situation.

As e-learning environments, especially synchronous teaching, have been more extensively used during and
after the Covid-19, it has been seen that these learning environments were uniform and educator centered,
as in traditional teaching environments (Turnbull et al., 2021). The realization of effective learning in online
environments is closely related to the community of inquiry (Col) of the learners (Lee et al., 2021; Mr,
2021). In this context, “the model of community of inquiry” is an effective model that guides e-learning
environments in order to create collaborative and constructivist deep content with online presence elements
(Garrison et al., 1999). It has been reported that more successful learning and performances were realized
in online learning environments where various student-centered approaches were used (Lee et al., 2021).
Educators need to be supported to enable the use of these various teaching activities on the basis of
personalized teaching. In this respect, EPSSs have the potential to provide instant support to educators on
duty (Cakir & Tuzun, 2003). In this study, EPSS with a database of various educational activities was further
developed, and its effects on providing personalized teaching in the online environment were evaluated.

BACKGROUND
Electronic Performance Support System

EPSS is defined as “integrated electronic environments to provide instant and easy information, suggestions
and experience for individuals in order to increase their performance” (Sezer, 2021). The most important
features of these systems are that they can be used during the education process and in education environment
and that they present appropriate information clearly (Ugur-Erdogmus & Cagiltay, 2019). Basically, there
are four components that should be included in an EPSS. These are databases, teaching systems, consultant
systems and auxiliary tools (McKay & Wager, 2007). These systems, which are generally developed as mid-
level (Sezer, 2021) and high-level (Lizdas et al., 2017) according to the level of complexity (programming,
Al integration, etc.), have been seen that they are very effective in gaining knowledge/skills.

EPSS has been developed and used for many educational design processes and for educational designers.
Many systems, the first example of which is GAIDA developed in 1994, have been very effective for the
automation of educational design and material development (Askar, 2018; Wang et al., 2007; Ugur-
Erdogmus & Cagiltay, 2019). The basis of this success is the amount, type, timing and presentation of
the needed information to individuals in the right environment. However, performance in these studies is
generally focused on a single product (lesson plan, course material, etc.). In this study, we rather focused on
the teaching process and tried to provide a group personalized teaching environment. The most important
advantages of the EPSS developed in this research are the following; it is prepared in a short time at low cost,
does not require high technology skills for use, provides pedagogical support to educators about educational
activities and has the potential to be used for a wide audience.
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Community of Inquiry Framework

The model was developed to support higher education and was comprised of three elements. These elements
are social, cognitive and teaching presence (Garrison et al., 1999). Evaluation of the effectiveness of the
developed e-learning systems is suggested to be made according to this model (Almasi & Chang, 2020;
Horzum, 2015; Karaoglan-Yilmaz, 2020; Tan, 2021). The research conducted by Korkmaz and Toraman
(2020) with 1016 educators during the COVID-19 period reported that effective teaching could not be
realized due to problems like the technology literacy level of the educators, the interaction problem in online
environments, low motivation of the students, monotonous lecturing etc. Similarly, it was determined that
students did not attend courses, their cognitive/teaching/social presence levels decreased in synchronous
courses and engagement of students was not fully achieved during and after the COVID-19 period (Almasi
& Chang, 2020; Chung et al., 2020). In this direction, it is recommended to provide the most basic level
of faculty development programs, educator training and material/method diversity (Amir et al., 2020; Tan,
2021). In e-learning environments, it is argued that it is important to create situations enabling student-
student and student-educator interaction, problem-based discussion activities and opportunities for students
to cooperate (Almasi & Chang, 2020; Lee et al., 2021; Tan, 2021).

Rational and Research Hypotheses

This study aimed to use the teaching methods that are most suitable for the students individual
characteristics, especially in online education, based on the requirements mentioned above. Since there
are individual differences among students, the determination of the most basic variables that should be
addressed in personalized education with educational science experts was the first step. In this way, the use
of the most appropriate educational methods for the student community consisting of a heterogeneous
group was discussed which would create a more effective and efficient group personalized teaching situation.
An EPSS designed by the author (Sezer & Simsek, 2018), which can be used by educators to provide
effective educational environments, was implemented and evaluated for the first time during an academic
term within the scope of medical informatics course. This study is a first for the use EPSS, which has a wide
range of applications, to support personalized teaching.

In this study, it was aimed to investigate the effects of delivering group-based personalized teaching via an
electronic performance support system (EPSS) in an online medical informatics course on medical students’
academic achievement and community of inquiry levels. In this context, the following hypotheses were
formed:

Hypothesis 1. (H1): Academic achievement scores of the students in the intervention group who
applied personalized teaching will be higher than the control group.

Hypothesis 2. (H2): Community of inquiry levels of the students in the intervention group who
applied personalized teaching will be higher than the control group.

METHOD

The research design of this study involves a quasi-experimental pre-test-posttest design with a control group
and the qualitative research method of answers to follow-up questions. The effect of personalized education
on students’ academic success and Col levels were investigated in this study. Personalized teaching methods
with online synchronous EPSS support were applied to the experimental group, while synchronously online
teaching with the traditional lecture method was used in the control group.
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Participants

The study group consisted of 120 (male= 54, female= 66) second-year students studying in two different fields
in Hacettepe University Faculty of Medicine and taking the “Medical Informatics” course. The difference
between academic achievement and Col pre-test scores of both groups was not statistically significant (p>.05).
This showed that both groups were equivalent in terms of Col levels and academic achievement before the
experiment (see Table 1). Accordingly, the study was carried out by the same educator in two groups. Both
the experimental group (female= 34, male= 26) and control group (female= 32, male= 28) consisted of 60
students. All participants gave their written and verbal informed consent.

Structure and Algorithm of the System

The system was designed by five educational technology specialists (faculty members), and the validation of
these processes was provided by the opinions and suggestions of 16 faculty members at the national level.
There are 44 educational activities (methods, techniques, approaches, etc.) in the database of this EPSS,
which was previously designed by the author (Sezer & Simsek, 2018) and further developed for the first time
in the present study. The basic operation of the system relies on the variables of learning outcomes (Bloom’s
taxonomy) (Krathwohl, 2002), and student variables that affect the “achievement”, “participation”, and
“performance” of the students. In this context, “technology self-efficacy, academic self-eflicacy, course-related
task value, and prior knowledge” determined students’ variables by the experts.

To prepare the database related to the educational activities, first, the variables that affect the “achievement”,
“participation” and “performance” of the students were determined. With the consensus of the experts,
“online technology self-efficacy, academic self-efficacy, course-related task value, and prior knowledge”
variables were included in the system’s structure. Secondly, the definition and stages of 44 selected activities
(flipped classroom, brain storming, anchored learning, spaced learning, etc.) in the database were prepared.
Then, to prepare “matching algorithm”, the suitability levels of 44 activity-student variables were also rated
by experts via 5 (highly suitable) to 1 (not suitable at all) (see Figure 1). More detailed information on these
stages can be found in the author’s previous study (Sezer & Simsek, 2018).
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Figure 1. Sample figure for student variable—activity (self-efficacy regarding the course) suitability

An example of the developed system is shown in Figure 2; after ‘Low-Medium-High’ selections are made
according to the results of the student variables, the educational outcomes of the relevant course are marked
according to Bloom’s taxonomy, and the most appropriate activities for the related group are listed with
the ‘FIND’ button. The educator can access basic information about these activities (and more detailed
information/examples, if preferred) step-by-step by choosing the desired activity/activities.
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Figure 2. Sample figure of the developed EPSS

In line with the data obtained from the measurement tools, the system suggested ‘flipped classroom, brain
storming, case-based learning, debate and think-pair-share’ activities based on the scores of the experimental
group students on “online technology self-efficacy, academic self-efficacy, task value for the course, prior
knowledge” scores (the scores obtained from the scales/tests reported in the data collection tools section
were entered into the system as input, therefore detailed information on these values were not given in
the findings section) and lecture outcomes that could change every week. The lessons were carried out
synchronously over Zoom by using these teaching activities according to the weekly lecture (12 weeks in
total) outcomes with the experimental group during an academic term, within the scope of the study. On
the other hand, the lessons (12 weeks in total) were carried out synchronously over Zoom based on the direct
instruction method with the control group.

Data Collection Tools
Online Technologies Self-efficacy Perception Scale

This scale was developed by Miltiadou and Yu (2000) and was adapted to Turkish in 2009 (Horzum
and Cakir, 2009). The scale consisted of 29 items (lowest score= 29, highest score= 116) and four sub-
scales (Asynchronous interaction I, Asynchronous interaction II, Synchronous interaction and Internet
competencies). Evaluations related to the scale were coded as “Low-Medium-High” in order to define “online
technology self-efficacy” scores in EPSS, only for the experimental group students.

Task Value for the Course

“The Motivated Strategies for Learning Questionnaire (MSLQ)” developed by Pintrich et al. (1993) was
used for task value. The motivation section of MSLQ consists of 6 sub-dimensions: “self-efficacy, test anxiety,
intrinsic goal orientation, extrinsic goal orientation, control belief, and task value”. Pintrich et al. (1993)
stated that the scale could be used in different disciplines and all or individual dimensions of the scale could
be included, depending on the purpose of the research. Adaptation of the scale to Turkish was done by
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Buyukozturk et al. (2004). The 6-item “task value” sub-dimension (lowest score= 6, highest score= 42) in
the motivation section of the related scale was used within the scope of this research. Evaluations related to
the scale were coded as “Low-Medium-High” in order to define “task value” scores in EPSS, only for the
experimental group students.

Academic Self-efficacy Scale

The scale was developed by Jerusalem and Schwarzer (1992) and was adapted to Turkish in 2007 (Yilmaz,
Gurcay and Ekici, 2007). The scale, which has a one-dimensional structure, consists of a total of 7 items
(lowest score= 7, highest score= 28). Evaluations related to the scale were coded as “Low-Medium-High” in
order to define “academic self-efficacy” scores in EPSS, only for the experimental group students.

Community of Inquiry Scale (ColS)

This scale was developed by Arbaugh et al. (2008) and adapted to Turkish in 2012 (Ozturk, 2012). The scale
was used in the present study to determine students’ community of inquiry levels. The scale consists of 34
items (lowest score= 34, highest score= 136) and three sub-scales in total. The high score obtained indicated
higher level of community of inquiry of the students.

Academic Achievement Test

The test, consisting of 20 questions, was developed by the author. There are various question forms in
this test, and the maximum total score that can be taken is 100. A specification table was prepared and
used to ensure scope validity during the validation process. In addition, for validity and reliability of the
test, evaluation criteria were developed, and the opinions of field experts and second-year students were
taken before administering the test. Before the experimental procedure, this test was applied to 20 second-
year students who were not included in the study group. To determine the reliability of the test, Kuder-
Richardson Formula 20 (KR-20) was applied and 0.88 was obtained in the pre-test and 0.87 in the post-test.

Feedback Form

Feedback form, which was developed by the author to facilitate the interpretation of the qualitative data,
consists of three questions. The interview with the students were held online, and one week after course
program.

Data Analysis

The data were analyzed with descriptive statistical techniques, chi-square and t-test. Cohen’s d effect size
was calculated if there was a significant difference in the performed t-test. As a general recommendation for
the effect size, Cohen states that if the d value is less than 0.2, the effect size can be defined as weak, if it is
between 0.5-0.8 the effect size is medium, and if it is greater than 0.8 the effect size can be defined as strong
(Cohen, 1988). Qualitative data obtained from the feedback form were analyzed by two educators and was
coded under three themes, using content analysis.

FINDINGS

The study involved 120 voluntary students. The experimental and control groups did not differ according
to age, gender, academic achievement and Col levels before the experimental procedure (see Table 1). The
introductory information of the students in the study group is given in Table 1.
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Table 1. Demographic characteristics of participants

Experimental Control Test statistics
(n=60) (n=60) p value
Female 34 (51.5) 32 (48.5) x2:.135
Gender
Male 26 (48.1) 28(51.9) p:.714*
t-1.114
Age Mean 19.13£ 0.91 19.31+.89
p: .268%*
Academic t:-771
Mean 41.65+ 945 42.95+9.01
Achievement p: .442%*
t:-435
Col Mean 67.95+ 11,56 68.88+11.91
p: .664**

*Chi-square test, ** The independent sample ¢ test

In order to test the hypotheses of the present study, pretest and posttest mean scores were compared between
groups (experimental and control), t-test was used in independent samples and intergroup comparisons in
paired samples. The results of the analyses are given in Table 2.

Table 2. Distribution of pre-test and post-test values of measurement tools with respect to experimental
and control groups

Experimental Control
Mean SD Mean SD Test statistics
p value*
Pre-test 67.95+ 11.56 68.88+ 11.91 t:-.435 p: 0.664
Post-test 96.23+ 15.74 76.06+ 17.84 1:6.564 p: 0.00
Col
Test statistics t:-11.401 t:-2.533
p value** p: 0.00 p:0.14
Pre-test 41.65+ 945 42.95+9.01 t:-771 p: 0.442
Academic Post-test 86.31+£9.22 75.41+17.76 t:4.219 p: 0.00
achievement Test statistics t:-23.977 t:-13.737
p value** p:.000 p:.000

*Independent sample t test, **paired sample t test
p p p p

While the Col pre-test post-test measurements of the experimental group (t:-11.401; p=0.00) showed a
statistically significant difference, the control group (t:-2.533; p=0.14) did not show a statistically significant
difference. A statistically significant difference was found between the post-test measurements regarding
the Col levels of the experimental and control groups (t: 6.564; p=0.00). In the effect size analysis of the
resulting difference, Cohen’s d value was determined as 0.51 and it was found to have a moderate effect.

A statistically significant difference was found between the academic achievement pre-test post-test
measurements of the experimental group (t:-23.977; p=0.00) and the pretest-posttest measurements of the
control group (t:-13.737; p=0.00). A statistically significant difference was also found between the post-test
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measurements of the experimental and control groups in terms of academic achievement variable (t: 4.219;
p=0.00). In the effect size analysis of the resulting difference, Cohen’s d value was determined to be 0.77 and
indicated a medium-high level effect.

A focus group interview was conducted with 54 students (6 students did not participate) in the experimental
group, in order to get the opinions on the personalized teaching. The interview was held in a one round in
the classroom during the last course hour. In this interview, a discussion was conducted with the students
using the brainstorming technique regarding the personalized teaching method by the educator, and at the
end of this discussion, the feedback form was distributed to the students. Data collected from 54 students
were subjected to content analysis. The meaningful data were determined, coded by two educators and
the draft themes were identified. The codes obtained according to these draft themes were rearranged and
clarified. The findings obtained as a result of the content analysis are given in Table 3.

Table 3. Thematic codes
Category Code f
Interaction in course 36
Different education methods 33
Positive aspect Having fun in course 27
Motivating 23
The need for face-to-face education 16
Spending much time preparing before course 13

Negative aspect
Technical issues

Effective learning management system 12
Things to be Improved Artificial intelligence integration

Integration with other courses

As could be observed from Table 3, most of the students were satisfied with personalized education. Students
reported the positive aspects as, generally taking a more active role in synchronous lessons, coming to the
lessons more motivated, use of various educational activities and case-based situations were more contributive.
Sample student statements expressing this feeling are as follows:

Although our group wasnt small, we organized interactive Zoom sessions with both my friends and our educator.
This way, I could actively participate in the lessons without being passive.

While it wasn’t quite the same as face to face education, the lessons were highly interactive. I completed this course
with minimal boredom since various educational methods (problem-case based) were employed.

Our educator frequently engaged us using various educational applications on our mobile devices. Consequently, 1
can conffidently say that our motivation increased.

On the other hand, as the negative aspects, students reported that they would like to take this course face-to-
face, in which case much more effective learning would have taken place. They reported the reasons for this
situation as especially the technical problems experienced from time to time and stated that they had to be
exposed to the screen a long time. Sample student statements expressing this feeling are as follows:

Due to the demanding nature of the medical education program, we often found ourselves dedicating substantial
time to course preparations outside of class. While it was informative, it posed time-related challenges.
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Zoom sessions were occasionally interrupted, and I encountered sound issues at times. I suspect these issues were

related to my internet connection speed.

Since I was attending the lessons on my mobile phone, 1 faced difficulties in simultaneously keeping up with the
lectures and actively participating in the educational activities within the applications.

In the aspects that need to be developed, the students have requested that the variety of methods covered
in this course should also be applied in other courses. In addition, students also expressed their requests to
use artificial intelligence supported learning management system. It has been reported that this artificial
intelligence support (adapted interface/exam/content) will make LMS more personalized. Sample student
statements expressing this feeling are as follows:

The materials shared on the LMS for pre-class could have been more personalized. For instance, I would have
preferred shorter videos. I also wish the LMS had personalized editing capability like this.

Interactive Zoom sessions should be a part of certain courses without a doubt, as they prevent boredom.

1 already had prior knowledge of certain content, such as virtual patients. In such cases, higher-level materials could
have been presented to me using a system like artificial intelligence.

DISCUSSION AND CONCLUSION

In this study, the effect of group personalized teaching provided by EPSS on the academic success and Col
levels of second-year students was investigated, and it was determined that personalized instruction applied
to the experimental group had a positive and significant effect on both the academic achievement and
community of inquiry levels of the students compared to the control group. Accordingly, the hypotheses of
the research, H1 and H2, were accepted.

In the literature, it is observed that individually personalized instruction is usually carried out in small
groups; however, computer-based adaptation/personalization studies are carried out in larger groups with
the development of technology. In this study, optimal educational activities suitable for the group profile
and course outcomes were used in order to provide group personalized teaching. There are many studies on
the use of EPSS positively affects students” learning and performance (Martinez-Mediano & Losada, 2017;
Mitchell, 2014; Sezer, 2021). This study, in which EPSS was used to support personalized teaching, is a first
and sets an example for the variety of uses of EPSS.

Another positive situation experienced in the present study, was that the perception of presence in online
environments, which was the main measured subject within the framework of Col, was at a high level. Studies
have revealed that students’ Col levels are highly correlated with their academic self-eflicacy and course
motivation (Shea & Bidjerano, 2010; Karaoglan-Yilmaz, 2020). It is suggested that the three components
of Col, cognitive, social and teaching presence, should be highly interrelated to each other, and a balanced
online education should be designed by integrating these three components (Caskurlu et al., 2021). It
is thought that the positive findings obtained in the present study are the result of using constructivist
teaching approaches (problem-based learning, reflection, collaborative tasks, interactive lectures, discussion,
etc.). It was reported that these teaching activities increase students’ community of inquiry levels. (Horzum,
2015; Karaoglan-Yilmaz, 2020). These findings also reveal the necessity of using innovative educational
techniques/applications, either online or offline, in which students are more active, instead of the traditional
direct instruction method, in the 21st century.

Limitations

Only course outcomes and student variables were discussed in this study. Stronger personalization could be
achieved by considering educator and learning environment variables.
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Conclusion

In this study, the personalization part of a pre-designed EPSS was developed to provide personalized
education and used in the online medical informatics course of students. The courses taught according to
the educational methods/activities increased students” academic success in the medical informatics course
and had a positive effect on their Col levels. The group personalized teaching method used in this study
could be a guide for future studies.
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