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Avrticle Info Abstract
Article History The aim of this study is to determine the effect of socioscientific issues-based
popular science readings on critical thinking skills and reading habits-related
Received: attitudes of prospective classroom teachers. This quantitative research employed
13 March 2021 the one-group pretest-posttest research design, which is recognized as a weak
experimental design. The research was conducted with 15 volunteered
Accepted: prospective classroom teachers. The "Critical Thinking Skills Questionnaire" and
29 April 2021 "Attitude Scale towards Reading Habits" were applied as a pre-test and post-test
to measure variations in participants’ critical thinking skills and reading habits.
Keywords During the 10-week experimental process, articles about socioscientific issues
from a popular Turkish science magazine (Science and Technique [Bilim ve
Critical thinking Teknik]) were read with prospective classroom teachers. As a result, it was found
Popular science that socioscientific issues-based popular science readings led to a statistically
Reading habits significant (p<0.05) increase in participants’ mean scores from both post-test
Socioscientific issues scales compared to their mean scores from pre-test scales. Also, the effect size

(%) of the difference between pre-test and post-test mean scores was found to be
a large effect size. Socioscientific issues-based activities take the learning process
to another dimension and can serve as a tool for students to gain a perspective
towards the world and science and to question and interpret real-life situations. It
is thought that such processes, which can be designed using various activities, can
contribute to the professional development of prospective teachers. Using such
activities in primary schools can make the teaching process more fun and increase
students’ interest and engagement in classes.

INTRODUCTION

With the science curricula published in 2013 and 2018, the Turkish Ministry of
National Education (MoNE) defined the desired student profile as individuals who can
research the source of information and question and discuss events and situations. To develop
these expected skills, students need to be aware of the effects of developing technology on
everyday life and being able to relate science subjects to daily living skills (scientific literacy).
The skills that are desired to be developed by students are included in curricula as learning
outcomes (Tiirksever et al., 2020). Real-life problems can be a tool in helping students relate
what they have learned in science classes to the real world. Real-life problems are considered
socioscientific issues, and they encourage students to establish and discuss relationships
between daily life and science problems (Lin & Mintzes, 2010). Socioscientific issues are
complex, socially relevant real-world problems, which are informed by science, and also
contain ethical and other dimensions (Sadler et al., 2016). Socioscientific issues have long
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been advocated as a context for students in order to promote scientific literacy and thus raise
responsible citizens who can use science in their daily lives (Ke et al., 2020). In
socioscientific issues, certain dilemmas, ethics, moral principles, and societal concerns are
discussed in the context of sciences. When making decisions about socioscientific issues,
individuals take into account different dimensions such as ethical, legal, psychological, and
medical dimensions (Demiral & Tiirkmenoglu, 2018). Activities based on socioscientific
issues can provide rich content for students to gain a perspective on the world and science,
and question and interpret real-world situations. This is because socioscientific issues-based
learning provides students with meaningful contexts enabling them to contemplate how they
might relate science to their own lives and communities. Thus, it guides students to evaluate
the moral and ethical consequences of complex social problems in real life (Ke et al., 2020).

Having knowledge about socioscientific issues, the student can interpret, discuss, research,
and critically think about events and situations, and take into account environmental,
economic, and social dimensions in their decisions. The dilemma students face when
discussing socioscientific issues and when making decisions about them can provide them
with an opportunity to think critically about situations (Chang-Rundgren & Rundgren, 2010;
Zeidler & Nichols 2009). Indeed, critical thinking helps individuals observe events and
situations better and make more accurate inferences from their observations. Thus, they can
test claims put forward and recognize contradictions and inconsistencies (Deniz, 2009).
Halpern (2002) describes critical thinking as purposeful, reasoned, and goal-directed thinking
that is involved in solving problems, formulating inferences, calculating likelihoods, and
making decisions. From this point of view, in order to help students develop critical thinking
skills, it is first necessary to create learning settings that promote critical thinking (Tok, 2008).
This is only possible through activities to be carried out in democratic classroom
environments where students can acquire many skills from an early age (Kaya, 2010). Such
classroom environments should also be focused on key concepts such as reflective thinking,
focusing on the subject, observing, questioning, judging, making inferences, using
information, analyzing, evaluating, reasoning, problem-solving, assessing solutions, and
empathizing (Akar, 2007). Thus, activities promoting critical thinking skills can serve as a
bridge in achieving permanent and effective learning. Moreover, to achieve this, various
activities should be included in formal and informal learning environments.

Today, articles about scientific developments, technological inventions, and natural events
attract attention and are considered important in preparing children for the future (Turan, Kurt
& Arslan, 2016). Behaviors desired to be developed by students are not only acquired through
formal education activities but also through various stimuli. One of these stimuli is the media
sources, which have a high potential to create public opinion and raise awareness among
people (Dogu-Giiltekin & Unlii, 2020). Absorbing articles that arouse curiosity, in which
technological inventions, scientific discoveries, or natural events are described, are frequently
used by media sources (Demirel, 2011). Such issues, which are followed with interest by
people, have been called popular science (Eroglu & Saglam, 2020). Newspapers, magazines,
TV programs, and documentaries make publications on popular science to ensure that people
could better follow scientific developments and to convey them to a broader range of
audiences (Ozsevgec, Eroglu & Oztiirk-Kéroglu, 2017). Publications on popular science can
highlight different topics such as the biographies of scientists, the emergence of scientific
developments and interesting events of the period, the place of today’s scientific
developments in our lives and their effects, and funny experiments (Eroglu & Saglam, 2020).
Such topics, which are complex by nature, and the language of science, in which technical
terms are used frequently, can be easily understood by ordinary people with popular science
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applications. Thus, a broader range of audiences becomes able to follow more closely current
developments and discoveries in science and technology, as well as recent scientific claims
(Ozsevgeg et al., 2017).

Chowdhury and Halder (2016) argued that the traditional sources of educational guidance
were no longer adequate to meet learners’ fast-changing educational demands. The authors
also suggested that informal sources like media, especially daily newspapers, could be used
for a wider spread of education. Socioscientific issues are open-ended, unresolved problems
comprising dilemmas (Levinson, 2006), and they are current and interesting because they can
be evaluated by different, contradictory thinking structures. These issues can convey
information to the public in various ways. Popular science publications, which are the most
important organs of our daily life, also contribute to bringing these issues to the attention of
people (Oztiirk & Erabdan, 2018). The relationship among socioscientific issues, science,
media, and people has been tried to be described in the following figure:

Figure 1. The relationship among socioscientific issues, science, media, and people
(Oztiirk et al., 2017)

Many socioscientific issues at the center of science and society, such as gene therapy, cloning,
in vitro fertilization, genetically modified organisms (GMOSs), nuclear energy, ozone
destruction, fossil fuel use, are frequently discussed in the media, and as a result, in popular
science publications.

For science to affect people positively, it must spread to a wider range of audiences and
become a part of common thought (Karakus & Ergiin, 2016). In this regard, popular science
publications are considered important in promoting this spread by being used effectively in
teaching-learning processes (Cakmakei, 2017). Science-based reading activities can both
increase the popularity of science among people and bring it to larger audiences outside of
school (Romance & Vitale, 1992). Thus, one's curiosity, interest and motivation for learning
and research by reading will increase. One of the factors that motivate a person towards
reading is their attitudes and curiosity about reading habits (Ozbay, Bagc1 & Uyar, 2008).
Reading activities help students to visualize the learned concepts in their minds and provide
them with the opportunity to establish a connection between their prior knowledge and newly
learned knowledge (Giingor, 2009). It has also been emphasized that increasing academic
reading experiences positively affect critical thinking skills (Biiylikkanber & Makaraci, 2015).
In addition, perceiving reading as an entertaining activity makes it an important tool for
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learning innovations and following current developments (Yildiz, Ketenoglu-Kayabasi, Ayaz
& Aklar, 2017). Supporting the reading experience with different tools comes into
prominence in gaining reading habits, and this increases the desire to reach information by
triggering curiosity. Students can take an interest in socioscientific issues and use discussion
processes with their prior knowledge about a subject (Sandoval & Milwood, 2005; Khishfe,
2012). 1t is obvious that teachers and prospective teachers who are preparing for the
profession are also exemplary models for the next generation and society. Therefore, it is
important for them to gain reading habits with different reading experiences, question what
they read, look critically and develop their decision-making skills. Socioscientific issue-based
readings can be seen as valuable in terms of this experience.

Taking these as a starting point, the researcher presented a different reading experience to
prospective teachers. The researcher designed the socioscientific issue-based article reading as
an activity process, using a popular science magazine. Throughout the experimental process,
the researcher also provided an opportunity for prospective teachers to question and interpret
real-world situations. These activities were carried out with prospective classroom teachers,
and it was aimed to determine the effect of the process on their critical thinking skills and
reading habits. The reason why prospective classroom teachers were included in the study
group is that they are expected to be the first persons who will raise awareness in children
about socioscientific issues through courses such as social studies and science. Furthermore,
the researcher deemed it important to include them in an experimental process, including
student-centered activities which they can carry out with children in their future professional
lives. Considering the relevant literature studies were examined, no study was found,
especially in the sample of prospective classroom teachers, that designed socioscientific
issues as a tool in the form of popular science readings, and thus measured critical thinking
skills and reading habits. In this regard, the present study is expected to contribute to the
literature by offering a teaching activity that teachers can use in classrooms. In this context,
the aim of this study is to determine the effect of socioscientific issues-based popular science
readings on critical thinking skills and reading habits-related attitudes of prospective
classroom teachers.

Hence, the main problem statement was posed as follows: “Do socioscientific issues-based
popular science readings affect critical thinking skills and reading habits-related attitudes of
prospective classroom teachers?” The sub-problems posed based on this problem statement
are listed below:

1.1s there a significant difference between prospective classroom teachers’ mean scores
from the critical thinking skills before and after socioscientific issues-based popular
science reading activities?
Hypothesis (Ho): There is no significant difference between prospective classroom
teachers’ mean scores from the critical thinking skills before and after socioscientific
issues-based popular science reading activities.

2.1s there a significant difference between prospective classroom teachers’ mean scores
from the reading habits-related attitudes before and after socioscientific issues-based
popular science reading activities?
Hypothesis (Ho): There is no significant difference between prospective classroom
teachers’ mean scores from the reading habits-related attitudes before and after
socioscientific issues-based popular science reading activities.
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METHOD

Research Model

This quantitative research employed the experimental design. Initially, the researcher
wanted to form an experimental and a control group; however, a control group could not be
formed due to the low number of prospective classroom teachers who wanted to participate in
the study. Thus, the study used the one-group pretest-posttest research design, which is
considered a weak experimental design. In this design, the effect of the experimental process
is tested on a single group. Measurements related to dependent variables are performed by
using the same measurement tools on the same participants as pre-tests and post-tests before
and after the experimental process (Biiyiikoztiirk, Cakmak, Akgiin, Karadeniz & Demirel,
2012; Creswell, 2017). The experimental process is presented in Figure 2:

« Critical Thinking « Critical Thinking
Skills Questionnaire Socioscientifi Skills Questionnaire
- Attitude Scale * Socloscientific - Attitude Scale

: Issues-Based Popular .
towards Reading p ; towards Reading
Habits Science Reading Habits

Activities (10
weeks/course hour)

Figure 2. One-group pre-test / post-test research design

As seen in Figure 2, the Critical Thinking Skills Questionnaire and Attitude Scale towards
Reading Habits were applied as a pre-test and post-test to measure variations on critical
thinking skills and reading habits-related attitudes of prospective classroom teachers. During
the 10-week experimental process, articles based on socioscientific issues from a popular
Turkish science magazine (Science and Technique [TUBITAK - Bilim ve Teknik]) were read
with prospective classroom teachers (1 course hour per week). After the experimental process,
data obtained from the pre-tests and post-tests were analyzed and interpreted.

Study Group

This research was conducted with prospective classroom teachers. The criterion
sampling method, one of the purposive sampling methods, was used to form the study group.
The predetermined criteria for forming the study group were determined as follows: ease of
accessibility, acceptance to participate in the study, and taking the Science Teaching course.
The reason why “taking the Science Teaching course” was determined as a criterion was the
fact that this course enables students to look at real-world problems from a holistic
perspective and become more aware of socioscientific issues. In this context, the study group
consisted of 15 third-year prospective classroom teachers studying at the Department of
Classroom Teaching, Faculty of Education of a university located in Turkey’s Central
Anatolia Region. Of the participants, 11 were females and four were males.

Experimental Process
The experimental process started with the planning of a reading group consisting of
prospective classroom teachers. The researcher informed the prospective classroom teachers
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about the purpose of the study and determined the volunteering students. Then, the researcher
informed these students about the experimental process. The process began at the day and
time that was convenient for everyone.

The researcher preferred to read socioscientific issues-based articles from the "Science and
Technique (Bilim ve Teknik)" magazine published monthly by the Turkish Scientific and
Technological Research Council (TUBITAK). Although many popular science magazines are
published in Turkey, Bilim ve Teknik, published since 1967, is the oldest science magazine in
Turkey and is also recommended by the MoNE. Also, the purposes of the magazine include
introducing scientific and technological studies to the public and explaining in a clear and
understandable language the recent developments in basic and applied sciences and the
inventions and innovations in these fields (Science and Technique [Bilim ve Teknik], 2020).
The researcher decided on this magazine for these reasons and chose the articles about
socioscientific issues in the magazine. These articles were about current and popular scientific
developments that are discussed widely and that caused dilemmas among people. Once the
articles were determined, they were submitted to an expert who was asked to examine them in
terms of suitability for the purpose and comprehensibility. After receiving the expert’s
feedback, the articles were put in order to be read in the process. The articles based on
socioscientific issues are presented in Table 1:

Table 1. Socioscientific issues-based articles

Activity . . Impressum
Article Title
No (Science and Technique) [Bilim ve Teknik]
1 Do Antidepressants Work? Ozlem Ak, Science and Technique (Bilim ve
Teknik), May 2019, Issue 618, pp.40-46.
2 Super Soaps Cleaning Environmental Ozlem Kili¢ Ekici, Science and Technique
Pollution (Bilim ve Teknik), June 2019, Issue 619, pp.70-
75.
3 Artificial Intelligence and Cyber Utku Kose, Science and Technique (Bilim ve
Wars in the Future Teknik), May 2019, Issue 618, pp.76-84.
4 SpaceX Has Launched Its First 60 ilay Celik Sezer, Science and Technique (Bilim
Satellites for Internet Web ve Teknik), July 2019, Issue 620, pp.10-11.
5 Would You Wear Digital Clothing? Giirkan Caner Birer, Science and Technique
(Bilim ve Teknik), July 2019, Issue 620, pp. 14-
25.
6 Deepfake Videos Giirkan Caner Birer, Science and Technique
(Bilim ve Teknik), August 2019, Issue 621,
p.44.
7 Waterproof Fabrics Generate Energy Tuncay Baydemir, Science and Technique
from Wind and Rain (Bilim ve Teknik), July 2019, Issue 620, p.7.
8 Technological Steps in Combating Ilay Celik Sezer, Science and Technique (Bilim
Space Debris ve Teknik), July 2019, Issue 620, pp.10-11.
9 Global Health Under Threat: Anti- Ilay Celik Sezer, Science and Technique (Bilim
Vaccination ve Teknik), September 2019, Issue 622, pp.14-
37.
10 Self-Destructing Plastics Mahir E. Ocak, Science and Technique (Bilim

ve Teknik), October 2019, Issue 623, p.7.
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The socioscientific issue was informed to the prospective classroom teachers in advance, who
were asked to read the articles so that they could have some prior knowledge. Each week the
lesson started with an engrossing problem situation and then continued reading that week’s
article. The reading of the determined socioscientific issue-based article was tried to be
supported by visual and auditory tools. Then, the participants discussed and analyzed the
socioscientific issues (using brainstorming and buzz groups). Afterward, the participants were
asked to present their decisions about the determined subject, situation, or event. Each week’s
activity ended with a general evaluation, feedback, and corrections (if needed). Each activity
took about 45 minutes (1 course hour), and the whole process continued for 10 weeks.

Data Collection Tools

Data collection tools were the “Critical Thinking Skills Questionnaire” and the
“Attitude Scale towards Reading Habits.” The “Critical Thinking Skills Questionnaire” was
developed by Sarigéz (2014) to measure prospective teachers’ critical thinking skills. The
questionnaire consists of a single factor and 22 5-point Likert-type items (1=Strongly
Disagree, 2=Disagree, 3=Undecided, 4=Agree, and 5=Strongly Agree). The questionnaire’s
Cronbach’s Alpha internal reliability coefficient was calculated as 0.80 in the original study.
The “Attitude Scale towards Reading Habits” was developed by Gémleksiz (2004) to measure
university students’ attitudes towards and opinions about reading. The scale consists of six
sub-dimensions (like, habit, necessity, claim, effect and benefit) and 30 5-point Likert-type
items. The positively-worded items on the scale are scored as 5, 4, 3, 2, 1 starting from the
“Strongly Agree” whereas the reverse-coded ones are scored just in the opposite manner. The
total score obtained from the scale expresses the reading habits-related attitudes of
prospective teachers. The scale’s Cronbach’s Alpha internal reliability coefficient was
calculated as 0.88 in the original study. The items in both data collection tools were examined
by the researcher. After consulting with the experts about the suitability of the measurement
tools, both data collection tools were applied to the participants as a pre-test and a post-test
before and after the experimental process.

In this study, the internal reliability coefficients of the data collection tools were calculated.
Critical Thinking Skills Questionnaire pre-test 0.80, post-test 0.78; Attitude Scale towards
Reading Habits pre-test was calculated as 0.73 and the post-test as 0.79, and it was
determined that the data collected from the data collection tools were reliable.

Data Analysis

The SPSS and Excel package software was used for the analysis of data obtained from
the measurement tools. For data analysis, first, the reverse-coded items were evaluated.
Afterward, Kolmogorov-Smirnov? and Shapiro-Wilk tests were conducted to test the
normality of data distribution. Since the number of data was less than 29 in this study, the
results of the Shapiro-Wilk test were evaluated, and it was found that the mean scores were
normally distributed as the results were greater than 0.05 for both the pre-test and post-test,
and the skewness and kurtosis coefficients were between +1 and -1. However, according to
Tabachnick and Fidell, when it is not between +1 and -1, the range of +2 to -2 is acceptable
(as cited in Demir, Saatcioglu, & Imrol, 2016). Table 2 presents the results of the normality
test applied to the pre-test and post-test scores from the “Critical Thinking Skills
Questionnaire” and the “Attitude Scale towards Reading Habits.”
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Table 2. Results of the normality test applied to pre-test and post-test scores

Kolmogorov-Smirnov? Shapiro-Wilk Skewness Kurtosis
Statistic  df  Sig.  Statistic  df Sig. Values Value
o Pre- 0.170 15 0.200 0.943 15 0.423* 0.064/0.580 -0.658/1.121
'3 test
2 £
E.g Post-  0.215 15 0.060 0.886 15 0.059* -0.955/0.580 0.311/1.121
v 0
i} test
>
(@4

Pre- 0.133 15 0.200 0.951 15 0.542* -0.301/0.580 -0.956/1.121
test

Post- 0126 15 0.200 0.975 15 0.927* 0.314/0.580  0.640/1.121
test

towards

Attitude Scale Critical Thinking
Reading
Habits

*p>0.05

The results of the Shapiro-Wilk test yielded a normal distribution (p>0.05) for the pre-test and
post-test critical thinking skills questionnaire and attitude scale towards reading habits, and
the coefficients of skewness and kurtosis were found to be between +2 and -2. Hence, as a
result of the analyses, it was decided to use parametric measurements for pre-test and post-test
data analysis. A dependent sample t-test was used to analyze the difference between the
participants’ mean scores from the pre-tests and post-tests, and the effect size (eta squared
[1?]) was calculated according to the variances between the scores. The calculation method
(Cohen's d formula) suggested by Cohen was used in the effect size calculation.

FINDINGS
The present study was undertaken to determine the effect of socioscientific issues-
based popular science readings on prospective classroom teachers’ critical thinking skills and
reading habits. Findings for the sub-problems posed for the purpose of the research are given
below, respectively.

Prospective Classroom Teachers’ Critical Thinking Skills Before and After
Socioscientific Issues-Based Popular Science Readings

The participants’ mean scores from the pre-test and post-test critical thinking skills
questionnaire are given in Figure 3.
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Figure 3. Mean scores from the pre-test and post-test critical thinking skills
questionnaire

It was found that the participants’ mean score from the post-test critical thinking skills
questionnaire was higher than their mean score from the pre-test critical thinking skills
questionnaire. Later, the participants’ mean scores from the pre-test and post-test critical
thinking skills questionnaire were compared using the dependent samples t-test. The results
are presented in Table 3.

Table 3. Comparison of mean scores from the pre-test and post-test critical thinking skills
questionnaire using the dependent samples t-test

= Standard /2
N X Deviation df t P N
Pre-test 15 3.95 0.25
14 -3.179 0.007 1.14
Post-test 15 4.24 0.26

t(14)=-3.179; p=0.007; 12=1.14

As can be inferred from Table 3, there is a statistically significant difference between the
participants’ mean scores from the pre-test and post-test critical thinking skills questionnaire
(p<0.05). Thus, the Ho hypothesis was rejected. The effect size (11?) of the difference between
pre-test and post-test mean scores was calculated as 1.14 (Cohen’s d), which indicates a large
effect size since it is d>0.8 (Kilig, 2014). Thus, it can be said that socioscientific issues-based
popular science readings greatly enhanced the critical thinking skills of prospective classroom
teachers.

Prospective Classroom Teachers’ Reading Habits-Related Attitudes Before and After
Socioscientific Issues-Based Popular Science Readings

The participants’ mean scores from the pre-test and post-test scale towards reading
habits related attitudes are given in Figure 4.
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Figure 4. Mean scores from the pre-test and post-test scale towards reading habits-
related attitudes

It was found that the participants’ mean score from the post-test scale towards reading habits-
related attitudes were higher than their mean score from the pre-test scale towards reading
habits-related attitudes. Later, the participants’ mean scores from the pre-test and post-test
scale towards reading habits-related attitudes were compared using the dependent samples t-
test. The results are presented in Table 4.

Table 4. Comparison of mean scores from the pre-test and post-test scale towards reading
habits-related attitudes using the dependent samples t-test

= Standard

= ,
N X Deviation df t p Ul
Pre-test 15 4.33 0.32
14 -3.81 .002 1.
Post-test 15 4.72 0.13 3.815 0.00 59

1(14)=3.815; p=0.002; ?=1.59

As can be inferred from Table 4, there is a statistically significant (p<0.05) difference
between the participants’ mean scores from the pre-test and post-test scale towards reading
habits-related attitudes. Thus, the Ho hypothesis was rejected. The effect size (4?) of the
difference between pre-test and post-test mean scores was calculated as 1.59 (Cohen’s d),
which indicates a large effect size since it is d>0.8 (Kilig, 2014). Thus, it can be said that
socioscientific issues-based popular science readings positively affected the reading habits-
related attitudes of prospective classroom teachers.

DISCUSSION

This study investigated the effect of socioscientific issues-based popular science
readings on critical thinking skills and reading habits-related attitudes of prospective
classroom teachers. To this end, a reading group was formed with prospective classroom
teachers, and the articles on socioscientific issues in the Science and Technique (Bilim ve
Teknik) magazine were examined. Each activity took about 45 minutes (1 course hour), and
the whole process continued for 10 weeks. Socioscientific issues-based teaching makes topics
with scientific content, in which students are not interested and which may be considered
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boring, more interesting and enjoyable (Dolan, Nichols, & Zeidler, 2009). Thus, the learning
process is taken to another dimension, and socioscientific issues-based activities can serve as
a tool for students to gain a perspective towards the world and science and to question and
interpret real-life situations.

The study found a statistically significant difference (p<0.05) between the participants’ mean
scores from the pre-test and post-test critical thinking skills questionnaire applied before and
after socioscientific issues-based popular science reading activities, and the effect size (%) of
the difference between pre-test and post-test mean scores was calculated as a large effect size.
Critical thinking is not an inherited skill: it can be learned, taught, and improved (Gobel,
2013). Cleveland (2015) underlined the importance of using picture books in science teaching
and argued that these books constituted a good context for science learning and could be used
as an effective teaching tool to develop critical thinking skills in students. Biiyiikkanber and
Makaraci (2015) stated that textbooks had an instruction style that does not allow students to
think differently, and that includes precise judgments, suggesting that starting from
kindergarten, it is necessary to create and use resources that can develop children’s critical
thinking skills. Theoretical courses taken by prospective classroom teachers during their
undergraduate education have been deemed insufficient in terms of enhancing their critical
thinking skills (Yesilpinar, 2011). Moreover, faculties of education lack educational practices
that support critical thinking skills in students (Ozelgi, 2012). In this regard, the process
designed in this study can be used to contribute to prospective teachers’ critical thinking
skills. Gray and Bryce (2006) stated that students should have the basic infrastructure and
skills that are necessary to make informed judgments and decisions about the developments
encountered in the media or everyday life. They also suggested that socioscientific issues
containing social, moral, and ethical issues as dilemmas should be included in all educational
processes. Acislt (2016) found that prospective classroom teachers scored quite high scores
from the “analytical thinking” sub-dimension of the “critical thinking dispositions” scale,
attributing their high scores to their ability to be cautious, to reason, and to use objective
evidence in potentially problematic situations. Similarly, in this study, prospective classroom
teachers analyzed popular science articles about socioscientific issues, discussed them with
others, and were able to look at the issues critically. In a study conducted by Pelger and
Nilsson (2016), students were asked to write projects in a plain language that the people could
understand, and then, using a questionnaire, they were asked to express how such a writing
style contributed to them. The students stated that such a writing style enabled them to change
their perspectives on issues, providing them with an opportunity to look at their projects from
a different point of view. From this point of view, popular science readings, with their plain
and simple language, can help one develop a critical look at issues and situations. In this
study, the researcher supported popular science readings with socioscientific issues, the
dilemmatic nature of which required the participants to use and thus improve their critical
thinking skills.

The fact that the reading activities carried out in this study focused on socioscientific issues,
which left the participants in dilemmas and therefore had them discuss the issues, may have
been effective in improving prospective classroom teachers’ critical thinking skills. After
reading popular science articles, the participants shared their opinions with other participants,
rejected or supported the ideas put forward in the articles, and had the opportunity to view
socioscientific issues from different perspectives. Open-ended questions to be asked after
reading popular science articles can be very useful in developing skills such as critical
thinking, analyzing, developing original solutions to problems, and high-order thinking
(Bastug, Higde, Cam, Ors, & Efe, 2019). In their study, which aimed to develop critical
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thinking skills through group work, Fung and Howe (2012) found that discussions held during
group work activities positively affected the experimental group’s post-test scores from the
critical-thinking test. In another study, Babacan (2017) asked middle school students to carry
out a scientific argumentation in a group activity involving socioscientific issues. The author
found that these activities improved students’ critical thinking skills. Sevgi and Sahin (2017)
asked students to discuss socioscientific issues in newspaper reports using argumentation,
thus contributing to the development of students’ critical thinking skills. Similarly, this study
went beyond merely conveying information to students, which is a widely adopted traditional
teaching method, and used socioscientific issues-based popular science readings, which
increased active participation among prospective classroom teachers and created a learning
setting that helped them think critically, discuss, and interact with others. Thus, the study
contributed to the development of prospective classroom teachers’ critical thinking skills.

Another noteworthy finding obtained in this study is that there was a statistically significant
difference (p<0.05) between the participants’ mean scores from the pre-test and post-test scale
towards reading habits-related attitudes applied before and after socioscientific issues-based
popular science reading activities, and the effect size (172 of the difference between pre-test
and post-test mean scores was calculated as a large effect size. Individuals improve their
reading skills by increasing their vocabulary and using reading comprehension strategies to
make sense of what they have read. In the following stages of education, the ability to make
sense of what has been read deepens (Asuluk, 2020). If individuals want to acquire reading
habits and develop an attitude towards reading, it is necessary to make the act of reading
enjoyable and interesting (Calkins, 2001). Thus, individuals start to see this as a part of their
lives, develop a positive attitude to reading and in this way tend to continue the reading habit
(Yildiz et al., 2017). Lai and Chan (2020) found that picture books helped children use their
reading skills in science learning, thus providing more learning and increasing academic
success. This is because the reading skill is not one-dimensional: it involves multidimensional
mental processes that occur at different levels and highlights the interaction between the
reader, writer, and text in all its dimensions (Asuluk, 2020). In another study, it was found
that reading scientific stories increased children’s curiosity and interest in the lesson, made
abstract concepts easier to understand, helped achieve permanent learning, and provided an
enjoyable and positive learning environment. Thus, it was concluded that it affects students
effectively by developing interest, curiosity, motivation and desire towards the lesson
(Golciik, 2017), and this result is considered important in providing reading habits-related
attitudes. In primary schools, tales, stories, and informative texts are used widely in Turkish
classes: through activities that require students to comprehend, interpret, and analyze what
they have read, it is aimed to help students develop towards reading habits-related attitudes
(MoNE, 2018). On the other hand, considering the features of popular science publications,
they are more accessible than other books and can be understood by a wider range of people,
which can be effective in helping students develop positive attitudes towards science (Eroglu
& Saglam, 2020). Developed and developing societies use different methods and techniques
and develop different projects in order to help individuals acquire reading habits, increase
their interest in reading, and enable them to exhibit positive attitudes towards reading
(Karadag, 2014). When evaluated from this point of view, this reading experience supported
by a different activity can be considered as an opportunity. Socioscientific issue-based
popular science readings have attracted the attention of prospective classroom teachers and
positively affected their reading habits-related attitudes. Moreover, the participants realized
that, in addition to Turkish classes in primary schools, popular science readings that can be
carried out in science classes could also be effective in helping primary school students
develop reading habits. In a study by Majetic and Pellegrino (2014), undergraduate students
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analyzed science-related news reports in the media according to certain criteria, and it was
found that this had a positive effect on the reading skills of the undergraduate students
participating in the study. Unliier (2008) used newspapers, which are considered one of the
traditional media channels, in social studies classes in a primary school. At the end of the
process, students stated that using newspapers in social studies classes improved their reading
and reading comprehension skills.

Teachers who raise future generations are expected to gain awareness of socioscientific issues
directly related to life and be able to understand, interpret, and critically evaluate popular
media instruments (newspapers, science magazines, internet, etc.) (Oztiirk & Erabdan, 2018).
Students encounter many scientific issues and situations in their families, schools, and
communities, have difficulty making decisions, and thus perceive these issues as a problem.
Therefore, it is argued that schools and teachers must undertake the responsibility of
addressing such issues (McCrory, 2020). Hence, while preparing for their future professional
lives, prospective teachers need to experience the contribution of socioscientific issues to their
educational process. Socioscientific issues-based activities that help students realize that such
issues are present in the real world and that promote student engagement in classes should be
increased (Sevgi & Sahin, 2017). In this way, students can be informed about both the world
and the innovations brought about by the developing technology; moreover, they can be more
motivated to follow studies on socioscientific issues (Gilirbilizkol & Bakirci, 2020). Therefore,
socioscientific issues-based popular science readings should be evaluated by teachers as an
opportunity to achieve this. Also, science magazines, posters, and newspaper articles, which
are among the popular media instruments, can be used as an important resource for
educational studies to ensure the sustainability of knowledge (Yazir & Yel, 2017).

In this study, it was found that socioscientific issues-based popular science readings
significantly increased the critical thinking skills and reading habits-related attitudes of
prospective classroom teachers. Socioscientific issues-based activities can promote students’
critical thinking skills by helping them discuss complex issues more effectively. Such
processes to be designed with various activities can make the teaching process more enjoyable
and increase student engagement in the lesson. In addition, reading habit is one of the
important behaviors that students should gain from the first years of primary school. Because
the reading habits and diversity acquired at early ages have a very important effect on the
mental development and social maturation of individuals. Considering that attitudes are
formed late and are difficult to change, it will be beneficial to organize activities for reading
books starting from younger age groups and to ensure the participation of students in
activities for the development of this attitude (Arslan & Celik, 2009). Martin et al. (2018)
found that most of the illustrated children’s books raised awareness in children about the
effects of human activities on the environment, thus helping them become informed about
recent developments. They also noted that interesting illustrated children’s books increased
student participation in classes by helping them have more fun. Yavuzoglu and Pektas (2020)
examined the “Science Kids (Bilim Cocuk)” magazine published monthly by TUBITAK.
They found that conceptual understanding was included more in the scientific stories in the
magazine. Furthermore, they stated that the magazine also attached much importance to
activities that enhance students’ higher-order thinking skills, such as critical thinking,
discussing, making inventions, researching, designing experiments, and applying. It is thought
that socioscientific issues-based popular science reading activities carried out with a sample
of prospective classroom teachers contributed to both the relevant literature and the
professional development of prospective teachers. Various popular science magazines for
prospective teachers (Science and Technique [TUBITAK Bilim ve Teknik], National
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Geographic, Atlas, Popular Science [Popiiler Bilim], etc.) and for primary school students
(Science Kids [TUBITAK Bilim Cocuk], TRT Children's Magazine [TRT Cocuk Dergisi],
National Geographic Kids Turkey, Atlas Kid [Atlas Cocuk], Wise Kid [Bilge Cocuk],
Researcher Kid [Arastirmaci Cocuk], etc.) can be included in educational processes through
in-class and out-of-class activities. Thus, students can be provided with funny and engrossing
learning settings where they can gain awareness about, discuss, and analyze real-world
problems. At the same time, the realization of different types of reading experiences in the
education process can be seen as effective in gaining affective characteristics related to
reading habits and developing positive attitudes and thoughts towards reading. In addition to
this study, other research can be conducted with prospective classroom teachers and primary
school students using popular science reading activities or socioscientific issues-based
articles. Using different data collection tools in future studies can also help analyze different
dimensions of designed activities. Finally, results from various studies can be compared to
determine the effectiveness of designed processes.
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Article Info Abstract
Article History Educational games are the planned and purposeful educational activities
improving knowledge and skills via reinforcing the previous learnings. Therefore,
Received: "Heat and Temperature”, one of the units where misconceptions are seen the most
28 February 2021 and concretization is the least, was determined under 9™ grade Physics lesson and
CFK Survivor educational game was developed under “The students make
Accepted: calculations related to temperature units.” acquisition and “Unit conversions for
14 May 2021 °C, 9F, K are provided to be done.” acquisition explanation. To evaluate CFK
Survivor, this study under the phenomenology method was designed. 13 physics
Keywords teachers working in private educational institutions and attending online lessons
were selected through an easily accessible sampling method and the study group
Educational games was formed. The game was evaluated in various aspects as eligibility,
Heat and Temperature gamification, rules and data were analyzed by content analysis. It is concluded
CFK Survivor game that several cognitive, affective and psychomotor skills could be gained via this

game, and enjoyable and permanent learning would be supplied. Sample
suggestions for physics subjects where educational games could be designed and
for further studies are also presented.

INTRODUCTION

In all periods of her/his history, humankind has been in a constant effort to spend
quality time and have fun. One of the most important and effective ways that she/he has found
in these pursuits is game. By offering various opportunities to learn with their own
experiences, games have a certain place in every stage of human life. (Aksoy & Kaleli
Yilmaz, 2011; Ozyiirek & Cavus, 2016). Games have various features not only affecting most
people physically, socially, mentally, psychologically and emotionally but also supporting
their development (Ozer, Giirkan & Ramazanoglu, 2006). Because games are voluntary
activities, the people playing them experience internal motivation (Ayan & Memis, 2012).
Thanks to this internal motivation, it is possible to establish a link between conceptual
knowledge and its implementation (Bayat, Kiligaslan & Sentiirk, 2014).

In this day and time, textbook or teacher-based approaches where the students are passive are
obsolete. Henceforth, there are new educational models where learners' interests, desires,
curiosities and abilities are centered. In other words, modern approaches aiming to raise
active, creative, innovative and critical individuals in which the student plays the leading role,
take the stage (Sar1, 2007). In student-centered modern approaches, the aim is to use the most
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appropriate and short methods to achieve the determined goals. Techniques, which are the
application of methods, have also gained more importance in this context (Karaagagli, 2011).
From this point of view, including the games, one of the favorite and entertaining things of
students, into education is quite beneficial. The games played for educational purposes are
called educational games (Aymen Peker, 2018). Applying games to learning activities
disentangle educational environments from being a place where only memorized information
is stored. They also enable students to learn the knowledge and abilities required for their
lives in a natural process. Therefore, they can increase their specific learning capacity with
educational games (Kefeli, Yal¢in, & Tas, 2018). So, educational games can be considered as
natural learning tools. Thanks to using the knowledge and skills they need, during the games,
students can get such facts as gaining habits and experience, acquiring knowledge and helping
each other by doing and experiencing (Kaytez & Durualp, 2014). For this reason, it is aimed
to carry out learning activities in teaching environments where students can learn more
eagerly, contentedly and actively (Yikseltitk & Altiok, 2016). Therefore, these games
provide active participatory learning, which is planned for a specific purpose in accordance
with the goals of the teaching (Donmez, 1999). Consequently, several games played in daily
life can be performed educationally in teaching the subject if they are properly designed for
their purposes.

Educational games are the learning techniques enabling the education and training process to
be more efficient for both teachers and students (Hazar & Altun, 2018). In addition, it is
stated that mental skills may be improved thanks to such activities as developing tactics and
strategies during the games (Ozer, Giirkan & Ramazanoglu, 2006). One of the most basic
features of educational games is that they activate students in cooperation with a competitive
spirit (Canbay, 2012). The findings that group-shaped activities are more effective on student
achievement obtained in the research supports this assertion (Aydin & Balim, 2005).

It is known that the personality development of the children cooperating with their friends in
the educational game process and playing according to the rules, is positively affected
(Saracho, 2001). Because the essence of educational games is to reach students’ goals
according to their existing intelligence, knowledge, skills and psychomotor characteristics
within the scope of certain rules (Altun, 2013). Accordingly, educational games also
positively affect students' social, cognitive and affective skills such as expressing themselves,
being aware of their abilities, being autonomous, having self-confidence.

In the light of all these, in order for science education in every field of life to be effective, the
students should be ensured to be able to create meaningful learning by getting rid of
memorizing and internalizing their knowledge. Non-concreted information does not stay in
mind for a long time and even affects new information negatively (Maskan & Maskan, 2007).
The developments and innovations in science and technology today, make updating the
science curriculum necessary. Science education at schools is also revised within the
framework of education programs in accordance with age. However, researchers working in
the field of science have found that students do not like science subjects at schools (Erdemir,
2009). Likewise, because of being abstract and requiring intense effort physics, one of the
science courses, is generally perceived as a difficult and incomprehensible lesson (Ornek,
Robinson & Haugan 2008). Physics is a science-based on experimental and quantitative
measurement for understanding natural phenomena. In other words, the things people see, do
and use throughout their lives, constitute the subjects of physics. For this reason, the purpose
of physics education is to provide students with scientific knowledge, attitude, mental process
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skills and abilities necessary to solve the problems they scientifically encounter (Bayrak &
Eden, 2007).

Due to their features such as providing active participation, being interesting and motivating,
reducing forgetting and consequently accelerating learning, it is thought that educational
games can also be effective in physics teaching. Because in a learning environment supported
by concrete materials, it gives students the opportunity to learn by doing and experiencing
(Giilsoy, 2013). For example, the educational games developed by Can and Yildirim (2017),
on “change of state” subject, by Yildiz, Simsek and Araz (2016), on “circulatory system”
subject and by Genger and Karamustafaoglu (2014), on “static electricity” subject were
applied. Thanks to those educational games, a significant difference was found for the
students’ academic achievement in their research. In this way, educational games facilitate the
learning of many rules and concepts that students have difficulty understanding and applying
(Coskun, Akarsu & Kariper, 2012). However, it is mentioned in the literature that among the
physics topics, the concepts of heat and temperature cause such difficulties as being used
interchangeably (Jara-Guerrero, 1993), misunderstanding (Jones, Carter, G. & Rua, 2000) and
forming misconceptions (Ayvact & Durmus (2016); Yeo & Zadnik, 2001).

In this context, within the scope of the 9"" grade Physics lesson “Heat and Temperature” unit,
it was decided to develop an educational game on the "The students make calculations related
to the temperature units.” acquisition. For this reason, under the acquisition description, “Unit
conversions for °C, °F, K are provided to be done.” CFK Survivor game, which aims to learn
the heat unit conversion calculations of Celsius, Fahrenheit and Kelvin thermometer types,
was developed. Getting the opinions of the teachers, being both the practitioners and
evaluators of the process, would be one of the most important tools in determining the effect
of the developed game on the learning of the subject. However, it could not be possible to
implement the game because schools were closed due to the coronavirus epidemic. Therefore,
the physics teachers’ views and evaluations were taken to determine the effects of CFK
Survivor via interviews. In this context, the problem sentence of the research is "What are the
opinions and evaluations of physics teachers on the educational game prepared for
calculations of heat unit conversion among Celsius, Fahrenheit and Kelvin thermometers?".
In this research, it has been tried to reach the relevant acquisition in the physics lesson
program through an original educational game "CFK Survivor". For this reason, it is thought
that this research will make valuable contributions to the literature.

METHOD
Study Design
This study designed to take the views and evaluations of physics teachers for the
developed game “CFK Survivor” whose stages as meeting the acquisition, preparation, rules
and implementation are explained step by step in Annex-1, was conducted under qualitative
research. Qualitative research methods can be used to show perceptions and events more
clearly through examples, explanations and experiences (Ozmen & Karamustafaoglu, 2019).

Schools being closed due to the Covid-19 epidemic did not allow the game to be
implemented. Therefore, the opinions of physics teachers giving 9" grade lessons online in
this period, about the game were consulted. In the light of their professional experiences, the
phenomenology method under qualitative research design was used in this study to reach their
evaluations about the game firsthand. In phenomenology, data are collected at first hand by
focusing on the facts that are recognized in daily life but are desired to be examined in depth
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and detail (Yildirrm & Simsek, 2018). Phenomenology makes it possible to reveal individual
experience and the personal meanings attributed to them (Titchen & Hobson, 2005).

Sample

In line with the purpose of the study, under the 9" grade Physics lesson “Heat and
Temperature” unit the acquisition of "The students make calculations related to temperature
units.” was focused elaborately. So, in accordance with the relevant acquisition description,
“Unit conversions for °C, °F, K are provided to be done.” The game “CFK Survivor” was
developed. In order to get their opinions and evaluations about the game, all the physics
teachers working in private education institutions in the central districts of a metropolitan city
in the Middle Black Sea Region formed the universe of the study. Among those, the sample
was determined with 13 teachers actively giving online 9" grade Physics lessons during the
Covid-19 pandemic. In the selection of the sample, due to such factors as being available for
the research, making video calls and reaching in a short time, easily accessible sampling, one
of the purposeful sampling methods, was used. It is stated that the phenomenology samples
are determined by the sampling method for the purpose, between 5 and 25 participants, which
generally has a certain characteristic feature such as being a teacher (Creswell, 2013; Patton,
2015; Rubin & Babbie, 2016). The demographic features of the participant teachers in the
sample were presented in Table 1.

Table 1. Demographic features of the participants

Participant Gender Age Professional Experience (Year) Employed Institution Type

P1 Female 41 18 Private Education Course
P2 Male 40 10 Private School
P3 Female 39 15 Private Education Course
P4 Male 46 22 Private Education Course
P5 Male 43 19 Private Education Course
P6 Female 31 6 Private School
P7 Male 45 21 Private School
P8 Male 43 21 Private Education Course
P9 Male 39 13 Private School
P10 Female 32 8 Private School
P11 Male 42 18 Private School
P12 Male 40 15 Private School
P13 Male 44 22 Private Education Course

As presented in Table 1, a total of 13 physics teachers, 4 females and 9 males, participated in
the study. Professional experience of the participants, between the ages of 31 and 46, varied
between 6 and 22 years. Six of them were working at private education courses while seven
of them at private schools. All those private schools and private education courses continuing
their activities in the central districts of a metropolitan city in the Middle Black Sea Region
were under the Ministry of National Education General Directorate of Special Education.

Data Collection Tool and Process

In this study organized to determine teachers' views on the CFK Survivor game, the
data were collected through a "Semi-Structured Interview Form" consisting of 7 questions
prepared by the researchers. The interview questions were prepared in accordance with the
necessary criteria as below factors to determine the effect of the developed game on learning
the relevant subject:

e being appropriate to the purpose and method of the research,
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e being clear and understandable,
e not leading the participants,
e not having conditional or complex statements,
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¢ allowing participants to give comprehensive and detailed answers,
e ordering from general to specific and being consistent with each other,
e Dbeing correct in terms of grammar, spelling and punctuation.

So as to increase the content validity of the interview form, it was handed in to two professors
who are experts in the field, for reviewing. Therefore, the relevant corrections were made
according to their feedback and presented in Table 2.

Table 2. The feedback and corrections on interview questions

o

FEEDBACKS

CORRECTION

1

The first question should include the most general
statements about educational games. Later, additional
questions may be asked in terms of physics lesson
(P1).

At the beginning of the interview, the opinions of the
participants can be revealed in a more comprehensive
way thanks to the questions prepared from general to
specific (P2)

The first question was revised as
“What do you think about
educational games, the use of
educational games in physics
teaching and the instruction of
educational games?”

After getting their views on teaching with
educational games, the physics teachers can be asked
about what they are doing to use it in their lessons
(P1).

First of all, this question should be aimed at
determining the competence of the participants to
teach with educational games. Later, it can be asked
to what extent he/she uses educational games (P2)

The second question was
designed as: "How do you
evaluate yourself about teaching
via educational games? Do you
apply educational games in your
lessons, if so, how often?

The third question should be supported with
additional questions to provide detailed data about
the rules and gameplay of CFK Survivor. Therefore,
more comprehensive answers can be obtained
regarding the impact of the game on the subject (P1)
A comprehensive question should be written to
evaluate the general lines, advantages, disadvantages
of the developed game. Also, whether it might be
easy or difficult to be implemented can be asked (P2)

The third question was designed
as “Are the gameplay and rules
of CFK Survivor
understandable? Are there any
points that might not be
understood or might force the
teacher and/or students during
the process? How might the
game contribute to the teaching
of the subject?"

| think the fourth question should be about getting
the opinions of the teachers about to what extent the
developed game could meet the acquisitions of the
subject (P1).

After evaluating the game in the third question, the
participants may be asked to interpret the game in
terms of the relevant acquisitions (P2)

The fourth question was
designed as “Could CFK
Survivor meet the acquisitions
of the subject? If so, to what
extent and how?"

This question can be prepared to provide extended
data on how the developed game will have an impact
on the students when applied (P1).

The fifth question was designed
as  “When applying CFK
Survivor in your lesson, do you
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The most important thing is to be satisfied with the
work you do. So, it can be asked how much fun the
CFK Survivor will provide for students in the
teaching of the subject (P2)

think students can learn the
subject by having fun? If so,
why and how?

Our aim is to enable the students to comprehend this
subject in the best possible way. Therefore, this
question should be about what skills and how the
game can gain the students (P1).

The questions should be asked about to what extent
the relevant cognitive, affective and psychomotor
skills can be gained thanks to this game (P2)

The sixth question was designed
as; “What kind of skills do you
think CFK Survivor provides to
the students? Do you think this
game upskill cognitive,
affective, psychomotor skills?
Explain please.”

As the last question, it may be asked which classes,
courses and subjects’ educational games are suitable.
Educational game sample suggestions can also be
obtained with add questions (P1)

They are the teachers who manage the process.
Therefore, educational game suggestions should be

The seventh question was
designed as: “To which grade
level and subject do you think
educational games are suitable?
Explain by giving an example,
please?”

taken from them at all levels that can be designed for
the future (P2)

"Q: Question

The teachers, selected within the scope of the study, were contacted in a short span of time.
The purpose, significance and content of the research were explained in detail and they were
asked to review the game provided by e-mail thoroughly. Then, the semi-structured
interviews were conducted with them on the determined days and hours with an appropriate
video call program and their evaluations for the game were recorded. In this context, the
interviews through a video call program between 09 - 16 April 2020, lasted for an average of
40-45 minutes. During the interviews, not only interrupting the teachers but also using
gestures and mimics that could distract them were especially avoided. The interview
questions that they could not understand were asked again and relevant explanations were
made when necessary. Thanks to the interviews, it was possible to learn the opinions and
evaluations of the physics teachers for CFK Survivor in a more natural and detailed way. The
obtained data were transcribed and stored by using appropriate computer programs.

Data Analysis

The participant teachers' names were not used in the study, but they were given codes
such as "P1, P2, P3..." for the order of the interview. In order to be understood more easily,
the raw data obtained from the interviews were arranged according to the themes determined
to include certain expressions and concepts and analyzed with content analysis. Tables were
used in the presentation of the emergent codes and themes. The obtained data can be
perceived differently by two different researchers (Yildinnm & Simsek, 2018). Therefore,
direct quotations may become more important. In the analysis of the collected interview data,
consistency was achieved in the themes created by the consensus of two faculty members who
are experts in field education. The reliability value between coders was calculated as .89 by
using the formula "[Reliability = Consensus): (Agreement + Disagreement) x 100]" stated by
Miles and Huberman (1994). In order to ensure coding reliability, the percentage of harmony
between coders should be above .80 (Miles & Huberman, 1994).

In the abbreviations of the participants, in the sample, no distinction was made in terms of
gender, age, experience or the institution of work. The codifications such as P1, P2 etc. were
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added to the end of the quotations, considering only the interview order. During the
interviews, the participants' statements regarding daily life as well as their professional
experiences were also taken within the scope of the research. Therefore, it was aimed to
increase the internal reliability of the study. As a result of the content analysis, the relevant
codes and themes were presented in tables and figures via an appropriate computer package
program.

FINDINGS
To present the data obtained from the study in a more detailed and clear way, this
section was arranged into 7 subtitles within the framework of the interview questions.

Evaluations on Educational Games and Applying Educational Games in Physics
Teaching

In line with the purpose of the study, the participants answered the question "What do
you think about educational games?" defined educational games in different ways. For
example, one participant (P5) described it as "Educational games are the gamification of the
activities such as experiments and demonstrations that can attract the attention of the
students and make them learn entertainingly.” Another participant (P6) said, "I think the
educational game is a very effective teaching tool making the education process enjoyable,
increasing the active participation of the students and enabling them to learn by doing and
experiencing."

According to a participant (P11) “The gamified form of the phenomenon we call modeling in
physics is called an educational game. Appealing to both eyes and ears, it is a tool that
enables the students to learn by having fun.”. Another participant (P12) said "The games
making students available to learn not only visually but also through experience and have
educational features are called educational games.” Another participant (P13) also made a
definition as “In a game without the teacher's expression, the activities providing the students
to reach knowledge actively with their own efforts are called educational games.".

The views and thoughts of the participants about applying educational games in Physics
lessons were brought together under certain concepts and presented in Table 3.

Table 3. Participants’ views on applying educational games in physics

Theme f Sample Sentence

Increasing 13 "Educational games can stir up the students sitting in the classroom
active by only looking passively at the blackboard.” (P10)

participation

Increasing 13 “Physics lessons consist of the subjects that need to be very closely
permanence related to each other. So, linking a topic to another or associating

subtitles of a topic with each other increases the subject’s
persistence.” (P11)

Ensuring 13 “Such courses as physics, it would be very useful to concretize

concretization abstract concepts by associating them with daily life via a game. So,
students can immediately understand what you try to explain rather
than using thousands of words and sample questions.” (P3)

Increasing 12 “Students will get out of the mood as "Are we going to memorize

motivation lots of things again?” and get the hang of "Oh, how good is this
lesson, we will play a game too." The rest is easy, whatever you
give after that, they get it easily." (P7)
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Decreasing “Physics concepts that students have difficulty in understanding and
memorization can simply be taught through gamification.” (P5)

Breaking “It breaks students' existing fears / prejudices and makes them
prejudices willing to enter Physics lessons in a more motivated and lively

mood." (P6)

Being time-

“Educational games have many benefits, but the main disadvantage

consuming is consuming much time and requires much preparation for a little
learning.” (P5)

Being less “After the game, reinforcing activities such as problem-solving, test

effective or trial exam can be done. If not, the effect of educational games on

without teaching and permanence for complex subjects won’t be high. (P12)

reinforcement

Not being “Of course, you cannot explain all physics subjects with games.

applicable  for
all the subjects

Firstly, students should have a knowledge of history for the subject.
In addition, they must have a mathematical infrastructure to

perform mathematical operations on that subject.” (P4)

As seen in Table 3, the participants thought that applying educational games in physics
lessons could be greatly positive, such as “Increasing active participation, Increasing
permanence, Ensuring concretization, Increasing motivation, Decreasing memorization and
Breaking prejudices”. On the other hand, they also expressed such concerns as “Being time-
consuming, Being less effective without reinforcement and Not being applicable for all the
subjects”. In addition, all participants stated that educational games are more entertaining,
participatory and instructive according to class level.

Evaluations on Applying Game-based Teaching

Within the scope of the second question of the interview, the participants were asked
whether they had ever taught any subjects via educational games before. In line with the
answers given, it was determined that none of the 13 teachers had applied educational games
or used game-based teaching techniques. In addition, 6 participants stated that they had heard
for the first time that lessons could be taught via educational games without teacher
expression. Except for P6 who was continuing their doctoral studies, 12 participants stated
that they had not been interested in an educational game before. On the other hand, all the
participants declared that so as to make physics lessons permanent by concretizing them,
making them enjoyable and increasing active participation, they had already used such tools
and methods as posters, figures, graphics, slides, videos, simulations, experiments,
storytelling.

Within the bounds of possibility, all 13 participants stated that they would like to design or
apply an educational game one day in the future. Despite that willingness, they expressed
their hesitations about designing or applying educational games as "I would like to use it, but
..". These expressions of the participants were brought together under certain concepts and
presented in Table 4.

Table 4. Participants' hesitations about applying educational games

Theme f Sample Sentence
Intensive 11 “Physics is a very intensive lesson with a wide curriculum. Because
curriculum there are too many abstract concepts and mathematical operations,

we often have difficulties in finishing the subjects on time.” (P5)
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Insufficient 11 “It doesn't necessarily need to be out-of-class, 1 would like to teach a
lecture hours topic or a part of it with a game that can be played in the class but,
our lesson time is usually barely enough to teach the units. " (P7)”

Administration 9  “In private schools, parents and students are generally more exam-

[/ parent / oriented as ‘Firstly, we process and finish the subject, then we

student immediately solve all the questions of the tests or trial exams

expectation correctly’. That’s all they want, nothing more.” (P12)

Being time- 8 “Educational games might be instructive, but we don’t have the

consuming opportunity to play 50-60 minutes for a topic that we can tell in 10
mins. Instead, I do experiments, competitions and watch videos.”
(P5)

Being 7 “Designing an educational game seems very demanding at each

demanding stage. The teacher has to devote a lot of time to this.” (P13)

Being costly 3 “I feel myself qualified for preparing an educational game, but the

financial situation is important. Also, keeping those after the game is
another problem.” (P8)

As seen in Table 4, the participants generally had hesitations about the intense curriculum of
the physics course and the shortage of the lesson time allocated for the subjects. In addition,
because of working in private institutions, the fact that expectations of school administrators,
parents and students are more in the direction of solving questions for the university entrance
exam also negatively affects their thoughts of using educational games. Moreover, when
compared to the classical methods, they thought that educational games would be very time-
consuming. According to them, in classical lessons the subjects could be explained in a
shorter time and then reinforcement activities could also be made with extra questions or
tests. Some participants also declared that because before, during and after activities,
educational games could be more demanding and the procurement of the game materials
might be costly. Only two participants (P6 and P10) stated that they were in the decision to
design or apply an educational game without making any hesitations.

In addition, one participant (P4) implied that all the educational games cannot cover physics
subjects and students also should have a sufficient level of readiness before the application as;
“Of course, you cannot explain all physics subjects through games. First of all,
the students must have a knowledge of history and mathematical background to
perform mathematical operations on that subject. If not, how will you explain
such topics as refractive to the students who cannot make addition and

subtraction calculations?”

Evaluations on the Rules and Gameplay of CFK Survivor

Within the framework of the 3™ question of the interview, the participants were asked
to evaluate how the rules and gameplay of the CFK Survivor game are. All the participants
stated that the rules are clear and accurate and can be easily understood by the students. One
participant (P6) said, “I think the rules of the game are clear. How many times the referees
will blow their whistles and even what the numbers of these whistles mean is explained line by
line. Thus, students can easily understand the rules.". Only one participant (P3) said “That is
to say, the rules of the game are clear and exact.” and asked, “Will the game have a certain
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time, or will there be a period of time for the tracks to be prepared again?". Therefore, she
replied by informing in detail.

Stating that the game could be easily understood and applied by students, the participants
drew attention to the importance of the figures. In this regard, a participant (K10) said,
“Anyone looking at the figures could easily understand what to do in the game. In addition,
short and clear sentences suitable for the level of 9" grade students are used.”.

8 participants emphasizing that the rules and gameplay of the game are clear and exact, drew
attention to the fact that if these were supported with a poster, picture, video or simulation, the
students could concentrate on those easier. At this point one participant (P7) said,;
“I could not understand the gameplay of CFK Survivor for the first time, but
after looking at the visuals, | easily picture it for myself. However, it would be
better if there were a simulation video about the gameplay. Because the
students could easily imagine what they would do like watching a movie,
before going down to the garden.”.

In the continuation of the 3™ question of the interview, two extra questions were directed to
the participants as “Are there any parts of the game that are not generally understood or that
you think will cause difficulty to the teacher and / or the students during teaching period?
How do you think the game will contribute to the teaching of the subject?” All 13 participants
made evaluations regarding both explaining thermometer conversions in the classical methods
and learning it via CFK Survivor. In this context, all the participants expressed their opinions
on how the game would affect the teaching of the subject by giving such answers starting as
"In CFK Survivor game, the students / teachers have less / more difficulty because....". These
expressions were brought together under certain concepts and presented in Table 5.

Table 5. Evaluations on CFK Survivor in terms of teachers/students

Concept f Sample Sentence
Students will get 13 “If you could teach the thermometer conversion units to students
less mentally tired as a classroom lesson, they would get bored after 5-10 minutes.

But thanks to this game, they will solve the problems by
understanding the whole logic of transformation as if playing a
game at the break." (P1)

Teachers will get 11 “I can’t believe but if the 18 students there would be silent with

more mentally tired the sound of the whistle would not interfere with the game, this
would be perfect. The noise of the students constantly shouting
and screaming with the excitement of the game would chew their
ears off." (P11)

Lower-level 11 “The students might have difficulty in solving the questions in

students will have the first stage. It is important to look at the formula board, but

more difficulty even if an academically unsuccessful student looked, he/she
wouldn’t not pass the first stage and so would be eliminated.”
(P8)

Teachers will get 10 “However, it could be more effective and permanent than

more  physically learning in the class; designing the educational game, buying the

tired materials, setting up the platform, managing the game, collecting
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the materials again after the game is over and finding a place to
keep them would be a long and difficult process.” (P12)

Students will get 9 “Because calculation errors, inability to overturn the bottles, late
more  physically opening of the chest, incorrect placement of the wooden block on
tired the board not only might cause students to lose time but also
increase their stress levels. Moreover, following the other player
and the referee could make the game challenging for them.”

(P13)
Teachers will have 7 “How could the referces check not only two students playing but
more difficulty also 18 other students who are waiting or finished their game at

the same time? How would they prevent chaos from breaking out
in that noisy and cheering environment?” (P5)

Teachers will have 6 “Two teachers will direct the game anyway. If they could

less difficulty maintain discipline and order in the game, they would more
easily control both the players and those waiting their turn. I
think it might be less tiring, because there would be two
teachers.” (P2)

Students will have 2 “In the first stage, the students could solve questions by looking

less difficulty at the formulas written on white cardboards and placed on the
ends of the tables. This would also keep the formulas in mind
and make calculations faster with the feeling of winning the
game." (P3)

As can be seen in Table 5, the advantages and disadvantages of the CFK Survivor game were
discussed in terms of students and teachers compared to the classroom lesson. In this context,
11 participants stated that the students with low academic achievement level or with
insufficient processing skills would have more difficulty in the game. On the other hand, 2
participants stated that since there would be no level difference, they could only look at the
formula cardboard and process, thus they would have less difficulty. 7 participants thought
that teachers would have less difficulty in the game compared to the classroom lesson due to
the presence of two teachers and the willingness of the students, while 6 participants claimed
that the teachers would have more difficulty. In fact, most of the participants stated that both
the teacher and the students might be physically tired as they would constantly be on the
move in the game. In addition, there were 11 participants who stated that teachers would
experience more mental fatigue than the classroom lesson. On the contrary, all the
participants expressed that the students would experience less mental fatigue in the game
compared to the classroom lesson.

In terms of the general rules and gameplay of CFK Survivor, one participant (P1) commented
it positively as “It is absolutely ideal for 9" grade students at both Science High Schools and
Anatolian High Schools. It is a very exciting game that eliminates the level difference between
students, therefore everyone can participate actively.” However, some admonitory comments
were made regarding the structure of the game. For example, a participant (P8) emphasized
the importance of post-game reinforcement as:

“It would be perfectly instructive in terms of temperature conversion between

thermometers, but only for the students at the intermediate and advanced

levels. Even if you deal with this issue with a game, it would still be

insufficient for the students who are unsuccessful or at lower levels and

uninterested in physics lessons. For this reason, you either have to play this

game a few times or assign homework with questions like in those envelopes.”
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Another participant (P5) expressed his criticism and suggestions for the rules of elimination
as:

“There is a rule saying, ‘The player solving the questions in the envelopes at
the first stage incorrectly 3 times or placing the wooden block at 4™ stage
incorrectly 3 times is eliminated.” Okay, the rule is very clear, certain and
logical for me. So, how will the student who has been eliminated after doing
wrong, learn this subject? She/he couldn't do the questions because she/he
doesn't have any knowledge about them. If that were not enough, she/he would
be eliminated. First of all, this can disincline her/him from the topic or physics
lesson. Secondly, if the students knew all the questions correctly and finished
the stages, but the other player would pass her/him and she/he would still lose.
This situation might affect her/him negatively both after the game and in
her/his class life. Maybe she/he would become an object of derision. I am not
talking about this game specifically, but every game with a winner and a loser
creates psychological traumas in any case. In other words, the student who
would be eliminated because she/he couldn’t learn anything from the game or
not to do it as fast as the other player, might be exposed to the teasing of his
friends. Therefore, the games where there is no winner/loser but anyone can
play easily or based on race against time might be more appropriate for
education.”

Thus, participant evaluations were taken regarding the impact of the CFK Survivor game on
the teaching of the subject.

Evaluations Regarding the Game's Meeting of the Relevant Acquisition and Its Effect on
the Lesson

Within the scope of the 4™ question of the interview, the participants were asked to
what extent the CFK Survivor game, prepared to provide unit conversions for °C, °F, °K,
meets "The students make calculations related to temperature units." acquisition. All
participants stated that the game would be suitable for the acquisition and could meet the
acquisition.

Only 2 participants, (P1) and (P6) stated that the game could unaidedly meet the acquisition
without any other activity as:
“If we taught the subject in class, perhaps only a few students could respond to
the written examples and most students would not even attend the lesson. But
due to the nature of this game, all students will have to actively participate and
solve four transformation questions. I mean CFK Survivor could strongly meet
the acquisition of the subject.” (P1).
“We do not stay in our closed houses and go out into the open air at odd times.
Therefore, the students would absolutely be more willing than a class-lesson.
Since they would not have to do the conversion calculations by force. | think
they would be able to gain the acquisition easily, without any necessity to
anything.” (P6).

The other 11 participants stated that thanks to the support to be given before and after the
CFK Survivor game, it could fully meet the relevant acquisition and thus permanent learning
for thermometer conversions could be realized. In this context, the suggestions of the 11
participants for both before and after the implementation of the game were associated with
certain concepts and presented in Table 6.
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Table 6. Suggestions on reinforcing activities for CFK Survivor

Concept f Sample Sentence

Solving extra 11 “To gain the formulas in the acquisition and learn the subject

questions in the very effectively, many questions should be solved in the

class classroom.” (P3)

Giving homework 10 “Thanks to this game, each student will have to solve 4 questions.
as intensifier But the conversions learned in the game should definitely be
questions / tests reinforced at home with extra questions or tests". (P4)

Replaying the 4 “Even if you dealt with this issue with a game, it would still be

game insufficient for the students who are unsuccessful or at lower

levels or uninterested in physics. So, you either have to play this
game a few times or assign homework like in the envelopes.”

(P8)
Announcing  the 4 “Since the playing time of each player would be 3-4 minutes, it
game time in would be very difficult for the students to improve themselves
advance academically in this short time. Especially for lower-level

students, if the time of the game was announced in advance and
they prepared properly, they could not run away from the game
and make conversion calculations.” (P5)

Giving a project / 2 “Since there might be no time left after the game, questions
term paper couldn’t be solved in the classroom, therefore weekly projects or
term papers should be given about conversions.” (P2)

Making a quiz or 2 “The subject should be reinforced by assigning homework or

oral exams similar questions like written on the envelope or wooden block.
If not, the teaching would fall behind. So, reinforcement
exercises ought to be done as a quiz or an oral exam.” (P7)

As stated in Table 6, 11 participants, excluding the two teachers (P1 and P6) thinking that the
CFK Survivor game could be enough for the acquisition without extra things, stated that some
reinforcing activities should be done both before and after the game. Since the current
education system is exam-based, 11 participants suggested doing reinforcement exercises as
solving extra questions after the game, 10 of them as giving homework. 4 of them by
replaying the game and 2 of them by giving the project homework and by doing a quiz/oral
exam. They also added that the learned formulas gained in the game could be reinforced and
so the acquisition could be fully understood. 4 of the participants stating that not all students
are at the same level, said that by telling the game time beforehand, students with low
academic achievement could prepare and thus, they could also gain the acquisition.

Supporting the statements in Table 6, a participant implied that the CFK Survivor game
prepared for the relevant acquisition might also be effective and positive in terms of upper-
class acquisitions as:
“In addition, since they will process the remaining 6 weeks of the "heat and
temperature” subject in the classroom, extra tests should be given to reinforce
what they have learned in the game. If it were up to the student, she/he would
demand playing games every week. However, according to current
circumstances there is an existing curriculum and examination system in
Turkey. Therefore, it is necessary to reinforce the acquisition.”

P10, considering that the game would generally be sufficient in terms of meeting the
acquisition suggested extra activities as “The game is visually designed, but I think it would
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be more useful if the usage areas of thermometers in daily life could be added. For example,
as ‘Which thermometer measureS air temperature, temperature of metals, LED lights?’.

In addition to these findings, one participant (P11) emphasized that the CFK Survivor game
would not only teach the topic but also be very effective and useful for the subject and physics
lesson as:

“The game would be effective for thermometer conversions because the

students could operate by just looking at the formula cardboards. In addition, it

is a very simple acquisition anyway. But rather than doing those processes

quickly, I think the most important advantage of the game is that it could show

the student how easy and doable the thermometer and its calculations are. | am

sure that even students complaining especially because they cannot do physics

would say, "Were we afraid of such an easy thing?"

Evaluations for the Case of CFK Survivor’s Implementation

Within the scope of the 5™ question of the interview, all the participants stated that it
would be enjoyable to learn the unit conversions for °C, °F, K via CFK Survivor, therefore the
students participating actively could have more effective and permanent learning. One
participant stated that CFK Survivor could increase the desire and motivation of the students
and ensure their active participation, thus create permanent learning about thermometer
conversions as:

“In the game, there wouldn’t be any student in front of you looking at the

blackboard like looking at the smartphone. On the contrary, there would be

active students completely involved in the process and could reach that

information themselves. Moreover, they would also be in competition and then

reach the award. As such, the game might be hundreds of times more useful

than what you told for hours, all the questions you solved, even the videos you

watched, the experiments you did. Because students could learn by having fun

thanks to CFK Survivor. So, this could both increase their interests in physics

and make them enthusiastic about other subjects. Do you eat the food you don't

like? If there is no death on its end you wouldn't eat it, would you? Just like

that, why would you learn the subject forcibly rather than grasping it

joyfully?".

Another participant (P7) pointed out that each stage of the CFK Survivor game is exciting

and it could make the subject enjoyable by saving it from boredom as:
“Just going out of the 4 walls already brings happiness to the student. You
could see this from their energy before the game begins. Bringing the Survivor,
which the students admire on television, to them would of course make them
excited. Therefore, they could learn word by word whatever the game would
present to them by having fun and being thrilled to bits. I think this game will
provide a very enjoyable lesson because it can both save the lesson from
boredom and bring a different excitement to each stage.".

Another participant (P2) stated that he’d like to apply the developed CFK Survivor game in
his own lessons as:
“Rest assured that I read this game twice and every time I read it, I imagined
that | could apply it to my own students. | want to implement this game if it's
alright with you. If I get the chance to apply for it, I think they will definitely
have fun and learn the subject easily.".
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Apart from these expressions, the opinions and evaluations of 13 participants such as "In the
case of applying the CFK Survivor game for the issue of unit conversions for °C, °F, °K ..."
were associated with certain concepts and presented in Table 7.

Table 7. Participants' views on the implementation of CFK Survivor

Concept f Sample Sentence

It will increase 13 “Even the students not raising a finger in the lesson, dozing off,

active waiting to leave for home would want to play this game once again.

participation The reason is quite clear, they just want to have fun every time. |
mean you would present the temperature unit conversions very
complicated and detailed for them, via their favorite thing, the
game. In addition, there will be active students completely involved
in the process and reaching that information themselves.” (P4)

It will increase 13 “This game will be quite effective in students' permanent learning.

the permanence The person learning with joy by doing, seeing, applying never

level forgets that information. Even when he gets older, every time he
remembers this game, he could remember those transformation
formulas gained in the game.” (P11).

It will save the 13 “No student would want to stay in a closed class for 40 mins. to

subject from listen / watch if the best teacher even gave the most important

boredom information. Even we, teachers, are looking forward to taking leave
off in the meetings with administrators. So, | am sure it would save
these 14-15-year-old students from the boredom of the subject.”
(P3)

It will make 13 “You not only could make the student willing but also have him do

students willing thermometer conversions enjoyably. This would enable them to
learn very effectively and to participate voluntarily in future
physics-related activities.” (P2)

It will enable 13 “Each stage requires attention and skill. This would allow students

concretization to engage in the game by always keeping their excitement above.
Thinking as if they were playing both before and after the game will
make them actually learn the CFK conversions joyfully. So, it
would be a very comprehensive game making the subject concrete."
(P10)

It will raise the 12 “The students are generally happy with everything he does fondly.

perception level You would offer them to play the game on a platform similar to the
Survivor game he always watches on TV. For having fun, whatever
you would give them in the game with that enthusiasm, they could
easily gain. Since their perceptions would be extremely open, they
could actually learn without even realizing it." (P12)

It will increase 12 “Perhaps half of the lesson time is spent motivating the students to

the motivation the lesson and focus their attention. Therefore, even playing the

level game itself in the garden would automatically increase their
concentration and motivation levels. Moreover, dreaming of
playing games, they might come to lessons without a second
thought.” (P1)

It will increase 11 “Just at the beginning of the heat and temperature subject, we teach

interest and

these thermometers and conversion calculations between them.
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curiosity levels
towards the
subject / lesson

Thanks to this game, the students might realize that they can do it
by devoting themselves to the subject. Because of learning
enjoyably, they will also gain self-confidence. They might also
wonder about the rest of the subject. After the game ends and they
return to the class, their desire and interest towards the subject will
continue.” (P11)

It will increase
academic
success

10

“Students whom we almost beg only to write the formulas in their
notebook in class, might be prepared for thermometer conversions,
perhaps for days to win a bottle cap. They would endeavor to make
the right conversion in the fastest way, thinking as "I'll finish the
stage before my friends". Is there a chance for such an eager student
to fail? Even if his level is low, he could have the formulas down
pat on that cardboard to win." (P13)

It will increase
excitement and

10

“Every stage of CFK Survivor was designed so cleverly that the
excitement and fun never decreased like the real Survivor. For

curiosity example, in the first stage, you get excited to solve questions of
different colors and get erasers in return. Then the excitement
increases even more in the second stage as whether the player drops
the right bottles and finds the key. In the third stage, you are
waiting for whether he will be able to put the key in the correct box.
At the last stage, you wonder whether he will be able to put the
wooden block into the correct gap on the board. So, not only the
players but also the audience can have fun and learn the relevant
subject.” (P6)

It will reduce 9 “Believe me, they will know the formulas on those cartoons like

memorization their names even when this game comes to their minds even years
after school is over. If they learned these in class, they would forget
them the next day. But when they remember the game, of course,
they will also remember the thermometer conversions.” (P13)

It will break the 9 “In this game, memorizing the concepts or formulas or even being

prejudices in the classroom isn’t necessary. You say, ‘Let's go out to the
garden together, I will be silent as a referee while you are playing’.
Does a student learning a subject like this ever fear physics? Will
his prejudice ever remain?" (P9)

It will give the 6 “Since the students are in their adolescence period, they see life as a

students the game consisting of only joking, laughing and having fun. They get

opportunity  to bored very quickly and always aim to be free and pranksters. This

show game will offer them both the freedom and fun they want. Thanks

themselves to this game, they will show what they can do and we teachers will
achieve our goal by getting the subject.” (P2)

It will reduce 6 “Thanks to this game we will not waste time telling them ‘Don’t

the waste of talk!, Sit down!, Listen!’ during the lesson. We won’t have a

time problem with students participating in the lesson anymore." (P7)

It will increase 5 “The students should act in unison during the game. Because the

team spirit and a player will play for his/her group not for himself in the game. For

sense of this reason, he/she will want to gradually succeed in the stages with

responsibility a sense of responsibility. This will keep the adrenaline level high
throughout the game and increase team spirit.” (P3)

It will facilitate 4 “This game also covers thermometer conversions in the 12" grade
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information energy unit. Since the students will learn everything by doing and
transfer on experiencing, they will easily remember this game and therefore the
future issues transformation formulas. This will also enable them to grasp the

energy issue more easily." (P12).

All the participants stated that handling unit conversions for °C, °F, K via CFK Survivor game
would be stirring and thus the students participating actively will have more effective and
permanent learning. However, they drew attention to the possible disturbing situations that
may occur due to presumptions like these,

* The game has the winner and loser person,

» Stages in the game require mathematical operations,

* Students have to play with each other regardless of their physical, social, academic

SUCCess,

* Group leader selection is left to students,

* It is not certain whether group leaders will be competent enough to run their group,

» It is not clear how to control the students waiting their turn or their game iS over,

* The duration of the stages / the game, and the setting up times of the platforms for

replaying are not limited,

» The students are deeply affected positively or negatively by other students in the

game,

* The students are more likely to turn the game into a competition to reach the award,

* No measures are taken for the psychological damage to those who will not be

rewarded or lose the game.

After expressing that the game would be gripping and effective, one participant (P5) warned
against possible negative situations that might be experienced as:
“Of course, the winners will have fun in the game. However, the losers will
necessarily conflict among themselves or with those in the other group and
may even fight. After all, not everyone can tolerate losing. They fight all the
time even in Survivor on TV. Let's be a little realistic here, they are 14-15
years-old teens and they will try to justify themselves in all kinds of ways. For
example, in a class lesson, you can cheer the student when you make a few
jokes but joking with the student who lost in the game, will cause more
tension.".

In addition, the same participant (P5) drew attention to the situation of the students who do
not play in the game as “Always sitting on the sidelines, won't the 18 students waiting their
turn or whose game is over get bored? How will they wait 50-60 minutes while their friends
are having fun at the game, enjoying themselves?".

Another participant (P8) pointed out that the duration of the game should be planned carefully
and also made suggestions in this regard as:

“In this game where the player replying to the questions in the fastest way

gains an advantage, what will happen if both students cannot answer the

questions correctly or if both think for a long time in replying to them? Then

the game ends in 3 hours at the earliest. So, | think an upper time limit may be

set for Stage 1. Likewise, the players finishing their game will be responsible

for making the stages ready again. Maybe the losing student will not like it."
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Evaluations for CFK Survivor on Cognitive, Affective and Psychomotor Skills
Within the scope of the 6" question of the interview, the participants were asked about

their opinions on what skills the CFK Survivor game can provide to students. According to
the evaluations of the participants, this section is organized in three sub-headings: "The Effect
"The Effect of CFK Survivor Game on

of CFK Survivor Game on Cognitive Skills™,
Affective Skills" and "The Effect of CFK Survivor Game on Psychomotor Skills"

The effects of CFK Survivor on Cognitive Skills
In the continuation of the 6™ question of the interview, the participants were directed

an extra question as “Do you think this game can provide cognitive skills? Please explain
Therefore, all 13 participants answered this question elaborately. Their evaluations were

associated with the concepts and presented in Figure 1
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Figure 1. Evaluations for CFK Survivor on cognitive skills

In addition to the evaluations shown in Figure 1, one participant (P13) expressed his views on

the cognitive skills that the CFK Survivor game could bring to the students as
“First of all, it will provide permanent learning and improve the students
i ill enable them to

information processing and interpretation skills
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comprehend the subject and analyze the thermometer conversions. Since they
will play the game themselves, they might also find the opportunity to practice
on thermometers. Thanks to the activities in the first and last stages, problem-
solving, decision making, inference and evaluation skills could also be
developed.”.

Another participant (P10) evaluated the CFK Survivor game in terms of learning the subject

as:
“If this subject were handled in the classroom, maybe it would be taught with a
few examples. Only a few of them might try to solve those, but the remaining
students would count seconds for the lesson to finish without participating in
the lesson. However, thanks to this game, the students will get the information
themselves. Because they could learn entertainingly, more permanent learning
would occur. Also, since each student would solve 4 questions, 80 questions
could be solved totally. In this way, the student could learn the subject in a
very comprehensive way. It might also be possible to use the prior knowledge
that comes from secondary school.”

P9, on the other hand, stated that the game could contribute to the multi-processing skill with
her words as:
“Thanks to this game, students could learn much about thermometers and
realize that there must be a relationship between them. It is also important for
mathematical computing skills. The 1% and 4™ stages are based entirely on
problem-solving skills. The students will have to follow the referee and the
other player while solving questions in the stages while dropping the bottles,
opening the chest and placing the wooden block on the board. Therefore, since
they will have to perform more than one operation at the same time, it could
also gain them many mental skills."”

One participant (P1) emphasized that the game could appeal to upper-level cognitive skills as:
“First of all, the students should be cognitively conscious of discipline and
responsibility from the beginning to the end of the game. After all, it's a matter
based on mathematical calculations. For this reason, this is a game that might
also gain quick thinking and mental processing skills. While solving the
questions in the envelopes correctly, the students could be able to analyze the
relationships between Celsius, Fahrenheit and Kelvin thermometers
simultaneously. In the 4™ stage, they will have to make a quick evaluation
while placing the chosen wooden block in the right gap."

Evaluating the game in terms of permanent learning and transferability, one of the participants
(P2) said:
“Playing the game with relevant formulas is very important for mathematical
process skills. The students’ learning the subject by doing and experiencing
rather than getting it ready will enable them to code all the information more
easily and permanently in mind. I mean when asked about CFK conversions in
the future, the students will immediately think of this game, so the retrieval of
the information will be faster and without loss. There is also this topic in
secondary school units. Thanks to this game, they will be able to transfer what
they have learned there and use them while making transactions.”
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The effects of CFK Survivor on Affective Skills

In the continuation of the 6™ question of the interview, the participants were asked an
extra question as “Do you think this game can provide effective skills? Please explain.”. All
13 participants answered this question comprehensively. Therefore, their evaluations were
associated with the concepts and presented in Figure 2.
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Figure 2. Evaluations for CFK Surwvor on affectlve Skl||S

Related to the affective skills that the CFK Survivor game could gain to the students, one
participant (P9) expressed his opinions as:

“I think our biggest problem is that the teachers are more willing and striving

than students. | mean the students do not make even one percent effort to learn

because they do not have the slightest willingness to learn. Since this game

could awaken that desire in the student, they would voluntarily attend the class

and thus, their self-confidence would be regained. Moreover, it might break

their prejudices against physics lessons”.

Another participant (P3) said:
“Students have really great fears about physics. First of all, it seems like they
were sitting by force in the classroom. | think the biggest benefit of the game
will be that it could relieve physics lessons of boredom, break students'
prejudices against physics and make them love the lesson. It might terminate
their reluctance and indifference as ‘I can't do it anyway!’. Since the gameplay
could increase their willingness and motivation, their perceptions and attitudes
would also be affected positively. They might realize that they could be
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successful in a subject related to physics and therefore their self-confidence
will also increase.”

From a different viewpoint, a participant (P12) expressed his views as:
“This game is also crucial for decision making and evaluation skills. Because
the things they do or not do in the game concerns not only him/her but also
his/her group. So, this could improve his/her such cognitive skills as taking
responsibility, commitment to the group and team spirit. It is also a very
important game in terms of sharing with friends, valuing their opinions, and
criticizing.”

Another participant (P10) said:
“After finishing the game, the students’ making the stages ready again is also
important in terms of responsibility and team spirit. It becomes more of an
issue thanks to valuing and belonging to the group, since he/she would play for
his/her own group. So, this will be an extra opportunity for introverted students
who want to prove themselves."

All 13 participants implied that the game would have positive features in terms of affective
skills. On the other hand, one participant (P5) drew attention to the possible adverse situations
that losers might experience as “Those who are successful in physics could definitely increase
their self-confidence. But, as in all the games with a winner and a loser, the loser might be
subjected to psychological devastation there.”. In addition, the same participant stated that
the game needs reinforcement activities in gaining effective skills as “After all, even if the
students would learn how to do thermometer conversions with 3-4 minutes of playing and
solving 4 questions, they couldn't synthesize it or take it on themselves".

The Effects of CFK Survivor on Psychomotor Skills

In the continuation of the 6™ question of the interview, the participants were directed
an extra question as “Do you think this game can provide psychomotor skills? Please
explain.”. All 13 participants answered this question in depth. Their evaluations were
associated with the concepts and presented in Figure 3.
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A participant (P7) expressed his views from the standpoint of psychomotor skills that the
CFK Survivor game could provide students several advantages as:
“Concentration and hand-eye coordination to pass the stages would be at the
maximum level from the beginning to the end of the game. Since the students
could plan their next move in advance, there would be an improvement in
terms of using the time to notice and react. First of all, it would be a very
important game for small and large muscle coordination. In addition, it would
also be vital for their psychomotor skills for their ability to react and act
quickly according to the referee's whistles.”.
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Another participant (P1) said:

“In terms of psychomotor activity, as the students could play the game
themselves, they would be active from start to finish. They wouldn’t be passive
like sitting at a desk in the classroom and looking at the blackboard passively.
It would be effective for hand, arm, leg muscles and the harmony between
them. | think speed and quickness would be the key points in this game to
finish the stages first. There would also be many points that require attention,
such as not pressing the line lines, tilting the bottle of your own color, acting
on the referee's whistles. Through those several psychomotor skills could be
gained effectively.”.

One of the participants (P2) also expressed his views as:

“Game basically means movement. In other words, the students would actively
pass from this table to that table during the game. Therefore, many psycho-
motor skills, especially hand-arm-leg coordination, could be gained. It would
also be important in terms of hand-eye coordination, as the students will have
to follow the other player constantly. In addition, they should both give instant
responses to the whistles and according to it, they would either go to the other
table or do the same task again. This would speed up their perceptions and
make their bodies ready to do that job. Not only gaining self-control according
to the rules and the order of play but also instant action skills could be listed as
the other advantages of this game.”.

Another participant (P4) said:
“This is a game that requires students' hand-arm-leg coordination, rapid
movement and instant reaction. Perhaps those who would play later, could
make a new tactic for themselves by imitating their friends. This might also
improve their analysis and interpretation skills. | think CFK Survivor is a game
that could gain high-level skills by evaluating the situation especially when
they lose.”.

Suggestions for Designing an Educational Game for Physics Lesson
As part of the 7™ question of the interview, the participants were directed an extra
question as “If you had to design an educational game for the physics lesson, what kind of
game would you design? Can you explain.". In this context, all the participants agreed that
physics lessons have many suitable topics for educational games. In addition, one participant
(P13) emphasized that physics subjects could be concretized thanks to educational games as:
“No matter how much you explain, there are some subjects that cannot be fully
coded in mind in physics. | think it would be more logical to design an
educational game related to these. For example, even if the students understand
such concepts as ‘Pressure, Heat, Temperature, Force, Work, Energy, Power,
Electrostatics’” they cannot concretize them. Unfortunately, they have to
memorize formal information or formulas. So, a few days later or when they
pass the exam, they cannot remember them again like the ‘Power’ subject.
When people are asked what power is, they firstly think of force. According to
physics, the man doing a job in a shorter time is more powerful. Suppose that |
painted on the chalkboard two men, one big and the other small and started
running on a 100 metered road with the same weight sack on their backs.
Assume that the big one ran for 3 minutes and the other one for 2 minutes.
Then when asked ‘Which one is strong?’, perhaps the whole class would say
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the big one. But physically, the man who did the same job in 2 minutes is
powerful. The inability of students to envisage physics concepts causes such
difficulties. So, we can teach these abstract concepts thanks to the relevant
educational games.".

All of the participants expressed their opinions on the subjects that educational games
could be designed for. Convenient subject suggestions for them were brought together
within the framework of certain concepts and presented in Figure 4.
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Figure 4. Educational game suggestions on physics subjects

As in Figure 4, Physics is a very rich lesson in terms of educational games. In this context, all

participants, asked for an idea for an educational game, made at least 1 suggestion. Therefore,

the educational game suggestions of the participants were brought together in the light of

certain concepts and presented in Table 8.

Table 8. Educational game suggestions on physics subjects

Subject f Suggestion for Educational Game

Optics 4  “You can teach the refraction of light in optics via a game.
Different colored but same sized balls will be given to the
students and allowed to line up like a circle in the way they want.
Then one student with a mirror comes into the midst of them.
Each player will turn towards the ball and whoever has the
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bigger ball in the mirror wins the game. The logic here is that the
image of the light changes when it passes from a highly
refractive environment to a less refractive environment or from a
less refractive environment to a more refractive environment. So,
they can understand that if the light comes perpendicular to the
surface, it is unbreakable.” (P11)

Balance Center 3  “You may take the students to the park or, if you can, set up a
seesaw in the garden. You form two groups and tell them who
first touches the ground loses. Let them determine the first
players to get on. Then the second and third students get on the
seesaw before the others get off. Thus, they can learn by
experiencing how the center of balance changes when there are 2
students, 4 students and 6 students on the seesaw successively."
(P10)

Electricity 3 “A multimeter is brought to the classroom, and its positive end is
connected to a copper plate while the negative end to a zinc
plate. Line up the students and let the student in his turn, put one
hand on the zinc plate and the other on the copper plate.
Therefore, each student's volt values are measured and recorded.
So, the one with the highest value wins the electrical current
game." (P9)

Electrostatic 3 “Everybody is given papers representing 1, 5 and 10 banknotes.
Each player gets enough money to match their own weight. Then
the teacher puts on music and the players start dancing. When
the music ends, as in the game "Musical Chairs", everyone sits
on a chair. All the players exchange their banknotes according to
the weight of the right-side player. The standing player is
eliminated as he cannot exchange. It continues till two players
and one chair remain. Those whose banknotes are more wins the
game.” (P11)

Friction Force 3 “The students put three stones on top of the different frictional
floors and try to drop them with a ball. The same student always
throws the ball at the same speed and you successively measure
them. Because the surface is different due to the friction force,
the distance taken changes. Thus, they can learn what the friction
force is and how it affects the subjects.” (P1)

Angular 2 “Two students with "a ribbon in their hands" sit on the chairs. |

momentum want them to turn first in the same direction then in the opposite
direction. | draw attention to the movements on the ribbon
according to the rotational speed of the students holding the
ribbon. So, they make calculations with simple operations for the
angular momentum formula | wrote on the board before.” (P2)

N

Physical quantities “As in the "Super Mario" game, different materials in daily life
are put in front of the player wanting to reach gold. To overcome
these obstacles, two boxes named scalar and vectorial are placed
on both sides of the screen. In the game that gets faster and
faster, the players seeing the obstacle momentarily are expected
to press the right or left box. Thus, the students will learn both
scalar and vectorial classification and have the skills of making

quick decisions, attention and operations.” (P4)
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Conductivity 2 “Students will be given different items to understand the rate of
distribution in the conductor. The students hit the tables to
understand the relationship between the intensity of the sound
produced and the conductivity levels. In this way, they can
concentrate on the relationship between them”. (P8)

Work-energy- 2 “Form three groups among the students. One handball, football

power and basketball ball are placed at the starting level for each group.
After point A is determined, then point B is determined 100
meters ahead. Boxes are placed at both points in sizes that these
balls will put in. The first students of the groups take the
handball balls from point A with the teacher's whistle and take
the soccer ball out of the box at point B after throwing the
handball ball into the box. The student who takes the soccer ball
starts running to point A without waiting for the handball ball to
settle in the box. The student reaching point A takes out the
basketball after putting the soccer ball in the box. Then the third
student picks up the basketball and starts running to point B. As
soon as she/he puts the ball in the box, the game is over. Thanks
to this game designed for the formula of "Work / Time = Power",
they could learn the concept of power and which group is
powerful." (P13)

Density and 2 “Items for every student such as raw eggs, scrambled eggs, ping-

intensity pong balls with different density, such as the "Soaking test"
related to density and intensity will be put on a desk. Then they
will be immersed in liquids of different densities such as water
and sunflower oil. Therefore, by asking the question ‘Which
student's belongings float better?’, such a game can be designed
for the relation between density and intensity." (P2)

Big bang theory 1 “In the teaching of Big bang theory, a game can be designed with
balloons. For example, each student marks two points with a
pencil before inflating his balloon. Then, the students blowing
the balloon at different speeds see these two points starts
diverging. Thanks to the connection of this speed with the speed
of the stars in the galaxy diverging from each other, a very nice
game can be designed and the subject can be concretized.” (P7)

Astronomy 1 “For example, for astronomy, several rings in the form of
circular rings are drawn on the ground. A student takes a
flashlight in his hand to symbolize the sun. Other students,
symbolizing the planets, begin to move around the sun and
around their own axes without leaving that ring, that is, their
orbit. Among the players who wanted to turn faster, the one who
left the ring was eliminated. The last remaining player wins the
orbit game." (P3)

Scale 1 “To find a scale, two students hold a string or ribbon by the ends.
Then you draw two lines parallel to each other on the ground,
and the students start walking on that line. As the rope becomes
loose or stretched as they walk, students could find the scale.”

(P7)
Viscosity 1 “Open topwater pipes are brought to the classroom to gamify the
coefficient viscosity coefficient. The students are given five beans each and
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asked to place them to slow the flow of water as they wish. Then
an equal amount of water is released into the pipe at the same
time. Whichever student's pipe drips on the table last, she/he
wins the game. So, after supporting them with formulas to make
transactions, they can learn the logic of the viscosity coefficient."
(P11)

As seen in Table 8, the participants made educational game suggestions for such physics
subjects as “Optics, Balance Center, Electricity, Electrostatic, Friction Force, Angular
momentum, Physical quantities, Conductivity, Work-energy-power, Density and intensity, Big
bang theory, Astronomy, Scale and Viscosity coefficient”.

In the continuation of the 71" question of the interview, the participants were posed a question
as "What do you think about making this educational game you designed, available to other
teachers?". All 13 participants stated that they would get support from group teachers before,
during and after the game. They also stated that they would make their original game
available for other Physics teachers, therefore all students in the same branches could benefit
from it. A participant (P13) expressed his views on this subject as:

“If I could develop a game, I would like my colleagues to use it. After all, this

IS not a state secret. Moreover, there may be something I cannot see, so | would

immediately consult them first. After the game, | would also get their

evaluations and comments."

Another participant (P12) said:

“If I were to prepare an educational game, I would discuss it in detail with my
physicist friends before the game. | would invite them to watch the game when
available. In addition, | would make all 9™ grade students in all branches of our
school play this game. At the end of the game, we would also evaluate it all
together. Therefore, 1 think that there should always be qualified
communication and cooperation among teachers in the educational process not
only for educational games but also for everything."

One of the participants (P10) expressed his views as:

“If I designed such an educational game as a physicist, I would apply it to all
classes | lecture anyway. | would want my other physicist friends to do it and
even encourage them. | would do this cooperatively by taking their opinion.
Therefore, for many eyes would evaluate it, possible mistakes could quickly be
prevented in terms of skills and acquisition in the field. After the game, with
colleagues, we could discuss and evaluate the game as ‘How did it happen?
What was missing? How can we do it better? What else can we design an
educational game?’. Since the students would play the game, | think they
should make better and more effective evaluations. So, | would take their
opinions because they must be regarded meticulously.”.

Thus, the participants' evaluations and suggestions for educational games that can be designed
on Physics subjects were received. In addition, during the educational game process, their
opinions about the pre-game, during and after the game were determined in effective
communication and cooperation with colleagues and students.
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DISCUSSION, CONCLUSION AND SUGGESTIONS

It was decided to design an educational game for "The students make calculations
related to the temperature units." acquisition within the scope of the 9" grade Physics lesson
“Heat and Temperature” unit. Therefore, the “CFK Survivor" game, aiming to learn the
temperature unit conversion calculations of the Celsius, Fahrenheit and Kelvin thermometer
types, was developed under the acquisition explanation as "Unit conversions for °C, °F, K
are provided to be done”. During the development of the game stages, CFK Survivor’s being
able to gain targeted behaviors, being suitable for the age and level of the students, being easy
to understand and applicable, not time-consuming in terms of playing the stages and making
them ready again and allowing students to learn by participating with interest and enthusiasm
were minutely regarded.

Due to the Covid-19 epidemic the schools were closed, so it was not possible to implement
this game. Then, 13 physics teachers working in private educational institutions and attending
9" grade classes online were consulted to determine the effects of the CFK Survivor game on
unit conversions for °C, °F, K.

Describing educational games in their own words, the participants stressed that the use of
educational games in physics lessons would be greatly positive, such as "increasing active
participation, increasing permanence, providing concretization, increasing motivation,
making lessons enjoyable, reducing memorization and breaking prejudices”. Educational
games can establish a strong link between practice and learning by transforming abstract
concepts and information into concrete experiences (Varisoglu, Seref, Gedik & Yilmaz,
2013). On the other hand, they also expressed their hesitations on educational games such as
“being time-consuming, having little effect without reinforcement and not being applicable
for all subjects”. Since educational games may not be suitable for all subjects and learning
styles, the level of the knowledge of all participants cannot be evaluated precisely and they
also require more time. (Pehlivan, 2014) Their views stand with these statements.

All 13 teachers pointed out that they had not used educational games or teaching techniques
with games by then but would like to use them if possible. Despite their willingness, they
expressed their concerns about designing or using educational games as "intensive
curriculum, insufficient course hours, expectations of administration / parents / students,
being quite a time consuming, being required too much effort, being costly™.

All 13 participants emphasized that the CFK Survivor game was easily understood thanks to
not only supporting the rules and gameplay with visuals but also presenting them item by
item. In addition, evaluating the game in terms of teachers and students, the participants
expressed their views as “Students will get less mentally tired, Teachers will get more
mentally tired, Lower-level students will have more difficulty, Teachers will get more
physically tired, Students will get more physically tired, Teachers will have more difficulty,
Teachers will have less difficulty, Students will have less difficulty”.

The whole participants said that the game would be suitable for the relevant acquisition and
could meet it. In this context, 2 participants stated that the game would meet the gain alone
without the need for any other activity. On the other hand, 11 participants emphasized that
before or after the game, some reinforcing activities should be done as “Solving extra
questions in the class, Giving homework as intensifier questions / tests, Replaying the game,
Giving time to prepare students by announcing the game time in advance, Giving a project /
term paper, Making a quiz or oral exams”.
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(133

For such reasons as ““It will increase active participation, It will increase permanence level,
It will save the subject from boredom, It will make students willing, It will enable
concretization, It will raise the perception level, It will increase the motivation level, It will
increase interest and curiosity levels towards the subject / lesson, It will increase academic
success, It will increase excitement and curiosity, It will reduce memorization, It will break
the prejudices, It will give the students the opportunity to Show themselves, It will reduce the
waste of time, It will increase team spirit and sense of responsibility, It will facilitate
information transfer on future issues”, 11 participants stated that teaching unit conversions
for °C, °F, °K via CFK Survivor educational game would be more enjoyable therefore, the
students participating actively, could have more effective and permanent learning.
Educational games can establish a strong link between practice and learning by transforming
abstract concepts and information into concrete experiences (Varisoglu, Seref, Gedik &
Yilmaz, 2013). Because educational games provide the opportunity to learn by doing and
experiencing actively in real-like environments also ensure social interaction with their own
rules (Gee, 2014). The students, whose communication and interaction with each other
increase, may also show positive behaviors in obeying the rules thanks to educational games
(Y1ldiz, Simsek, & Araz, 2016). Active participation in the learning process is the main factor
in educational games. The students learning by doing and experiencing can thus gain effective
and permanent learning. The evaluations of the participants are in line with these statements
in the literature.

On the other hand, the participants drew attention to possible disturbing situations that may
arise as “having winners and losers; stages’ requiring mathematical operations, students’
playing with each other without paying attention to their physical, social, academic
achievement; leaving students to select group leader; group leaders’ being skillful or
unskillful to manage their groups; controlling of the students waiting for their turn or
finishing it; not foreseeing playing time of the stages, the whole game and preparation time of
the platforms for replay, players’ being positively or negatively affected by other students
during the game; the possibility of the students turning the game into a competition to reach
the award; the psychological devastation that those who cannot get a reward or who lose it
can suffer mentally.”. Because some educational games are competition-based, gaining
awards or winning feelings may be predominating. These cases may lead to negative
situations such as disappointment, aggression and loss of control for the losers (Canbay,
2012). Participants' hesitations about possible negative situations that may arise in the
implementation of the game support these statements.

All participants draw attention that the CFK Survivor game would be effective in terms of
gaining a large number of cognitive, affective and psychomotor skills expressed in Figures 1,
2 and 3. Thanks to educational games, many skills such as learning, sharing, helping each
other, cooperation, decision making, ranking, organizing, respecting the rights of others are
unwittingly learned and adopted (Coban & Nacar, 2006). By virtue of the active participation
of the students, high-level skills such as quick thinking, strategic thinking, ratiocination, rapid
decision-making, taking responsibility and problem solving can be gained through
educational games (Giircan, Ozhan & Uslu, 2008). As stated in the figures, the evaluations of
the participants on the cognitive, affective and psychomotor skills to be acquired by the
students through the CFK Survivor game jibe with these statements in the literature. All
participants also stated that this game would positively affect the teaching of the subject and
increase academic success level. The findings of Karamustafaoglu and Kaya (2013) and Boz
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(2018) that learning through educational games increase academic success is in the same
direction with these statements.

The fact that the games are interesting is very important in gaining and developing the
intended knowledge, skills, behaviors and values. Thus, educational games make it possible to
learn the subject in a more interesting and enjoyable way in the learning environments where
students can have a good time (Yildiz, Simsek & Araz, 2016). The student moving more
comfortably and independently in the game reflects her/his inner world more realistically
while playing. Educational games are important for many acquisitions as strategic thinking,
tactical development, planning, discussion, numerical processing, data processing (Kirriemur
& McFarlane, 2004). In addition, educational games are effective in providing such skills as
comprehension, thinking and acting together, making decisions, respecting the rights of
others, being honest and obeying the rules (Hazar & Altun, 2018). The opinions and
evaluations of the participants about educational games match up with these statements in the
literature.

According to them, thanks to the reinforcement of the rules and gameplay of the CFK
Survivor game with figures, the students and teachers might have fewer difficulties. In
addition, if the game could be supported with the relevant posters, pictures, videos or
simulations, the subject would be more easily concentrated by the students. Giving preparing
time to the students by telling the game time in advance would also be crucial for meeting the
acquisition. Based on the obtained data, processing the subject of unit conversions for °C, °F,
OK via CFK Survivor could

e increase the active participation,

e make the students eager,

e increase their perception levels by concretizing the concepts,

e increase their motivation and attention levels to the lesson,

e increase their excitement and curiosity about the subject/lesson,

e decrease memorization,

e provide the students with the opportunity to show themselves,

e increase team spirit and sense of responsibility,

o facilitate the transfer of knowledge for further subjects.

In this context, it is expected that the prejudices of the students whose willingness and
motivation levels might increase by means of concentrating the subject, against physics and
its other subjects would be terminated. Because the students can focus their attention on that
subject, they become willing to learn by switching from passive to active (Hazar, 1996).

Therefore, both their problem-solving skills could be improved, and their academic success
would increase. The students involved in learning and developing positive attitudes, become
more inquiring thanks to their more selective receptors and increased motivation (Kildan,
2001).

In addition, their ability to obey the rules and express themselves would improve thanks to
many skills such as commitment, team spirit, respecting others, being open to criticism, and
taking responsibility. Specific learning goals can be achieved through educational games
dragging students as if they were having a genuine experience (De Freitas, 2006).

46



Nalkiran & Karamustafaoglu, 2021

They could also gain several positive acquisitions such as hand-eye coordination, speed and
quickness, flexibility, rapid decision making and responsiveness, fast processing, fine and
coarse muscle development, and coordinated movement skills. In addition to such
psychomotor characteristics as strength, endurance, quickness, dynamism, flexibility, several
mental skills such as keeping in memory, matching, classification can be acquired through
educational games (Aral, Giirsay & Koksal, 2000).

It was stated that the CFK Survivor game would be sufficient for the intended acquisition, and
thanks to the acquisition of many cognitive, affective and psychomotor skills, the students
could gain enjoyable and permanent learning. Cognitive behaviors as knowledge and skills
aimed in the courses taught at schools within the scope of the curriculum psychomotor
behaviors as coordination and affective behaviors as attitudes, interests, values can be
acquired (Giindiiz, 1998). These statements in the literature tally with the evaluations of the
participants.

The students involved in learning and developing positive attitudes, become more inquiring
thanks to their more selective receptors and increased motivation (Kildan, 2001). In other
words, since they can focus their attention on that subject, they become willing to learn by
switching from passive to active (Hazar, 1996). Specific learning goals can be achieved
through educational games dragging students as if they were having a genuine experience (De
Freitas, 2006). In addition to such psychomotor characteristics as strength, endurance,
quickness, dynamism, flexibility, several mental skills such as keeping in memory, matching,
classification can be acquired through educational games (Aral, Giirsay & Koksal, 2000).
Cognitive behaviors as knowledge and skills aimed in the courses taught at schools within the
scope of the curriculum psychomotor behaviors as coordination and affective behaviors as
attitudes, interests, values can be acquired (Giindiiz, 1998). These statements in the literature
tally with the evaluations of the participants on the acquisition of many cognitive, affective
and psychomotor skills and such other factors, emphasized above, as academic success.

Suggestions Based on Research Findings

e Educational games should be planned in a detailed way to be suitable for the
purpose of teaching and to be flexible enough to the changes according to the necessities.

e In order to avoid confusion, the educational games’ layout should be established by
providing such factors as the selection of the playground and its arrangement; the preparations
of the platforms; the provision and preparation of the materials and tools.

e The rules / gameplay of the educational games should be clear and the roles of the
players / leaders should be explained in detail.

e To distinguish the groups, different colored jersey sort t-shirts signs can be used.

e Educational games should be backed up with visual and audio materials for
concentrating easily.

e Various measurement tools for evaluating the teaching via educational game
applications should be developed.

e School administrators, teachers and students should be in effective cooperation and
communication in the educational game process.

e Such activities as interviews, debates, symposiums, and essay writing should be
held to increase the impact and permanence of the educational games.

¢ In terms of such factors such as heat, light, sufficient space, tools and materials, the
schools, classes, school gardens and other places should be designed for educational games
and other physical activities.
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e Physics curriculum should be revised in view of the methods and the duration for
the subjects.

e The physics textbooks should be revised and more activities such as educational
games should be added.

e The necessary developments and arrangements should be made in the physics
curriculum and textbooks prepared under this program, to support the teaching activities via
educational games.

Suggestions for Further Researches

e New educational games can be developed on other physics subjects where students
have difficulty in participating, motivating, or understanding.

e New educational games can be developed for the relevant 10", 11" and 12™" grade
physics subjects.

e A more comprehensive study can be done with experimental and control groups on
educational games.

¢ New longitudinal research can be done for educational games on appropriate topics.
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ANNEX 1. CFK SURVIVOR

Table A. General information on CFK Survivor educational game

Grade Unit Subject Acquisition Playing Area Game  Number Playing
Type of Time
Players
9 Heat and Celsius, F.9.5.1.3. Makes Playground Group 20 2 lesson
Temperature Fahrenheit calculations about (indoor sports hours
and Kelvin temperature units.  hall in (80
Conversions overcast days) mins.)

Table B. Materials required for CFK Survivor educational game.

Piece  Material Piece  Material

60 Fastener 1 Teacher table

20 Wooden rectangular block 1 Board (60x120 cm in size)
14 Student desk 1 Ruler (100 cm long)

20 Wooden lath (each 60 cm long) 1 Red colored water glass
10 0.5 I water bottle cap (Red) 1 Blue colored water glass
10 0.5 I water bottle cap (Blue) 1 Red colored handkerchief
6 Oversized student eraser 1 Blue colored handkerchief
4 Cardboard paper in different colors 1 Board pen

3 0.5 I filled water bottle with red cap 1 Scissors

3 0.5 I filled water bottle with blue cap 1 Liquid glue

2 Wooden chests with keys 1 Packing tape

2 Referee whistle in different tones 1 Game box (small cardboard box)
2 Piece of nylon rope (each 60 cm long)

1. PREPARATION OF THE GAME

Packing tape is stuck on the floor to determine the audience area. 9 student desks are placed in the
audience area for the players waiting their turn, and the spectators to sit. In addition, the floors of the audience
area and playgrounds are made clean and tidy.

1.1. Preparation of Stage 1
e 1 metered packing tape is properly stuck on the ground to mark the starting line. 3 student desks (one
meter apart) are lined side by side 1 meter ahead of this line (Figure 1).
e The white cardboard measured with a ruler, is cut into four equal parts with scissors. Celsius, Fahrenheit
and Kelvin temperature unit conversion formulas are written on 3 white cardboards as ""°F = 1.8°C + 32",
"K =9C +273" and "°F = 1.8 (K-273) + 32" and they are taped to the corners of student desks in a way
that they do not fall (Figure 2).
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5x10cm pieces are cut from yellow, green and purple cardboards. 15 questions in the form of “Xr=...c”,
“Xc=....r” on yellow cardboards (Celcius-Fahrenheit/Fahrenheit-Celcius), 20 questions as “Xk=....c”,
“Xc=....c” on green cardboards (Celcius-Fahrenheit / Fahrenheit-Celcius), and 25 questions as
“Xr=...k”, “Xk=....e” on purple cardboards (Celcius-Kelvin / Kelvin-Celcius) are written (X =
temperature value). Colored cardboards are turned over and stacked on the tables as in Figure 2. In
addition, two pencils and erasers are placed on each table.

1.2. Preparation of Stage 2

In order to determine the 1-meter throwing line (the area 1 meter next to the table with purple cardboards)
1 meter of tape is stuck on the floor (Figure 1).

A student bench is placed 3 meters from the throwing line (Figure 3).

3 red and 3 blue capped bottles filled with 0.5-liter water are stacked side by side on the table as in Figure
3.

1.3. Preparation of Stage 3

So as to be placed in the spaces in the temperature unit panel, correspondence values of the units not
given in the panel, are written on 20 wooden blocks in terms of Celsius, Fahrenheit and Kelvin with a
wooden pen (Figure 6).

Prepared wooden blocks are scrambled up and placed randomly in 2 wooden chests, 10 in each, and they
are locked (Figure 4).

Wooden chests are placed on a student desk with a 50 cm gap between them, as shown in Figure 4.

The keys of the wooden chests are taken and hidden randomly, as one under the bottles with a red cap and
one under the bottles with blue cap, on the table with 6 bottles in the second stage (Figure 3).

1.4. Preparation of Stage 4

The temperature units’ panel is measured with a ruler and markings are made with a pencil at equal
intervals with 20 equal divisions on the long side and 3 equal divisions on the short side. According to the
markings, 20 laths are fastened to the short sides of the board and thus 20 equal lines are created on the
board. In reference to the markings, 3 equal columns are formed on the panel by stretching and fastening
2 pieces of rope to the long sides. Cardboards on which the formulas Celsius, Fahrenheit and Kelvin are
written, are affixed to the heads of the columns. Thus, as in Figure 6, the temperature units panel
consisting of 60 equal divisions in which temperature units in Celsius, Fahrenheit and Kelvin will be
written on each line is prepared.

Corresponding units of two of Celsius, Fahrenheit and Kelvin are written on cardboards and pasted in a
way that 1 space is left in each line of the temperature board. Therefore, one for the temperature unit not
given in each row, a total of 20 answer (wooden block) spaces are created, (Figure 6).

The temperature units’ panel is placed on the teacher's table and two panel alignment lines are drawn on
the floor on both sides of the table (Figure 5).

Next to the table where the board is located, a game box is placed to throw yellow, green and purple
colored answered cards (Figure 5).
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Figure 1. Preparation stages of the CFK Survivor game

2. GAME RULES

1. CFK Survivor game consists of 4 stages. It starts from the 1% stage and all the stages are played, respectively.
Next stages cannot be passed before the previous stage is fully completed.

2. Two referees conduct the game. The same referee follows and controls the same player from the start of the 1%
stage to the end of the 41" stage. Referee whistles mean as;

+ 3 whistles (start / end whistle): it means the game has started in the 1% stage and the round is over in the 4t"
stage. Only the chief referee may whistle 3 times.

* 2 whistles (rejection whistle): It means that the answers given to the questions on the cards are wrong in the
1% stage and the questions have to be solved again, and also in the 4" stage the gap where the wooden block is
placed is wrong and it must be replaced. Both referees can whistle twice.

« 1 whistle (confirmation whistle): It means that the answers given to the questions on the cards in the 1% stage
are correct and you can switch to the next table. Both referees can whistle once.

3. Nobody can enter the playground except two referees and two players. The other players must watch the game
as an audience in the place reserved for them outside the playing area until their turn. They may cheer and
support their group mates in the game, but they cannot interfere with the referee decisions, players or the game
in any way.

4. The group leaders play the first game. The players cannot step on the starting line in front of the class door.
The game starts with 3 whistles of the referee after the players receive the handkerchiefs in the color of their
group (Figure 1).

5. In the first stage, each player has to choose 3 cards and answer the questions in them correctly. The first
players can choose 1 yellow, 1 green and 1 purple cardboard. Since the yellow cards will run out, the next
players must select 2 green 1 purple cards and the last remaining players 1 green 2 purple cards (Figure 2).

52



Nalkiran & Karamustafaoglu, 2021

6. In the first stage, the one whistle of the referee indicates that the player's response is correct and could move
on to the next table. If the player's answer is wrong, the referee whistles twice and she/he has to solve the
question repeatedly until finding the correct answer. The referees take the solved yellow, green and purple
question cardboards and throw them into the game box. They also give 3 large erasers to the players finishing the
first stage.

7. In the second stage, the throwing line cannot be stepped on. If the bottle full of water under which the chest
key is found on the first shot, there is no obligation to shoot again. When the wrong shot is made or the bottle of
the other group is dropped, the erasers are picked up the ground again and the game continues. The player
finding the key her/his or the other player’s dropping the water bottles, moves to stage 3.

8. In stage 3, after opening the correct wooden chest, the player can only take 1 wooden block in it. The
randomly selected wooden block cannot be left back or replaced.

9. In stage 4, the player, thinking she/he has placed the wooden block in the correct gap on the board, lifts the
group’s icon-colored handkerchief in the air. After the check, if the gap where the block is placed is correct, the
referee blows his whistle 3 times and the game is over and that player wins that round. If the gap she/he placed is
not correct, the referee blows his whistle twice and the player takes his second chance. If he/she still doesn't find
the right gap, then she/he takes her/his 3 and last chance. Still the player placing the block in the wrong space
for the third time is eliminated from the game.

10. The player winning the round is given 1 bottle cap in the icon color of his/her group (red or blue). Only the
winner in the 10" round will be given 2 bottle caps. Caps collected as winning the tours are put in the glass of
the group's icon color. The group with the most caps in their glass at the end of the 10" round wins the game.

3. GAME PLAY:
The CFK Survivor game consists of 4 stages. It starts from the 1st stage and all stages are played
respectively. Next stages cannot be passed before the previous stage is completed.
- 1%t Stage; answering questions on yellow, blue and purple cartons,
» 2" Stage; knocking over the right water bottle with oversized erasers and finding the key under it,
» 3" Stage; opening the correct wooden chest with the key and selecting a wooden block from inside the box,
« 4" Stage; placing the received wooden block in the correct gap in the temperature units’ panel.

The chief referee of the game is the teacher of the physics lesson. A second physics teacher working at the
school is also asked to act as a referee. The referees (physics teachers) divide the players (students) into two
groups of ten people. Once their group is determined, the players choose the group leaders and the color (red or
blue) that represents their group. They develop a game strategy led by the group leaders and determine their
playing orders accordingly. Determining the playing order of the players is especially important in terms of the
1%t and 4™ stages (not being able to choose from yellow cards and having less / more gaps in the temperature
units panel) and the 10" round (giving 2 bottle caps).

3.1. Gameplay of Stage 1

At the beginning of the game, the players are given handkerchiefs in their group's icon color (red or
blue). Both players stand side by side on the starting line (Figure 1). When the chief referee whistles three times,
they arrive at the "Celsius-Fahrenheit” table with yellow cartons. They each select one of the question
cardboards on the table and read the question below by turning it over. After calculating by looking at the white
formula cardboards attached to the head of the table, they show their cardboards to the referee. The player whose
answer is correct goes to the "Celsius-Kelvin Table" with green cardboards after the referee whistles once.
Likewise, by choosing a green cardboard she/he does the calculations on it. If the answer is correct, the referee
whistles once again and she/he arrives at the "Fahrenheit-Kelvin Table" with purple cardboards. So, by choosing
a purple cardboard, she/he does the calculations on it. If the answer is correct, the referee whistles one more time
and gives the player three oversized erasers. If the answers are wrong, the referee will whistle twice and the
player cannot move to the next table until he finds the correct answer. Thus, the 1% stage is completed (Figure 2).
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Figure 2. CFK Survivor Stage 1

In the first stage, each player has to choose 3 question cardboards and answer the questions written on them
correctly. The first players can choose 1 yellow, 1 green and 1 purple cardboard. Since the yellow cartons will
run out, the next players have to choose 2 green 1 purple cartons and the last remaining players have to choose 1
green 2 purple cartons.

Although all 21 questions on yellow, green and purple cards are prepared at "medium difficulty” level, the
questions on the yellow card (as the Celsius-Fahrenheit conversion calculations can be made relatively easier
and faster) can be an advantage for first players. On the other hand, the next players’ being obliged to choose
from green and purple cardboards may also be a disadvantage for them. In addition, finishing the first stage fast
can give players an advantage before throwing bottles in the second stage.

3.2. Gameplay of Stage 2
After finishing the first stage, the players taking their oversized erasers from the referees, arrive at the

throwing point without stepping on the throwing line next to the table with purple cardboards (Figure 1). By
throwing 3 erasers, they try to drop the water-filled bottles in group colors standing 3 meters away. When the
bottle with the key under it is dropped, there is no need for another shot. So, the player finding the key, no matter
if she/he or the other player drops, under the right bottle passes to the third stage. However, if she/he cannot drop
the right bottle in all 3 shots, or drops the other group’s bottles, the player can take her/his erasers again and
shoot until finding the right bottle (Figure 2).
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Figure 3. CFK Survivor stage 2
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At this stage, the players dropping the bottle with the key under the first shot gives them an advantage in terms
of speeding up. On the other hand, it would be a disadvantage for them to find the key in the next shots or to
drop the other group's bottles.

3.3. Gameplay of Stage 3

The player receiving the key tries to find the correct one among the 2 wooden chests on the table as in
Figure 4. After opening the chest, she/he randomly selects a wooden block with corresponding values in Celsius,
Fahrenheit or Kelvin. The player can only select 1 wooden block and cannot leave back or change what he
bought. Thus, the third stage is completed.

Refree
(Teacher)

Locked
Wooden Ches

/ \

—

| 1 Chief Refree
= (Own Teacher)

Figure 4. CFK Survivor stage 3

In the 3" stage, which is shorter than the other stages, panic or excitement to find and unlock the right wooden
chest, which is suitable for the key, can cost her/him time. So, this may cause a disadvantage in the fourth stage.

3.4. Gameplay of stage 4
With the wooden blocks, the players come to the temperature units’ panel without stepping the
alignment band on the floor, touching the board or the table as in Figure 5.
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Figure 5. CFK Survivor stage 4
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The players place the wooden blocks in the appropriate gap of the 20 spaces in the temperature units’ panel as
shown in Figure 6. The player thinking, she/he has placed the wooden block in the correct gap on the board, lifts
up the group's icon-colored handkerchief. If the gap where the block is placed is correct after the referee check,
the referee whistles 3 times and the first round is finished.

If the wooden block is not placed correctly on the board, the referee whistles twice and the player is given a
second chance to find the right gap. So, if it is true, the referee whistles 3 times and the player becomes the
winner of the round. However, if she/he doesn’t place it correctly again, the referee whistles 2 times and the
player is given the third and last chance. If the gap in her/his last chance is correct, the referee whistles 3 times
and she/he becomes the winner of the round. But if it is not correct, the player failing to use all 3 chances, is
eliminated from the game.

Figure 6. Placing the wooden block in the temperature units’ panel

Therefore, the player finishing the fourth stage first wins that round and is given 1 bottle cap in the icon color of
her/his group (no cap is given to the player who finishes the game in second place or fails to finish). The winners
of the first 9 rounds are given 1 bottle cap in the group's icon color (red or blue), while only the winner in the
10" round is given 2 bottle caps. Caps collected as winning the rounds are put in the glass of the group's icon
color. At the end of the 10" round, the group with the most caps in their glass wins the game.
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In Spain, low motivation is one of the reasons freshman students allege to explain
their dropping out from higher education degrees. Hence, this study analyses the
impact of different educational resources and tools supported by Information and
Communication Technologies (ICT) on the motivation of students in the freshman
year of three Bachelor’s Degrees in the University of the Basque Country. With
such aim, interactive activities were implemented in two undergraduate courses:
Natural Sciences in Primary Education I (NSPEI) of the ‘Bachelor’s Degree in
Primary Education’; and Chemistry (CH), of both ‘Bachelor’s Degree in Marine
Studies’ and ‘Bachelor’s Degree in Nautical Studies and Maritime Transport’.
Motivation has been modelled according to: the importance a person awards to an
activity, the expectations put on it, the belief of the usefulness of the result and the
fast reward in the response. The sorting in tool valuations reported in the final
questionnaire by NSEPI students generally met the order in the motivation values
predicted by the Vroom model. Regarding the final questionnaire, in general,
students believe that ICTs are essential, but that they do not replace traditional
educational resources. It is remarkable that NSEPI students have a better perception
than CH students of ICT tools, probably because they will most certainly
implement them in their future professional activity.

INTRODUCTION

Motivation is a key element in learning since when a person is motivated, he or she will
be much more involved in academic activities (Ramos, 2014). This implication is important to
optimize the performance of the teaching-learning process (Ajello, 2003), particularly in the
freshman year of a Bachelor’s Degree, in which each student must achieve a minimum
percentage of credits to continue with their studies. Such is the case of the Bachelor’s Degrees
in the University of the Basque Country (UPV/ EHU) (BOPV 2014) to which the undergraduate
courses target of this study correspond: Natural Sciences in the Primary Education Classroom
I (NSPEI) (Bachelor’s Degree in Primary Education) and Chemistry (CH) (Bachelor’s Degree
in Marine Studies and Bachelor’s Degree in Nautical Studies and Maritime Transport). The
general characteristics of such undergraduate courses are shown in Table 1.
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Table 1. Features of the undergraduate courses studied in the 2019/20 academic year
(University of the Basque Country UPV/ EHU, 2019)
Course ECTS Bachelors’ Cut-off mark Number  of Male/female/non- Half Situation

Degreein  (over 14) enrolled binary (%)
students
Nature 6 Primary 9.3 50 33.0/77.0/- 2nd Alarm
Sciences Education status due
in Primary to
Education COoVID
| 19
pandemic

Chemistry 6 Marine - 20 100.0/-/- 1t Usual

Studies

Nautical - 24 88.5/12.5/-

Studies

and

Maritime

Transport

According to data from the Spanish Ministry of Science, Innovation and Universities (2018),
the dropout rate in the freshman year 2014-2015 reached 21.5 %. In other words, almost 1 in 4
freshmen students dropped out. Regarding the Bachelor’s Degrees object of this study, the
dropout rate for freshmen students in the 2017-2018 academic year widely fluctuated around
the aforementioned average value. Namely, it was as much as 33.0 % in the Bachelor’s Degree
in Nautical Studies and Maritime Transport, and 11.1 % and 8.6 % in the Bachelor’s Degree in
Marine Studies and the Bachelor’s Degree in Primary Education, respectively. According to a
report on student dropping out of the University of Jaén (2015), the need to achieve a minimum
number of credits was the most frequently stated reason (30%) by those students who dropped
out of a Bachelor’s Degree of this university during the freshman year, followed by economic
reasons (12%). Among the remaining causes addressed in the report, the following most cited
was motivation. Hence, upon dropping out of the degree, 11 % of the students interviewed
claimed that initial expectations were not met, and 8 % of them reported they had lost interest
or motivation.

Bearing in mind the importance of motivation among the students interviewed, this paper will
be focused on the way in which 1% grade professors can influence students by increasing their
motivation through different educational resources and tools supported by Information and
Communication Technologies (ICT).

From a cognitive approach, motivation can be modelled according to Vroom's expectancy-
value theory (1964). This theory is based on the assumption that individuals will take action
when they believe their efforts will lead to a successful performance, bringing them positive
results. This model is represented by the following equation:

M=V -E-I (Equation 1)

Where ‘M’ stands for motivation, ‘V’ is the value or level of importance that a person awards
to an activity (i.e., the desire or interest they hold when making it), ‘E’ is the course expectation
or probability that effort leads to a result, and ‘I’ is an instrumentality, that is, the belief of the
usefulness of the result to be obtained. On the other hand, from a behavioural perspective,
different factors need to be taken into account for reinforcement to be positive, such as the delay
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of the reward (DR) (Naranjo, 2004), which is inversely proportional to motivation. By
incorporating this variable into equation 1, equation 2 is obtained:

M=V -E-I/DR (Equation 2)

The performance of professors might promote student motivation. For example, value (V) can
be improved by helping students to find the usefulness of learning in their daily life and/or in
designing tools that increase the value of the activity in the total mark of the course. Regarding
expectation (E), professors can try to strengthen the confidence of students in their skills to
succeed by letting them lead the teaching-learning process (International University of
Valencia, 2015), and by providing the means for their self-assessment (Calatayud, 2008).

In such a sense, Flipped Classroom approaches might be helpful for students to play the main
role in their learning process since they remove the traditional transmissive lecture and replace
it with active in-class tasks and pre-/post-classwork (Abeysekera & Dawson, 2015; Seery,
2015). Besides, a Flipped Classroom course can be taught in various physical facilities, not only
in a traditional lecture hall, but also in technology-enhanced classrooms, studios, laboratories,
computer labs, meeting rooms, outdoor settings, or online learning spaces (Long et al. 2017).
In fact, Nouri (2016) found out that the majority of a BSc degree students who participated in
the Flipped Classroom methodology had a positive attitude towards it and, in comparison to
those who did not, the students that followed such methodology showed higher motivation and
self-sufficiency (Asiksoy & Ozdamli, 2016). However, as Saiz Manzanares and Arnaiz-
Gonzalez (2017) report, students considered Flipped Classroom facilitated conceptual
construction, butt it could not entirely replace traditional face-to-face lectures. Such statement
coheres with the work by van Alen et al. (2019) who found that students in Flipped Classrooms
achieved higher learning outcomes when the face-to-face class time was not reduced, or when
quizzes were added in the Flipped Classrooms. In fact, quizzes can be a means for students”
self-assessment, which is also an ideal tool to deal with the diversity of first-year students
(people with different skills, learning styles, cognitive strategies, previous experiences and
knowledge, motivation, attention, emotional and social adjustment, etc.).

Finally, by decreasing the reward delay, such as by publishing the test or activity results once
these have ended, the demand for the reward (DR) will decrease and the motivation will thus
increase (Eq. 1). In this sense, as pointed out by the International University of Valencia (2015),
the use of ICT can be a very useful tool for professors to increase the motivation of students.
That might be one of the reasons for which the educational model of the UPV/EHU, approved
in 2010 under the IKD name, and followed since 2016 by the IKD i strategy, promotes the use
of active and innovative teaching methodologies (UPV/ EHU, 2020). Since 2010, the UPV/
EHU has thus implemented a number of institutional programmes to foster active and
innovative methodologies such as Flipped Classroom and ICT, which the authors of this work
have joined. Hence, within such a frame, the objective of this work is to evaluate the
effectiveness of Flipped Classrooms and ICT to arouse motivation in students.

METHOD
The activities and methodologies were implemented within the framework of the
courses NSPEI and CH, which are correspondingly comprehended in the freshman years of the
Bachelor’s Degree in Primary Education and the Bachelor’s Degree in Marine Studies and
Nautical Science and Maritime Transport (Table 1). Some of the features of each course and
the tools, methodologies and activities implemented are described below. Then, the motivation
is quantified on the terms described in equation 2 for each undergraduate course and Bachelor’s
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Degree. Students at the NSPEI and CH groups underwent two questionnaires about their
opinion of the usability of the ICT tools: an initial one before the lessons started and then a final
one towards the end of the programme.

Natural Sciences in Primary Education | (NSPEI)

NSPEI is a first-year course of the Primary Education Bachelor’s Degree of the
Education Faculty of Bilbao. In the 2019-2020 academic year the number of places available
was 150 and the cut-off mark was 9.3 from 14.0 for the generic group (Table 1). Such a number
of places was divided into three groups of approximately 50 students. One of such groups was
assigned to a professor who co-authors this work and thus the students of such groups
contributed to this study.

The NSPEI course consists of 6 ECTS credits, 60 hours of face-to-face teaching that comprises
the following teaching modalities: masterclasses (40 %), classroom practices (52 %) and
seminars (8 %). It takes place during the 2" second half of the school year (February to May).
It should be remarked that face-to-face activity was interrupted in the mentioned period by the
establishment of the alarm status due to the COVID-19 pandemic.

The activities conducted through ICT and/or in the form of a Flipped Classroom were
implemented in different teaching modalities. As an activity of classroom practice, an
individual test about scientific competencies was performed through the Socrative tool after the
analysis of a text on the issue using the Aronson puzzle technique (Social Psychology Network,
2020) Socrative (https://socrative.com/) is a gamification application that allows the professor
to handle students’ participation through mobile devices in real-time, to perform tests,
evaluations, activities, etc. and provides the professor with detailed data of the marks obtained
by the students in the tests conducted (Bello Pintado & Merino Diaz de Cerio, 2017). Unlike
the other activities described in this work in which ICT was implemented and did not reflect in
the final result of the course, the mark obtained in such a test weighed 13% of the final grade.

In the context of a seminar on the Sun-Earth system, an Excel spreadsheet
(https://products.office.com/es-es/excel), developed by Microsoft, was implemented to display
the evolution of the daily sun hours graphically in a location selected by each student. Two self-
assessment quizzes were also carried out through the Kahoot game-based learning platform
(https://kahoot.com/) on the contents that had previously been assessed in masterclasses.
Kahoot, as well as Socrative, allows the professor to create multiple choice quizzes and monitor
students' responses through mobile devices in real-time. However, unlike Kahoot, Socrative
gathers the results obtained by the students in a more detailed report. The Edpuzzle online tool
(https://edpuzzle.com/) enables the professor to modify, create and edit interactive videos by
entering questions that professors can collect. This tool was used in the context of master
lectures to bring in the consumerist perspective. This task corresponded to interdisciplinary
work, in which a probable situation in the context of a real school was posed to the NSPEI
students. With such aim, a video on consumerism was chosen and questions that students
answered individually were inserted in it using the aforementioned online tool.

After the establishment of the health alarm status, the Flipped Classroom methodology was
used throughout the four-month period. This methodology consisted of asking students to read
the professor’s notes, to solve some problems about the contents, to discuss the aroused doubts
online, and finally to argue and solve the problems (Milman, 2012).
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All the activities mentioned were implemented through the virtual platform eGela (the Moodle
platform of the UPV/EHU). The use of this platform as a support for the designed activities was
due to its advantages: 1) accessibility from anywhere with an Internet connection, 2) easy
updating and use at the time deemed appropriate, 3) no reproduction costs, and 4) interactivity,
autonomous learning, acquisition of different cross-cutting skills, etc. (Silva, 2011). It should
be emphasized that the accessibility of eGela and other ICT tools, has been critical since the 80
% of face-to-face lessons were unfeasible after the establishment of the health alarm status on
14 March 2020 (the 18™ of the 30 scheduled weeks) due to the COVID-19 pandemic.

Chemistry (CH)

As it is shown in Table 1, the CH course is taught in the freshman year of both the
Marine Studies and Nautical Studies and Maritime Transport Bachelor's Degrees at the Faculty
of Engineering in Bilbao. As published by the UPV/ EHU, 60 seats were offered at both the
aforementioned Bachelor’s Degrees in the 2019-2020 academic year and no cut-off grade was
established for the generic group in any case (UPV/ EHU, 2019). It should be noted that the
offer of this type of Bachelor’s Degrees in Spain is low. For instance, according to educaweb
(https://www.educaweb.com/nf/carreras-universitarias-de/grado-ingenieria-marina/) such
degrees (or similar) are taught at about 19 universities while the search at the same web for
Primary Education Bachelor’s Degree results in about 200 sites. Therefore, the home region of
the students at Marine Studies and Nautical Studies and Maritime Transport Bachelor's Degrees
at the Faculty of Engineering in Bilbao is probably further away than in other Bachelor’s
Degrees at the same university, which might add up stress for these freshmen.

Regarding the teaching modalities, the CH course comprehends 6 ECTS credits, hence, 60 face-
to-face hours. They consist of master lectures (50 %), classroom practices (17 %), seminars (17
%) and laboratory practices (17 %). The chemistry course takes place during the first half (from
September to December). In the case of the mentioned subject, the innovation, ascribed to
Flipped Classroom methodology, was implemented in all the laboratory practices. This study
is focused on the results obtained in three laboratory groups: two groups that were taught in
Spanish (50 enrolled students) and another group that was taught in Basque (6 enrolled
students).

According to this methodology, students were asked to go over the theoretical basis and the
content of the practices outside the laboratory a week before they took place. Students were
also asked to complete and answer a series of questions before the practices. These tasks were
mandatory and, although not evaluated or rewarded, their fulfilment was compulsory in order
to carry out the laboratory practice.

Motivation on the Use of the Tools

The values of the parameters V, E, | and DR (see equations 1 and 2) presented in Table
2 have been provided by the professor of each course based on the implementation of ICT tools,
and M has been calculated according to equation 2. Parameters V, E, I, and DR are considered
to range between 1 and 5 integer values (1 being the least and 5 the most), thus total motivation
(M) ranges between 0.2 to 125.

As previously indicated, the activity designed with the tool Socrative had an impact on the final
mark of the NSPEI course. Therefore, this tool has been assigned with a higher value (V) than
the other tools used (Table 2). As for instrumentality (1), it has been considered that the tools
Socrative, Kahoot, and Edpuzzle, and Flipped Classroom methodology have a greater
projection in the future professional field of NSPEI students than the Flipped Classroom
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methodology for CH students. It should be borne in mind that, differently to CH students,
NSPEI students will most probably be teachers themselves and will surely use such
tools/methodologies or very similar when teaching, thus, such tools are assigned with a 3 and a
1 for NSPEI and CH respectively. On the other hand, the instrumentality associated with Excel
utility is considered intermediate for NSEPI students, for in their future as Primary Education
teachers they will surely implement such tool but not in their lessons, as they would more
probably do with Socrative, Kahhot, Edpuzzle or Flipped Classroom technique. Regarding
delay of response (DR), while the results of Flipped Classroom and Excel are long delayed,
results for Socrative, Kahoot and Edpuzzle are immediate, so they have been assigned with 1,
the minimum possible value.

The rate of return or the ratio between exceeded and enrolled credits on the target courses
NSPEI and CH is correspondingly 94 % and around 65 % (on average for the Bachelor’s Degree
on Marine Studies and Bachelor’s Degree on Nautical Studies and Maritime Transport)
(UPV/EHU, 2020). Assuming a linear relationship between such ratio and E, it has been
concluded that NSPEI students E is 5 and thus it is 3 for CH students (Table 2).

Table 2. Values of the variables in equation 2 for the tools used in NSEPI and CH
undergraduate courses

Socrative Kahoot Edpuzzle Flipped classroom Excel
NSEPI NSEPI NSEPI NSEPI CH NSEPI
\Y 2 1 1 1 1 1
E 5 5 5 5 3 5
I 3 3 3 3 1 2
DR 1 1 1 3 3 3
M 30 15 15 5 1 3.3

It can be observed that M ranges between 1 and 30. The minimum value corresponds to CH
students regarding Flipped Classroom technique while the maximum corresponds to NSPEI
students and the Socrative tool, which, due to the way in which it has been utilized and its
projection in the future for NSPEI students, has been assigned with the largest possible values
of V, E and | and the minimum value of DR.

FINDINGS
Initial Questionnaire
Before the lessons started, the students were asked about their interests in learning ICT
use and their motivation to do so (Figure 1). The students responded on a Likert scale from 1
to 5, where 1 equaled "nothing” and 5 to *very much’ (Likert, 1932).

NSPEI CH

OPercentageofl  laminterestedinusing ICT

OPrecentage of 2

@Percentage of 3

EPercentage of 4

MPercentage of 5 1 am motivated

0 20 40 60 80 w00 o0 20 40 60 80 100
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Figure 1. NSPEI and CH students’ opinion on interest and motivation in using ICT as
addressed in the initial questionnaire

As it is shown in Figure 1, approximately half of both CH and NSPEI students reported that
they were interested (4) or very interested (5) in using ICT while clearly more CH than NSPEI
students declared they were motivated to learn about it (80 % vs 5 %).

Final Questionnaire

After the implementation of the designed activities, which have been described in the
previous section, a questionnaire was carried out in each of the aforementioned courses.
Students were surveyed on their satisfaction regarding the teaching methodologies and
interactive tools, as well as on their degree of acceptance and usefulness.

The results on satisfaction have been divided into three subsections: (1) general opinion on ICT
(Figures 2, 3 and 4); (2) opinion on each specific ICT (Figure 5), and (3) opinion on the
innovative role of the tools on the teaching-learning process (Figure 6). The students answered
via a Likert scale from 1 to 5, where 1 equaled 'nothing” and 5 to *very much’ (Likert, 1932).

General Opinion on ICT

Concerning the general satisfaction with teaching methodologies, Figure 2 compares the
average values obtained in the 10 items included in the final questionnaires for the two courses
studied.

They reinforce relationships among participants r——m—

They help improving academicresults . ——— O NSEPI
Theyinvolve more dedication and effort wsr——

Theyreplace traditional educative resources m——

W CH

They are intuitive

They are easy to understand and use

They are important to my academic formation

__I
——
\
_—‘
1 ;
They help completing knowledge ——I
——,
\
I

They help finding additionalinformation

They are essential today

2.5 3.0 3.5 4.0 4.5 5.0

Figure 2. Average values obtained in the final questionnaire on the general opinion of ICT use
on NSPEI and CH courses

According to the conclusions derived from Table 2 (the predicted motivation is generally
superior for the NSPEI group than for CH), Figure 2 shows that the NSPEI group gave better
assessments than the CH group to the utilities of the implemented tools, being in all cases
greater than 3.0. Specifically, the score the NSPEI course students gave to the utilities varied
between 3.0 and 4.1, while the CH group score ranged between 2.5 and 3.3. CH students
allocated less than 3.0 points to the following three items: ‘They reinforce relationships among
participants’; ‘They involve more dedication and effort’ and ’They replace traditional
educational resources’. These results may be due, among other reasons, to the fact that the CH
students might consider Flipped Classroom a too unrewarding effort, which only gives access
to the laboratory.
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On the other hand, it should be noted that the items that got the most dissimilar marks between
CH and the NSPEI students were: ‘They are essential today’ and ‘They help to find additional
information’, probably because, unlike CH students, the alarm status for the COVID-19 was in
force when the NSPEI students responded to the questionnaire. However, both groups agree on
attributing an average score of around 3.2 to the item ‘They help improve academic results’.

According to the majority of the students surveyed, ICT is essential today in academic training,
but according to CH students, who on average attributed less than 3.0 out of 5.0 to it, they do
not replace traditional resources, but should be used as a complement to acquire knowledge
because they help to seek additional information. CH students also report that ICT tools are
easy to understand and use because they are intuitive. The main drawbacks of using ICT pointed
out by both groups are that relationships between participants (both students and student-
professor) are not fostered, and that students consider that they barely improve their academic
results.

For a better understanding of the differences in the results on the two courses, the percentages
of the punctuations obtained for each item have been compared for both courses. The
percentages of each score (grouping 1 and 2; 3; 4 and 5 values) are shown in Figure 3. This
figure also includes the percentage associated with the blank answers (Does not know/Does not
answer (DK/DA)).

NSEPI CH

They help improving academic results I I T I
They involve more dedication and effort I I I I
They reinforce relationships among participants I I I
They replace traditional educative resources T I T I
They are intuitive I I T I
They are importat to my academic formation I I T
They are easy to understand and use I I I |
They are essential today I T I
They help finding additional information I I T
They help completing kowlegde - T I u

0% 50% 100% 0% 50% 100%
O1land 2 o3 E4and5 W DK/DA

Figure 3. Ranges of valuation percentages obtained in the final questionnaire on the general
opinion of ICT use on NSPEI and CH courses

When comparing the distribution of valuation percentages, unlike in CH, higher scores
predominate in the NSPEI course (4.0 and 5.0). Namely, the item ‘They help complete
knowledge’ (Figure 3) reaches almost 80 %. The intermediate valuation of 3.0 given in each
group varies depending on the item, with no clear trend. In the NSPEI group there is hardly any
presence of the lowest valuations (1 and 2), which vary between 0% and 13% %, only attaining
the maximum value 26 % at the item “They reinforce relationships among participants”. On the
contrary, in the CH group such punctuations are quite noticeable. In fact, in some cases the
lowest values are given by as much as the 50 % of CH students, i.e. “They help complete
knowledge”. In the NSPEI group the does not know/does not answer number is constant for all
questions.

In general, it can be stated that in the CH group ICT are not as well valued as in the NSPEI
group. However, the motivation stated by the CH students in the initial questionnaire was larger
than the addressed by the NSEPI students (Figure 1). The good opinion about the use of ICT in
of the NSPEI group (Figure 2) could be due to the larger number of interactive activities
proposed in the NSPEI course, which were designed to meet the suspension of face-to-face
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classes in the UPV/EHU. This fact may have made students aware of the need for this type of
tools and, hereafter accustom them to its use considering that, at that particular time, it was the
only feasible way of studying and working on the course. Besides, it should be beard in mind
that the ICT and methodologies implemented are tools that might be directly implemented in
their future professional activity by the NSPEI students, while its applicability might not seem
so direct for the CH students.

Comparison of NSPEI Students’ Opinion on the Implemented ICT and Vroom’s Model

Concerning the opinion on the implemented ICT, Figure 4 contains the NSPEI students’
global valorisation acquired through the final questionnaire. The data shown refer to the
obtained average values, within an interval from 0 to 5. Motivation, as calculated from equation
2, is also included in the secondary y-axis, ranging from 0 to 30.
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ICT/technique
Figure 4. Average values obtained in the final questionnaire on the overall valuation and
calculated motivation (Table 2) of the different ICT used in NSPEI

As it can be observed in Figure 4, all implemented ICT tools are valued globally with at least
3.0 points out of 5.0, being Socrative and Excel the most and least valued, respectively (Figure
4). Such might be since the Excel spreadsheet does not provide any gamification, while it is a
basic feature of Socrative. The sorting in tool valuations generally meets the order in the
motivation values predicted by the Vroom model (Table 2), only Edpuzzle differs from this
trend. Namely, this interactive tool is valued worse than Kahoot probably because it is more
unknown than Kahoot and therefore the students attribute less utility (I) to it when compared
with the value predicted in Table 2. To know the reason for these differences between the
overall ICT tools assessments in the NSPEI course, all responses were analyzed taking into
account five aspects: motivating capacity, collaborative attitude, understanding, self-
assessment and autonomy. The results obtained from this data analysis are shown in Figure 5,
which also agrees with the statements in Figure 3. As the results collected in Figure 4 suggest,
NSPEI students value the tool Socrative the most in most aspects, except for motivation, in
which the tool Kahoot gets the best grade. Of all the items explored, ’Learning Autonomy’ for
Socrative's activity scored best (4.0 out of 5.0). This may be because, as the NSPEI students
reported in their initial questionnaire, Kahoot was the least unknown tool and thus it can raise
more interest and motivation for the student.
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Figure 5. Average values obtained in the final questionnaire on ICTs used in Natural Sciences
in Primary Education | (NSEPI)

The ICT that in the overall valuation obtained the best score (Socrative, Kahoot and EdPuzzle)
(see Figure 3), have a rating greater than 3.0 at all items (Figure 5). The worst-rated tools in the
graph above (Flipped Classroom and Excel) get a lower rating than 3.0 in 3 of the 5 items,
agreeing to fail below 3.0 in two of them: ‘Motivation for the course’ and ‘Auto-evaluation’.
Seemingly, the perception of these two items is related, since if these tools are not motivating,
it should be expected that students will not use them for self-assessment. These low values may
also be linked to the fact that Flipped Classroom involves greater personal effort and attention
from students, and that Excel is a resource that has a presumably less future projection in the
professional practice of Bachelor’s Degree in Primary Education students, as mentioned when
setting the utility (I) value (Table 2).

Opinion of the Innovative Role of the Tools on the Teaching-Learning Process

Based on their experience, the teaching team classified the ICT tools, formats and
methodologies implemented in the courses according to their degree of innovation and allowed
each of them a score in the range of 1 to 5, as shown in Figure 6.

Also, NSPEI students have posed the following questions on the implemented ICT tools and
methodologies: ‘When learning, understanding, setting concepts and knowledge, etc., what has
been easier for you?’ The score ranged between 1 and 5, and the response for each ICT and/or
methodology is shown in Figure 6 together with the values suggested in Table 2.
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Figure 6 Average values obtained in the survey on ICTs used in NSPEI and the innovation
degree of the ICT/Methodology

No relationship between the innovative degree of the ICT tools, the formats and methodologies
implemented and its capacity to help NSPEI students to learn, understand and set concepts and
knowledge, etc., can be observed in Figure 6.

CONCLUSION, DISCUSSION AND SUGGESTIONS

Different interactive teaching tools supported by Information and Communication
Technologies (ICT) have been employed for designing various activities which were
implemented in different courses. This implementation aimed to analyze their suitability to
increase motivation in freshmen students. To this end, the students of two first-year courses:
Nature Sciences in Primary Education I (NSPEI, Bachelor’s Degree in Primary Education) and
Chemistry (CH, Bachelor’s Degree in Marine Studies and Bachelor’s Degree in Nautical
Studies and Maritime Transport), have been surveyed in relation to their opinions on the above-
mentioned tools.

Regarding ICTs in general, students in both courses believe that they are essential, but that they
do not replace traditional educational resources. Particularly such is the opinion of the CH
students who, unlike NSPEI students, were not confined due to the state of alarm derived from
the COVID-19 pandemic. The negative aspects students highlight are the lack of interpersonal
relationships that their use entails and the fact that they (by themselves) do not help improve
academic results. In short, students consider that digital tools and novel methodologies
complement traditional educational resources. Such findings cohere with those reported by Thi
Thai et al. (2017), according to which students in a blended learning setting had a higher
learning performance as compared to those in an e-learning setting.

Regarding the tools raised in the course NSEPI, students value Socrative, Kahoot and EdPuzzle
tools better than Flipped Classroom or Excel, which agrees with the motivation capacity of such
tools as calculated through the Vroom model. And yet, as reported by Diaz-Garrido et al.
(2017), the capacity of Flipped Classroom for motivating students might be higher than that of
traditional resources. In the case of the Flipped Classroom, a methodology used in the two
courses, NSEPI students have a better perception of it, seemingly because such students may
be more motivated in the use of such methodology, as well as ICT, for they will most likely
implement them in their future professional activity. Also, as previously mentioned, NSPEI
students were confined to their homes when the course took place, which might have made up
their minds about the convenience of ICT. Such classification matches the suggested by Mc
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Nelly et al. (2016), who found that Flipped Classroom endorsers had more positive attitudes
towards the course activities (both pre-class and in-class) and felt more involved and engaged
in the content. In this sense, we agree with Tomas et al. (2019) who suggest a flipped learning
continuum that fosters different levels of student-centered learning and autonomy. And,
particularly in the context of the first year experience, they recommend some teacher-led
instruction to support students’ transition to learning in higher education. In future studies,
research on the impact on higher degree courses students” motivation of scientific-technological
grades of Flipped Classroom in combination with ICT will be carried out.

On the other hand, Flipped Classroom may rely on ICT which, in combination with the former
or just by themselves, have proved to be essential in times or situations when presential lessons
are not feasible. Moreover, according to the results obtained in this work, it can be concluded
that if the ICT formats are properly selected, they can be powerful motivating tools. However,
and despite the fact that the students in this study agreed with the need for ICT, they also pointed
out that they would not replace traditional educational resources. Hence, the choice of blended
learning may be the most appropriate teaching-learning method.
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Scale development can score at most 40. The results showed that the literacy level of pre-service
Literacy science teachers towards renewable energy resources was at a medium level.

INTRODUCTION

In order to survive, a person places their life on very different internal and external
balances that depend on each other. Perhaps the most important of such balances is the
balance that a human has with their environment, which has been going on since existence. In
other words, humans and the environment have been in an ongoing interaction for millions of
years, and it is not possible to think of the environment outside of humans and independently
of human activities. Therefore, human beings and all of their activities affect the environment
and environmental resources and cause their destruction. With the transition from the living
conditions that are determined by nature, to activities that are determined by humans, the most
rapidly destroyed environmental resources are the non-renewable energy resources.

Today, rapid population growth, industrialization and technological developments cause an
increase in the requirement for energy resources. A significant part of the worldwide energy
production is provided by non-renewable energy sources consisting of fossil fuels. However,
the fact that fossil fuels will be depleted in the near future, causing serious global damages by
releasing CO2 and greenhouse gases to the environment, and the encouragement of
environmentally-friendly advanced and innovative technologies in accordance with the Kyoto
Protocol drive people to renewable energy resources (Firat, Sepet¢ioglu, & Kiraz, 2012; Boz,
2020). Renewable energy sources are defined as clean and sustainable energy that is equal to
the energy consumed from the energy source or can renew itself faster than the depletion rate
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of the resource and that does not run out even though they are used (Yakinc1 & Kok, 2017;
MEB, 2018a). These resources are classified as solar energy, biomass energy, hydrogen
energy, hydraulic energy, wave energy, geothermal energy and wind energy (Siiliikgiiler,
2018). A review of the literature reveals that public acceptance of environmentally-friendly
energy sources such as solar, wind, hydroelectric, geothermal and biomass energy is an
important factor (Wiistenhagen, Wolsink, & Biirer, 2007). However, incomplete or incorrect
information about energy and energy resources in individuals appears as an obstacle in their
search for solutions to environmental events such as global warming and in their choice of
energy use (Akitsu, Ishihara, Okumura, & Yamasue, 2017; Demirbag, 2019). According to
Bodzin, Fu, Peffer and Kulo (2013), many research results reveal that individuals have an
incomplete understanding of energy consumption habits and a lack of conceptual knowledge
about non-renewable and renewable energy sources. Accordingly, concepts related to energy
and energy resources should be included in the national curricula of countries (Bodzin, 2012).
In our country, science (MEB, 2018b), biology (MEB, 2018c), geography (MEB, 2018d) and
chemistry (MEB, 2018e) curricula include topics such as renewable energy sources,
sustainable development, energy-saving, and the relationship of natural resources with the
economy. The inclusion of the determined subjects in the curriculum is of great importance,
especially in terms of environmental awareness and energy literacy. Because, in order to use
natural resources in a sustainable and economical way, to transfer them to future generations,
to raise awareness and consciousness about renewable energy sources, and to create
sustainable environmental awareness, individuals who grow up should be environmentally
and energy literate individuals.

Partnership for 21 Century Learning (P21) project, which is a strategic education project,
explains the skills that individuals are expected to acquire in the 21% century. This project also
includes energy literacy among the main topics of 21% century skills, and it is seen that global
and environmental literacy skills are also among the skills and competencies that an
individual should have. Global environmental literacy includes utilizing 21st century skills to
understand and solve global issues. In addition, it is defined as skills and competencies such
as knowing the environmental conditions related to air, climate, soil, energy and water;
understanding the impact of the resource consumption rate of the society and the population
growth on nature; taking individual and social measures for environmental problems (Gelen,
2017; Taslibeyaz, 2019; Boz, 2020).

The issue of energy, which is mostly referred to under the category of environmental literacy,
is currently used as a separate term in the form of energy literacy with global climate change,
increasing energy requirements and energy consumption gaining importance (Merritt,
Bowers, & Rimm Kaufman, 2019). Energy literacy is defined as understanding the nature and
the role of energy in the universe and our lives, finding answers to questions about energy
with this understanding, solving problems, and making conscious emotional and behavioral
choices about energy in daily life (DeWaters & Powers, 2011; Oykiin & Abbasoglu, 2017;
Boz, 2020). Energy literacy is also described as having knowledge about the production and
consumption of energy, developing alternative resources, using energy resources efficiently
and being able to recognize the environmental, social and global effects of energy use (Fah,
Hoon, Munting, & Chong, 2012). Energy literacy encompasses not only the understanding of
the nature and role of energy in the world and our lives, but also the ability to apply this
understanding to answer questions and solve problems (U.S. Department of Energy, 2017).
Energy literacy emerges in the literature as a broad concept encompassing three dimensions:
knowledge, attitude, and behavior (DeWaters, Qagish, Graham, & Powers, 2013). A review of
the relevant literature reveals that international studies have focused on energy literacy in
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recent years, and studies have been conducted with different sample groups in many countries
(Fah, Hoon, Munting, & Chong, 2012; Bodzin, Fu, Peffer, & Kulo, 2013; Brounen, Kok, &
Quigley, 2013; Chen, Chou, Yen, & Chao, 2015; DeWaters, Qaqgish, Graham, & Powers,
2013; Cotton, Miller, Winter, Bailey, & Sterling, 2015; Lee, Lee, Altschuld, & Pan, 2015;
Sovaccol & Blyth, 2015; Horst, Harrison, Staddon, & Wood, 2016; Akitsu, Ishihara,
Okumura, & Yamasue, 2017). However, it is worth noting that the number of studies on
energy literacy in our country is quite limited (Gorgiilii Ar1 & Arslan, 2019; Giiven, Yakar &
Siiliin, 2019; Oluk, Sengoéren & Babadag, 2019; Boz, 2020). Studies on energy in our country
primarily investigate the individuals’ knowledge and awareness of, and attitudes towards
renewable energy sources (Firat, Sepet¢ioglu, Kiraz, & 2012; Giines, Alat, & Go6ziim, 2013;
Bozdogan & Yigit, 2014; Aygan & Zengin, 2017; Cebesoy & Karisan, 2017; Cirit, 2017,
Yenice & Tung, 2018; Balbag & Balbag, 2019; Mertoglu, 2019). However, energy literacy
includes the cognitive (knowledge, understanding, skills), affective (sensitivity, attitudes) and
behavioral (intention, participation, action) acquisitions of individuals in relation to energy, in
addition to knowledge and awareness of, and attitudes towards energy resources (DeWaters &
Powers, 2013; Lay, Khoo, Treagust, & Chandrasegaran, 2013). The energy literacy scale
developed by DeWaters and Powers (2011) was also developed specifically to evaluate
energy literacy in three basic dimensions: cognitive (knowledge), affective (attitudes, values)
and behavior. The result of the reviews indicates that there is no study or measurement tool
aiming to measure the literacy levels of individuals for renewable energy resources. From this
point of view, with this research, it is aimed to develop a literacy scale for renewable energy
sources, which is not included in the national and international literature. In particular, it is
thought that the scale will contribute to this field for which a measurement tool has not been
developed before.

The Purpose of Study

In today's world, global environmental problems and energy needs are increasing
rapidly. Considering this situation, it is thought that it is of great importance to determine the
literacy levels of individuals towards renewable energy resources and the effective use of
these resources. Many countries around the world have initiated educational programs on
renewable energy technologies and envisioned a review of the methods of teaching for
renewable energy (Kandpal & Broman, 2014). This is because the entire population needs to
be educated from an early age for a more comprehensive education on sustainable energy and
the development of energy literacy (Gocikk & Sahin, 2016). It is always the teachers who
educate this population. Therefore, it is thought that it is extremely important to identify the
literacy levels of teachers and pre-service teachers, who are the teachers of the future, in
particular, for renewable energy sources. In this respect, this study aims to develop a valid and
reliable literacy scale for renewable energy resources to identify the literacy levels of pre-
service teachers for renewable energy resources, and to reveal the literacy levels of pre-
service science teachers for renewable energy resources.

METHOD

Study Design

Aiming to develop a literacy scale for renewable energy resources and identify the
literacy levels of pre-service science teachers for renewable energy resources, this study was
conducted in two stages. The first stage of the study includes the process of developing a
scale. The other stage includes the process of identifying the literacy levels of pre-service
science teachers for renewable energy resources without any intervention. The second part of
the research was therefore conducted with a general survey model, which is a type of
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descriptive research. The general survey model aims to reveal the existing situation without
any intervention to the past or present situation or events (Karasar, 2014).

Study Group

In the process of developing a literacy scale for renewable energy resources, which is
the first stage of the research, a total of 242 pre-service teachers from various branches who
were studying at a state university in Ankara in the spring semester of the 2018-2019
academic year were worked with. Such branches were identified as physics education,
chemistry education, geography education, elementary education, biology education and
science education in accordance with the contents and the target audience of the scale.
Considering that the sample size in scale development studies should be at least five times the
number of items that are included in the scale (Bryman & Cramer, 2001), it was determined
that the size was sufficient. The distribution of the study group based on the department they
study in is given in Table 1.

Table 1. Frequency distribution of the study group according to departments

Departments f %

Science Education 43 17.77
Biology Education 45 18.59
Chemistry Education 47 19.42
Physics Education 40 16.53
Geography Education 28 11.57
Elementary Education 39 16.12
Total 242 100.00

In the next stage of the research, the scale was applied to a total of 35 junior pre-service
science teachers who were studying at the faculty of education of a state university in Ankara
in the fall semester of the 2019-2020 academic year to identify their literacy levels of
renewable energy resources.

The Process for the Development of the Scale

A review of the literature revealed that there were several valid and reliable scales of
attitudes for renewable energy sources (Liarakou, Gavrilakis, & Flouri, 2009; Giines, Alat, &
Gozim, 2013; Celikler & Aksan, 2016; Zainudin & Ishak, 2019), a scale of awareness for
renewable energy resources (Mutlu, 2016) and a scale of energy literacy (Dewaters, Qagish,
Graham, & Powers, 2013). However, it was identified that there were no scales of literacy for
renewable energy resources.

This study was intended to contribute to the literature by developing a literacy scale for
renewable energy resources and analyzing the literacy levels of pre-service teachers. In the
first stage of the scale development process, various sources were reviewed, renewable energy
sources were identified, and items that could identify the literacy levels of pre-service
teachers were prepared for each. In this way, a pool of 48 items was created. When preparing
the items, care was taken to ensure that all items contain a single case and that they are clear
and understandable. The scale was prepared as a 3-point Likert-type scale, including the
points of “Yes”, “No” and “I don’t have an opinion”.

Experts were consulted for their opinions to ensure the content validity of the draft scale,

which was prepared as a 3-point Likert-type scale with 48 items. The scale was reviewed by
two faculty members serving at the science education department and one faculty member
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serving at the biology education department for content validity; by one faculty member
serving at the assessment and evaluation department for compliance with the assessment and
evaluation criteria; and finally, by an expert for compliance with grammar rules and clarity.
Language changes were made to the contents of seven items, and three items that did not
measure literacy were removed from the draft pool based on the opinions that are received
from experts. Thus, a draft scale with 45 items was obtained.

In the next stage, the draft scale was applied to 22 pre-service science teachers who were
seniors; the incomprehensible items were revised based on the feedback for the sake of clarity
received from the pre-service teachers; and the application time of the scale was determined
as 15 minutes.

Data Analysis

The SPSS 21 statistical analysis program was used to analyze the data obtained from
the research. Descriptive statistical techniques (mode, median, arithmetic mean, standard
deviation) were used to determine the general distribution of the responses of pre-service
science teachers for the developed scale and to examine whether the data showed normal
distribution. Central tendency (mean, mode and median) and central distribution (standard
deviation, skewness and kurtosis) values of the scale scores were reported. In addition,
frequency and percentage distributions were used in the analysis of the data.

FINDINGS
Results of the Scale Development
The draft scale, which was prepared in line with the opinions that were obtained from
both experts and pre-service teachers, was applied to a total of 242 pre-service teachers who
were studying at various departments of the education faculty of a state university in Ankara.

The Kaiser-Meyer-Olkin (KMO) value of the scale was calculated as .88, and it was found
through the Bartlett Sphericity test (p <.05) that there was a significant difference in the data.
Since the fact that the KMO value was greater than .70 and there was a significant difference
in the Bartlett Sphericity test was considered as appropriate for factor analysis, it was
concluded that factor analysis could be performed on these data (Leech, Barrett, & Morgan,
2005; Tavsancil, 2010). In the next stage, factor analysis was applied to the scale. With factor
analysis, items with a difference of less than 1 among those with a factor load of less than .30,
which were simultaneously under multiple factors (M1, M2, M3, M5, M7, M10, M11, M14,
M15, M16, M19, M23, M25, M26, M27, M29, M30, M32, M33, M38, M40, M41, M42,
M43, M45), were removed from the scale; the analyses were repeated, and the factor load
values of 20 items which remained in the final scale, were indicated in Table 2 after the
number of factors was identified. Items with factor load values that are below .50 were
excluded from the scale. Consequently, it is seen that the factor load values of the items in the
literacy scale literacy for renewable energy resources vary between .52 and .90. It is sufficient
for the factor load values to be above .30 (Bryman & Cramer, 2001).

Table 2. Distribution of items to factors and their factor loadings

Item Number Factor 1 Item Number Factor 2
121 .89 131 .90
122 .88 135 .85
120 .87 136 .80
117 .86 139 .78
16 .84 14 .69
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19 .84 124 .62
18 81 118 .60
113 .80 112 57
144 .70 128 .52
134 .62
137 .60

Factors with an eigenvalue that is greater than 1.00 emerged as a result of the analysis of the
basic components of the scale and the inclusion of the items with factor loads that are suitable
for the desired level in the scale. The eigenvalues of the first two factors are significantly
greater than the eigenvalues of the other factors, while the eigenvalues of the factors other
than these two factors are close to each other and do not show sharp declines in the scree plot
chart. Factors with sharp declines in the chart point to the number of factors (Singh, 2007).
With the “scree plot” test of Cattel on such factors (Kline, 1994), the chart in Figure 1 was
obtained. For this reason, the scale was accepted to have two factors and the results of these
two factors are presented in Table 3.

5

Eigenvalue
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Component Number

Figure 1. Literacy scale for renewable energy sources scree plot

Table 3. Factor analysis results

Factor Eigenvalue % of Variance Cumulative %
1 8.16 40.80 40.80
2 4.16 20.79 61.59

Following the factor analysis, it was determined that 12 items in the scale were included in the
first factor that is referred to as “Literacy in terms of the Types of Energy Resources, while 9
items were included in the second factor that is referred to as “Literacy in terms of Country
and Environmental Problems”. In addition, the items numbered I8, 113, 118, 121, 131, 134, 137,
139, 144 in the scale were identified as reverse items.

Finally, the internal consistency coefficient (Cronbach alpha) was calculated to determine the
reliability of the scale. The internal consistency coefficient of the first and second sub-
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dimensions, and the overall internal consistency coefficient of the scale were found to be .94,
.88 and .91, respectively.

After the validity and reliability analyses were completed, a scale with two-sub-dimensions,
which consists of 20 items, was obtained. The lowest and highest scores that can be received
from the scale were identified as 0 and 40, respectively. In determining the cut-off points, the
mean value + 1 Standard deviation statistical approach, which was used by Tabacchi et al.
(2020) in the food literacy scale was used to determine the breakpoint for categorizing
individuals based on low, medium and high literacy for renewable energy sources. Therefore,
one standard deviation below, and 1 standard deviation above the average score, and scores
between the two indicate low literacy (scores below 16), high literacy (scores above 33), and
medium literacy (scores between 16 and 33, including both), respectively. The scale is
presented in the appendix.

After this stage, the scale was applied to junior pre-service science teachers, and their levels
of literacy for renewable energy resources were identified.

Descriptive results regarding pre-service science teachers’ literacy scale scores

After confirming the validity and reliability of the literacy scale for renewable energy
resources (SLRER), the scale was applied to the pre-service science teachers, and the results
for the responses of the pre-service teachers to the items in the scale are given in Table 4 and
Table 5.

Table 4. Descriptive results regarding pre-service science teachers’ literacy scale scores

Scale N M Sd. Mod Median Kurtosis Skewness

SLRER 35 22.82 253 24.00 23.00 -.28 -.28

When the values given in Table 4 are examined, it is observed that the mode median and
arithmetic mean have values that are close to each other. In addition, when the kurtosis and
skewness values are examined, it is observed that these values are between -2 and +2. In this
case, it can be stated that the data show a normal distribution (George & Mallery, 2003).
When Table 4 is examined, it is determined that the total average score of the pre-service
science teachers for the scale was 22.82. Based on this value, it was concluded that the
literacy level of pre-service science teachers for renewable energy resources was medium.

Information on the percentage-frequency distribution of the responses of the pre-service
teachers to the items in the scale is provided in Table 5.

Table 5. Percentage and frequency distribution of pre-service teachers' responses to the scale

Yes I don’t have an opinion No
Scale Items % f % f % f
Item 4 514 18 25.7 9 22.9 8
Item 6 82.9 29 114 4 5.7 2
Item 8 - - 2.9 1 97.1 34
Item 9 57.1 20 31.4 11 11.4 4
Item 12 68.6 24 14.3 5 17.1 6
Item 13 17.1 6 20.0 7 62.9 22
Item 17 85.7 30 14.3 5 - -
Item 18 5.7 2 20.0 7 74.3 26
Item 20 91.4 32 5.7 2 2.9 1
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Item 21 - - 22.9 8 77.1 27
Item 22 75.3 26 25.7 9 - -
Item 24 85.7 30 5.7 2 8.6 3
Item 28 77.1 27 17.1 6 5.7 2
Item 31 8.6 3 8.6 3 82.9 29
Item 34 68.6 24 17.1 6 14.3 5
Item 35 74.3 26 17.1 6 8.6 3
Item 36 85.7 30 8.6 3 5.7 2
Item 37 20.0 7 17.1 6 62.9 22
Item 39 11.4 4 17.1 6 71.4 25
Item 44 14.3 5 20.0 7 65.7 23

When the data obtained from Table 5 are examined, it is seen that the distribution of the
responses of the pre-service science teachers to the scale varies according to the items.
However, the responses that are given to four items stand out. First of all, almost all the pre-
service teachers responded as no to the item, “Fossil fuels are renewable energy sources
because they are formed as a result of natural processes”. Likewise, there were no pre-service
teachers who responded “No” to the item, “Geothermal energy is formed by the heat
accumulated in the depths of the earth’s crust as hot water, steam and gases”. Once again, no
response of “No” was received from the pre-service teachers for the item, “Hydroelectric
energy is obtained as a result of the difference in potential energy that water has”. Finally, a
majority of the pre-service teachers responded “No0” to the statement “Coal, oil and natural
gas are some of the renewable energy resources”. According to the mentioned situations, it
was seen that the pre-service teachers mostly had correct information about the mentioned
items.

CONCLUSION, DISCUSSION AND SUGGESTIONS
In this research, a valid and reliable scale that aims to measure the literacy level of pre-
service teachers for renewable energy resources was first developed. A review of the studies
where a measurement tool on the subject was developed, revealed that there was only one
study where an energy literacy scale was developed (Dewaters, Qaqish, Graham, & Powers,
2013). However, as emphasized before, no other measurement tools to measure the level of
literacy for renewable energy sources were found in the literature.

The developed literacy scale for renewable energy resources was then applied to pre-service
science teachers, whose literacy levels for renewable energy resources were examined. While
the responses of the pre-service science teachers to the items in the scale differ based on the
items, it was concluded that the literacy levels of the pre-service teachers for renewable
energy sources were at a medium level. In most of the undergraduate programs, there is no
course in which only renewable energy resources are explained, the importance of these
resources is emphasized for a long time and literacy education is given for these resources.
However, in the content of environmental courses, the subject of renewable energy sources is
mentioned. It is thought that this is the reason why the literacy levels of the candidates for
renewable energy sources are at a medium level. Although there are no studies in the
literature, which directly measure the literacy levels of pre-service teachers for renewable
energy resources, there are study results which show that pre-service teachers have a medium-
level, positive attitude towards, and also a medium-level awareness for renewable energy
resources. For example, in their study, Emlik (2017) concluded that the attitudes of pre-
service teachers towards renewable energy resources were at a medium level. Similarly, in
both the studies conducted by Bilen, Ozel, and Siiriicii (2013) and Akgdltekin and Dogan
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(2013), it was observed that the attitudes of the pre-service teachers towards renewable energy
were positive. However, both studies concluded that the pre-service teachers did not have
sufficient knowledge about renewable energy sources. As a result of the study conducted by
Tiftik¢i (2014), it was observed that the renewable energy awareness levels of the students of
science faculties and education faculties were at a medium level. Similarly, the study
conducted by Yenice and Tun¢ (2018) found that the awareness of pre-service science
teachers for environmental problems was at a positive level, while their attitudes towards
renewable energy resources were close to a positive level.

The answers given to the items in the scale were examined. It was found that the pre-service
teachers generally had high levels of literacy for the items in the “Literacy in terms of the
Types of Energy Resources” dimension of the scale. However, it was observed that many pre-
service teachers had higher levels of literacy, particularly for solar, wind, geothermal and
hydroelectric energy compared to other renewable energy resources. The reason for this
situation is that our country is in an extremely favorable position, especially in terms of
hydraulic, geothermal, wind and solar energy potentials. Turkey uses energy sources such as
hydraulic, wind, solar and geothermal more than other renewable energy sources to meet its
electricity needs. In this respect, it is thought that pre-service teachers have a high level of
literacy, especially for these resources. This situation is exactly in line with the results of the
research conducted by Zyadin et al. (2014). Zyadin et al. (2014) found in their study that
teachers have more knowledge about renewable energy resources such as solar, wind and
geothermal energy, in particular, compared to other energy resources. Similarly, in the study
conducted by Cebesoy and Karisan (2017), it was found that pre-service science teachers had
more information about solar, wind, geothermal and hydroelectric energy and biomass than
other types of energy, which are hydrogen and wave energy. However, unlike the findings of
this study, the studies conducted by Celik (2017) and Cirit (2017) found that the pre-service
science teachers did not have sufficient knowledge about the concept of renewable energy and
energy resources, and the candidates could not distinguish between renewable and non-
renewable energy resources. A review of the responses in Table 5 revealed that pre-service
teachers were able to distinguish between renewable and non-renewable energy sources, and
most of them did not view fossil fuels such as coal, oil and natural gas as renewable energy
resources. However, in contrast to this, the study conducted by Sara¢ and Bedir (2014)
concluded that some teachers lacked knowledge of renewable energy and were confused
about the concepts in relation to renewable and non-renewable energy resources.

When the responses given by the pre-service teachers to the items related to the “Literacy in
terms of Country and Environmental Problems” dimension of the scale were examined, the
responses given to a few items, in particular, were noteworthy. Almost all the pre-service
teachers viewed renewable energy resources as more environmentally friendly than fossil
fuels, and thought that the use of such resources was of great importance in preventing the
greenhouse effect and global warming. It is thought that pre-service teachers see renewable
energy sources as more environmentally friendly than fossil fuels because of the
environmental education they have received. Pre-service teachers take various environmental
courses during their undergraduate education. The content of these courses includes topics
such as environmental pollution, causes and consequences of environmental problems. Pre-
service teachers who take these courses during their undergraduate education learn that one of
the biggest causes of environmental problems is the increase in the use of fossil fuels. With
the increase in population and industrialization, there is an increase in the use of fossil fuels
and therefore carbon emissions. This results in the greenhouse effect and global warming. In
line with the education they received, pre-service teachers establish this connection between
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fossil fuels and the greenhouse effect/global warming and see renewable energy sources as
more environmentally friendly. A review of the literature reveals that the studies on the
subject support this result. In their study, Perez-Lombard, Ortiz, and Pout (2008) mentioned
issues such as energy use, depletion of energy resources, thinning of the ozone layer, global
warming and climate change in a rapidly developing world, and emphasized that studies
should be carried out for the effective use of renewable energy. The results of the study
conducted by Cebesoy and Karisan (2017) revealed that pre-service teachers view renewable
energy as a permanent solution. It was seen that the pre-service teachers explained the reason
for this thought as the fact that such resources cannot be depleted and they are harmless to the
environment. In another study conducted by Bozdogan and Yigit (2014), it was concluded
that pre-service teachers who were studying in various branches, support energy generation
types, and view renewable energy resources as environmentally-friendly resources that do not
harm the environment and human health. Likewise, the study conducted by Celikler, Aksan,
and Yilmaz (2017) found that students were aware that renewable energy resources were
environmentally friendly. However, contrary to the results of this study, the study conducted
by Halder, Havu-Nuutinen, Pietarinen, Zyadin, and Pelkonen (2014) concluded that science
teachers did not have enough information about the effects of renewable energy resources on
the environment, even though they had an acceptable level of knowledge about such
resources. Again, one of the items in the table, which stand out, is the view of the vast
majority of the pre-service teachers, indicating the lack of awareness on renewable energy
resources as one of the reasons for their low level of use. Similarly, the study conducted by
Kaldellis, Kapsali and Katsanou (2012) in Greece found that the public had a positive attitude
on renewable energy, as their knowledge on it increased. In the literature, it is also
emphasized that the public acceptance of environmentally-friendly energy resources is an
important factor and that incomplete or incorrect information about energy and energy
resources in individuals is an obstacle for them to seek solutions to environmental events such
as global warming, and prefer to use appropriate energy (Wiistenhagen, Wolsink, & Biirer,
2007; Jennings, 2009; Kiling, Stanisstreet, & Boyes, 2009; Akitsu, Ishihara, Okumura, &
Yamasue, 2017; Demirbag, 2019).

The environmental problems we face today and the rapid depletion of non-renewable energy
resources, particularly fossil fuels, have drawn the attention of all the countries in the world to
renewable energy resources. In this context, individuals who make up the societies should
gain literacy for renewable energy resources to understand them, gain an awareness of and
attitude towards this issue, and make conscious decisions in the selection of energy resources.
In this respect, identifying and improving the literacy levels of teachers and pre-service
teachers, who are the educators of the future societies, for renewable energy resources is
considered to be quite important. In light of this information, studies for identifying the
literacy levels of teachers and pre-service teachers who serve/study in various branches, for
renewable energy resources can be conducted as future research.
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APPENDIX

YENILENEBILIiR ENERJi KAYNAKLARINA YONELIK OKURYAZARLIK
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4. Yenilenebilir enerji kaynaklarinin kullanimu iilkenin enerjide disa
bagimliligini azaltir.

6. Diinyanin temel enerji kaynagini olusturan giines, ayn1 zamanda en
onemli yenilenebilir enerji kaynagidir.

8. Fosil yakitlar dogal siiregler sonucu olustugu icin yenilenebilir enerji
kaynaklaridir.

9. Biyokiitle enerjisi dogada yasamini siirdiiren hayvan ve bitkilerin
atiklar ile liretilen enerji ¢esididir.

12. Dogayr korumak i¢in yalnizca yenilenebilir enerji kaynaklarinin
kullanilmasi yeterli degildir.

13. Dalga enerjisi yenilenemez bir enerji ¢esididir.

17. Jeotermal enerji, yer kabugunun derinliklerinde birikmis olan 1sinin
ylizeye sicak su, buhar ve gazlar olarak ¢ikmasi ile olusur.

18. Yenilenebilir enerji kaynaklarinin kullanimi ¢ok biiyiik maliyetler
gerektirdigi i¢in devamli kullanilmasi ¢evre i¢in daha zararlidir.
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20. Riizgar enerjisi elektrik enerjisinin temin edilmesinde kullanilir.

21. Komiir, petrol, dogalgaz yenilenebilir olan enerji kaynaklarindan
bazilaridir.

22. Hidroelektrik enerji suyun sahip oldugu potansiyel enerji farki sonucu
elde edilir.

24. Yenilenebilir enerji kaynaklariin kullanimi sera etkisi ve kiiresel
1sinmanin 6nlenmesinde biiylik 6nem tagir.

28. Fosil yakitlar insan, hayvan ve sanayi tesislerinin istismari sonucu
yakin gelecekte tamamen tilkenme tehlikesi ile kars1 karsiyadir.

31. Yenilenebilir enerji kaynaklarinin kullanilmas iilke ekonomisine
katki saglamaz.

34. Jeotermal kaynaklardan biyokiitle enerjisi elde edilir.

35. Cevre kirliligini 6nlemede yalnizca bir {ilkenin yenilenebilir enerji
kaynaklarin1 kullanmasi yeterli degildir.

36. Yenilenebilir enerji kaynaklarinin az kullanilmasinin nedenlerinden
biri de bu konudaki bilingsizliktir.

37. Artan enerji talebini karsilayabilmek i¢in fosil yakitlarin kullanimina
agirlik verilmelidir.

39. Yenilenebilir enerji kaynaklarinin kullanimi dogal kaynaklarin daha
hizl1 tiikkenmesine neden olur.

44. Niikleer enerji de bir ¢esit yenilenebilir enerji kaynagidir.

Note: 8, 13, 18, 21, 31, 34, 37, 39, 44 are reverse items.
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