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Abstract  In addition to the studies conducted
regarding STEM (Science, Technology, Engineering and
Mathematic), which is a new approach in education and
attract attention worldwide, researches also concentrated
on the effectiveness of the partnership of this
interdisciplinary approach with other disciplines. The aim
of this study is to determine the effect of an education
carried out with an E-STEM activity on the environmental
awareness of students and their opinions on E-STEM
disciplines. In the study, a holistic multi-state pattern was
used among the case study patterns. Data obtained from
semi-structured interview and activity plans were analyzed
using content analysis. There were 18 participants in the
study conducted at a centralized public school in a province
located in western Black Sea Region of Turkey, who were
at 6th grade in the 2017-2018 Academic Year. The
E-STEM activity prepared within the scope of the
application was implemented for a total of 6 course hours
for three weeks. At the end of the study, in the light of the
information obtained from the participants who provide
opinions on STEM disciplines, environmental awareness
sub-dimensions and E-STEM, it was determined that the
application had positive effects. Participants made positive
statements about the environment, especially on recycling,
and the use of the different disciplines together. Based on
this research, it was suggested that it would be useful to
develop studies on E-STEM.
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1. Introduction

Individuals have the inherent desire to add new ones to
their existing knowledge and to achieve better results. In

line with this request, the expected requirements are
designated on the basis of being able to develop
suggestions aimed to solve problems, and as for the
suggestions developed, having creative, critical thinking
ability and design ability [1-2]. This basis is the motive for
the education systems to change, develop and search for the
best continuously. Such competition environment being
experienced at international level leads countries to focus
on targeting modernism in science, engineering and
technology and on using different disciplines all together
[3].

The use of different disciplines in education all together
is not a new concept and a great deal of practices have been
carried out in this field, besides, it is know that such
multidisciplinary approach plays a major role in the
development of advanced thinking skills [4-5-6-7].
Interdisciplinary approaches and practices based on this
approach enable the use of more than one discipline in the
solution of complex problems [5]. STEM is one of the
newest approaches related to the use of different disciplines
together. STEM is an acronym for the disciplines of
Science, Technology, Engineering and Mathematic. Judith
A. Ramaley, director of The National Science Foundation,
was the person who introduced STEM approach to
education literature for the first time [8]. This approach is
considered as a key to create a progressive society in
especially the United States, and also in China, Japan,
Korea and most of the European Union countries [9].
Studies carried out with STEM disciplines aim to provide a
development for individuals in reaching new information
[10-11].

In today's world, the tendency of the countries to run
against each other to create original products and progress
in technology has also an effect on education as well [3].
This orientation, which comes into prominence in order to
educate individuals having the skills of the 21st century,
has also manifested itself through the changes in
curriculums. In 2018, our national science education has
been changed on an interdisciplinary basis and a new
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curriculum has been started to be used on the basis of
STEM approach [3]. The collective use of Science and
Engineering disciplines in the new curriculum, which is
structured with STEM is also seen in the activities in the
textbooks.

An education given on the basis of STEM aims to
provide students with the ability to identify problems by
using STEM disciplines on this basis, to offer solutions
regarding the problems, to be able to reach new
information along with the development and awareness
towards the extent of STEM approach and how it can guide
our surroundings [10-11]. STEM is an approach that covers
the whole education process of the individuals from
pre-school to higher education, rather than just covering a
certain part of the education period [12]. In this context,
from the point of view that STEM is an approach that
spreads through the whole education process, it is required
to develop educational policies and curriculums
considering the needs of the country within the scope of
entrepreneurship (STEM-Entrepreneurship, STEM+E),
art/design (STEM-Art, STEAM) and computing
(STEM-Computing, STEM+C) [13]. One of the versions
of the STEM approach adapted to the conditions of the 21st
century is E-STEM (Environmental, Science, Technology,
Engineering and Mathematic) which is formed by
integrating the environment into STEM disciplines. The
E-STEM concept was introduced by National Association
for Environmental Education. Under the title of Engaging
Young People in 21st Century Community Challenges:
Linking Environmental Education with Science,
Technology, Engineering & Math, it provides information
on combining STEM and Environmental education
disciplines [14]. When the studies on STEM approach are
examined, it is seen that STEM deals with determining the
needs of the future by taking reference from today and
being able to take measures for such needs. From this point
of view, analyzing the environment-oriented need-measure
relationship on the basis of E-STEM has a structure that
will lead to a more solid perspective to the environmental
consciousness.

The Science Curriculum implemented in Turkey
includes contents about environment in each grade
especially at middle school level. Acquisitions about
environment are concentrated in the units that are under the
“Living Beings and Life” subject area. Contents and
acquisitions about environmental consciousness are
concentrated in the Human and Environment unit in the 4™
and 5™ grades [3]. The special purposes of the curriculum
make references to environmental sciences,
individual-society-environment interactions, wonder about
the nature and immediate environment, and skill to offer
solutions to the problems encountered. When the Science
curriculum is examined within the context of environment,
it is seen that although it is adequate in terms of the
intensity of contents and acquisitions, it is inadequate
especially in terms of STEM-based environmental
education activities relevant to the curriculum structure.

Though the curriculum structure is suitable, textbooks do
not include a clear activity involving collective use of
STEM and environmental disciplines.

The aim of this study is to determine the effect of an
education conducted with E-STEM activities that enable
the use of the disciplines of Environmental, Science,
Technology, Engineering and Mathematic. Upon
reviewing the literature, it is noted that even though there
were studies using STEM, STEAM approaches
[15-16-17-18-19-20-21-22], the quantity of studies
provided using E-STEM approach was not sufficient. This
is also the same for the quantity of the enlightening studies
regarding the structure of E-STEM studies. In the light of
this information, it is expected that the study will contribute
to the subject matter. This study is considered to be
valuable since it is among the study cases where STEM
studies blend with different disciplines The research
problem is determined as follows:

What is the effect of the E-STEM activity carried out in
Secondary School, 6th grade, on environmental awareness
and opinion on E-STEM disciplines of 6th grade students?
What are the opinions of the 6th grade students regarding
the process of the application?

2. Materials and Methods

In this study, which was conducted as a qualitative
research, a holistic multi-state pattern was used among the
case study patterns [23]. Case studies provide an in-depth
investigation of an event that took place [24]. Within this
framework, the case can be an individual/individuals
(separately or as a group), a program, incidents or activities,
a process, an unusual event or a specific problem [25]. In
this study, it will be aimed to determine the relationship of
the Environmental discipline provided along with STEM
approach with all other disciplines in addition to
environmental awareness, and all these will be addressed in
a holistic manner.

Study Group

In the selection of the participants, convenient sampling
and criterion sampling methods were used among
purposeful sampling methods [26]. The study group
consisted of 18 6th grade students receiving education in a
public school during the 2017-2018 Academic Year, in a
province located in the West Black Sea Region. 10 of the
participants were female and 8 were male. Participants
were included in the study with ordered codes such as S1,
S2,...

Data Collection Tools

The semi-structured interview form drawn up by the
researchers was used in the study. In the semi-structured
interview form, there are 4 questions aimed to obtain
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opinions regarding STEM and the Environment, and 2
questions in order to determine views on the application.
While the first four questions were asked in the interviews
that took place before and after the application; as for 2
interview questions specifying the opinions on the
application, the data were collected only at the end of the
practice.

Analysis of Data

Data obtained from the interview forms were analyzed
by content analysis method. Content analysis is the process
of summarizing and defining the basic contents of the
available written documents [27]. In the content analysis,
there are four stages including processing of qualitative
research data obtained from documents, coding of data,
finding themes, arranging codes and themes, and
identifying and interpreting the findings [24]. For the first
step, the interview forms have been put into writing in
computer environment without making any changes. A
total of 28 pages of written documents were obtained; there
were 7 pages before the application took place and 21
pages after it is completed. Interview data transcribed
without making any changes is cleared from the daily
spoken language [28-29]. Afterwards, the interview was
rearranged according to documenting rules [30]. A
program called Nvivo was used in the analysis of the
transcribed interview records. The data were analyzed by
inductive analysis. The data obtained were read
independently by the researchers and individual codes and
categories were created. These individually generated
codes and categories are compared, and the records were
examined until a consensus was reached. The agreement
percentage formula among the individual data solutions
suggested by Miles and Huberman (1994) was used in
order to determine the reliability of the study. The
agreement percentage is calculated as follows: Agreement
Percentage = (Consensus)/ (Consensus + Dissidence) X
100. Agreement percentage was calculated as 94.43. For
each research problem, coding and categorization were
done before and after the application, and findings were
presented including references.

Application Process

The application continued for 3 weeks as part of the
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2017-2018 Science Course. 2 course hours were allocated
for the application per week, and the application lasted 6
course hours in total. The participants were divided into
groups of three persons and there were 6 groups in total.
Voluntary participation of individuals in groups was taken
into account while forming the groups. They were asked to
find a group name representing their groups with the aim of
increasing the efficiency of the study and sense of
belonging. In order to ease the progress of activities,
special boxes called activity boxes were prepared for each
group, containing activity plans and activity materials.
Boxes are customized by typing the group names on the
activity boxes. In the first week of the application, the
individuals perceived the problem, and within the same
week, participants were asked to produce ideas that
embody the consideration of what to do regarding the
problem. Groups have been given time to plan and do
research. Activity boxes prepared were distributed among
the groups. At the end of both course hours, the students
were asked to place the prepared models in their current
states in the activity boxes in order to continue in the
following week, and they were allowed to continue with
the models the following week. At the end of this process,
which was repeated for three weeks, opinions of the
participants were obtained regarding E-STEM application
and environment.

In the activity used in the application, an activity that
provides interdisciplinary work was planned in the
perspective of the subject of Wastes and Recycling
(Appendix 1). In the activity, the following disciplines
were used; Science in using the contents of the learning
area of Living Beings and Life; Mathematics in
mathematical calculations; Engineering as a result of the
structure of the created model and Technology in digital
recording of the collected waste. Furthermore, it was
focused on 5R (Refuse, Reduce, Reuse, Repair, Recycle)
which sloganizes recycling.

3. Findings

Table 1 and Table 2 show the analysis of the statements
of participants about environmental knowledge, attitude
and behavior, which are sub-dimensions of environmental
consciousness.

Table 1. Before Application Number of References and Coding Density of the Participants' Opinions on Environmental Consciousness
Number of Coding Density Coding Density
Category Code References (%) (%)

Smoking 7 23,3

Environmental . .

Knowledge Air pollution 6 20,0 80
Waste 11 36,7
React to those throwing

Atti.tude towards garbage 3 10,0 20

environment Love for trees 3 10,0
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Table 2. After Application Number of References and Coding Density of the Participants' Opinions on Environmental Consciousness

Number of Coding Density ~ Coding Density
Category Code References (%) (%)
Recycling 17 11
Environmental Knowledge Types of Waste 16 10,4 33,1
Law reducing the use of Plastic Bags 18 11,7
Happiness due to clean environment 11 7,2
Willingness towards SR to become
Pos%tive attitude towards the widespread 15 9,7 32,6
environment React to those throwing garbage 13 8,5
Future Anxiety 11 7,2
Making a Recycle Bin 13 8,4
Separation of the wastes 10 6,5
Useful Behavior Garbage collection 9 5,8 34,3
Using a model designed for garbage
. 13 8,4
collection
Raising Awareness / Warning 8 52

When Table 1 and Table 2 are examined, it is seen that
there are differences in the participants' statements
regarding knowledge, attitude and behavior towards
environment as per the statements obtained before and after
the application. When the coding densities obtained from
the statements of the participants before the application are
listed; it is observed that waste, smoking and air pollution
was mentioned in the environmental knowledge category,
and their dislike towards those who throw garbage and
their love for trees were mentioned in the category of
positive attitude towards the environment. It was
determined that some of the participants considered
smoking as the cause of environmental pollution
(especially air pollution). When participants using these
statements were asked about the reasons of their opinions,
they stated that they had seen this information in public
service announcements, which was regularly included in
television broadcasts as a deterrent for smoking. Sample
statements of the individuals expressing such statements
are as follows:

"The environment is polluted by smokers

[=smoking]." "When I look outside from the school bus,

I see smokers [= smoking], they pollute the air [=air

pollution]." (Pre-Application Interview S2)

"On TV, in advertisements, smokers cannot breathe
and they die due to air [= air pollution]" (Pre-Application
Interview S11)

When the opinions of the participants are examined after
the application, it is seen that in the environmental
knowledge category, there are references to recycling,
waste types and to the law aimed at reducing the use of
plastic wastes that will come into force in our country.
They had a positive attitude towards the environment as per
their statements in the attitude category. Participants had
the feeling of happiness for clean environment, reaction to
those throw garbage, concern for the future of the

environment and willingness towards waste reduction and
towards SR to become widespread which the slogan of
recycling. Sample statements of the individuals expressing
such statements are as follows:

"Bag is plastic and we should not throw it in the same
bin with the fruit peel [= waste types]", "Bags can be
collected and made into plastic again [= recycling]",
"They are throwing the bags onto the streets... It will be
very nice that the bags will be banned in markets [= Law
reducing the use of Plastic Bags]", "Fewer bags will be
garbage." (Post-Application Interview S5)

"I feel happy when there is no garbage around [=
happiness towards clean environment] and I certainly
cannot stand a person throwing garbage [= react to those
throwing garbage]" (Post-Application S1)

Examining the post-application statements of the
participants regarding positive attitude towards the
environment, it is seen that the coding density was mostly
for the designed model. It is also noted that the idea of
carrying out concrete actions against the environment was
formed as a result of the model built within the scope of the
study. The Participants also stated that they built a recycle
bin, grouped and stored waste in these bins and made
people around them conscious with the model they
designed. Sample statements of the individuals expressing
such statements are as follows:

"I took my garbage collecting hand out of my bag and
dumped the trash which was on the floor into our boxes
[= making a recycle bin] [using a model designed for
garbage collection], [= garbage collection]." "Those who
have seen my hand liked it so much, they liked its colors,
I told and taught them, and told them why they should do
the same as well [= raising awareness/warning]."
(Post-Application Interview S18)

The views of the participants on the E-STEM disciplines
and their views on application are given in Table 3.
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Table 3. Number of References and Coding Density of the Participants' Opinions on E-STEM

Cateo Code Number of gz:;ig Coding Density
gory References Y (%)
(%)
Increased awareness regarding STEM 12 13,6
The thought of the effectiveness of using 13 148
. environment and STEM disciplines together ’
Vlews. OI.I E._STEM The desire to become an engineer 5 5,7 46,6
Disciplines
Willing to build a professional version of the
7 8,0
model
The idea that the model can be sold/purchased 4 4,5
Enjoying the activity 16 18,2
Views on the .. .
Application Process Enjoying the model and the tendency to store it 14 15,9 53,4
Desire to carry out similar activities 17 19,3

Examining Table 3, which includes the views of the
participants on the application process and E-STEM
disciplines, it is seen that there is a positive development
regarding E-STEM disciplines. It is noted that they have an
idea about each discipline of STEM and understand the
effect of using these disciplines together. At the end of the
activity, participants wanted to be an engineer and they
wanted to build a professional version of the model. Some
of the participants stated that they could sell the model they
designed if they were made of durable material, and that
individuals might want to buy this model. When the views
on the application process are examined, it is seen that the
participants are affected positively by the whole process.
They liked the activity and were willing to do similar
activities. In addition, the students stated that they liked the
model they designed and would like to keep their models.
These references regarding their desire to keep the models
were found to support the positive attitudes towards the
process.

"l worked like an engineer. I felt so good [=
liking/enjoying the event]. I always want to do stuff like
this [= Desire to carry out similar activities]." (Post
Application S7)

"l used science, mathematics, engineering, and
technology for the environment [The thought of the
effectiveness of wusing environment and STEM
disciplines together]. I've done calculations and I've paid
attention to a lot of things to do the best [= Increased
awareness regarding STEM]. I would design this model
more robust if I could melt the iron [= Willing to build a
professional version of the model]". (Post-Application
S13)

4. Conclusions

The aim of this study was to determine the effects of the
activity carried out, on knowledge, attitude and behavior
sub-dimensions of environmental awareness, and the
opinions regarding the application process within the scope
of E-STEM approach, which introduces a new perspective

to interdisciplinary approach. In this framework, the
opinions of the participants were asked before and after the
application. In the light of the findings obtained from the
study, it was concluded that the application had a positive
effect on the participants regarding E-STEM, E-STEM
disciplines and application. This result coincides with the
studies in the literature showing that STEM applications
had developed a positive attitude [19-32-33-34-35].

When the findings of the effect of the application on
environmental consciousness are examined, it can be said
that there was a development at the level of knowledge and
attitude dimensions after the application. It is observed that
new statements were formed especially in the behavior
dimension after the application. Before the application,
participants who had a simpler knowledge and attitude
started to mention 5R after the application, to react to those
who throw garbage and to conduct concrete behaviors
towards the environment. It is also noted that such
tendency to conduct concrete behaviors were
environmentally friendly behaviors. One of the valuable
results obtained is that, it is determined that students tend to
show useful behaviors in a very short period of time as a
result of the model designed. The environmental discipline
integrated into STEM contributed to the tendency to show
useful behavior, which is the last condition of being
environmentally conscious. It can be commented that
E-STEM is useful on improving environmental awareness.

One of the striking results of the research is the
statements indicating that air pollution was caused by
smokers. Although smoking is one of the factors that affect
human health, it can be interpreted as a sign of
misconceptions that smoking is considered to be directly
responsible for air pollution. In addition, the statements
indicating that this information was obtained from the
public service announcements shows that this subject
should be thought in the age group of the participants with
sub-details.

When the participants' opinions about E-STEM
disciplines and the application were examined, it was
determined that there was awareness towards the
effectiveness of interdisciplinary education and an increase



342

An Interdisciplinary Environmental Education Approach:

Determining the Effects of E-STEM Activity on Environmental Awareness

in knowledge towards STEM. Participants said that they
felt like an engineer while participating in the activity.
Upon this development, which can be interpreted as an
increase of self-confidence, the idea that they can create
professional versions of the model when the required
opportunities are provided is an important result. An
individual who feels that he/she is qualified would want to
advance and develop, and the creativeness of such an
individual would increase. This finding of the study is
similar to the studies indicating that STEM applications
increase scientific creativity [36]. It can also be seen that it
is moved to a commercial dimension with the idea of some
participants stating that the product might be sold. It is
noted that there are developments within the scope of
entrepreneurship field in the Science, Engineering and
Entrepreneurship activities that was introduced into our

Appendix 1

science education life with the 2018 Science Program. This
result is considered as one of the valuable results of the
study as well. The participants liked the process and
requested to be repeated.

Based on the results, it is seen that E-STEM is a field that
needs to be reinforced by conducting more researches on it.
E-STEM studies should be focused on. Art discipline,
which introduces an aesthetic design-based understanding
to STEM, is also a subject that could be collectively
worked on together with E-STEM. Carrying out E-STEM
studies on environmental issues other than wastes and
recycling will enrich the literature. It is recommended that,
among the activities of Science, Engineering and
Entrepreneurship included in the textbooks, those that are
within the chapters based on Environment be arranged
within the scope of E-STEM.

AW

WASTES AND RECYCLING ACTIVITY

™
Be careful when using cutting \
tools and sharp objects.

|
i,

2SS

Please make sure that the materials
you will use in the activity are
recycled materials.

The purpose of recycling is to prevent
depletion of resources and to reduce
the amount of waste.
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WASTES AND RECYCLING ACTIVITY APPLICATION STEPS STUDY SHEET
1. The zcientific procesz bagins with asking questions (with cunosity).
¥ How does our hand medel move?

2. Thera should be questioning in the scientific process.
Which features of our medel can be changed?

the same shape.

What would ke obzarved if the arm length of the model changesT
Test the lansth variabls by creating different sizes of the same shape.

What would be obzerved if the pipette quantity in the hand part of the model changes?
Test the folding variable by creating different sizes of the same shape.

4. How can we collect more garbage without changing our medel? Improve vour model by creating vour
ovm dezigne: Write dovwm the faztures vou developed.
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HOW TO MAKE

1 Let's take the cardboard piece and cut it by drawing a hand model as shown in the figure. Each finger should be 10 cm.

E Let's examine our own hand and give our cartoon the shape of our knuckles

Then let's cut the pipette parts 3 cm long and attach them as shown. Attach 2 on the thumb, and 4 on the other fingers.
Have 2 cm between each pipette piece. Let's pass the ropes through the pipettes.

q Now, as a second step, let's form the arm part. Arm length should be 20 cm. Let's take our waste cardboard piece and create
two rolls in such a way that they can pass through each other. And as shown in the figure,
let's cut two holes in the sides of our rolls.

E Let's take our rope and fasten it by connecting it to our roll piece which will be attached inside.
Then let's put the other piece on it and have the rope pass through its holes and fasten it. Our intertwining arm is ready.

Let's pick up the waste we see in the classroom, in the school building and in the school yard with the help of this hand and
throw them into the recycling bin. Let's sort the garbage according to their types and record them in our program.

Recycling protects natural resources and saves energy. It reduces the amount of waste and facilitates garbage storage.
It prevents the pollution of air and environment. It prevents useful wastes from being wasted. It contributes to the economy.
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