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e More research is needed to provide effective participants, consisting of 35 students from different engineering
ways of distance IoT education departments, were randomly assigned to experimental and control

groups. The experimental group was instructed asynchronously on

the Edpuzzle platform, where interactive videos were presented, and
control group was taught synchronously on the Zoom application for
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students in the asynchronous group were more successful in their

academic achievement post-test scores. Although the synchronous
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loT Education, Distance Education there was no significant difference from the other group.
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1. Introduction

There are many studies in the literature in which different tools and methods are used to make education
and training processes more effective. An important part of these studies is the integration of technology in
education. However, the use of technology alone in education and training processes are not sufficient in
certain cases (Karaca & Ocak, 2017). According to Clark (1994), the tools that serve to convey information
are not very effective in education alone, and he emphasizes the effect of the teaching method as well as
the content used to talk about success in education. With the developments in information and
communication technologies, learning and teaching activities have now moved out of the physical
environment and into different platforms and environments where distance learning technologies are used,
especially in recent years.
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Today's workforce is expected to be made up of individuals who are highly educated and continuously
improve their skills and acquire new ones by participating in lifelong learning (Hrastinski, 2008).
Undoubtedly, this increasing need for education can be met by e-learning, which is defined as the online
learning and teaching process. Distance education is widely used in higher education institutions and an
increasing number of students are taking advantage of the flexibility offered by e-learning (Watts, 2016).
There are studies that show that distance education is an effective learning method in scientific studies (Al-
Balas et al., 2020; Bernard et al., 2004; Rotimi et al., 2017). Until recently, e-learning activities mainly
relied on asynchronous tools for teaching and learning (Boulos, Taylor & Breton, 2005; Romiszowski &
Mason, 2013), but with the recent advances in technology and increasing bandwidth, they have become
synchronous (Kinshuk & Chen, 2006). There is a slight difference between synchronous and asynchronous
distance learning. Synchronous distance learning, which largely removes space constraints, is the
participation of students in online courses at a fixed time. Whereas, asynchronous distance learning
effectively removes the barriers of space and time, and students can take courses from anywhere at any
time (Midkiff & DaSilva, 2000).

The Coronavirus (Covid-19) pandemic, which started in late 2019, has caused significant impacts and
changes in health, economy, social life and especially educational practices at the global level. With the
decision taken by the Council of Higher Education during the pandemic process, theoretical courses in
higher education institutions in Tlrkiye can be held synchronously or asynchronously by distance learning,
and applied courses can be held in a hybrid way in line with the needs of higher education programs (YOK,
2020). In many engineering and fine arts programs, especially in medical education, it has been observed
that the distance learning method is inadequate due to limitations in technical, infrastructure and access to
technology in the delivery of courses, especially in environments that require laboratory and workshop
infrastructure (Kahraman, 2020; Kedraka & Kaltsidis, 2020; Kirttincl & Kurt, 2020; Yolcu, 2020; Zan &
Zan, 2020). In addition, the main reasons for the inadequacy of the distance learning method are listed as
the difficulty of the educators to give up the method adopted in the face-to-face classroom environment and
switch to new methods, their belief that this situation will increase their workload, that interaction with
students will remain limited, that measurement and evaluation activities will not be reliable, and that it will
be difficult to conduct applied courses remotely (Ozgiil, 2016).

With the rapid advancement of technology, the concept of the Internet of Things (IoT) has come to the
forefront with Industry 4.0. Although the concept of 10T is said to have emerged in 1982 when a modified
Coke machine was connected to the internet and shared the temperature and quantity information of the
drinks in the machine, the term 'loT' was first used by Kevin Ashton at a special conference in 1999 to
describe a system of interconnected devices (Farooq et al., 2015). According to Wortmann and Fliichter
(2015), the definition of 10T is very broad, and there is no consensus on what 10T technologies actually
encompass. 10T is generally defined as the ability of uniquely addressed objects (things) to sense and
communicate with each other using internet technology (Gubbi et al., 2013). 10T technology is based on
connecting objects in the physical world to the internet environment through a number of sensors,
manipulating the data obtained from the objects quickly and accurately, and using the results obtained to
facilitate people’s lives (Banger, 2017). In summary, to talk about 10T, there must be at least two objects
(electronic devices that can be connected to the internet) and an environment that enables communication
or interaction between these objects.

Nowadays, 10T technologies are impacting many industries and companies are starting to invest in this
technology (Ronoh et al., 2021). 10T technologies are being used in various fields (healthcare, smart homes,
telecommunications, transportation, security, manufacturing, construction, agriculture, etc.), but education
is one of the fields that has instantly benefited from this technological development (Agrawal & Mittal,
2019; Ronoh et al., 2021). In recent years, 10T technologies have found a wide range of applications, and
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the need for people trained in this field is growing by the day. For this reason, the world's leading
universities have recognized the need for loT-educated graduates and have started to include 10T in the
curriculum of various higher education programs (Chang, Chen, & Huang, 2015; He et al., 2016; Ronoh et
al., 2021; Raikar et al., 2018; Rout, Mishra, & Routray, 2017). However, it can be said that the education
pillar of 10T is still in the development stage (Lyzhin et al., 2019). This is because 10T technology requires
the teaching of different knowledge and skills as it covers disciplines such as computer science,
engineering, mathematics, and social sciences (Al-Emran et al., 2020; Ning & Hu, 2012). The
interdisciplinary nature of 10T technology also makes it difficult to teach this technology.

A limited number of studies on loT teaching were found in the literature and it was observed that different
learning methods were used in these studies. It can be said that problem-based learning and project-based
learning methods are mainly used in these studies. On the other hand, there are almost no studies in which
0T education is carried out through distance education. For this reason, this study is very important in
terms of introducing 10T to students in relevant higher education programs, especially engineering students
and providing them with an alternative method of teaching loT.

This study aims to examine the effects of synchronous and asynchronous distance courses on students'
academic achievement and motivation in Internet of Things education. Answers to the following questions
were sought for this purpose:

e s there a significant difference between the two groups in terms of pre-test academic achievement
scores?

e s there a significant difference between the two groups in terms of the pre- and post-test academic
achievement scores?

o Isthere asignificant difference between the two groups in terms of the pre- and post-test motivation
levels?

2. Literature

In recent years, 10T technologies have found a wide range of applications and the need for people trained
in this field is increasing day by day. For this reason, the world's leading universities have recognized the
need for graduates with 10T education and have started to develop or offer 10T in various programs or
courses (He et al., 2016; Ronoh et al., 2021; Rout, Mishra & Routray, 2017). Universities are offering loT
as an elective course at the undergraduate level, as a core BSc course, as a core MSc course on 10T, or as a
massive online open course (MOOCs) on Coursera (Rout, Mishra & Routray, 2017). Today, e-learning and
MOOC:s are widely adopted and offered by universities around the world (Almatrafi ve Johri, 2018; Chow,
Ho & King, 2019; Nunez, Caro & Gonzalez, 2016).

In the literature, there are several survey studies on the importance of 10T technologies in education and
the areas where they are used (Abd-Ali, Radhi, & Rasool, 2020; Aldowah et al., 2017; Aydin, Usanmaz, &
Goktas, 2021; Kassab, DeFranco, & Laplante, 2020; Ramlowat & Pattanayak, 2019; Suduc, Bizoi, &
Gorghiu, 2018). It is seen that these survey studies mostly focus on the effects and benefits of 10T on
education. However, it was observed that there are a limited number of studies on 10T education based on
a specific curriculum in the literature. A limited number of studies on 10T education based on a specific
curriculum and pedagogical approach were found in the literature, and it was observed that different
learning methods were used in these studies. These learning methods commonly used for 10T education
include problem-based learning (Maenpéaé et al., 2017), project-based learning (Abraham, 2016; Ferreira et
al., 2019; Kusmin, Saar, & Laanpere, 2018; Mé&enpéad et al., 2015; Nelke & Winokur, 2020; Rout et al.,
2017), activity-based learning (Porter, Morgan, & Johnson, 2017), collaborative learning (Kortuem et al.,

405



JETOL 2023, Volume 6, Issue 2, 403-420 Ozgiil, E. & Ocak, M. A.

2013; Maiti, Byrne, & Kist, 2019; Plauska & Damasevicius, 2014), flipped learning (Gongalves et al., 2020;
Lei et al., 2017), and some constructivist approaches (Charlton & Avramides, 2016; Kleinschmidt, 2021;
Osipov & Riliskis, 2013; Ronoh et al.,, 2021). However, considering the multifaceted structure,
interdisciplinary nature and complexity of 10T technology, it can be said that more research using different
learning methods and tools is needed. Studies of 10T education in the literature and information about these
studies are provided below.

He et al. (2016) asked students to design and implement solutions to real-world problems using an 1oT-
based laboratory development kit in an 10T education conducted with 12 undergraduate students, and found
positive results for the learning method and development kit used in the study. Kleinschmidt (2021)
attempted to teach 10T concepts using collaborative problem-based learning with 32 undergraduate students
from different engineering programs and showed that it was possible to introduce IoT concepts and
technical skills at the end of the 12-week course. Lei et al. (2017) conducted a study with 14 undergraduate
students from different engineering programs using the Open edX platform, Google Forms and GitHub
Classroom platforms according to the flipped classroom method. As a result of the study, it was found that
video lessons i) provide flexibility in learning, ii) respond to students’ individual learning styles and needs,
iii) allow teachers to do more activities and use class time in a quality way. Mdenpaa et al. (2017) conducted
a three-year action research study on teaching 10T devices in a practical, problem-based environment and
examined feasible assessment methods used in such environments. As a result, they developed a generic
assessment method for multifaceted and complex student projects. Ronoh et al. (2021) compared different
learning methods used to teach 10T course content with feedback from students in different undergraduate
programs and concluded that the most ideal learning method is a hands-on, project-based learning approach.
Rout, Mishra and Routray (2017) implemented a project-based learning approach with 10 undergraduate
engineering students to incorporate 10T into the engineering curriculum. As a result of the study, it was
observed that the students met 21st century skills such as using modern tools, teamwork and lifelong
learning.

The only study found on loT education through distance learning was conducted by Kortuem et al. (2013).
This study was conducted as part of an online course (My Digital Life) at the Open University. It was found
that the online 10T course focused on topics such as learning algorithms, developing programming skills,
collaborating on projects, creative thinking in design, ethical issues and social implications of computing.
In addition, SenseBoard development kit and Scratch-based Sense programming environment were used
for teaching 10T concepts. It was stated that approximately 4,000 students completed this 9-month course
and as a result of this study, there were many difficulties in teaching 10T concepts to first-year students. It
was also stated in the study that it is possible to teach 10T concepts to students of different ages.

loT technology is one of the most difficult subjects to learn as it is an interdisciplinary field that includes
several knowledge and skill areas such as programming, basic electronics, design and project development.
As a matter of fact, in order to fully learn this technology, many knowledge and skills such as hardware,
software, electronics and even data science need to be acquired (Grammenos & Poole, 2019; Vochescu et
al., 2017). The fact that there is no research in Turkiye in which e-learning method is used for 10T education
and its effects are examined has been an important factor in the emergence of this research. E-learning can
be seen as an important method to help students discover their own thinking strategies and ways of working,
and to enable them to develop domain-specific problem-solving skills independently. Accordingly, there is
a need to use and develop new teaching methods to facilitate the teaching process and improve the quality
of education in 10T technology education. Within the framework of this study, as mentioned above, 10T
courses were conducted with synchronous or asynchronous distance courses and their effects on students'
educational outcomes were analyzed.
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3. Methodology
3.1. Research Model/Design

This study, which examined the effects of the Internet of Things education on student achievement and
motivation through distance education, was conducted as a quasi-experimental design (Cohen, Manion &
Morrison, 2013). It is the most commonly used experimental design, especially in educational research,
when it is not possible to control all variables (Blyukdoztirk, 2007).

3.2. Study Group

The study group consisted of 35 students studying in the third and fourth grades of Computer and Electrical -
Electronics Engineering at Zonguldak Bulent Ecevit University Faculty of Engineering. They were
assigned to control and experimental groups using random sampling (Creswell, 2017), which is ended up
with 18 participants in experimental group and 17 participants in control group. Demographic information
of the study group is shown in Table 1.

Table 1.

Demographic information of the study group.

Variable Experimental Group Control Group Total
Gender
Female 6 7 13
Male 12 10 22
Departments
Electrical and Electronics Engineering 11 12 23
Computer Engineering 7 5 12
Total 18 17 35

3.3. Data Collecting Tools
The data collection tools used in the study were the Academic Achievement Test and the Motivation Scale.
3.3.1. Academic Achievement Test

The Academic Achievement Test was developed by researchers to measure academic performance based
on the learning acquired throughout the course. Before the test was developed, a table of specifications was
drawn up to suit the content, instructional objectives and learning outcomes. The researchers then created
question pool to cover the learning objectives in the table of specifications. In the first stage, a 35-question
test selected from the pool was prepared and item analysis of the test was conducted with 122 undergraduate
students from different engineering programs. Statistical analyses were performed using Test Analysis
Program (TAP) software. As a result of the TAP analysis, 4 items were removed from the test due to low
item discrimination power. Based on the feedback received from experts of the field, 1 additional question
was removed from the test and the test was developed with 30 questions. The KR-20 reliability coefficient
of the test consisting of 30 items was found to be 0.847. Since this value is close to 1, it is possible to say
that the test is reliable (Fletcher, 1981). This test, which was prepared as a result of the reliability study,
was applied as a pre- and post-test in order to measure students' achievement in the Internet of Things.
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3.3.2. Motivation Scale

The motivation scale, a subscale of the Motivated Strategies for Learning Questionnaire “MSLQ”
developed by Pintrich et al. (1991) which was adapted into Turkish by Biyikoztirk et al. (2004), was used
in the study to figure out the level of students' motivation. The scale is 7-point Likert type. The scale consists
of two subscales: motivation and learning strategies. Confirmatory factor analysis was performed to test
the factor structure of this scale adapted to Turkish. The Motivational subscale of the MSLQ has 31 items,
three sub-dimensions (value, expectancy and affect) and six factors (intrinsic goal orientation, extrinsic
goal orientation, task value, students' perceptions of self-efficacy, control beliefs for learning and test
anxiety). Blyukoztirk et al. (2004) conducted exploratory and confirmatory factor analysis (CFA) to
examine the construct validity of the related scale, as well as internal consistency coefficient, corrected
item-total correlation and t-test analysis for reliability. According to the results of the analysis, the CFA
factor weights of the motivation scale ranged between 0.34 and 0.78, the internal consistency coefficient
ranged between 0.52 and 0.86, and the corrected item-total correlation values ranged between 0.67 and
0.20. Permission to use this scale was obtained from the authors.

3.4. Data Collection and Development of the Learning Environment

Information on the data collection tools and implementation times used in this study are shown in Table 2.

Table 2.

Data collection tools and implementation times.

Groups Variable Pre-test Intervention Post-test
Experimental Academic Achievement Achievement test Asynchronous courses  Achievement test
P Motivation Motivation scale (Edpuzzle) Motivation scale
Academic Achievement Achievement test Synchronous courses Achievement test

Control s P o
Motivation Motivation scale (Zoom) Motivation scale

The research was conducted within the scope of a special course affiliated with Zonguldak Biilent Ecevit
University Continuing Education Centre (ZBEUSEM) in the fall semester of the 2021-2022 academic year.
The Internet of Things (IoT) education process was planned to last for a total of 8 weeks, three hours per
week. Before starting the application, a preparatory study was carried out in which a pre-test was conducted
to determine the students’ prior knowledge and readiness levels for the subject. This preparatory study is
the stage where general introductory information about how the teaching process will be carried out is
shown and students are randomly assigned to experimental and control groups according to the results of
the pre-test. Once the groups had been determined, students were given pre-prepared project development
Kits to enable them to follow the course and complete the projects. As most of the final-year engineering
students attended the course from out of town, the process of purchasing the project development Kits
individually was also carried out during the preparation phase. The Academic Achievement test and
Motivation scale, which were used as data collection tools in the study, were conducted face-to-face in the
classroom environment during the pre- and post-test process. A cross-section of images from synchronous
and asynchronous distance courses are shown in Figure 1.
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Fig. 1. A sample of weekly courses by groups.

The Internet of Things (IoT) training was delivered asynchronously via the Edpuzzle platform, where
interactive training videos were presented in the experimental group. Edpuzzle is a Web 2.0 tool that allows
you to create interactive videos by adding open-ended, multiple-choice questions to your videos
(edpuzzle.com). In the control group, it was delivered synchronously through the Zoom application
(zoom.us). In addition, Google Classroom was created to share course materials in both groups, and
WhatsApp groups were created to maintain dialogue with students.

According to Eriksson et al. (2017), students who participate in distance learning courses do not complete
the course at a high rate. Therefore, researchers need to take some measures to prevent the problem of
dropout in an online course. During the weekly course, the instructor checked whether the topic was
followed with interactive questions in the instructional videos prepared separately for the experimental
group students. At the same time, the control group students were assigned weekly homework to avoid their
drop-out.

3.5. Data Analysis

The data was analyzed using SPSS 20.0 package program. Before the analysis, the assumptions of the
statistical techniques used were checked. The significance level was set at .05 when evaluating the results
of statistical tests. To test the assumption of normality, the z-value obtained from the ratio of the skewness
value to the standard error and the Q-Q normality plot were examined. In all analysis it was found that the
normality assumption was met for both the experimental and control groups. As the number of participants
in the analysis of the data was less than 50, the Shapiro-Wilk test was used to determine the normality of
the distribution. Independent samples t-test and one-way analysis of covariance (ANCOVA) were used to
analyze the research data. In addition, the Bonferroni correction was used to identify the source of
significant differences between groups and to minimize the possibility of Type | errors that can arise from
multiple comparisons of variables.

3.6. Findings and Discussions

The findings obtained are shown to indicate the impact of synchronous and asynchronous distance courses
on the educational outcomes of students in 10T education on academic achievement and student motivation
through pre and post-tests. Findings related to student academic achievement, one of the sub-problems of
the research, are presented below. The 30-question multiple-choice test, which was developed by the
researchers within the scope of the academic achievement test and whose reliability coefficient was
calculated as .847 after a pilot study, was applied to 35 students participating in the application and the
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reliability coefficient was found to be .81 by calculating with the Kuder Richardson KR20 formula.
According to Buyukozturk (2019), a reliability coefficient of .70 and higher is sufficient for the reliability
of the test scores.

Before starting the analysis, normality assumptions were checked to examine whether the groups were
normally distributed. The results of the descriptive statistics obtained from the analysis of the pre and post-
test data for both groups are given in Table 3.

Table 3.

Descriptive statistics of academic achievement pre-test and post-test scores of groups

Shapiro-Wilk
Groups Measure N X SD Skewness Kurtosis Statistic p
Experimental Pre-test 18 15.28 3.06 174 -.666 .965 .690
Post-test 18 23.72 2.02 -.197 -.496 .942 316
Control Pre-test 17 14.71 2.73 .392 494 977 .926
Post-test 17 17.65 2.64 .388 -.698 .952 497

The lowest score that can be obtained from the academic achievement test was calculated as 0, the highest
score as 30 and the average score as 15. When Table 3 is examined, it can be said that the skewness and
kurtosis coefficients of the pre-test and post-test academic achievement scores of both groups related to the
experimental application show normal distribution according to Tabachnick and Fidell (2007). Levene's
test and Pearson correlation analysis were performed to ensure the normality assumption. As a result of
both analysis, it was seen that the variances were homogeneous between the academic achievement pre-
test (F=.414, p > .05) and post-test (F=2.268, p > .05) scores of the groups and the assumption of a positive
relationship between these two test (r = .356, p < .05).

Independent sample t-test analysis was performed based on the pre-test scores to determine whether the
students in the experimental and control groups were equivalent in terms of academic achievement in the
preparation phase before starting the application. The findings obtained as a result of the analysis are shown
in Table 4.

Table 4.

Independent groups t-test results for academic achievement pre-test

Groups N X SD df t p
Experimental 18 15.28 3.06 33 .581 565
Control 17 14.71 2.73

There was no significant difference between the mean achievement scores (see Table 4) of the students in
the experimental (x = 15.28), and control (x = 14.71) groups in the academic achievement test (ts3 = .581,
p > .05). This finding indicates that the students in the experimental and control groups were similar in
terms of achievement levels before the application. It was assumed that the groups had equal conditions as
they were studying at the same faculty, the group members were almost the same age and there was no
difference between their academic achievement pre-test scores.

After the application, the achievement test was reapplied to the experimental and control groups as a post-

test and the data obtained were analyzed using the t-test. The t-test results obtained from the students'
academic achievement post-test data are shown in Table 5.
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Table 5.

Independent groups t-test results for academic achievement post-test

Groups N X SD df t p
Experimental 18 23.72 2.02 33 7.660 <.001
Control 17 17.65 2.64

There was a significant difference between the academic achievement post-test scores (see Table 5) of the
students in the experimental group and the control group (tss = 7.660, p <.05). According to this finding, it
can be said that asynchronous education had a positive effect on the academic achievement of the
experimental group students. However, ANCOVA analysis is needed to control the effect of the pre-test
scores of both groups, which were found to have a significant difference in terms of academic achievement
scores. First, the assumptions of the ANCOVA analysis were checked. It was found that the groups were
normally distributed and that there was a significant positive correlation between the pre-test and post-test
scores for academic achievement (see Table 3). Then, the joint effect of the independent variable (Group)
and the academic achievement pre-test variable (Group X AA_pretest) was analyzed to determine whether
the assumption of homogeneity of the regression slopes was met. According to the results of the analysis,
the joint effect of group and academic achievement pre-test score was not significant (F(1,31) = 3.957,
p > .05). Based on this information, it can be said that the assumption of homogeneity of the regression
slopes was met. It has been shown that the assumptions needed for the ANCOVA analysis of the obtained
data are provided. The post-test mean scores adjusted according to the pre-test scores of the experimental
and control groups are shown in Table 6.

Table 6.

Adjusted post-test mean scores of groups' academic achievement

Groups N X SD Adjusted X SE
Experimental 18 23.72 6.67 23.607 372
Control 17 17.65 7.11 17.884 .383

According to Table 6, there is an increase in the academic achievement scores of both groups at the end of
the application and the increase observed in the experimental group is higher than the control group. Again,
it can be said that the mean achievement of the experimental group (x = 23.607) students is higher than the
control group (x = 17.884) in terms of adjusted post-test mean scores according to the pre-test scores. In
order to control the effect of pre-test scores, the results of ANCOVA analysis in which academic
achievement pre-test scores were considered as covariate variable are shown in Table 7.

Table 7.

ANCOVA results of achievement post-test scores

Source of Variance Sum of Squares df Mean Square F p Partial (%) Obs. Power
Pre-test (reg.) 519.962 1 519.962 55.793 .106 .635 1.000
Group 179.224 1 179.224 19.238 <.001 375 1.000
Error 298.135 32 9.316

Total 14572.000 35

According to the ANCOVA results, when the achievement test scores of the students in the experimental
group and the control group applied as a pre-test was taken under control, a statistically significant
difference was found between the achievement test scores applied as post-test in favor of the experimental
group (F(1,32) = 19.238, p < .05, n? = .375). The relationship between academic achievement pre- and post-
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test scores indicates a very large effect size of n? = .375 according to the general guideline proposed by
Cohen (1988). According to the partial eta-square (n?), it can be seen that the asynchronous courses affected
the achievement scores by 38% (see Table 7). Based on this finding, it can be seen that asynchronous
distance courses have a positive effect on student achievement compared to synchronous courses. The
interactive course videos on Edpuzzle were found to be an important factor in increasing the academic
achievement of students in the experimental group.

The findings on student motivation, another sub-problem of the research, are presented below.

Before starting the analysis, normality assumptions were checked to examine whether the groups were
normally distributed. The results of the descriptive statistics obtained from the analysis of the pre and post-
test data for both groups are given in Table 8.

Table 8.

Descriptive statistics of motivation pre-test and post-test scores of groups

Shapiro-Wilk
Groups Measure N X SD Skewness Kurtosis Statistic p
Experimental Pre-test 18 15541 12.75 .095 -.240 .987 995
Post-test 18 166.18 15.27 .303 -.156 .985 .990
c | Pre-test 17 156.83 11.23 436 -441 941 .306
ontro Post-test 17 17217 1262 800 136 926 165

The lowest score that can be obtained from the motivation scale is 31, the highest score is 217 and the
average score is 124. When Table 8 is examined, it can be said that the skewness and kurtosis coefficients
of the pre-test and post-test motivation scores of both groups related to the experimental application show
normal distribution. Levene's test and Pearson correlation analysis were performed to ensure the normality
assumption. As a result of both analysis, it was seen that the variances were homogeneous between the
motivation pre-test (F=.280, p > .05) and post-test (F=.390, p > .05) scores of the groups and the assumption
of a positive relationship between these two test (r = .628, p < .01).

It was examined whether there was a significant difference between the motivation scores of the students
in the synchronous (control group) and asynchronous (experimental group) education. For this purpose, an
independent sample t-test analysis was performed based on the pre-test scores to determine whether the
students in the experimental and control groups were equivalent in terms of motivation in the preparation
phase before starting the application. The findings obtained as a result of the analysis are shown in Table
9.

Table 9.

Independent groups t-test results for motivation pre-test

Groups N X SD df t p
Experimental 18 155.41 12.75 33 351 728
Control 17 156.83 11.23

There was no significant difference between the mean motivation scores (see Table 9) of the students in the
experimental and control groups on the motivation scale (ts3 = .351, p >.05). This finding indicates that the
students in the experimental and control groups were similar in terms of motivation levels before the
application. After the application, the motivation scale was applied again to the both groups as a post-test
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and the data obtained were analyzed using the t-test. The t-test results obtained from the students' motivation
post-test data are shown in Table 10.

Table 10.

Independent groups t-test results for motivation post-test

Groups N X SD df t p
Experimental 18 166.16 15.27 33 1.268 214
Control 17 172.17 12.62

There was no significant difference between the mean motivation scores (see Table 10) of the students in
the experimental and control groups in the post-test motivation scale (ts3 = .214, p > .05). On the basis of
this finding, it can be said that the training had no effect on the change in the motivation levels of the
students in the experimental and control groups. However, due to the structure of the motivation scale used
in the research, it is useful to examine in detail the effect of the sub-dimensions and factors that make up
the relevant scale. ANCOVA analysis was required to examine in detail the effect of the training on the
students' motivational factors. First, the assumptions of the ANCOVA analysis were checked. It was found
that the groups were normally distributed and that there was a significant positive correlation between the
pre-test and post-test scores for motivation (see Table 8). Then, the joint effect of the independent variable
(Group) and the motivation pre-test variable (Group X M_pretest) was analyzed to determine whether the
assumption of homogeneity of the regression slopes was met. According to the results of the analysis, the
joint effect of group and motivation pre-test score was not significant (F(1,31) = .342, p > .05). Based on
this information, it can be said that the assumption of homogeneity of the regression slopes was met. It has
been shown that the assumptions needed for the ANCOVA analysis of the obtained data are provided. The
motivation post-test mean scores of the experimental and control groups adjusted according to the pre-test
scores were calculated for each motivational factors and the results are shown in Table 11.

Table 11.

Adjusted post-test mean scores of groups' motivational factors

] . Pre-test Post-test Adjusted Mean
Dimensions Factors Group N = = —

X SD X SD Adj. X SE

1GO Experimental 18 17.47 2.90 18.35 3.26 18.404 .685

Control 17 18.28 2.72 20.44 2.26 20.396 .665

Value EGO Experimental 18 17.90 2.97 18.44 5.35 18.951 .897

Control 17 19.35 2.91 21.76 5.28 21.229 .923

TV Experimental 18 34.83 3.97 35.94 5.87 35.637 799

Control 17 35.47 5.38 36.50 4.99 36.787 776

PSE Experimental 18 24.39 5.08 24.48 4.33 24.256 594

Expectancy Contr(_)l 17 23.18 3.94 25.78 2.44 25.357 577

CBL Experimental 18 41.00 5.07 41.35 4.83 41.611 1.012

Control 17 41.83 4.64 44.67 5.22 44.423 .984

Affect TA Experimental 18 18.94 6.06 22.35 7.37 22.522 .856

Control 17 19.61 4.45 23.33 6.51 23.174 .809

IGO: Intrinsic Goal Orientation, EGO: Extrinsic Goal Orientation, TV: Task Value, PSE: Perception of Self-Efficacy,
CBL: Control Beliefs for Learning, TA: Test Anxiety.

According to Table 11, at the end of the application, the increase in motivation observed in the control
group was higher than the experimental group in terms of all factors (IGO, EGO, TV, PSE, CBL and TA).
The Bonferroni correction was used to examine whether the change in each factor was significant and to
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minimize the possibility of Type I error that may arise from multiple comparisons of variables. The results
of the ANCOVA analysis are shown in Table 12.

Table 12.

ANCOVA analysis results for motivational factors

Dependent Variable Sum of Squares df Mean Square F p Partial (%) Obs. Power
IGO 33.956 1-32 33.956 4.305 .046 119 521
EGO 56.585 1-32 56.585 2.897 107 .086 .392
TV 11.508 1-32 11.508 1.063 310 .032 170
PSE 18.925 1-32 18.925 3.219 .082 .091 413
CBL 68.583 1-32 68.583 3.952 .055 110 487
TA 115.526 1-32 115.526 2.489 125 072 .334

*p < 0.0083 (Bonferroni correction applied)

As the significance value was calculated as p < 0.0083 according to the result of the Bonferroni correction,
no significant difference was found for each variable compared (see Table 12). According to these results,
there was no significant difference between the students in both groups in terms of general motivation levels
and motivational factors at the end of the application.

4. Conclusion and Suggestions

The purpose of this study is to examine the effects of synchronous and asynchronous distance courses on
students' academic achievement and motivation in the Internet of Things (I10T) education. The study was
conducted in 8 weeks in a special course affiliated with Zonguldak Bulent Ecevit University Continuing
Education Centre (ZBEUSEM) in the fall semester of the 2021-2022 academic year. The study was carried
out with 35 students in the third and fourth years of Computer and Electrical-Electronic Engineering at the
Faculty of Engineering of the same university. In this study, the students were divided into two groups. In
the experimental group, the lessons were conducted asynchronously through the Edpuzzle platform, where
interactive videos were presented, while in the control group, the lessons were conducted synchronously
through the Zoom application.

As a result of the study, it was concluded that the students in the experimental group, where the
asynchronous method was used, were more successful in terms of academic achievement scores. Perveen
(2016) also compared asynchronous and synchronous language learning in her study and found that
asynchronous learning was highly effective: however, she suggested that both types should be used
together. In another comparison by Wang and Wang (2021), of pre-service teachers, no significant
relationship was found between cognitive learning processes and either distance learning method. Taking
into consideration the results obtained in this study, this study also suggests and supports the fact that
asynchronous learning was highly effective as Perveen (2016) put forward. The instructional videos
prepared on Edpuzzle consist of videos with an average duration of 7-10 minutes, which were prepared by
the authors according to the Internet of Things education curriculum, covering the target outcomes and
following a specific storyboard. In this sense, this study has shown that short videos prepared for this
purpose are more effective than lessons conducted on Zoom, which last an average of three hours. As
Milman (2012) states low-quality and very long course videos can be a problem for students: thus, the
results of this study are consistent with Milman (2012).

Keskin and Yurdugul (2022) suggest that when designing e-learning courses, discussion forums should be
included to ensure collaboration and communication between learners and e-assessment tools that students
can test themselves. Many web platforms that provide online learning and discussion opportunities with
graphical user interfaces significantly shorten the learning process and project development time of students
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(Tianbo, 2012). In this study, Google Classroom was used to share course materials in both synchronous
and asynchronous groups. The Google Classroom platform is very effective as it allows students to easily
access files, documents, videos, etc., and can also be used as an interaction tool. In addition, WhatsApp
groups were created in this study to maintain dialogue and instant communication between students and the
instructor. As a result of this study, it was seen that Google Classroom, WhatsApp and Edpuzzle platforms
used in the research process gave positive results in providing distance Internet of Things education. In this
respect, it can be said that the study supports the views of Keskin and Yurdugul (2022) and Tianbo (2012).
In addition, the current study showed that 10T concepts and technical skills can be acquired by students
from different engineering programs that constitute the study group, and similar results were obtained in
the related studies (Kleinschmidt, 2021; Lei et al., 2017).

The analysis of the students' motivation levels concluded that although the motivation levels of both groups
increased, there was no significant difference between the groups. According to Eriksson et al., (2017),
students who participate in distance learning courses do not complete the course at a high rate. Thus, as
Gurer et al., (2016) states, teachers should make more efforts to ensure students' participation and
attendance in distance learning courses. Accordingly, during the study, researchers took certain precautions
to prevent dropout in the online course. Regular checks on whether the topic was followed up with
interactive questions in the course videos prepared separately for the experimental group students were
conducted. The control group was assigned weekly homework to avoid drop-out. In this study, separate
Whatsapp groups were created for the experimental and control groups of students, and student-teacher
interaction was encouraged through asking and answering student questions during and at the end of each
lesson. At the end of the application, although it was found that the motivation level of the control group
students was higher than that of the experimental group students, it was concluded that there was no
significant difference between the two groups in terms of motivation levels.

Currently, engineering education is mostly conducted in face-to-face learning environments, and it is based
on students’ gaining technical skills by completing classroom activities in a limited time (Lau et al., 2018).
Distance education is a good alternative to acquire these technical skills in a limited time, and it offers many
opportunities and innovations. This study provides important information in terms of providing practical as
well as theoretical knowledge with distance education methods and tools, especially with well-structured
course content and materials.

Considering that 10T technology contributes to improving the quality of life and satisfaction, safety and
security, innovation and sustainability of a society (Davidoff et al., 2006), it is very important to develop
loT-based systems in Turkiye to ensure global competitive advantage. The need for people trained in this
field is increasing day by day. Considering the limited number of studies in the field of IoT in Turkiye, it
is thought that the data obtained in this study are important for researchers and higher education institutions
that will conduct studies in this field. As mentioned in Kortuem et al. (2013), there are some difficulties in
providing 10T education especially to beginner students. It may be useful to develop effective e-learning
contents in order to prevent problems arising from the complex structure of 10T technology. As loT
technology continues to penetrate our daily lives, it is thought that the need to educate individuals about
the basic principles, applications and effects of this field will increase. More research can be done in this
area to enable students to access resources independent of time and space and to support personalized
learning processes. In addition, it is recommended to use and develop different methods and tools for
teaching loT technology.
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