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Abstract

The aim of this study was to determine the effects of STEM-based alternative
energy activities on integrative STEM teaching intention and attitude of pre-
service science teachers towards STEM. Some examples of daily life problems
were given to participants to design STEM projects about the theme of alternative
energy sources during the whole semester. Participants worked in groups of four
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while designing STEM products. In the research, one-group pre-test and post-test of Educational
experimental design, which is one of the quantitative research methods, was Research
utilized. The study group was composed of 29 female and 11 male pre-service

science teachers studying at the science education department. Integrative STEM Vol: 13, No: 2, pp. 126-141

teaching intention questionnaire and attitude towards STEM scale were used to
collect data. As a result of the research, integrative STEM teaching intention and
attitude towards STEM have significantly increased compared to the pre-
implementation. There were significant differences between the pre- and post-
tests’ participants scores of knowledge, value, attitude, perceived behavioral
control and behavioral intention, subjective norm subscales of integrative STEM
teaching intention. There were significant differences between the pre- and post-
tests scores for science, mathematics, engineering and technology and 27t
century skills sub-scales of attitude towards STEM. The effect size for all subscales
of integrative STEM teaching intention was large except for subjective norm
according to Cohen (1988). The effect size was large for science, was small for
math, and was medium for engineering and technology and 21t century skills
subscales of attitude towards STEM. The majority of pre-service science teachers
made designs about alternative energy resources, such as hydroelectric energy,
solar energy and wind energy, while a small number of preservice science Received: 2022-02-11
teachers designed STEM products about biomass energy and energy generation Accepte 2022-04-06
by vibration (piezoelectric). Findings suggested that STEM-based alternative

energy activities can be implemented to improve pre-service science teachers’

integrative STEM teaching intention and attitude of pre-service science teachers

towards STEM.
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INTRODUCTION

During the recent years, rapid changes in technology, science and economy have led governments and
societies to search for new education in terms of education and an educational approach that can raise
people who can cover the needs and expectations of the 21st century. Countries did not want to be left
behind in both scientific developments and technological advances and in the economic race (Aydeniz,
2017). Therefore, they have turned to interdisciplinary education by giving importance to science,
mathematics, technology and engineering education. At this point, they came across STEM education
(Science, Technology, Engineering and Mathematics), which presents science, mathematics, technology
and engineering education together and whose abbreviated name consists of the initials of these
disciplines (Bybee, 2013).

STEM education should be planned with a perspective that develops students' capacity to use
technology, increases their engineering and design skills, and solves problems in daily life (Bybee, 2010).
STEM-educated students are expected to have skills required by the current century, which are defined
as 21st century skills in the literature, such as self-confidence, problem solving, innovation, logical
thinking, communication, sociability, using technology at a high level, competitiveness, and critical
thinking (Bybee, 2010; Morrison, 2006).

In order not to lose the competitive race in the technology, science and economy, countries are
planning to develop their students and other stakeholders of the society with STEM-based education
according to the standards in the 21st century. Such approaches, which aim to develop and change the
whole society, can only be realized when they receive training from experts and trainers who are familiar
with this approach. For this reason, to distribute STEM education approach, it was needed to make
teachers STEM literate individuals and make them successful STEM education practitioners and
instructors (Eroglu & Bektas, 2016). Teachers are trying to gain the skills that pre-service teachers need
to have in order to overcome the difficulties they faced with in everyday life (Baran, Bilici, Mesutoglu, &
Ocak, 2016). In addition, teachers are expected to train as persons who criticize, think scientifically,
become creative, respect human rights, and be respectful and responsible towards their society, and to
raise their students in this way. In this context, participants need to be acquainted about sufficient
knowledge and qualifications in science, mathematics, technology and engineering education and apply
these disciplines throughout their professional life (Stohlmann, Moore, & Roehrig, 2012).

Recently, the efforts have been made to decrease the carbon footprint around the world. The
governments are focusing to decrease their carbon footprints on their lands. When alternative energy
sources are compared with the energy produced by fossil fuels, the amount of carbon produced is very
low (Kumbur, Ozer, Ozsoy, & Avci, 2005). Therefore, alternative energy should be promoted to prevent
global temperature rise, and alternative energy generation is expected to create more job opportunities
in the future. It is important to educate today's youth with STEM skills to meet the workforce necessity
of the future, and it is obvious that this will happen with STEM-based education (Subramanian, 2019).
For this reason, there is a need to train teacher candidates who have important duties and responsibilities
in raising future generations by considering alternative energy sources in STEM education (Karakul,
2016).

In the literature, there were studies on integration of STEM education and energy resources with
pre-service teachers and undergraduate students. Gutierrez, Ringleb, Kidd, Ayala, Pazos and Kaipa (2020)
provided the opportunity to work with engineering undergraduate and pre-service teachers in the
Ed+gineering learning project. Ed+gineering learning project is an interdisciplinary partnership
integrating engineering into elementary teacher preparation programs. Participants engaged in the
pedagogy courses related to science, technology and engineering in both engineering design and
teaching fields together, and they carried out planning and implementation studies for secondary school
students in science and engineering. After this implementation, participants were willing and successful
in planning and applying technology, engineering and science together. Engineering undergraduate
students also had positive gains from group work and they were willing to plan and implement STEM
lessons together with teacher candidates. In addition, researchers implemented a STEM application
(called as second life) in a virtual lab environment for a recyclable energy project with Japanese pre-
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service science teachers. In this application, participants have both learned to use the engineering design
process in terms of STEM and designed a wind powered aircraft that can make maximum use of
recyclable energy. In this study, participants designed original products, attempted to comply with
planning process, used the engineering design process, and used the information they learned about
alternative energy within the scope of the study (Barry et al, 2017). As a result of the STEM-based
alternative energy sources studies applied to the students and teacher candidates, they could use the
design process effectively. They develop critical thinking skills and 21st century skills (Sulaeman, 2020).
Similarly, as a consequence of the STEM-based solar energy project carried out with 28 physics teacher
candidates, the participants’ knowledge of engineering, technology and mathematics developed,
respectively, of which science was the most. Participants developed original projects, used the design
process effectively, and increased their knowledge and awareness of alternative energy sources
(Mayasari, Susilowati & Winarno, 2019).In the research, the subject of "alternative energy sources" is
presented to pre-service science teachers in the science education department in an elective course with
integrated STEM education. The subjects of the alternative energy sources course are generally seen as
a complex subject by pre-service science teachers (Cebesoy & Karisan, 2017). In addition, these issues will
contribute to participants’ understanding of the transformation of energy that they were encountered
frequently in their daily life and that they use in their homes. Participants gained an active and problem-
based learning experience with STEM activities based on daily life problems. It would provide more
opportunities for participants to produce scientific ideas and different ideas about alternative energy
sources. In this way, participants were stimulated by activities including daily life problems and
engineering designs on alternative energy sources to complete their designs.

In the studies on STEM in recent years, science and mathematics teachers only have teaching
knowledge in the branch in which they are experts. Their teaching knowledge in their branch is not
enough to raise the manpower and new generation profile that our country needs in the 21st century
(Corlu, Capraro, & Capraro, 2014). Teachers are expected to have developed professional competencies
in STEM fields and how to integrate these fields, to encourage students to do scientific research and
design, to provide training that improves students' analytical and design skills, and to be open to
innovations. In addition, teachers are expected to have important skills such as adaptability, cooperation,
critical thinking, leadership ability, problem solving, entrepreneurship, flexible thinking, accessing and
using information, verbal and written communication, and creativity (Wagner, 2008). However, it is
important to determine the knowledge, skills and attitudes of teachers about STEM before they gain
these cognitive and psychomotor gains. Teachers are expected to apply STEM approach in which they
develop an affective attitude and interest in their classrooms. Therefore, in this study, it was examined
how the pre-service science teachers' attitudes towards STEM fields and their intentions towards STEM
teaching changed as a result of the integrated STEM education. The aim of this study was to determine
effect of STEM based alternative energy activities on STEM teaching intention and attitude of participants
towards STEM. Research questions:

1) Is there a significant difference between pretest and posttest scores in the attitudes towards
STEM of participants who took the STEM-based alternative energy sources activities?

2) Is there a significant difference between pretest and posttest scores in the integrative STEM
teaching intentions of participants who took the STEM-based alternative energy sources
activities?

METHOD

In this study, the one group pre-test and post-test weak experimental design was utilized (Fraenkel,
Wallen & Hyun, 2012). Weak experimental design was used in the research, and the data were obtained
with a single-group pre-test and post-test. With a single group pre-test-post-test with a weak
experimental design, the effect of the experimental procedure is tested with a study on a single group.
The measurements of the subjects regarding the dependent variable are obtained by using the same
subjects and the same measurement tools as pre-test and post-test before the application (Karasar,
2013). In a single-group pre-test-post-test weak experimental design, an independent variable is applied
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to a group; measurement is made before and after the experiment. After the measurement, the
difference between the pre-test and post-test mean scores shows the effect of the independent variable
on the dependent variable (Fraenkel, Wallen & Hyun, 2012). In this study, it was decided to use this
design because it was aimed to examine the effect of design-based STEM activities.

The sample of study

The study group consisted of 29 female and 11 male pre-service science teachers. They were
studying at the science education department. Participants worked in groups of four while designing
STEM products. Participants participated in the study completely voluntarily and determined their own
study groups. It has been observed that the ages of teacher candidates vary between 19-22 years.
Participants in the sample were selected based on voluntariness, with the easily accessible sampling
method. In this method, the most appropriate sample group in terms of time and cost is used to obtain
rich data about a particular situation (Patton, 1990).

Data collection tools

In this section, general information about data collection tools and their sub-dimensions, validity
and reliability information were given. Before and after STEM integrated alternative energy sources
activities, Integrative STEM Teaching Intention Questionnaire and Attitude towards STEM Scale was used
as pretest and posttest for undergraduate students to examine intention towards teaching STEM and
attitude towards STEM.

1-Integrative STEM teaching intention questionnaire

The questionnaire was enhanced by Lin and Williams (2015). This questionnaire was translated
and adapted to Turkish to decide teacher candidates’ STEM intentions by Hacidmeroglu and Bulut
(2016). Five sub-scales were named as value, knowledge, attitude, perceived behavioral control and
behavioral intention, and subjective norm. In this study, Cronbach Alpha coefficient was calculated as
.92 for overall questionnaire. The questionnaire involved 31 items with a 7-point likert type. The
questionnaire involved value (a=.82), knowledge (a=.71), attitude (a=.85), perceived behavioral control
and behavioral intention (a=.89) and subjective norm (a=.83) sub-scales. For the data to be relevant for
factor analysis the KMO value is expected to be more than .60 and Bartlett sphericity test should be
significant (Field, 2013; Pallant, 2020). The result of the data analysis showed that the KMO value was
.934 the Bartlett sphericity result was found to be statistically significant (p < 0.001). Based on the results,
it can be said that the data are relevant for factor analysis.

2-Attitude towards STEM scale

The original form of the scale was improved by The Friday Institute for Educational Innovation
(2012). This scale was translated and adapted to Turkish to decide students’ attitudes towards STEM by
Ozcan and Koca (2018). The adapted version of the scale included of 37 items with 5-point likert type.
Four sub-scales of adapted version of the scale were science, mathematics, technology and engineering
and 21th-century skills. Cronbach Alpha coefficients for the overall scale (a=.92) and science (a=.72),
mathematics (a=.90), technology and engineering (a=.86), and 21th-century skills (x=.91) were
calculated. The result of the data analysis showed that the KMO value was .88 the Bartlett sphericity
result was found to be statistically significant (p < 0.001). Based on the results, it can be said that the
data are relevant for factor analysis.

Data analysis

Quantitative data was analyzed with Wilcoxon test and paired sample t-test. Integrative STEM
teaching intentions questionnaire and attitude towards STEM scale was used at the end and beginning
of the 14-week implementation period. The normality test was performed as Kolmogorov-Smirnov test
to determine whether the obtained scores were in accordance with the normal distribution (Blyikoztirk,
2009). Normality test results proved that while the data show normal distribution for subjective norm
sub-scale, the data do not show normal distribution for knowledge, attitude, value, perceived behavioral
control and behavioral intention for subscales of Integrative STEM teaching intention (Table 1).
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Table 1. Normality test results for subscales of Integrative STEM teaching intention

Statistics df p
Post-knowledge 910 40 .004
Pre-knowledge 910 40 .004
Post-value 932 40 .019
Pre-value 932 40 .019
Post-attitude .880 40 .001
Pre-attitude .880 40 .001
Post-norm 973 40 450
Pre-norm 973 40 450
Post-intention 935 40 .023
Pre-intention .935 40 .023

Normality test results proved that while the data show normal distribution for mathematics,
technology and engineering, and 21th-century skills sub-scales, the data do not show normal
distribution for science sub-scales for subscales of Attitude towards STEM scale (Table 2).

Table 2. Normality test results for subscales of Attitude towards STEM scale

Statistics df p
Post-math .984 40 .826
Pre-math .984 40 .826
Post-science .942 40 .042
Pre-science .942 40 .042
Post-technology and engineering 970 40 373
Pre-technology and engineering .970 40 373
Post-21t century skills .945 40 .051
Pre-21" century skills .945 40 .051

The homogeneity of variances was performed as Levene’s test to determine whether the obtained
scores were in accordance with the equality of variances (Blytikoztiirk, 2009). Levene's test results proved
that while the data show equal variance for all subscales of Integrative STEM teaching intention and
Attitude towards STEM scale (Table 3).

Table 3. Levene’s test results for subscales of Integrative STEM teaching intention and Attitude towards STEM scale

Levene Statistic df1 df2 Sig.
Post-knowledge .366 1 38 .549
Pre-knowledge .366 1 38 .549
Post-value 441 1 38 511
Pre-value 441 1 38 511
Post-attitude 129 1 38 722
Pre-attitude 129 1 38 722
Post-norm 768 1 38 .386
Pre-norm .768 1 38 .386
Post-intention .323 1 38 .573
Pre-intention .323 1 38 .573
Post-math .329 1 38 .569
Pre-math .329 1 38 .569
Post-science 2.948 1 38 .094
Pre-science 2.948 1 38 .094
Post-technology and engineering 494 1 38 487
Pre-technology and engineering 494 1 38 487
Post-21t century skills .075 1 38 786
Pre-21'" century skills .075 1 38 786

Instructional design

The application process covered the whole of a one-term undergraduate course. It was ensured
that all students who participated in the implementation process had previously participated in STEM
education theoretically in one of the professional field courses of teaching. Also, they were informed
about STEM approach at the beginning of this period in a public university. This information process
aimed to check whether there are deficiencies in the previous education of the teachers and to correct
any misconceptions about STEM education. After this informative study, the presentations were made
by the researcher about alternative energy sources and renewable energy sources, which are the content
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of the course and activities, and how they are used throughout first seven weeks. Presentations about
water (hydroelectric sources), wind, solar energy, plant materials (biomass), heat of the earth
(geothermal), waves, ocean currents and energy of tides was made to improve students’ knowledge
about the alternative energy sources. After these presentations, some examples of daily life problems
were given to participants to design STEM projects. They would make STEM projects about the theme
of alternative energy sources throughout five weeks. In addition, participants were aimed to design STEM
projects based on alternative energy sources, which they could find themselves. They worked as a group
inside or outside the classroom. At the end of the five-week process of designing STEM projects with
the theme of alternative energy sources, all groups made promotional videos for their products and
tried to present and evaluate their products in front of the class throughout two weeks. Firstly, researcher
evaluated the projects and then participants made comments about the presented projects.

ASK
* What is the problem?
» What have others done?
* What are the

/ constraints? \

IMPROVE
« Talk about what works, IMAGINE
what doesn’t, and what » What are some
could work better. solutions?
 Modify your design to * Brainstorm ideas.
make it better.  Choose the best one.
» Test it out!
CREATE PLAN
* Follow your plan and * Draw a diagram.
create it. « Make lists of materials
- Test it out! you will need.

< —

Figure 1. The engineering design process (Cunningham & Hester, 2007)

The participants, who started their presentations by explaining the problems they set out and the
context of daily life, then presented STEM products in detail on the basis of the design process cycle, in
order of how they acquired the knowledge, how they developed their ideas, how they built the first
prototype of their products, whether they tested and modified. The activities were based on the
engineering design process (Figure 1). One of the sample figures of designs of participants were given
below.

Figure 2. Solar Car
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Figure 2 illustrated solar car design of participants to make their own solar cars by using alternative
items and waste materials from their environment. The purpose of the activity was to make a solar car
by using alternative items. They used small solar energy materials, toy car motors, bottle-caps, pipets,
toothpick, ice cream stick, wire. In Table 4 below, a complete list of STEM activities and the relationship
of STEM disciplines were provided.

Table 4. Overview of STEM activities and relationships of STEM disciplines

Activity

Science

Technology

Engineering

Mathematics

Recycled Car

Using waste materials
and frictional force

Using waste materials,
designing of wheels
and vehicle

Designing of recycled
car

Measurement and
calculations of fricitional
force of air and motion

Solar Powered
Street Lamp Model

Understanding of
electrical energy

Using solar panel

Designing a street
lamp model using
LED lamp and solar
panels

Involving Ohm's Laws

Solar Car Electrical and Using of solar panel Designing a solar car ~ Measurement of motion
mechanical energies and toy motor engine and energy
Solar Oven Solar energy and heat ~ Understanding of Designing a heat- Calculating relationship

energy

space technology

efficient solar oven

between temperature
and solar eenergy

Zero-Energy House
model (wind
energy)

Understanding of
importance of wind
energy

Designing sustainable
zero-energy house
model in terms of
electrical energy

Designing a house
model illuminated by
wind energy

Comparing zero-energy
house model using wind
energy and daily electric
power demand for a
home

Water Tribune

Conversion of water

Comprehending the

Designing an energy-

Calculating the flow rate

Model energy to electrical function of the water efficient water of water and energy
energy tribune turbine
Hydroelectric Understanding of Understanding the Designing a Calculating rate of water
Energy Activity effect of water advantages and hydroelectric power pressure and energy
pressure and gravity limitations of the plant model
hydroelectric power
plants
Geothermal energy  Understanding of Understanding the Designing a Measurement of rate of

activity

effect of vapor
pressure and
electricity

advantages and
limitations of the
power plants

geothermal power
plant model that will
operate using steam
energy

vapor pressure and
energy

Wind turbine
activity

Understanding of
importance of wind
energy and the effect
of wind turbine on
endangered livings

Understanding of
advantages and
limitations of the wind
tribune and other
technological solutions
for endangered
livings(birds)

Designing a product
to save livings such

as birds from wings

of wind tribune

Calculations of wings of
wind turbine and living
area of endangered
livings.

Biomass energy
activity

Understanding the
biomass energy

Understanding the
advantages and
limitations of biomass

Designing a biomass
in which they will find
out what materials

Measurement of rate of
biogas and biomass
energy

power plant the biomass should
consist of that will
release the most
biogas
FINDINGS

1. The Effect of STEM Integrated Alternative Energy Sources Activities on Integrative STEM
teaching intention

To decide the effect of the STEM integrated alternative energy sources activities, Wilcoxon test
was used to analyze whether there were significant differences in the value, knowledge, science,
perceived behavioral control and behavioral intention, and attitude scores of participants between the
pre- and post-tests. There were significant differences between the pre- and post-tests participants’
scores of knowledge (z = -5.532, p < 0.05, r = .618), value (z = -5.527, p < 0.05, r = .618), attitude (z = -
5.548, p < 0.05, r = .620), perceived behavioral control and behavioral intention (z = -5.531, p < 0.05, r

E-Uluslararast Egitim Arastirmalart Dergisi ISSN: 1309-6265, Cilt: 13, No: 2, ss. 126-141

132



. E-International Journal of Educational Research ISSN: 1309-6265 Vol: 13, No: 3, pp. 126-141

= .618) favoring the positive rank (Table 5). The effect size for knowledge, value, attitude and perceived
behavioral control and behavioral intention was large using Cohen (1988) criteria of .1 = small effect, .3
= medium effect, .5 = large effect.

Table 5. Wilcoxon test results

Sub-scales N Mean Rank Sum of Ranks z p r
Negative ranks 0 .00 .00 -5.532 .000 .618
Positive ranks 40 20.50 820.00
Knowledge .
Ties 0
Total 40
Negative ranks 0 .00 .00 -5.527 .000 .618
Positive ranks 40 20.50 820.00
Value .
Ties 0
Total 40
Negative ranks 0 .00 .00 -5.548 .000 .620
Attitude P95|t|ve ranks 40 20.50 820.00
Ties 0
Total 40
Negative ranks 0 .00 .00 -5.531 .000 .618
. Positive ranks 40 20.50 820.00
Intention .
Ties 0
Total 40

Table 6 illustrated the paired sample t-test results of pre- and post-tests' subjective norm scores.
There were significant differences between the pre- and post-tests scores for subjective norm (t = -5.788,
p < 0.05, d = .300). The effect size for subjective norm was small using to Cohen (1988) criteria of .2 =
small effect, .5 = medium effect, .8 = large effect.

Table 6. Paired sample t-test results

N X SD DF t p d
Pretest - subjective norm 40 2.4200 .63375 39 -5.788 .000 .300
Posttest - subjective norm 40 3.5800 .63375

2. The Effect of STEM Integrated Alternative Energy Sources Activities on Attitude towards
STEM

To decide the effect of the STEM integrated alternative energy sources activities, Wilcoxon test
was used to analyze whether there were significant differences in the science attitude scores of
participants between the pre- and post-tests. There were significant differences between the pre- and
post-tests participants’ scores of science (z = -5.499, p < 0.05, r = .615) favoring the positive rank (Table
7). The effect size for science was large according to Cohen (1988).

Table 7. Wilcoxon test results

Sub-scale N Mean Rank Sum of Ranks z p r
Negative ranks 0 .00 .00 -5.499 .000 .615
. Positive ranks 39 20.00 780.00
Science )
Ties 1
Total 40

Table 8 illustrated the paired sample t-test results of pre- and post-tests’ mathematics,
engineering and technology, and 21th-century skills scores. There were significant differences between
the pre- and post-tests scores for mathematics (t = -4.079, p < 0.05, d = .176), engineering and
technology (t = -9.060, p < 0.05, d = .513) and 21t™ century skills (t = -13.109, p < 0.05, d = .688). The
effect size for mathematics was small and the effect size for engineering and technology and 21t century
skills were medium according to Cohen (1988).

Table 8. Paired sample t-test results

N X sD DF t p d
Pretest - math 40 2.5000 77522 39 -4.079 .000 176
Posttest - math 40 3.5000 77522
Pretest - technology and engineering 40 2.1750 .57592 39 -9.060 .000 513
Posttest - technology and engineering 40 3.8250 .57592
Pretest - 21* century skills 40 1.9750 49451 39 -13.109 .000 .688
Posttest - 21" century skills 40  4.0250 49451
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CONCLUSION, DISCUSSION AND SUGGESTIONS

STEM integrated alternative energy sources activities significantly improved integrative STEM teaching
intention and attitudes towards STEM disciplines of participants. The results are parallel to results of the
other studies reported in related literature (Capraro & Jones, 2013; Cepni & Ormanci, 2018). As a result
of the study implemented with pre-service science teachers within the context of renewable energy,
integrative STEM teaching intention of pre-service science teachers was positively affected. The
implementation of integrative STEM education enabled them to use their knowledge interdisciplinary,
improve their intentions and skills to design and develop STEM products, and they also developed a
positive attitude about alternative energy and renewable energy (Aygen, 2018). Similarly, pre-service
science teachers attended in the STEM integrated Science, Technology, Society and Environment course.
The STEM integrated course was provided the pre-service science teachers with the opportunity to learn
STEM related to alternative and renewable energy in this course. As a consequence of this study, the
attitudes of the pre-service science teachers about alternative and renewable energy increased
compared to the pre-study and control group (Yildirim & Selvi, 2016).

Generally, similar results were obtained in integrated STEM education studies conducted with
science teachers and pre-service science teachers on the theme of alternative and renewable energy. A
project-based STEM education in science teacher training program was implemented with science
teachers to build a model of a solar house by using a limited budget and design criteria (Felix & Harris,
2010). Science teachers improved their STEM content knowledge, cooperative learning in science or
math, science concept knowledge end of the study. Another project-based STEM education about
designing a livable city plan, different energy sources, a hydroelectric power station, a solar-powered car
positively influenced on STEM attitudes, competence perceptions about 21st-century skills and
intentions towards STEM teaching of science teachers candidates (Denis Celiker, 2020). Similarly, STEM
implementations positively influenced on science teachers’ STEM implementation orientations. As a
consequence of this research, the significant difference was noted between before and after
implementation scores of subjective norm, attitude and knowledge sub-dimensions. However,
statistically significant difference was not noted between before and after implementation scores of
behavioral intention, perceived behavioral control and value (Timur & Belek, 2020). In the current study,
the influence of STEM based implementation about alternative energy sources on participants’
integrated STEM teaching intentions indicated significant improvement.

The second finding is that attitudes towards STEM of participants have significantly improved. The
attitudes towards science, technology and engineering, mathematics and 215t century skills have also
risen significantly. Because of teachers' negative views toward STEM, less time is spent teaching
mathematics and science, and less emphasis is placed on engagement of students in sophisticated
inquiry-based practices (Appleton & Kindt, 2002). STEM attitudes of teachers are linked to STEM
instruction methods (Thibaut et al., 2018). As a result, it is critical to identify and improve the attitudes
of pre-service science teachers. Students’ attitude toward STEM are positively influenced by STEM
activities in a problem-based learning environment (Sari, Alict & Sen 2018). These findings were in line
with previous research. STEM-based applications have also boosted science teacher candidates’ STEM
attitudes (Wahono & Chang, 2018). The majority of instructors who took part in STEM education
programs had affirmative views (Affouneh et al., 2020). Science teacher candidates’ active participation
in steps of engineering design process might have caused favorable shift in their views. Alternative
energy sources activities can be extremely helpful in changing teachers' attitudes and intetions about
STEM. Teachers who establish good attitudes about STEM are expected to integrate STEM into their
class (Adams et al., 2014). The project-based teaching approaches increased STEM attitudes of freshman
in technology institute (Tseng et al.,, 2013).

The findings of studies in the literature were similar with findings of current study. Preservice
science teachers’ integrative STEM teaching intentions were improved. This result was supported by
studies on the same subject (Barry et al., 2017; Gutierrez et al. 2020; Mayasari, Susilowati & Winarno,
2019; Sulaeman, 2020) in the literature. Barry, Kanematsu, Lawson, Nakahira and Ogawa (2017)
implemented a virtual lab environment for a recyclable energy project with Japanese pre-service science
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teachers. Participants have both learned to use the engineering design process and used the information
they learned about alternative energy. Gutierrez et al. (2020) provided the opportunity to work with
engineering undergraduate and teacher candidates in the Ed+gineering learning project. End of the
study, participants were willing and successful in planning and applying technology, engineering and
science together. Engineering undergraduate students also had positive gains from group work and they
were willing to plan and implement STEM lessons together with teacher candidates. Mayasari et al,
(2019) revelaed STEM-based solar energy project improved pre-service physics teachers’ knowledge of
science, engineering, technology and mathematics and abilty to use design process. Sulaeman (2020)
carried out a study about STEM-based alternative energy sources with Japanese high school students
and Indonesian physics teacher candidates. The students saw wind energy and the teacher candidates
considered solar energy more as alternative energy. In the light of the results of this study and literature,
STEM integrated alternative energy sources activities improved the attitudes towards STEM education
and integrative STEM teaching intention of pre-service science teachers.

One of the most significant challenges on implementation of STEM education was that students
will confront STEM related issues such as energy efficiency, alternative energy sources, global climate
change and social topics as citizens. Addressing this problem needs integrated curricular approach, firstly
global issues were focused and then STEM disciplines were used to address and understand the issue as
context-based science education (Bybee, 2010). The current study affirmed the effect of integrative STEM
based education about alternative energy sources to improve STEM teaching intention and attitudes
towards STEM disciplines of participants.

In the light of the results of this study, the STEM integrated alternative energy sources activities
are effective in the development of pre-service teachers' attitudes towards STEM education and
integrative STEM teaching intention. STEM integration about alternative energy sources was needed to
improve pre-service science teachers’ attitudes and intentions. Alternative and renewable energy courses
might be conducted in an interdisciplinary sense in order to maximize pre-service science teachers’
attitude, intentions for teaching STEM and their ability to offer creative products about energy education.
One of the limitations of this study is that it is a single group experimental design. In order to overcome
this limitation, it is recommended to conduct studies with control groups. Elective courses related to
alternative energy sources or renewable energy sources in current curricula are offered to pre-service
science teachers. It is recommended that the content of this course be integrated with approaches such
as STEM-based, project or problem-based and presenting a course content where all teacher candidates
can prepare projects, practice within the scope of the course, and increase their awareness.
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Ozet:

Bu calismanin amaci, STEM temelli alternatif enerji kaynaklart etkinliklerinin, fen
bilgisi égretmen adaylarinin biitiinlestirici STEM 6gretimi niyetine ve tutumlarina
etkisini belirlemektir. Arastirmada nicel arastirma yéntemlerinden biri olan tek grup
6n test-son test deneysel desen kullandmusti. Calisma grubunu fen bilgisi
6gretmentligi béliimiinde 6grenim goren 29 kadin ve 11 erkek fen bilgisi égretmen
adayt olusturmustur. Veri toplamak icin biitiinlestirici STEM égretme niyeti anketi ve
STEM'e yoénelik tutum élcegi kullandmustir. Arastirma sonucunda, biitiinlestirici
STEM égretimi niyeti ve STEM'e ybnelik tutum, én uygulama ile karsiastirddiginda
o6nemli 6lctide artmustur. Blittinlestirici STEM égretim niyeti dlceginin bilgi, deger,
tutum, algilanan davranigsal kontrol ve davranissal niyet, éznel norm alt boyutlarina
ait katiimcilarin 6n ve son test puanlart arasinda anlamlt farklilik vardir. Cohen'e
(1988) gébre bilitiinlestirici STEM Ggretimi niyetine ait alt boyutlardan 6znel norm
harici tiim alt boyutlarda etki degeri biiyiiktiir. STEM'e yénelik tutum élceginin fen,
matematik, miihendislik ve teknoloji 21. yy becerileri altboyutlarina ait
katdimcilarin 6n ve son test puanlart arasinda anlamlt farkllik bulunmustur.
Cohen'e (1988) gére etki degeri fen icin biiytik, matematik icin kiiclik, mihendislik
ve teknoloji ile 21. ylizyil becerileri icin hesaplanan etki blyiikliigi ortadur.
Katilimcilarin gogunlugu hidroelektrik enerji, glines enerjisi ve riizgdr enerjisi ile ilgili
tasarumlar yaparken, az sayida katilimct biyokiitle enerjisi ve titresim yoluyla enerji
Uretimi (piezoelektrik) ile ilgili STEM drtinleri tasarlamustur. Bu bulgular siginda, fen
bilgisi 6gretmen adaylarinin biittinlestirici STEM Ggretme niyetlerini ve fen bilgisi
o6gretmen adaylarinin STEM'e yénelik tutumlarint gelistirmek icin STEM temelli
alternatif enerji etkinliklerinin uygulanabilecegini séylenebilir.
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Genisletilmis Ozet

Problem: Son zamanlarda, diinya capinda karbon ayak izini azaltmak igin biyilk bir caba sarf
edilmektedir. Devletler, topraklarindaki karbon ayak izlerini azaltmaya odaklanmaktadir. Fosil yakitlarin
kullanimina bagli olarak ortaya ¢ikan karbon miktari ile alternatif enerji kaynaklarinin karbon salinimlari
karsilastirildiginda alternatif enerji kaynaklarinin ¢ok disiik bir karbon salinima sebep oldugu
gorilmektedir (Kumbur, Ozer, Ozsoy ve Avci, 2005). Bu yiizden, kiiresel iklim degisikliginin énemli bir
etkisinin oldugu dusindlen sicakhk degisimlerini ve hava olaylarini engellemek icin alternatif enerji
kaynaklarinin tesvik edilmesi ve alternatif enerji kaynaklarina dayanan is firsatinin yaratiimasi
beklenmektedir. Gelecekte ortaya cikacak isglici ihtiyacinin karsilanabilmesi icin buglinden baslanarak
geng nesillerin STEM becerileri ile yetistiriimesi dnemlidir. Bu nedenle fen egitimi agisindan konuyu ele
aldigimizda STEM temelli uygulamalarin farkli konu ve baglamlarda gerceklestiriimesi gerekmektedir
(Subramanian, 2019). Ek olarak, STEM egitiminde alternatif enerji kaynaklari g6z dniinde bulundurularak
gelecek nesillerin yetistirilmesinde nemli gorev ve sorumluluk 6gretmenlerimize diismektedir (Karakul,
2016). Bu calismaya katilan katilimcilar, giinlik yasam problemlerini ve alternatif enerji kaynaklarina
yonelik mihendislik tasarimlarini iceren etkinliklerle tasarimlarini gerceklestirmeye calismislardir. Bu
calismanin amaci, STEM temelli alternatif enerji dersinin katilimcilarin STEM 6gretme niyeti ve STEM
tutumlari Gzerindeki etkisini belirlemektir. Arastirma sorulari:

1) STEM temelli alternatif enerji kaynaklari dersini alan katilimcilarin STEM'e yénelik tutumlarinda
On test ve son test puanlari arasinda anlamli bir fark var midir?

2) STEM temelli alternatif enerji kaynaklari dersini alan katilimcilarin bittnlestirici STEM &gretme
niyetlerinde on test ve son test puanlari arasinda anlaml bir fark var midir?

Yontem: Bu calismada tek gruplu on test ve son test deneysel desen kullaniimistir (Fraenkel, Wallen ve
Hyun, 2012). Tasarim temelli STEM etkinliklerinin etkisinin incelenmesi amaclandigindan ve calismada
kontrol grubu bulunmadigindan bu tasarimin kullanilmasina karar verilmistir. Arastirmada kontrol
grubunun olmamasinin nedeni, arastirmacinin tiim ikinci sinif 6gretmen adaylarini arastirmaya dahil
etmek istemesidir. Bu nedenle arastirmacilar bu calismaya dersi alan tim 6gretmen adaylarini dahil
etmislerdir. STEM entegre edilmis alternatif enerji kaynaklari dersinden &nce ve sonra, lisans
ogrencilerinin STEM 06gretmeye yonelik niyetlerini ve STEM'e yonelik tutumlarini incelemek icin
Bittinlestirici STEM Ogretimi Niyet Anketi ve STEM'e Yénelik Tutum Olcedi 6n test ve son test olarak
kullanilmistir. Calismaya 29 kiz ve 11 erkek lisans 6grencisi katilmistir. Ogrencilere tim dénem boyunca
STEM entegre edilmis alternatif enerji kaynaklari dersi uygulanmistir. Ogrencilerin alternatif enerji
kaynaklari ile ilgili bilgilerini gelistirmek ve 6grencilerin alternatif enerji kaynaklari hakkinda bilgilerini
gelistirmek icin su (hidroelektrik kaynaklar), riizgar, glines enerjisi, bitki materyalleri (biyokdtle), diinyanin
Isisi (jeotermal), dalgalar, okyanus akintilari ve gelgit enerjisi ile ilgili sunumlar gergeklestirilmistir. Ayrica
ogrencilerin STEM tasarim becerilerini gelistirmek icin mihendislik tasarim sureci ile ilgili drnek etkinlikler
ve sunumlar yapilmistir.

Butunlestirici STEM 6gretim niyeti anketi Lin ve Williams (2015) tarafindan gelistirilmistir. Bu anket,
o6gretmen adaylarinin STEM niyetlerini belirlemek icin Haciomeroglu ve Bulut (2016) tarafindan Turkge'ye
cevrilmis ve uyarlanmistir. Bes alt boyut deger, bilgi, tutum, algilanan davranissal kontrol ve davranissal
niyet ve o6znel normdur. Bu calismada anketin tamami icin Cronbach Alfa katsayisi .92 olarak
hesaplanmistir. Anket 7'li likert tipinde 31 madde icermektedir. Ankette deger (a=.82), bilgi (a=.71),
tutum (a=.85), algilanan davranigsal kontrol ve davranissal niyet (=.89) ve 6znel norm (a=.83) alt
boyutlari yer almistir.

The Friday Institute for Educational Innovation (2012) tarafindan STEM'e yonelik tutum &lcegi
gelistirilmistir. Ogrencilerin STEM'e ydnelik tutumlarini belirlemek icin bu élcek Ozcan ve Koca (2018)
tarafindan Turkce'ye cevrilerek uyarlanmistir. Olcegin uyarlanmig hali, 5'li likert tipi 37 maddeden
olusmaktadir. Olcegin uyarlanmis versiyonunun doért alt boyutlari fen, matematik, teknoloji ve
mihendislik ile 21. ylizyil becerileridir. Olcegin tamami icin (a=.92) ve bilim (a=.72), matematik (a=.90),
teknoloji ve mihendislik (0=.86) ve 21. yluzyll becerileri (x=.91) icin Cronbach Alfa katsayilari
hesaplanmistir.
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Nicel veriler Wilcoxon testi ve eslestirilmis 6rneklem t testi ile analiz edilmistir. 14 haftalik
uygulama sturecinin sonunda ve basinda buttnlestirici STEM 6gretim niyetleri ile STEM'e yonelik tutum
olcegi kullaniimistir.

Sonuglar: STEM entegre edilmis alternatif enerji kaynaklar dersi katilimcilarin bitinlestirici STEM
ogretim niyetlerini ve tutumlarini dnemli 6lctide gelistirilmistir. Alan yazindaki bu konu hakkinda yapilan
calismalar, bu calismanin sonuglar ile benzer sonuclar sahiptir (Capraro & Jones, 2013; Cepni ve
Ormanci, 2018). STEM egitimi hakkinda yapilan bir calismada katilimcilarin alternatif enerji kaynaklari
hakkindaki niyetlerini ve tutumlarini olumlu yonde etkilemistir. Buna ek olarak, bittnlestirici STEM
egitiminin uygulanmasi STEM drinlerini tasarlama ve gelistirme niyet ve becerilerini aktif hale getirererk
ve bilgilerini kullanarak mihendislik tasarmi yapmalarini saglamistir (Aygen, 2018). Benzer sekilde, lisans
ogrencileri katildiklart STEM dersinde cevrimici STEM laboratuvar uygulamasi ile gergek laboratuvarlarda
elde edilmis verileri kullanarak glines panelleri ve glines enerjisi hakkinda alternatif enerjiyle ilgili STEM
temelli tasarim projeleri yapma firsatini elde eetmislerdir. Bu calismada, alternatif giines enerjisi
konusunda lisans 6grencilerinin akademik bilgi ve basarilari arastirma éncesine gore artmistir. Ek olarak,
glinesten daha fazla enerji almasi amaciyla giines panellerini icin uygun tasrimlarin eklendigi orijinal
STEM projelerinin yapildigi, katihmcilarin grup olarak calismaya ve muhendislik tasarimi sirecini
kullanmaya daha istekli ve etkin olduklari belirlenmistir (Yildirnm ve Selvi, 2016).

Katihmcilarin STEM'e ydnelik tutumlar istaiksel olarak o&lgide artmistir. Tutum olcedinin
altboyutlari olan bilim, teknoloji ve miihendislik, matematik ve 21. ylzyil becerilerine yonelik tutumlar da
énemli 6lctide artmistir. Ogretmenlerin STEM'e yonelik olumsuz gériisleri nedeniyle, matematik ve fen
ogretiminde STEM egitiminde daha az zaman harcanmakta ve dgrencilerin karmasik sorgulamaya dayali
uygulamalara katilimina daha az vurgu yapildidi alan yazinda gortlmektedir (Appleton ve Kindt, 2002).
Bu durum 6gretmenlerin STEM tutumlari, niyetleri ve STEM &6gretim yontemleriyle iliskilidir (Thibaut ve
digerleri, 2018). Sonug olarak, fen bilgisi 6gretmen adaylarinin tutumlarinin belirlenmesi ve iyilestiriimesi
kritik ®neme sahiptir. Probleme dayali bir 6grenme ortaminda &grencilerin STEM'e yonelik tutumlari
STEM etkinliklerinden olumlu etkilenmektedir (Sari, Alici ve Sen 2018). Bu ¢alismanin bulgulari yapilan
Onceki arastirmalarla paralellik gostermektedir. STEM temelli uygulamalarda fen bilgisi 6gretmen
adaylarinin STEM tutumlarini artirmaktadir (Wahono ve Chang, 2018). STEM egitim programlarina katilan
o6gretmen adaylarinin cogunlugu olumlu gérislere sahiptir (Affouneh vd., 2020). Fen bilgisi 6gretmen
adaylarinin muhendislik tasarim sirecinin basamaklarina aktif katihmlari, goruslerini olumlu yénde
degismesine neden olmus olabilir. Alternatif enerji kaynaklari dersleri, 6gretmenlerin STEM hakkindaki
dusutincelerini degistirmede son derece yardimci olabilir. STEM'e yonelik iyi tutumlar olusturan
ogretmenlerin ilerleyen giinlerde STEM'i siniflarina entegre etmeleri beklenmektedir (Adams vd., 2014).
Proje tabanh 6gretim yaklasimlari ile gerceklestirilen STEM uygulamalarinda teknoloji enstittisindeki
birinci sinif 6grencilerinin STEM tutumlarini artirdigi belirlenmistir (Tseng vd., 2013).

STEM egitiminin uygulanmasindaki en 6nemli zorluklardan biri, 6grencilerin enerji verimliligi,
alternatif enerji kaynaklari, kiiresel iklim degisikligi ve sosyo-bilimsel konular gibi STEM ile ilgili konularla
karsi karsiya kalmalaridir. Bu sorunun ele alinmasi siirecinde bitlnlesmis bir mifredat yaklagsimina ihtiyag
duyulmus, 6ncelikle yasam standartlari ve kiresel konulara odaklaniimis ve daha sonra konuyu baglam
temelli fen egitimi olarak ele almak ve anlamak icin STEM disiplinleri kullanilmistir (Bybee, 2010). Mevcut
calisma, STEM &gretim niyetini ve katilimcilarin STEM disiplinlerine yonelik tutumlarini gelistirmek igin
alternatif enerji kaynaklar hakkinda butlnlestirici STEM tabanl egitimin etkisi oldugu ortaya koymasi
acisindan énemlidir.

Oneriler: Bu calismanin sonuclari 1siginda, STEM temelli alternatif enerji kaynaklari dersi fen bilgisi
o6gretmen adaylarinin STEM alanlarina ve STEM 6gretimine ydnelik tutumlarinin gelismesinde etkilidir.
Alteratif enerji kaynaklari ile ilgili derslerde STEM egitiminin entegre edilmesi ve 6gretmen adaylarinin
enerji kaynaklari hakkinda projeler gelistirmesi 6gretmen adaylarinin STEM egitimine ydnelik niyetleri ve
tutumlarini arttirdigi bulunmustur. Bu nedenle STEM egitiminin enerji kaynaklari, yenilenebilir enerji ve
cevre egitimi gibi benzer ders icerigine sahip derslere entegre edilmesi onerilmektedir. Yapilacak
calismalarda, sadece enerji kaynaklari ve STEM 6gretim niyeti ve tutum ile ilgili degiskenlere odaklanmak
yerine, 6gretmen adaylarinin STEM disiplinlerinin her birine &zel ilgi ve niyetlerinin arastiriimasi
dnerilmektedir. Ogretmen adaylarinin egitim siirecindeki dnceki ilgi ve niyetlerinin sunulan egitime
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katilma istekleri ve grup calismasina yonelik niyetleri Uzerinde nasil bir etkiye sahip oldugu
bilinmemektedir. Bu ylzden gelecekte gergeklestirrlecek arastirmalarda uygulama iceriginin
gelistiriimesinde ihtiyaclara yonelik analiz yapilarak hazirlanacak etkinliklerin etkililiginin daha fazla
olacagi icin egitim icerigi hazirlanirken katihmcilarin ozelliklerinin ve isteklerinin dikkate alinmasi
Onerilmektedir. Bu arastirmanin énemli sinirliliklarindan birisi tek grup deneysel desenin kullaniimis
olmasidir. Bu kisithiligin asilabilmesi icin deney grubu ile karsilastirma yapilabilecek niteliklere sahip
kontrol gruplari ile arastirmalarin gerceklestiriimesi énerilmektedir. Ogretmenlik lisans programlari icin
kullanilan egitim programlarinda alternatif enerji ve yenilenebilir enerji ile ilgili se¢meli dersler
bulunmaktadir. Bu derslerin iceriklerinin STEM tabanli, proje veya problem temelli gibi yaklasimlarla
butuinlestirilmesi ve tim 6gretmen adaylarinin ders kapsaminda proje hazirlayabilecedi, uygulama
yapabilecegi ve farkindaliklarini artirabilecegi bir ders icerigi sunulmasi dnerilmektedir.
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