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Abstract: The position of universities is of great importance in climate change education (CCE)
if the scientific, environmental, social, and political challenges the world confronts are to be met.
It is, therefore, crucial to comprehend the CCE being engaged in globally by higher education
institutions (HEIs). It is also important to discover and analyze the ways that HEIs can better
address this challenge. Consistent with the requirements of research, this study offers an analysis of
climate change awareness-raising of preservice teachers (PSTs) in a university science classroom
with a flipped class intervention. A total of 109 students participated in this research: 55 students in
the control group (Group 1) and 54 students in the experimental group (Group 2). A questionnaire
was used to detect any significant difference in the students’ awareness of climate change for the
two groups and before and after course completion. The analyzed results exposed the improved
awareness of climate change in PSTs after a flipped class intervention, and, therefore, PSTs were
more willing to engage in climate change teaching. Hence, the results of this study will contribute
significantly to reducing existing drawbacks, which will be vital to comprehend the professional
teaching developments of preservice teachers. Thus, this research can offer various instances of
clarifying how climate change education may be placed in a higher science education context with
certain adaptations.
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1. Introduction
For over a decade, the Education for Sustainable Development (ESD) program of
the United Nations Educational, Scientific, and Cultural Organization (UNESCO) and
the United Nations (UN) have played prominent roles in promoting sustainable education [1–3]. In this context, universities and higher education institutions (HEIs) are of great
importance in climate change education (CCE) [4–7]. However, education investigation
should be fostered to improve the resolutions for climate change mitigation and adaptation
to ensure that both instructors and students are involved in the challenges confronted [8,9].
Teaching climate change in science education is a concern that continuously draws attention in many studies [10–12]. Instructors need to find new teaching methods (including in
climate change education) that can increase their students’ learning process [7,8]. With the
methodology of a flipped classroom, normal learning is changed by taking the lectures,
along with the concepts learned in class, out of the classroom through the use of learning
activities [8,13]. The flipped classroom, as an active instruction methodology, can be an
alternative instruction method to endorse the concept and contents of climate change in
university science education [8,13,14]. The various written, auditory, and visual materials
in flipped instruction methodology can help students learn a subject [15–17]. Thus, learning theorists claim that instructional methods such as the inverted classroom can make it
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possible for students to gain information and knowledge better than through the traditional
classroom method [18–20]. In the context of climate change education, at the university
level, student awareness has been aided by applying flipped-classroom intervention-based
instruction methodology [21]. In fact, numerous studies have shown that it is necessary
to further research the appropriate awareness-raising of students of climate change in the
context of university education by means of innovative exercises as class activities [22,23].
The objective of this paper is to examine the raising of climate change awareness
of preservice teachers (PSTs) in a university science classroom with active and flipped
learning environments. A total of 109 students in two groups (Group 1, with 55 PSTs as
the control group; Group 2, with 54 PSTs as the experimental group) participated in the
course in the context of pre- and post-test surveys. The hypotheses stated in this research
are listed as follows:
Hypothesis 1. It is expected that the active flipped intervention would have a positive and affirmative effect on climate change awareness-raising through a university science learning environment.
Hypothesis 2. It is expected that the active flipped intervention would have a more positive and
affirmative effect on climate change awareness-raising than the traditional intervention through
a university science learning environment.
Hypothesis 3. It is expected that the active flipped intervention would have a positive and
affirmative effect on PSTs’ climate change awareness.
2. Theoretical Framework
2.1. Climate Change and Sustainability in Higher Education
As an obvious phenomenon in the world, climate change is closely related to human
development, growth, and consumption patterns and threatens land use, development,
people, and the environment [1,2,24]. Spain is among the most vulnerable countries to
climate change in the European Union (EU) [2,3]. Therefore, there is a need to foster
sustainable education aims, values, and standards on the basis of the ESD program of
the United Nations Educational, Scientific, and Cultural Organization (UNESCO). This
program has stimulated public and communal consciousness, pursued the development
of life-long climate change education, and increased its significance in various learning
fields [25–27]. HEIs are contiguously recognized as essential drivers for sustainable
societies and climate change education and development [28–31]. Additionally, the
positions of universities are of great importance in CCE if the scientific, environmental,
social, and political challenges the world confronts are to be met [4,9]. It is, therefore,
crucial to comprehend the CCE strategies being engaged in globally by HEIs and to
discover and analyze the ways that HEIs can better address this challenge [5,6,28]. Until
now, the investment in CCE has not satisfied the existing requirement despite the acknowledgment that it has been established as an international policy standard [29,32,33].
Higher education organizations are required to ensure that both instructors and students
are involved with the challenges confronted [30]. Thus, it is necessary to encourage
investigation, to improve the resolutions for climate change mitigation and adaptation,
and to create a prominent role in public and open address [33,34]. Currently, substantial
first steps have been managed at many higher institutions, but many challenges and
difficulties still remain and continue [35–37]. Bushell et al., (2017) mentioned the action
gap, which describes the changed scale that can give attention to educators [24,38].
In these challenging and opposing circumstances, climate change in university science
education offers to fill the pedagogical niche and gap and explore how climate change
awareness-raising of PSTs are embedding in active learning environments in a life-long
cycle [29,39,40].
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2.2. Flipped Classroom for Teaching Climate Change in University Science Education
Teaching climate change in university science education is a concern that has continuously drawn the attention of instructors and PSTs in many studies [10–12]. The importance of instruction methodology must focus on climate change in science learning by
approving more inquiry-based, student-centered, hands-on, and two-way learning activity
scenarios because traditional instruction methodologies have, currently, negative consequences [41,42]. The flipped classroom as an active instruction methodology, introduced
by Jonathan Bergmann and Aaron Sams, has gotten attention as an alternative and active
instruction method [8,13,14]. The foundation of the active flipped classroom should be
searched for in social learning theory and constructivism because learning procedures,
from the viewpoint of students, are attained as an active and social development [15,43].
The flipped classroom methodology can reverse the normal classroom method by moving
the lectures out of the classroom, together with the concepts taught, through the use of
various learning activities [8,13]. Particularly, it can indorse the concept and contents of
climate change in science education that is a special form of blended learning [13,14]. As
an agreed premise, this methodology indicates that direct instructional methodology is
an effective teaching tool for individuals and not for groups [15,44]. Thus, many scholars
claim that instructional methods such as the flipped classroom can contribute to students
learning better than with traditional instruction methodology [18–20]. The various written,
auditory, and visual materials in flipped instruction methodology can support students in
learning a subject, and they can then find out what parts they do not understand [8,16,17].
In the class, based on the materials learned, they participate in problem-solving, class
intervention, group discussion, and debate within more collaborative, just-in-time lectures
and student-centered learning activities [45,46]. Hence, this methodology specifies a more
suitable learning environment in terms of raising PSTs’ climate change awareness when
a flipped classroom methodology is followed in university science education.
2.3. Raising of Climate Change Awareness in Flipped University Science Education
The attitude introduced by Fishbien and Ajzen [47] is delineated as a deliberated
inclination that can be answered in a continuously favorable or unfavorable approach.
In accordance with a certain object given, it is considered a formative feature in predicting
a person’s performance [21,48]. Thus, many studies have proposed that the influence of
attitude activities are reasonably lasting but can also be considered and reviewed [49,50].
Along with the instructors’ teaching practices, instructors’ attitudes concerning climate
change have been acknowledged to influence the PSTs’ attitudes toward science and
science education and, in general, their scientific literacy [49,51]. Moreover, the attitudes
of instructors can be associated with his/her instruction ability [51,52]. Consequently,
the PSTs’ certainty in their ability to give a lecture on climate change in science has been
revealed as a significant predictor for their imminent and upcoming instruction practice and
exercise [52]. Regarding climate change in university science education, an appropriate and
suitable attitude is a necessity for positively embracing active classroom methodology in
a science course [21,47]. Due to the aforementioned reasons, understanding PSTs’ attitudes
concerning climate change in university science education is fundamental in an active
course in order to achieve a professional vision and the concentrated improvement of
PSTs [53,54]. However, there are not many studies that have researched in-service teachers’
nor PSTs’ attitudes on this particular subject. Hence, clarifying the PSTs’ climate change
attitudes has been a substantial challenge in the education of instructors [55]. Accordingly,
numerous studies have shown that instructors with appropriate attitudes are much more
open to improving instructive situations. They are much keener to introduce novel and
innovative exercises to their class [47–49,56,57].
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3. Materials and Methods
3.1. Sample
The study was conducted on the subject of “Knowledge of the Natural Environment
in Primary Education” for senior-level teachers at the Teaching Training School of the
University of Extremadura, Spain. This course aims to provide the PSTs with an overall
understanding of scientific content and educational strategies to introduce this scientific
content to primary education students. Additionally, it was to educate the PSTs on primary
education students. The study was conducted during the first term of the 2019/2020
course, and a total of 109 teacher-trainee students participated in the course. The students
were randomly allocated into two groups (control and experimental groups, Group 1 and
Group 2, respectively). For Group 1, 55 students were assigned and used as the control
group; for Group 2, 54 students were assigned and used as the experimental group. Table 1
summarizes, as descriptive analysis, the main demographic information of the two groups
who initially participated in the survey proposed. Both groups had more female students
than male students; the participants’ average age was 22 years old. The grade point average
(GPA) at the beginning of the first semester was 7.7. Only an average of 26.7% of students,
as shown in Table 1, had taken science subjects during their academic formation (middle
and high schools). Their place of origin indicated that the PSTs were more from rural areas
than cities in both groups. Based on their educational background, most participants for
both groups were from social sciences (72.7% and 66.7%, respectively). However, although
the initial questionnaire (as a pretest survey) was answered and completed by a total of
109 students, only 101 students (54 and 47, respectively; about 92.7%) answered and fully
completed the questionnaires in the post-test survey (98.2% and 87.0%, respectively).
Table 1. Demographic information of the students of the two groups for the research proposed.
Items

Control Group 1

Experimental Group 2

n

55

54

23.6
76.4

38.9
61.1

Age

21.4

22.6

GPA (max. 10)

7.7

7.7

Social Sciences
Sciences
Arts
Others (Technologies
and Professional
School)

72.7
25.5
0.8

66.7
27.8
3.6

1.0

1.9

Place of Origin (%)

City
Rural

47.3
52.7

44.4
55.6

University Access (%)

High School
Professional School
Test > 25
Others

96.4
0
1.8
1.8

92.6
3.7
0
3.7

Male
Female

Gender (%)

Educational
Background (%)

3.2. Course Context
As a general course for university science education, the subject is carried out as
shown in Table 2. As part of the senior level of the Bachelor of Arts degree, the subject
“Knowledge of the Natural Environment in Primary Education” was carried out for the
two groups at the Teaching Training School of the University of Extremadura, Spain.
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Table 2. Course context for the subject at a senior level of the 2019/2020 course.
Course Context
Knowledge of the Natural Environment in Primary Education

Chapter
Title

1.

2.

3.

Description

Science, technology and society, and primary
education. Scientific education and
Current challenges of
cross-cutting themes for primary education.
primary science education
Interdisciplinarity in science teaching-learning
of primary education.
Learn to teach science in
School research, trips to the environment,
primary education through problem-solving, practical work, and project
different strategies
work for primary education.
Teaching/learning activities for primary
Contents of science
education: the environment and its
education for the primary
conservation, the diversity of living beings,
education stage
health and personal development, matter and
energy, technology, objects, and machines.
Evaluation
Total

Class Hours

Flipped
Hours

35

20

38

20

75

50

2
150

90

The subject consisted of 6 ECTS credits (equivalent to 150 h), distributed in 3 h/week
of theoretical classes and 1 h/week of laboratory session for 15 weeks (January to May).
In order to make lab sessions more effective, the PSTs were divided into three groups to
attend lab in three different hours. Table 2 shows that the course syllabus was prepared in
detail for the suggested course. Firstly, as a core course in the degree program, “Knowledge
of the Natural Environment in Primary Education” included science teaching/learning,
together with sustainability and climate change value, theory, and its problem-solving and
practical work. This course aims to provide the PSTs with an overall understanding of
scientific content and educational strategies to introduce the scientific content to primary
education students.
The instruction methodology used in the experimental class group (G2) was an active
and flipped classroom methodology with class interventions. It contained dynamic lectures
and various activities. Particularly, the flipped materials consisted of videos and other
formatted materials based on the syllabus, which PSTs received 1 week before each class.
With regard to the time of class, a practical exercise was distributed along with the theoretical materials delivered for more student-centered environments. Problems, reasoning, and
activities that were ill-defined, rule-based, case-based, and problem-based were among the
activities implemented in the classroom. The PSTs’ collaboration was always encouraged,
and the instructors offered support, together with explanations and lectures in all cases. In
both groups, the students had the same content and instructors; therefore, it was possible
to track each PST’s independent advancement based on the different intervention methodology (see Table 2). Finally, in order to identify the PSTs’ learning difficulties, additional
online questionnaires and quizzes were made available to students.
3.3. Instruments
Various types of questionnaires were used to collect PSTs’ information and data.
Online survey questionnaires were distributed using Google Forms to the PSTs before
and after course completion. When the course had started and was about to finish, the
forms were distributed, completed by the PSTs, and collected before and after the class
intervention and implication. To guarantee the highest participation rate possible, the PSTs
finished the survey in a session of class. Furthermore, the PSTs were asked to complete
basic information about demographic aspects such as gender, age, GPA at the beginning of
the first semester, educational background, place of origin, and university access.

Educ. Sci. 2021, 11, 78

6 of 17

The questionnaires were adapted from Roach [58], with multiple selection, multiplechoice, and open-ended answers. The questionnaire followed a five-point Likert-type scale,
with “strongly disagree” (SD), “disagree” (D), “neutral” (N), “agree” (A), and “strongly
agree” (SA). The test consisted of 22 open and closed questions where the PSTs could
express their awareness towards climate change. The list of questions (Q1–Q22) is summarized in Appendix A. Additionally, participants could provide comments at will. Additionally, at the end of the questionnaires, the PSTs were asked to provide their overall opinion.
3.4. Data Collection and Analysis
Participation in this study was entirely voluntary, and no personal data was scripted
and recorded for any PST. The PSTs were randomly distributed into Group 1 (as the
control group) and Group 2 (as the experimental group) before starting the course. Online
survey questionnaires were distributed using Google Forms to the PSTs before and after
course completion. In order to encourage the PSTs’ contribution, survey questionnaires
were completed online during classroom-time. The content analysis was made based on
frequency counts. With the help of statistical software (SPSS statistics 22.0), the survey
questionnaires’ data were processed and analyzed. Here, to distinguish, define, and draw
conclusions from the sample data, descriptive analysis was made in a suitable manner [59].
4. Results and Discussion
4.1. Survey Analysis Results
In order to test the research hypotheses, the results obtained from Group 1 as the
control group and Group 2 as the experimental group were statistically compared [60–62].
Firstly, the internal consistency of the instrument was assessed by means of the Cronbach
alpha test, being 0.78 for the questionnaire. Hence, it could be determined as having
acceptable reliability (more than 0.7) [60]. Secondly, the Kolmogorov–Smirnov normality
test indicated that the data collected were normally distributed. As a consequence, the mean
values were compared by means of the t-test, and when significant differences were found,
the size of the effect was calculated (Cohen’s d) [61]. Finally, before comparing the mean
values, Levene’s test was conducted to determine if both groups presented a homogenous
distribution (significant values of 0.856 and 0.218 for Levene’s test, respectively, for items
Q1 and Q22 in pretest data). Table 3 summarizes the results obtained [63].
Table 3. Comparison of items Q1 and Q22 for Group 1 as the control group and Group 2 as the experimental group and preand post-test results.
Q1 * (Climate Change Proposed for Years by the
Community of Scientists Is an Invention to Take
Better Care of the Planet).

Group 1
Group 2
t-test (p-value)
Size of effect
(Cohen´s d)

Q22 * (“The Increase in the Hole in the Ozone
Layer Implies a Climatic Change in the Earth”).

Pretest
(Mean)

Post-Test
(Mean)

t-Test
(p-Value)

Size of
Effect
(Cohen’s d)

Pretest
(Mean)

Post-Test
(Mean)

t-Test
(p-Value)

Size of
Effect
(Cohen’s d)

1.93
1.87
0.993

1.89
1.73
0.034

0.959
0.041
–

–
0.489
–

4.71
4.59
0.242

4.52
4.02
0.002

0.119
0.007
–

–
0.584
–

–

0.509

–

–

–

0.632

–

–

Note: * Lower score indicates better awareness.

These results indicated that no significant differences were observed between the
two groups with regard to pretest data. However, significant differences were observed for
these two variables in the post-test results. Considering the information of the same group,
similar results were obtained. No significant differences were observed for the control
group (Group 1) in the pre- and post-test results (p = 0.959), while significantly different
values were recorded for the experimental group (Group 2). In these cases, the size of the
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effect was measured by means of Cohen’s d, observing a medium effect in all cases where
significant differences were determined. However, from a gender perspective, we could
not find any difference in how the causes and effects of climate change affect women and
men differently in this study.
We used the format of a five-point Likert-type scale (according to Harpe [62]) to
find out the rising awareness of PSTs of climate change in university science education,
using item Q1, as shown in Appendix A. The results indicated that 61.82% of students in
Group 1 (as the control group) disagreed with the statement in the pretest survey, while
66.67% of students disagreed with the same statement in the post-test survey (see Figure 1).
Additionally, Group 2 (as the experimental group) demonstrated the same pattern as
Group 1. Here, Group 1 increased their awareness by 4.85% (in “strongly disagree”), and
Group 2 increased their awareness by 5.40% (in “strongly disagree”), which indicated that
Group 2 had better awareness-rising. Particularly, we could see that the PSTs realized
the misconception about climate change that many people have in our society. The PSTs’
awareness, however, was changed after the class intervention. This was evident in the
percentage increase of Group 2 awareness (as the experimental group) after the application
of the proposed methodology (versus Group 1). Therefore, the ideas delivered in this study
were noteworthy to analyze the awareness of climate change of the PSTs in an active and
flipped classroom.

Figure 1. The results of the two groups for item Q1 (“Climate change proposed for years by the community of scientists is
an invention to take better care of the planet”), from “strongly disagree” (SD), “disagree” (D), “neutral” (N), “agree” (A),
and “strongly agree” (SA). * Lower score indicates better awareness.

Items Q5 and Q11, based on multiple selection and multiple-choice, respectively, were
related to the awareness of different types of gas and radiation in climate change. It has
a relationship with responsibility, as shown in Appendix A. According to the opinions
collected from the PSTs (see Figure 2), for Group 1 as the control group, the results of item
Q5 indicated that, in general, the PSTs selected carbon dioxide, methane, and CFCs in
the pretest survey and chose the same types of gas, along with ozone (14.55% increase)
in the post-test survey. For the same question, for Group 2 as the experimental group,
the PSTs selected carbon dioxide, methane, and CFCs in the pretest survey and chose the
same types of gas along with ozone (general decrease without significant change) in the
post-test survey. Particularly, an interesting change from Group 2 was found, where the
PSTs selected 12.85% less carbon dioxide compared to Group 1 (1.96%), along with the
other gases proposed. It was possible to also observe that the PSTs changed their awareness
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of climate change, which, in our society, many people do not have, after the flipped class
intervention. Therefore, the findings present a percentage decrease in scores in the sample
that actively participated in the proposed methodology. Furthermore, the ideas delivered
in this study were important to analyze the awareness of climate change of the PSTs in
an active and flipped classroom.

Figure 2. The results of the two groups for item Q5 (“Of the following gases, which one indicates the three most responsible
gases for climate change”).

According to the ideas collected from the PSTs (see Figure 3), the results of item Q11
indicated that, in general, for Group 1 as the control group, ultraviolet radiation was
selected in the pretest survey, and they chose the same type of radiations, with a 1.59%
increase, in the post-test survey. For Group 2 as the experimental group, the PSTs, for
the same question, selected ultraviolet radiation in the pretest survey but chose visible
radiation (63.64% increase), along with 56.50% less ultraviolet radiation, in the post-test
survey. Particularly, we find an interesting change in Group 2. The PSTs selected different
radiation types after a class intervention, which could be considered a significant difference.
Here, as demonstrated in the questions analyzed, the PSTs changed their awareness about
climate change, which many persons in our society do not have, after the class intervention.
There was a percentage decrease in scores in the sample through active participation in
the flipped methodology. Therefore, in this study, the ideas and opinions dispersed were
significant when investigating the awareness of climate change of the PSTs in an active and
flipped classroom.
With the format of a five-point Likert-type scale [62], item Q22 was designed to find
out the rising awareness of the relationship between the hole in the ozone layer and climate
change on Earth, as shown in Appendix A. The questionnaire was graded on the scale of
“strongly disagree” to “strongly agree”. On the basis of the data gathered from the PSTs,
the result indicated that 72.73% of PSTs in Group 1 (as the control group) agreed with
the statement in the pretest survey, while 64.81% of PSTs agreed with the same statement
in the post-test survey (see Figure 4). Additionally, Group 2 (as the experimental group)
demonstrated the same pattern. However, while Group 1 decreased by 7.92% in their
awareness-raising, Group 2 decreased by 15.05% (70.37% to 55.32%) in their awarenessraising. It was possible that the PSTs realized the misconception of climate change in our
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society, which many people have accepted, and the PSTs’ awareness had been raised after
the flipped class intervention, along with item Q1. Therefore, a percentage increase in the
awareness of Group 2 can be noted after the application of the proposed methodology
(versus Group 1). Here, the ideas delivered in this study were not able to analyze the raising
of the PSTs’ awareness of climate change in an active and flipped classroom intervention.

Figure 3. The results of the two groups for item Q11 (“Sunlight is formed by different types of radiation that differ in their
energy. What is the type of radiation that is responsible for reiterated climate change?”).

Figure 4. The results of the two groups for item Q22 (“The increase in the hole in the ozone layer implies a climatic change
on Earth”), from “strongly disagree” (SD), “disagree” (D), “neutral” (N), “agree” (A), and “strongly agree” (SA). * Lower
score indicates better awareness.
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4.2. Discussion
The results demonstrate novel information on raising the climate change awareness of
PSTs through an active university learning environment. This study specified an exclusive
method for class interventions and implications that consisted of active and flipped lectures
and various activities. Here, during classroom time, the class used practical exercises to
learn theoretical content delivered in a more student-centered environment.
Recent remarkable circumstances in Spain, together with UN, UNESCO, and DESD values,
have designated the climate change issue as a noticeable worldwide occurrence [1–3,23–27].
It has been comprehensively linked to many different areas, i.e., human growth patterns, and
affects land use/development, persons, and the environment [1–3]. Up to now, climate change
education investments have not encountered any demand despite the acknowledgment of
international policy [10–12,32,33]. Instructors are required to find out new teaching methodologies, such as the flipped classroom, that can reverse the traditional classroom method [7,8,13].
As the survey results have indicated (Hypothesis 1 confirmed), universities have an important
position in CEE related to various challenges that our societies are confronting [9]. Research
has confirmed that various CCE approaches are required and are being absorbed universally,
which has led to the techniques that university education can use to address these encounters [5,6,28,29]. They engage with our challenges to foster investigation, advance clarification
for climate change mitigation and adaptation, and give climate change a prominent position
in public discussion [33,34]. Climate change in university science education can deal with
the current pedagogical niche in these difficult situations. We could discover how raising
the climate change awareness of PSTs will create active and flipped learning atmospheres in
schools in the long-term [11,12].
Currently, in various studies, teaching climate change in university science education
is considered an important concern [10–12] that can draw the attention of instructors and
PSTs [10]. Along with the procedure recommended, an alternative education method, the
active and flipped classroom, contributes to disseminating the concept and subjects of
climate change education in university (Hypothesis 2 confirmed) [26–28]. Reversing the
normal and traditional classroom, the flipped classroom methodology can move lectures
out of the classroom, together with the concepts taught, through the use of various learning
activities [8,13]. This alternative is considered a form of active learning and a special
form of blended learning [13,14]. Here, the PSTs participated in various types of activities,
such as active lectures, with numerous videos and other materials, which they could
make into just-in-time classes while they were learning the topic [15,16,64]. In fact, the
class activities were adjusted based on the information gathered from the PSTs and their
performance [45,46,65]. Many scholars have claimed that a flipped classroom allows
students to learn course content better than the traditional classroom [18–20,66]. Therefore,
the establishment of a flipped classroom should be based not only on the social learning
theory but also constructivism due to learning progression, which is attained as an active
and flipped procedure from the PSTs’ point of view [15,43,67]. Actually, on the basis of the
obtained results, this approach is a more suitable environment for achieving meaningful
learning, in terms of the raising of PSTs’ climate change awareness, namely, when a flipped
classroom was used in a science course. It is necessary to focus on more student-centered,
hands-on, inquiry-based, and two-way learning scenarios [41,42,68].
Consequently, Blalock et al. confirmed that the discipline proposed could be found
in fruitful results obtained [21]. Here, attitude as a reflected tendency was delineated and
could provide a continuously favorable/unfavorable method with regard to a certain aim,
as prearranged and advocated by the researchers like Fishbien and Ajzen [47,49,50]. As
a formative aspect, we established that attitude predicts people’s behavior [38,69]. Aside
from the instructors’ teaching exercises, raising awareness regarding science itself and
science instruction has been acknowledged as a huge influence on PSTs’ attitude, accomplishment, and predisposition to involving more science education and scientific literacy
in particular [49,51,70]. Specifically, the instructors’ awareness-raising could be connected
with his/her teaching capability. Subsequently, the PSTs’ confidence can be implied in a lec-
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ture on climate change in science education (Hypothesis 3 confirmed) [52,70–72]. Because
of this reason, understanding PST’s awareness-raising concerning climate change in science
education with a flipped science course is essential in order to accomplish the professional
insights and concentrated developments of PSTs (Hypotheses 1 and 2 confirmed) [52,53].
Thus, in numerous studies, it has been proposed that with better awareness-raising, instructors were much more enthusiastic in improving instructive environments [56,73]. They
were much keener to offer original and innovative implementations to the class [56,57,74].
5. Conclusions and Limitation
As to raising the climate change awareness of PSTs through an active science learning
setting at university, this research offers an analysis through online survey questionnaires
after two different class interventions. From the results obtained, a similar pattern was
found for the selected questionnaires, such as for items Q1, Q5, Q7, Q11, and Q22, which
showed a significant difference. The significance of this study is the improvement of
awareness of PSTs of climate change after the flipped class intervention. Thus, the results
specifying a rising awareness were improved in both groups analyzed. Particularly, Group 2
(as an experimental group) had a significant difference in pre- and post-test data. This
indicates that an important percentage of the sample actively participated in the proposed
methodology. Therefore, the opinions provided in the study are significant to analyzing
awareness-raising using the flipped method followed.
Thus, the novel results represent that the improvement in the awareness of PSTs
through a university science learning environment. In this study, an exclusive flipped
method for class interventions was used. An active and flipped class consists of effective
just-in-time lectures, numerous flipped videos, and other distributed materials. The PSTs
were regulated during classroom time to combine practical and theoretical content,
which targeted a more student-centered setting. Therefore, the outcomes obtained
can considerably contribute to fill the main gaps and overcome the drawbacks of the
traditional classroom method in university science education for climate change. The
PSTs can achieve their professions and bring about improvements using their insight
and vision to teach primary education students. Thus, the approach emphasizes that
this research can deal with various instances by clarifying how climate change education
might be implemented in a university science education context. With proper adaptation,
it might be applied in HEIs in a future study when the earlier proposed confrontations
are gotten over. As a study limitation, since the study population consisted of only PSTs,
the results cannot be extrapolated to other population groups. Therefore, it is necessary
to adapt it to new study groups. In addition, due to sample limitations, the study can be
enriched with a bigger sample size and gender balance.
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Appendix A
Table A1. Survey questionnaires for raising awareness in order to improve climate change education in university science
education for PSTs.
Items of Question

Type

Choice

Significant Difference

Q1. Climate change proposed
for years by the community of
scientists is an invention to
take better care of the planet.

Five-point Likert-type

1 to 5.

Yes

Multiple selection
(Max. 3)

Variations in the energy received from
the Sun, volcanic eruptions, ocean
circulation, biological processes, and
other causes.
The use of fertilizers and fuels.
The actions of humans.

No

Multiple selection
(Max. 11)

Volcanic activity.
The use of vehicles.
The industry.
Renewable energy.
Deforestation.
Use of fertilizers.
The burning of fossil fuels.
The production of food and many other
goods and services that we consume
every day.
Nuclear power plants.
Landfill.
Cattle.
CFCs.

No

Multiple choice

In the number of inhabitants.
Population influences on climate
change through the process of
industrialization and deforestation.
Global warming is not linked to human
actions, and it depends on the sun,
clouds, wind, on which the weather
always depends.

No

Multiple selection
(Max. 6)

Oxygen.
Carbon dioxide.
Methane.
Water steam.
CFCs.
Ozone.

Yes

Multiple selection
(Max. 10)

Thawing of the polar caps.
Climate warming.
Increase in the average temperature of
the atmosphere.
Increased storms and rainfall.
Increase in droughts.
Increase in the frequency of
earthquakes and volcanic eruptions.
Lack of water.
Decrease in biodiversity.
Increased cases of skin cancer.
Thinning of the ozone layer.

No

Q2. Climate change is a
significant and lasting change of
local or global weather patterns;
the causes could be . . .

Q3. What factors are the
biggest causes of the current
climate change?

Q4. To what extent does the
population influence climate
change?

Q5. Of the following gases,
which one indicates the three
most responsible gases for
climate change.

Q6. Of the following
phenomena, which ones can
be caused by climate change.
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Table A1. Cont.
Items of Question

Q7. Do you think that climate
change can negatively affect
the planet?

Q8. Which of these
environmental problems do
you consider to be the most
important at the moment?

Type

Choice

Significant Difference

Multiple choice

No, it is a natural phenomenon.
Yes, the increase in temperature causes
irreparable damage to the planet.
We are not sure it affects the planet.
It would affect, but it does not matter
because these problems have occurred
in the geological history of the Earth
and life has always continued.

Yes

Multiple choice

Climate change.
Atmospheric pollution.
Pollution of the oceans.
Illegal trade in animals.
Destruction of forests and rainforests.
Extinction of animal species.
I do not consider any major
environmental problems.

No

Charge the mobile.
Shower with hot water.
Dry your hair with a hair dryer.
Ride a bike.
Drive to the institute.
Use air conditioning.
Listen to the music on the phone.
Take a motorcycle ride.
Light the stove.
Play with the game console.
Download files from the Internet.
Play football.

No

Q9. From the following list of
activities in your daily life,
please select those that you
think may contribute to
climate change.

Multiple selection
(Max. 12)

Q10. Do you take any action
individually to reduce
climate change?

Open-ended answer

Q11. Sunlight is formed by
different types of radiation
that differ in their energy.
What is the type of radiation
that is responsible for
climate change?

Q12. What factor has caused
the temperature rise in
recent years?

Q13. The greenhouse effect is_

Text.

No

Multiple choice

Infrared radiation.
Ultraviolet radiation.
Visible radiation.
X-rays.

Yes

Multiple choice

The increase in the concentration of
greenhouse gases in the atmosphere.
It should be checked, as this issue is not
defined in the short term but in the
long term.
The variation in solar radiation that the
Earth receives.
None of the above.

No

Multiple choice

A natural phenomenon that allows life
on Earth by maintaining a suitable
temperature.
A phenomenon that has been increased
by human activities.
It is produced by gases, called
greenhouse gases, which present in the
atmosphere that prevent part of the
energy from being returned.
All of the above.

No
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Table A1. Cont.
Items of Question

Type

Q14. What relationship does
the greenhouse effect have
with climate change?

Multiple choice

Q15. Among the gases
previously mentioned (Q5),
which one indicates the
greatest greenhouse effect.

Open-ended answer

Q16. Which gas has
significantly increased its
concentration in recent years
and is considered the main
cause of the increase in the
greenhouse effect?

Multiple choice

Choice
None.
It is only relevant in some countries.
If the greenhouse effect increases, the
temperature of the Earth increases.

Text.

Significant Difference

No

No

Ozone (O3).
Methane (CH4).
Chlorofluorocarbons (CFCs).
Carbon dioxide (CO2).

No

Friends and family.
Scientific articles.
Newspaper.
Teachers.
Textbooks.

No

Q17. From what source of
information have you
obtained everything you
know about climate change?

Multiple selection
(M.ax 5)

Q18. Do you know of any
event, agreement, summit, or
prize that has to do with
climate change? You can
provide details on what you
know about it.

Open-ended answer

Text.

No

Q19. Do you think we all have
equal responsibility for the
problem generated by climate
change?

Open-ended answer

Text.

No

Q20. Do you think the
consequences of climate
change will affect us all
equally?

Open-ended answer

Text.

No

Q21. Have you participated in
any way in the mobilizations
on climate change?

Open-ended answer

Text.

No

Q22. The following statement:
“The increase in the hole in the
ozone layer implies a climatic
change on Earth.”

Five-point Likert-type

1 to 5.

Yes
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