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ABSTRACT

EFFECTIVENESS OF ENVIRONMENTAL SCIENCE PROJECTS
ON MIDDLE SCHOOL STUDENTS’ ENVIRONMENTAL
KNOWLEDGE AND ATTITUDES

Cansu KESKIN

Department of Natural and Applied Science

MSc. Thesis

Adviser: Assoc. Prof. Dr. Hakan AKCAY

The aim of the study was to investigate the effects of Water Explorer Program on students'
attitudes and behaviours of water usage behaviour, attitudes and environmental
awareness. The study designed as a quasi experimental research. It is conducted at a state
school in Istanbul 2018-2019 semesters. Four classes of 8" graders which consisted of 36
girls and 51 boys totally 87 students were the participants. . Each of the participants were
randomly selected. Traditional lectures were processed in the groups which did not attend
Water Explorer Program. Science projects from Water Explorer Program were processed
at the groups which attended Water Explorer Program. Water usage attitudes, water usage
behaviour and environmental awareness tests were applied to all groups before and after
the study. In addition to pre-post tests reflection papers and worksheets were applied to
Water Explorer Groups. Results of the study are that groups which attended Water
Explorer Program were significantly better than other groups which did not attend the
program at all tests. Therefore such projects should be increased in the science

curriculum.
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OZET

CEVRE ILE ILGILi FEN PROJELERININ ORTAOKUL
OGRENCILERININ CEVRE BILGi VE TUTUMLARINA ETKIiSi

Cansu KESKIN

Dogal ve Uygulamali Bilim Anabilim Dal1
Yiiksek Lisans Tezi

Tez Danismani: Dog¢. Dr. Hakan AKCAY

Bu ¢alismanin amac1 Su Kasifi programiin 6grencilerin su kullanimi tutum davranis ve
cevre bilinglerine etkisini arastirmaktir. Deneysel olarak tasarlanmistir..2018-2019
yilinda Istanbul'da bir devlet okulunda uygulanmstir. Katilimeilar 36's1 kiz 51'i erkek
olmak iizere 87 kisiden olusmaktadir ve rastgele se¢ilim yontemi ile belirlenmislerdir. Su
Kasifi programina katilmayan gruplarda geleneksel fen miifredati islenirken, bu programa
katilan gruplarda programin igindeki projeler uygulanmigtir. Calisma Oncesi ve
sonrasinda tiim gruplara su kullanim tutumu, su kullanim davranist ve ¢evre bilinci
testleri uygulanmistir. Testlere ek olarak, Su Kasifi gruplarina acik uglu calisma kagitlar:
verilmigtir. Calismanin sonuglari, Su Kasifi programina katilan gruplarimn, tiim testlerde
programa katilmayan diger gruplardan anlamli derecede daha iyi oldugu yoniindedir. Bu
nedenle 6grencilerin su kullanimi, davranisi ve g¢evre bilincinin arttilrilmasi i¢in fen

miifredatinda bu tiir projelere yer verilmelidir.

Anahtar Kelimeler: Su Kasifi, Surdiiriilebilir Kalkinma, STEAM, Su Tasarrufu, Cevre

YILDIZ TEKNIiK UNiVERSITESI FEN BiLIMLERI ENSTITUSU
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CHAPTER 1

INTRODUCTION

1.1 Literature Review

In this era, it is very easy to reach the information and its spread is very fast. This situation
put trivial to the knowledge in the books. Now it is important learn to learn instead of
memorable knowledge. The age where learning is part of life, there is a great importance
at critical thinking skills and science literacy [1]. DeBoer defines scientific literacy a wide
and functional understanding of science and use the science for educational purposes [2].
Although there are different definitions of science literacy, all of them include being able
to use scientific knowledge in real life situations. Researches show that huge amount of
the students knows scientific knowledge but they cannot use everyday life activities. The
students think that science is not a part of life. One of the research about the topic is PISA.
In PISA 2006 is about science. The research shows that only %1.3 of the students from
OECD countries know science and apply everyday life perfectly [3]. Considering the fact
that most countries want individuals who are able to use the science, it can be seen how
low this rate is. Many countries want citizens who scientifically literate and their science
curriculum focus on the topic. Turkish science curriculum also has the emphasis on
scientific literacy since 2004. In 2006, 2013, and 2018, science literacy is always

emphasized in the changing Turkish science curriculum.

Internet is allowed to spread information very quickly. People spend most of their time
on the net. The time can be used in favor. According to Fauville, Dupont and Lundin
internet should be used as additional learning environment. Although it is not a full social
learning environment, it has a positive effect on learning [4]. Online education support
learning by serving different options to different type of learners. It gives opportunity to
collaborative learning which allow students to learn together. It also allows everyone to

learn at their own pace. Right to repeat is unlimited. In view of these benefits, it would



be very helpful to use the internet in education but there may be some disadvantages other
than the benefits. For some points such as dangerous situations, abstract concepts and
lack of equipment technology is used to meet the deficit. Students cannot know how much
they know. They may also be inadequate in the use of technology. Whatever happens in
this educational environment, it is necessary to reform educational systems according to

the requirements of the era [5].

The advancement and rapid dissemination of science and technology also rapidly changes
the concept of dominating nature. This change leaves the environmental consciousness in
the second place. This creates a society that produces and consumes as much as possible
[6]. So, there is a need for individuals who are respectful and sensitive to nature. As a
result of this change, individuals who are aware of environmental awareness, protection
and sensitivity should be trained. According to Ilgar definition of the environmentally
sensitive individual is that a human who avoids harming the environment, consciously
produces and consciously consumes, is aware of its being a part of this environment and
sensitive to environmental problems [7]. Such a human model emerges in cultures that
are aware that the environmental problem occurring anywhere in the world affects the
whole world equally. Environmental education is very important for the formation of this

culture.

In line with the digital needs of our age, it is now almost indisputable that students should
prepare for this world, especially in terms of developments in the informatics sector, and
even they need to have an education in this area to increase their creativity. Therefore, in
order to be able to keep up with the development as countries in the 21st century and to
be able to lead further, it has become an important issue to transfer the skills in this field
to the new generation in the most accurate way. One of the most important training

systems developed to meet these requirements is STEM.

STEM training is defined as a teaching model that is formed by combining four important
disciplines such as science, technology, engineering and mathematics. STEM aims to
educate qualified individuals in all these areas, and is a mathematical approach to dealing
with problems in daily life. It is an approach that allows students to think differently and
increase their ability to search for new solutions for various processes. According to the
definition in the literature, it is a method that can be applied both in the curriculum and

outside the curriculum from preschool to postgraduate education.



The approach of integrating all the principles and benefits of STEM education into art or
art is called STEAM. Taking STEM education to another level, STEAM adds art as a
fifth discipline among science, technology, engineering and mathematics. STEAM
enables students to learn by linking what they learn in these important areas with art
practices, elements, design principles and standards. STEAM training, where boundaries
and restrictions are eliminated, provides a learning environment full of curiosity, critical

thinking, questioning and innovation. STEAM was used in the research instead of STEM.

In the 1970s, environmental education was first discussed at higher education level [20].
The aim of environmental education is to make students aware of environmental problems
and to act the problems [8]. In Turkey as in other countries, interest in environmental
education has increased in recent years. The research conducted on this subject between
2012 and 2016 in Turkey has increased significantly and it is foreseen that this increase

will continue.

Environmental education which has a very important place in science education. It is also
a must for sustainable environment. At the Rio summit United Nations were told to use
the concept of environmental education for sustainable development instead of
environmental education. Within the framework of sustainability, human beings will see
themselves as part of the ecosystem and respect the natural life. Therefore, instead of
constantly destroying nature, it would prefer to find alternative sources and to evaluate
waste. Tilbury said that there are three different approaches of environment education [9].
These are in environment, about environment and for environment. About environment
is giving environmental knowledge to students. Currently science education in schools
include the about environment group. Education of in environment includes activity-
centered training. It is aimed to improve the environmental awareness of the individual
through the studies conducted outside the classroom. Applications combined with non-
formal education can be given as examples. Lastly, for environment education is much
more comprehensive education. In addition to other two it includes individual
participation and environmental problem solving. It is a holistic perspective.
Unfortunately, the education is given to schools is that about environment. It is theoretic.
Problems which affects the continuation of natural systems is not possible with the
theoretical education. PISA 2006 data also indicates the level of implementation of
scientific knowledge very low in Turkey [3]. It can be also showed that theoretical

education is not enough for individual who aware of his environment and its problems.



Even if the students know environmental knowledge very well, they have difficulty in
practice. But the solution of this problem which affects the continuation of natural
systems is not possible with the theoretical education. PISA 2006 data also indicates the
level of implementation of scientific knowledge very low in Turkey [3]. It can be also
showed that theoretical education is not enough for individual who aware of his

environment and its problems.

The research based on the last of these three approaches so “for environment”. Water
exploration program was used in this study. The program gives information about the
environment. It enables students to use this information with student-centered
applications. It has a part of informal education. It improves empathy ability and gives
the message of protecting the resources of the whole world and if it is trouble somewhere
in the world this affects all countries [10]. In this respect, Water Explorer program enters

the “for environment” which is exactly the desired environmental education.

According to Bahar and Kiras, only 5 percent of the work done between 2000 and 2016
in Turkey is related to the environment. The majority of these studies have been done in
recent years. This indicates that a trend towards environmental issues in recent years [11].
The reason for the increase of studies may also be the emphasis on this issue recently in
the curriculum. Since 2000, a total of 56 master's thesis and 14 doctoral theses have been
published in Turkey. Research subjects of the master thesis environmental are education,
environmental attitudes, environmental problems, environmental awareness,
environmental literacy, science and technology program, sustainable environment,
biodiversity, environmental knowledge, environmental identity, eco-school,
environmental recycling, nature perception, environmental pollution, carbon footprint
and global warming. The subjects are ranked as decreasing according to frequencies [14].
Some subjects are being processed while some subjects are not considered at all [15]. The

most preferred group in thesis were primary and secondary school students.

In Turkey, newly increased for the study of environmental issues in general while other
countries are specialized topic of water. When the studies carried out within the scope of
environmental education are examined, it is seen that most of them talk about the efficient
use of energy and protection of the environment in Turkey. There is an emphasis on water
resources, water saving in the world. Contrary to the trend in the world, in Turkey there

is no specific study on water [16].



Turkey is a country which is rich in water, counting before the year 2000. Today takes
place in groups of countries experiencing water shortages. It is estimated that in the next
20 years it will fall into the water poor countries [17]. According to the Turkish Waste
Report published in March 2017, those who wasted the most water are university
graduates and those who save money are primary school graduates [18]. This is an
indication of the failure of traditional environmental education. According to the report
of United Nations will start water storage in 2025 [19]. Therefore, it is a necessity to train
future generations to use water resources economically. This study was carried out by
using water exploration program and focused on water education by mentioning

sustainable environmental and environmental awareness issues.
1.2 Objective of the Thesis

The aim of the study is that to determine the effect of informal educational activity: Water
Explorer Program at sustainable development topic on 8" grade students’ attitudes of

water usage, behavior of water usage and environmental awareness.
1.3 Hypothesis

Is there significant difference at students’ attitudes of water usage between pre-test and

post-test with respect to Water Explorer Program education?

Is there significant difference at students’ behavior of water usage between pre-test and

post-test with respect to Water Explorer Program education?

Is there significant difference at students’ environmental awareness between pre-test

and post-test with respect to Water Explorer Program education?
1.4 Research Question

As an educator | aimed to research the effect of the program on students’ attitudes of

water using, behavior of water using and environmental awareness.



CHAPTER 2

GENERAL INFORMATION

2.1 Environmental Education

Science education are concepts of ideas or events that helps people examine the world
they live in [20]. It is given theoretically in schools [7]. Environmental education is
separated from science education at this stage. [21][22].Science education generally focus
on teaching knowledge and skills but environmental education focuses on changing

behaviors and incorporation of values [ 23].

The rapid advance of science and technology also changes the concept of dominating
nature very quickly. This change leaves the environmental consciousness behind. There
is a society that can reach everything and consume it constantly. There is a need for people
who consciously produce and consciously consume, avoiding harm to the environment,
are sensitive to environmental problems and can understand that they are part of nature.
These individuals may be possible with environmental education [7]. They regarded
scientifically literate person in particular can be called environmentally literate.
According to Kisoglu environmental behavior is a concrete indicator of the individual's
environmental knowledge, attitudes, skills, and active participation in activities that
contribute to the solution of the environmental problem [24]. The actual behavior shown
for the protection of the environment is considered as environmental behavior. These
behaviors are included in the literature as environmentally friendly behavior [25]. For an
individual to be an environmental literate, only knowledge of ecology is not sufficient. If
the individual exhibits environmental friendly behaviors as well as his / her knowledge,

then the individual is considered as an environmentally literate [26].



Environmental education is also needed for saving world resources in order to prevent
environmental problems. This topic is covered under the title of environmental education
for sustainable development. Environmental education under this heading is divided into
three [9]. These are “about environment”, “in environment” and “for environment”.
About environment is a form of environmental education in schools. It aims to provide
information to students about environment. In environment training covers
extracurricular activities. The activities are student centered. They aim to develop the
environmental awareness of individuals and to increase their interest in nature. Purpose
of for environment training is that ensure environmental progress. In addition to other
trainings, for environment aims to develop individual responsibilities and to take active
role in solving environmental problems. For effective environment education for

sustainable development, all their forms of environmental education are required.
2.2 Scientific Literacy

According to Haufler and Sundberg public does not know very much about science and
that is one of the major problem for science [1]. Science education contributes to ability
of understanding of using science in daily life and social responsibility. Many countries
in the world want knowledgeable citizens who can make their own decisions. Such
citizens are called scientifically literate. Natural research council defines scientific
literacy is knowledge and a science process that make decisions about everyday life
activities, social participation, culture and economic productivity [27]. Moreover
international students’ assessments define scientific literacy ability to use scientific
knowledge, draw evidence based conclusions and modification made by human activity.
There are different definitions about scientific literacy. Common points of all definitions
are the ability to use and evidence and data, evaluate the quality of information and

discuss presented by mass media and scientists [28].

Shen classify scientific literacy into three categories that cultural scientific literacy, civic
scientific literacy and scientific literacy practice. Cultural scientific literacy means
understanding science as a person who have average intelligence and education of a
culture. Civic scientific literacy making decisions using scientific information that is
necessary a person. Scientific literacy practice is that a person has knowledge of problem

solving such as how to illuminate the house becomes more economical.



2.3 Non-Formal Education

Non-formal education defines an education for those who have never been able to benefit
from formal education, those who leave early from their school or those who are studying
in formal education institutions and those who want to become more qualified in the
profession. Now the definition of non-formal education is changing. It is widely accepted
as a sub-system of educational system at almost all developed countries [29]. Not only
adults but also children benefit from the non-formal education with their formal education
at the same time. With the development of technology, the opportunities for non-formal
education have increased a lot. The internet allows development of any knowledge
especially science. People can receive any education from anywhere in the world through

distance education.

In the information culture, interactive activities have gained great importance [30].
Mackey and Jacobson define a concept known as information literacy. It provides
higher order thinking and requires to engage various media format and documents in
collaborative internet environments [31]. Formal education is insufficient to these
topics. Moreover, most education like environmental education wants lifelong learning

process. This is also provided by informal education.
2.4 Sustainable Development

In today's world, if the current growth trend in food production, natural resources
depletion, and industrial growth will continue, our planets resources and will be based on
the border in the next century. When the last 200 years, the harmful effects of human
activities on earth have increased. Because of the activities, environmental problems
occur, natural resources are consumed unconsciously, the habitat of living spaces are
damages and many species are extinct [32]. Because of these situations, sustainable
development education is one of the important part of science curriculum. Dragos and
Mih says that “Science education has a beneficial role in the knowledge of the

surrounding world.”

In Turkey science curriculum, there is a focus on sustainable development since 2004
[33]. At 2013 science curriculum sustainable development define as the issue of
sustainable development includes the fulfillment of the needs of future generations by
using natural resources economically, the development of awareness of the individual

social and economic benefits of saving use. There are two kinds of sustainability: weak



and strong [34]. If economic growth is the primary objective, this is weak sustainability.
The economies of today's countries are mostly based on capitalism. The production
consumption chain requires a continuous spiral structure. The continuation of this
depends on the environmental resources. Resources should therefore be protected. This
is often the case with the emphasis of developing countries. The production-consumption
chain requires a continuous spiral structure. The continuation of this depends on the
environmental resources. Resources should therefore be protected. The aim of strong
sustainability is to protect the environmental raw material. The procurement of all raw
materials is realized in accordance with the ecosystem of production consumption and the

recycling process of waste.
2.5 Project-Based Learning

Project-based learning is that students work individually or in groups to reveal concrete
products. It is not new educational approach. It has long historical background but it is
different from traditional teaching methods. Projects based learning is students centered.
According to Oguzkan project-based learning is a mixture of John Dewey’s “problem
solving” and Wrigley’s “The project method” [35]. Project based learning consist of four
elements. These are extended time frame, collaboration, an investigation or research and
a task-based performance or a demonstration [36]. Project needs time varying between
two or three lessons to a whole year of the education [37]. Students can work as a teams.
In this way, time can be used effectively. Projects focus on real world situations [38]. It
requires real world problem that is related to the students’ everyday life. At the end of the

project, a presentation, a performance or a product should occur [39].

This approach has both advantages and disadvantages. Project based learning increases
student motivation [40]. Students are more involved science education in doing the
projects themselves. Projects develop a lot of high level skills such as problem solving,
evaluating themselves, being and independent researcher. Project based learning in this
way, develops the knowledge and skills of the student. It is also increased collaboration
between students who work with a groups. Students can learn how they work and produce
as a team [41]. Moreover, project based learning provides interdisciplinary work
opportunity [42]. Students can combine mathematics, science, literature and social

science knowledge and can answer open ended questions related to the projects.



Project based learning has some limitations. The learning approach is not suitable for all
topics. It is difficult to choose a topic for the aims from curriculum [43]. Moreover, it
takes extended time [44]. The time allocated in the curriculum may not be sufficient for
the projects. It is difficult to design some issues for teachers. What should the students
know? At which level knowledge they research? Do students have the technology do the
research? Finally, the project outputs are difficult to assess for teachers. Teachers more
guide and less lectures.

2.6 Collaborative Learning

All individuals are different. For this reason, the learning style and speed of all individuals
will vary. Some learn visual while others are verbal. In this era, it is important learn to
learn and each individual is aware of his / her own learning style and speed [45]. It is also
significant to plan the learning according to these. Traditional methods do not allow each
student to learn in their own learning style and speed. Therefore, different methods are
needed. One of the different methods developed for this sake is collaborative learning.
This learning style enables students to learn in their own styles while at the same time
increasing their academic success and improving the attitudes and interests of the students

in relation to their subject area.

Collaborative Learning is the process of realizing the learning by helping students learn
each other in small groups [46]. According to Demirel, it is to solve a problem in small
groups or to work together for a common purpose [47]. There are many methods of
collaborative learning. The most well-known method is jigsaw. In this method, subjects
are distributed to groups. It is divided into sub-dimensions. Each student is responsible
for a sub-dimension. Students who are responsible in the same sub-dimension form a
specialized group. When they finish their studies, they return to their first group and tells
them about their sub-dimension. Another method is that groups work together for a
specific project or problem and each group finds its own solution. In this study,
collaborative learning has been used as a working together of students for a specific
problem.

2.7 Science Technology Engineering Art Mathematics (STEAM)

STEM is an abbreviation science, technology, engineering and mathematics and it can be
defining as connection between activities and materials, measuring, and understanding

student learning and connection across disciplines [48]. It can be also defining design
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problem, exploring the problem, creating solutions to the problem and artifacts [49]. In
STEM education, in addition to science and engineering knowledge, it is also important
to practice and problem solving skills [50]. It is very important for individuals to make
their own decisions about the problems they face in their daily life. STEM education
purpose is to enable people to make their own decisions in the light of science. Science
and engineering deals with a lot of issues dealing with people. Health problems,
environmental problems and developments related to technology are issues that affect
people's lives very closely. This makes it necessary to know different disciplines. Stem
education has emerged as an education to meet all these objectives.

STEM education is not a new approach. American Association defines science as a
discipline linked with other disciplines [51]. AAAS reports said that mathematics is a
language of science [51]. The first to use STEM is at the undergraduate level [52]. Then
researchers realize that students lose their science interest in earlier grades [53] [54]. After

the situation, STEM education go into even primary schools’ levels.

Krajcik and Delen clarify challenges of incorporating STEM education. Accordingly, a
subject and purpose should be determined first. The course layout and plan must be
prepared in advance. Solutions should be considered in order to involve and motivate
students. Students should be allowed to do more than one experiment. Feedback should
be given at every stage and students should be supported. It is necessary to ensure that
the students base their studies on scientific knowledge. This should be emphasized
continuously. Finally, student studies should be evaluated and feedbacks should be given

for further studies.

STEAM is a form of STEM education. It also includes art. There is a debate about what
is art which is found in STEAM education. Grinnel and Angal says that art is not the real
meaning of the art itself. It is projects-based learning [55]. Sullivan notes that art can be
viewed as more scientific, technological and practical [56]. Moreover, it will be an
advantage for girls who have a low scientific attitude and interest to enter into a design
and creativiy even if they are scientific[57]. For all these reasons STEAM was used in the
research instead of STEM.
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CHAPTER 3

METHOD

This chapter consists of participants, instrumentation, research design and procedure
part.

3.1 Research Design

Experimental research type is best for testing hypothesis [58]. The research is conducted
a state school in Istanbul. At the beginning of the study pretests: water use attitude scale
(wuas), water use behavior scale (wubs) and environmental awareness scale (eas) are
done all the students who are participate the study. After doing science projects during
the four weeks, posttests: water use attitude scale, water use behavior scale and
environmental awareness scale are done all the participants. In addition to this, students
who are in experiment classes wrote reflection papers about water usage and our projects

application. Then the students done worksheet about water usage.

Table 3.1 Applied Tests

CLASSES PRETEST | APPLICATION POSTTEST
CONTROL WUAS Traditional science WUAS
CLASSES WUBS education WUBS
EAS EAS
EXPERIMENT WUAS Science education with WUAS
CLASSES WUBS environmental science WUBS
projects about water
EAS EAS
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3.2 Instrumentation
3.2.1 Water Explorer Program

Water Explorer Program is an educational program that strengthens students across the
world to lead action on water issues. The main producer of the program Global Action
Plan which is a charity that is working for a green and thriving planet. It is also supported
HSBC water program. The program has a website which has ready lesson resources for
both teachers and students about water education. Students from schools which
participate water explorer program can register the website and share their experiences
and photos during the water education lessons and write blog posts about the education.
The students can also read other schools’ blog posts look their activity photos and
comment or like them. All schools have a virtual water basin in a site. As the schools do
the water activities their water basin is flourishing.
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Figure 3.1 Water Explorer Website Homepage
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Moreover, the website provides an international communication about water issues
between schools which register the Water Explorer Program. The schools earn points

from their activities, blog posts and comments about water issues.
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Figure 3.2 Water Explorer Website

Water explorer program collects water savings four main titles. There are Fresher Water,
Global Water, Secret Water and Precious Water. Fresher Water focus on issues that
threaten clean water resources. The title emphasizes to protect existing water resources.
Global Water focus on difficulty of reaching clean water for each individual. In addition,
the title aim to recognize the inequality of the water resources use in the world. Third title
of the water explorer program is that Secret Water. It focuses on where water is hidden
in our food, clothes and other thing that we use everyday life. The last title is precious
water emphasized that find ways to save water resources and money. It is also emphasized

that not to waste our water resources.

At the end of the program, first 15 schools with the highest scores are selected by project
coordinators. The water workshops are done to the schools by the coordinators. Then the
15 schools organize a water festival in their schools or in a local community organization

they want. After the organization, project coordinators choses the first five schools. The
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scores that are used to choose winner are not only from the websites. The project
coordinators have a look at numbers of missions and challenges completed, evidence of
impact of actions, total points earned, quantity and quality of blog posts, evidence of
collaboration with local community and other schools’ groups and good team working
and demonstration of the water explorer values. The finalist school represents Turkey
among 11 countries. Although this year is the fourth year of the program, Turkey was
world winner two times. A state school in Kocaeli and a foundation school in Istanbul

were world winner of the water explorer program.
3.2.2 Water Use Attitude Scale (WUAS)

Water use attitude test is developed by Eylem Y1ldiz Fevzioglu, Ercan Akpmar, Giil Unal
Coban Evren Capellaro, Omer Ergin. 28 subscales of the items were applied 109
participants who selected randomly sampling. Then factor analysis was applied. T values
calculated for all items are significant. (p < 0.05) [59].

According to the results of factor analysis, the attitude scale has a two-factor structure.
Results of total correlations which is to determine reliability of dimensions’ internal
reliability coefficient of water use attitude test is 0,82. This value shows that the scale
have high internal consistency. In the final form of the water use attitude scale consist of
12 items with Likert type 5 grading scales. “Absolutely Agree” (5), “Agree” (4),
“Hesitant” (3), “Disagree” (2), “Absolutely Disagree” (1) statements are used. Scale has
two negative items which are 3 and 12", The items overturned when they calculated.
The respond time of the test max 10 minutes. The highest score of the scale is 60 and the

lowest is 12.
3.2.3 Water Use Behavior Scale (WUBS)

Water use attitude test is developed by a group who develop water use attitude tests. 24
subscales of the items were applied 109 participants who selected randomly sampling.

Then factor analysis was applied.
T values calculated for all items are significant. (p < 0.05)

According to Dogan (2002) if the first factor variance rate is less than 30% and the
eigenvalue of the first factor is 3-3.5 times the eigenvalue of the second factor, the scale
can be accepting is a single factor [60]. Hence, the eigenvalue of the first factor is 5.5
times the eigenvalue of the second factor, the scale is accepted as a single factor scale.

Final form of the scale consists of 13 items and its Cronbach a internal consistency
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coefficient is 0.87. This shows that scale internal consistency is high. Water use behavior
scale consist of 13 items with Likert type 5 grading scales. “Absolutely Agree” (5),
“Agree” (4), “Hesitant” (3), “Disagree” (2), “Absolutely Disagree” (1) statements are
used. The scale has a negative item which is 12". The item overturned when it is
calculated. The respond time of the test max 10 minutes. The highest score of the scale is
65 and the lowest is 12.

3.2.4 Environmental Awareness Scale (EAS)

Ozdemir (2003) developed the environmental awareness scale used in the research [61].
The reliability coefficient of the scale was 0.86 and it consist of 24 items. The items are
likert type 5 grading. “Absolutely Agree” (5), “Agree” (4), “Hesitant” (3), “Disagree” (2),
“Absolutely Disagree” (1) statements are used. Scale has negative items which are 1,3
5 7 ot 11t 13t 15t 17t 19t 215 23" and the items overturned when they

calculated.
3.2.5 Reflection Paper

The reflection paper applied after the doing environmental science projects about water
issues during lessons. It is formed by researcher and at the end of the application process
to gather qualitative data from students. The answer of the students is evaluated by using

categorization and frequency table.

3.3 Participants

Totally 4 classes two of which are control and two of which are experiment participate
the study. Application is done by the researcher both experiment and control classes. 87
8" grade students participate the study. Their age is range from 13 to 14. 51 (58.6%) of
the students are girl and 36 (41.4 %) students of them are boy. Two classes consist of only
girls and other two classes consist of only boys. A girl class and a boy class are selected

experiment and the others are selected control randomly.
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Table 3.2 The Number of Participants

Class Number of Boys Number of Girls
Experiment 1 18 -
Control 1 18 -
Experiment 2 - 24
Control 2 - 27
TOTAL 36 51

3.4 Procedures

The study is applied 2 control and 2 experiment classes by same teacher who is researcher
of the study. Before the water education lessons, teacher who apply the study participate
water explorer workshops. The workshops give information about both water explorer
program and its implementation at schools. Then, Haci Cemal Ogiit Imam Hatip
Secondary School is registered the water explorer program. Students were announced the
program and water explorer website was introduced. Students participated the program
voluntarily. If a student in a class who does not want to participate the water explorer
program did not participate the activities. Parental permissions of the students who want

to attend the water explorer program were collected.

Water explorer program collects water savings four main titles. There are Fresher Water,
Global Water, Secret Water and Precious Water. A water project activity from each titles
is chosen in this study. The choice was made according to conditions of the school and
students by the researcher. Application of the study lasted four weeks. After each week
water education activities students share their opinions blog posts at the websites and they
also share their activity photos. Each week a different activity from one title was

performed. After application post-tests are implemented to all participants.
3.4.1 Introductory of Water Lessons

Water explorer activities were processed in accordance with the title of the Science

Engineering, Technology, Community and Environment (FMTTC) in science
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curriculum. The activities are in a harmony with sustainable development which is the

basic philosophy of the science curriculum.
3.4.2 First Week Application of Water Lessons

Objective of the first week lessons is that students know what pollutes our planet’s
resources. We focus on resources especially water. The first week application of the study
takes four lessons. A water explorer activity which is known “Drain” was used in first

week. The activity is under the title of fresher water.

At the beginning of the class, photos of dirty water resources are shown to students and
predictions of this dirtiness are requested from them. Worksheet which consist of
questions about water pollution are distributed to students. After doing the worksheet,
each group was given a computer and groups research questions on the web. When the
whole groups were done research, what can be done about preventing water pollution was
written on board. A presentation about water pollution and water resources was shown
the groups. Then groups developed some projects for not polluting water resources.
Groups projects were voted on. The project which is collection waste oil with the highest
number of votes was implemented. All classes at school except 8" graders were
announced. At the end of the 1 month, the most waste oil collection class was awarded.
Waste oil which collect scope of the project were given to the municipality. Although,
the lessons lasted 4 hours, the project continued 1 month. At the end of the four hour
lessons, worksheet consist of open ended questions were given to the students.
Experimental group students wrote blog posts on the website after first week water
lessons. Moreover, experimental groups students were visited the local water treatment

facility. They learned things that should not be thrown out of the drain pipe.

At the control groups, objectives were treated by the method of the invention. Same as
experimental group at the beginning of the class, photos of dirty water resources are
shown to students and predictions of this dirtiness are requested from them. The students
research about the topic. But control group was not to do any project about the preventing

water pollution. Moreover, the groups were not any blog post. They were not use website.
3.4.3 Second Week Application of Water Lesson

The second application of the study takes four hours. The objectives of the second week
were to produce ideas for the water saving and to raise awareness of water use in other

countries. Name of activity which is apply second week “A Day in Life”. Each groups
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were given a worksheet showing the water use habits of some countries. While a country
consumes 350 liters per a day, other consumes only 40 liters per a day. The worksheet
which is used were taken from water explorer website. Groups were asked to the specific
tasks special their countries by using water given to them. Once the tasks were completed,
each country-specific problem card was given to the students and they were expected to
solve these problems with their waters. Then all groups comparison water usage habits
their specific countries and Turkey. Each groups were discussed for equal use of water of
the countries in the world and what can be done to avoid wasting water especially in some
countries. Measures were written on the board and to-do list was prepared. According to
list students can examine the toilets in the school. If there is a leaky faucet or a faulty
siphon, it can be reported to the school administration. Moreover, they started to study
for opening water well in a country that have very lack of clean water. At the end of the
second week activities, a worksheet was given to the students. The worksheet was
prepared by the researcher paying attention to week objectives. It consists of three open-
ended questions.
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At the control groups, traditional science lessons about the saving our planet resources
were processed. A video about the topic was shown to the control group students. Then,

exercise in the book was done by them.
3.4.4 Third Week Application of Water Lessons

The third application of the study takes four hours. The objectives of the third week same
as one of the second week objectives was to produce ideas for the water saving. Name of
activity which is apply third week “Fashionable Water”. The activity is under the water
explorer title of secret water. At the beginning of the third week activities, water
conservation issues which were discussed previous week are reminded the students. It
was asked to students that if we have only this way for saving water, or not. It was also
asked that is there water in the clothes or not? By asking the students to help them discover
the hidden water in their goods. If a single paper spends 10 liters of water and a cup of
coffee spends 130 liters of water, they are asked to estimate how many liters of water are
needed to produce a cotton t-shirt. After prediction, it was said that 2700 liters of water
was wasted. The amount is equal the water which 900 days drinking of a person. It was
discussed that what can be done to prevent this waste was. Then some project ideas were
developed and one was chosen in them. Everyone brings his/her belongings to the class
and trades them with his/her friends. Thus, students were not consuming water to buy
new items and they access to the objects that can be used. Number of objects were
exchanged was noted. The approximate number of water saving was calculated with
information about water explorer program and it hanged on to the classroom. Moreover,
some students convert their old t-shirt to a bag. Before and after photos of the t-shirt were
showed to the class. At the end of the activity a worksheet was given to students. The

worksheet was taken from the water explorer program.

At the control groups continued the traditional lessons. Its objective same as experimental
groups was to know using resources economically. A presentation was done to the groups

and then students did activities in their science books.
3.4.5 Fourth Week Application of Water Lessons

The third week application also take four hours. Objective of the fourth week lesson was
that knowing how to use natural resources. The activity’s name is Rain Water Barrel and
it is under the water explorer title of precious water. According to this activity, at the

beginning students was asked if there are other ways to save water. Then a question that
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how to use rain water in our everyday life was asked them and let the one more minute
think to the question. Then ideas written on the blackboard. The amount of rain falling to
district which was the school is located was investigated. Various tools for collecting
rainwater were discussed. Barrels were accepted for the purpose and these tools were
placed in appropriate places of the school. Estimated water collection is calculated
according to the rainfall. How much water were collected in a week was noted? After the
barrels are filled, the school cleaning staff was asked to use this water for cleaning the
school. At the same time, some of water were taken to the laboratory for using cleaning.

The control groups lessons objective was same as experimental groups. Saving water and
energy part of the science books was read the lessons. Then students noted their everyday
energy and water usage. A class discussion about saving energy/water and its advantages

economy of their country. At the end of the week exercises from the science book were

done.
Table 3.3 Sum of Application of the Study
Water 1 Water 2 Control 1 Control 2
# of Weeks
1% Drain Drain Activity | Invention Water Invention
Activity (Water Pollution Water
(Water Explorer (Traditional Pollution
Explorer Program) Science Lesson) (Traditional
Program) Science
Lesson)
2nd A Day in A Day in Life Saving Planet Saving Planet
Life (Water Resources Resources
(Water Explorer (Traditional (Traditional
Explorer Program) Science Lesson) Science
Program) Lesson)
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Table 3.3 Sum of Application of the Study (Continue)

# of Weeks Water 1 Water 2 Control 1 Control 2
3rd Fashionable Fashionable Saving Planet | Saving Planet
Water Water Resources Resources
(Water (Water Explorer (Traditional (Traditional
Explorer Program) Science Science
Program) Lesson) Lesson)
4t Rain Water | Rain Water Barrel | Saving Water | Saving Water
Barrel (Water Explorer and Energy and Energy
(Water Program) (Traditional (Traditional
Explorer Science Science
Program) Lesson) Lesson)
CHAPTER 4

4.1 Results of Applied Tests

RESULTS AND DISCUSSION

22




Table 4.1 Means and Standard Deviation of the WUBS Pre-test and Post-test Scores

between Class

Pre Tests Post Tests Pre-Post

Class N Tests

Mean Standard Mean Standard Mean

Deviation Deviation | Difference

Experiment | 18 3,05 0,61 3,80 0,41 0,75
1

Experiment | 24 3,09 0,47 3,77 0,95 0,68
2

Control 1 18 2,95 0,63 2,93 0,68 -0,02

Control 2 27 2,82 0,39 2,79 0,50 -0,03

Table 4.1 shows that the WUBS’s mean and standard deviation of the control and
application groups’ pre and posttests. The lowest mean score of pretest is observed control
2 group and the highest mean score is observed experiment 2 group. The lowest mean
score of posttest is observed control 2 and the highest score is observed experiment 1
group. The increase of the experiment groups’ mean score of WUBS is higher than the
control groups’ mean score of WUBS. The increase is in the scores of the t experiment
groups after the intervention. (Experiment 1lpre =3,05 Experiment 2post =3,80;

Experiment 2pre =3,09 Experiment 2post =3,77)

23



Table 4.2 Means and Standard Deviation of the WUBS Pre-test and Post-test Scores

between Gender

Gender N Pre Tests Post Tests Pre-Post
Tests
Mean Standard Mean Standard Mean

Deviation | Difference | Deviation | Difference

Female 51 2,94 0,45 3,25 0,90 0,31

Male 36 3,00 0,62 3,37 0,71 0,37

Table 4.2 shows that the WUBS’s mean and standard deviation of the female and male
pre and posttests. Female groups’ mean is lowest male ones in both pre and posttests.
Groups mean increased themselves. Males are more successful than females at water
usage behavioral scale. (Femalepre =2,94 Femalepost =3,25; Malepre =3,00 Malepost
=3,37)

Table 4.3 The effects of Water Explorer Program-based instruction on the WUBS

Dependent variable: Post Test

Source | Type Il df Mean F Sig. Significant
Sum of Square Differences
Squares

Intercept | 1673,895 | 1 1673,895 | 3288,166 |.000 Expl-Con2

Class |14,392 |3 4797  |9424  |.o00 | BXP2-Con2

Exp2-Conl
Gender | 0,281 1 0,281 0,424 0,517
Error 42,253 83 0,509

An ANCOVA test conducted to determine the significance difference between the control

and experiment groups in terms of their water usage behavioral test after the application
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of Water Explorer Program based instruction. The results indicated that the application

had significant impact on water usage behavioral test scores of students.

Analysis of ANCOVA indicated that there are significance differences among classes. To
find out significance differences post-hoc comparison was made the results indicated that
there are significant differences between Exp1-Con2 groups and the differences is 0,001;
Exp2-Con2 groups significance differences value is 0,000; Exp2-Conl groups
significance differences value is 0,013.

Table 4.4 Means and Standard Deviation of the WUAS and its Subtitles

N Mean Standard Mean
Deviation Difference
WUAS pre 87 2,9 0,45 0,0
WUAS post 87 2,9 0,52
Sustainable Water Pre 87 2,6 0,55 0,6
Sustainable Water Post 87 3,2 0,72
Saving Water Pre 87 3,3 0,87 -0,5
Saving Water Post 87 2,8 0,60

Table 4.4 shows that the WUAS’s and its subtitle’s mean and standard deviation of the
control and application groups’ pre and posttests. The lowest mean score of pretest is
observed sustainable water subtitles and the highest mean score is observed subtitle of
saving on water. The lowest mean score of posttest is observed subtitle of saving water
and the highest score is observed subtitle of sustainable water. Only subtitle of sustainable
development is increasing. Subtitle of saving on water is decreasing. There is no
difference between mean of the pre and posttests at water usage attitude tests. (WUAS
pre =2,9 WUAS post =2,9; Sustainable Water pre =2,6 Sustainable Water post =3,2;
Saving on Water pre 3,3 = Saving on Water post= 2,8)
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Table 4.5 p and t VValues of Pre-Post Tests of WUAS and its Subtitles

N Mean | Standard sd t p
Deviation

WUAS pre 87 2,9 0,4 86 | -4,267 |,000
WUAS post 87 3,2 0,7

Sustainable Water Pre 87 2,9 0,5 86 | -3,984 |,000
Sustainable Water Post 87 3,3 0,9

Saving Water Pre 87 2,7 0,5 86 | -2,110 |,038
Saving Water Post 87 2,8 0,6

After Water Explorer Program lessons, there is a significant difference between pre and
posttest of water usage attitude scales. (t= -4,267, p < .05) There is also significant
differences between pre and posttests of subtitle of sustainable water. (t= -3,984, p < .05)
There is also significant difference between pre and posttest of subtitle of saving water.
(t=-2,110, p <.05)

Table 4.6 Multiple Comparison of WUAS Between Classes

N | Mean | Standard | Experiment | Experime | Control | Control
Deviation 1 nt 2 1 2
Experiment | 18 p>.05 p<.05 | p>.05
1
Experiment | 24 p>.05 p<.05 | p<.05
2
Control1 | 18 p< .05 p< .05 p>.05
Control 2 | 27 p<.05 p<.05 p>.05
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Table 4.6 shows that there is significant difference between experimentl and controll,
experiment2 and controll, experiment2 and control2 classes. There is also significant
difference between control 1 and experiment 1, controll and experiment2, control2 and
experimentl, control2 and experimetn2 classes (p < .05) There is not found significant
difference between experimentl and experiment2, experimentl and control2,

experiment2 and experimentl, controll and control2 classes.

Table 4.7 MANOVA test scores of WUAS

Wilks’ Lambda F Df p

Time 0,822 18,414 1 .000

Table 4.7 shows that according to do one way of MANOVA analysis, there is a
significance between experiment and control classes in terms of unified variables at water
usage attitude scale. (F= 18,414, p <.05)

Table 4.8 Means and Standard Deviation of the EAS Pre-test and Post-test Scores

between Class

Pre Tests Post Tests Pre-Post

Class N Tests

Mean Standard Mean Standard Mean

Deviation Deviation | Difference

Experiment 18 2,68 0,22 2,85 0,18 0,17
1

Experiment 24 2,87 0,22 3,00 0,12 0,13
2

Control 1 18 2,80 0,23 2,81 0,26 0,01

Control 2 27 2,80 0,21 2,75 0,21 -0,05
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Table 4.8 shows that the Environmental Attitude Test’s (EAS) mean and standard
deviation of the control and experiment groups’ pre and posttests. The lowest mean score
of pretest is observed experimentl group and the highest mean score is observed
experiment 2 group. The lowest mean score of posttest is observed control 2 and the
highest score is observed experiment 2 group. The increase of the experiment groups’
mean score of EAS is higher than the control groups’ mean score of EAS. The increase
is in the scores of the t experiment groups after the intervention. (Experiment 1pre =2,68
Experiment 2post =2,85; Experiment 2pre =2,87 Experiment 2post =3,00 Control 1pre=
2,80, Control 1post= 2,81, Control 2pre= 2,80, Control 2post= 2,75)

4.9 Table The effects of Water Explorer Program-based instruction on the EAS

Dependent variable: Post Test

Source | Type lll df Mean F Sig. Significant
Sum of Square Differences
Squares

Intercept | 3120,510 |1 3120,510 | 11820,446 | .000 Exp2-Conl

Class |1969 |2 0,985  |3,729 028 | EXp2-Conz

Error 21,647 82 0,264

An ANCOVA test conducted to determine the significance difference between the control
and experiment groups in terms of their environmental attitude test after the application
of Water Explorer Program based instruction. The results indicated that the application

had significant impact on environmental attitude scale test scores of students.

Analysis of ANCOVA indicated that there are significance differences among classes. To
find out significance differences post-hoc comparison was made. The results indicated
that there are significant differences between Exp2-Con2 groups significance differences

value is 0,022; Exp2-Conl groups significance differences value is 0,04.
4.2 Results of Reflection Papers

Reflection papers were applied after the implementation of water lessons. The duration

was four weeks. The reflection paper results showed that nearly 90% of the students were
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happy to participate Water Explorer Program. Nearly 10% of the students have no ideas
positive or negative towards the program. None of the students who participate the study

have negative view of the program.

Student 20 said that “7 would like to join the program again because it was S0 much fun.
| was especially excited about the projects | made with my friends and the exchange

markets we established at the school and informed me about the water.”

Student 30 said that “It was the best program | am attended. | liked the activities that we

do very much. They were all very nice. I'm always happy to do it again.”
Student 17 said that “The activities were nice but | don't know if | would attend again.”

Student 1 said that “l save water and energy in my home. Hence the program does not

change my behavior about water.”

Table 4.10 Students’ View of Participating Water Explorer Program

Numbers of Students Percentage %
Satisfied Participating 39 90
the Program
No Opinion 4 10

Regret the program - -

Students generally said that Water Explorer Program have an effect on their water usage.
Nearly 88% of the students said that they did not waste water any more. Nearly 9% of the
students said that they have no idea about their water usage. Nearly 2% of the students

said that their water usage did not change. They were continued to waste water.

Student 3 said that “I have no idea about | save water or not. Before | am not thinking

about saving.”

Student 7 said that “l think | have used less water already, so it didn't change my

behavior.”
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Student 21 said that “l used to drain the water in the faucet to bring hot water. Now I'm

using a bucket... I also warn the households to use water-saving. ”

Table 4.11 Awareness Level of Students

Number of Students Percentage %
Raised Awareness 38 88
Undecided. 4 9
Not Raised Awareness 1 2

Reflection papers those who save water were examined again. The reasons which did not
wasting water were collected under 3 headings. These are “Other countries attract water
scarcity.” “For economy and future of our country.” “Our world of running out of
resources.” 71% of the reflection papers focused on that we must water economically
because other countries in the world have not enough water. 18% of the reflection papers
mentioned about that we must water economically because of the economy and future of
our country. 37% of the reflection papers mentioned about that we must use water
economically because our world of running out of resources. 10% of the reflection
papers mentioned about both of other countries’ water scarcity and economy and future
of our country. 26% of the reflection papers mentioned about both other countries’ water
scarcity and our world running out of resources. Nearly 10% of the students said that they

use water economically but they did not base on a reason.

Student 40 said “l had heard that there was no water in African countries, but | didn't

know their condition was so bad. It made me very sad that we were the reason for this. ”

Student 27 said that “The water resources of our world are distressed and this is actually

the concern of everyone in the world. For this, everyone needs to save water.”

Student 19 said that “In order for our country to come to better places, it is necessary to

contribute to the economy by using our resources economically.”
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Table 4.12 Students’ Water Saving Reasons

Heading of Number of Students | Percentage %
Other Countries’ Water Scarcity 13 35
Economy and Future of Our 3 8
Country
World’s Limited Resources 4 11
Both of Economy and Future of 4 10

Our Country and  Other
Countries Water Scarcity

Both of World’s Limited 10 26
Resources and Other Countries

Water Scarcity.

Use Water Economically but No 4 10

Reason

4. 3 DISCUSSION

This study was conducted to investigate the impact of science projects which are
combined with non-formal education on students’ water usage behavior, water usage
attitude and environmental awareness. Reaching any information is very easy today. For
this reason, there is a need for students who know how to learn more than those who know
memorable knowledge. Instead of knowing how to learn there is also a great importance
at critical thinking and problem solving skills. All these skills together form the science
literate individual. In PISA 2006 scientific literacy defines an ability to apply scientific
information to life situations [3]. Moreover, OECD also clarify six scientific literacy
scales. Level 1 estimate low scientific literate and level 6 is very high. Results of PISA
2006 %94.8 students who participate the PISA 2006 from OECD countries are level 1.
Only % 1.3 of the students is level 6 [3]. This situation shows that students cannot use

their scientific knowledge in real life situations. In order to be a good citizen, people need
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to know science but only knowing science is not enough. The citizens can make their own
decisions using scientific knowledge. The effect of science education on the use of the

world resources and to ensure the continuity of the resources is great.

Science literacy has now been replaced by environmental literacy. llgar defines
environmentally literate people is that a human who avoids harming the environment,
consciously produces and consciously consumes, is aware of its being a part of this
environment and sensitive to environmental problems. [7] It is only possible to educate
environmentally literate individuals with a special environmental education. According
to Titiz teachers use traditional learning methods generally [62]. The environmental
education given by traditional methods does not provide the desired outputs. It is
imperative to revise the principles according to the requirements of the age and to use
student-centered interactive approaches [5] Simsek and his colleagues research about
student-centered approaches at school in rural areas in science lessons. They apply
collaborative education to their experiment group and they concluded that experiment
groups which are applied student centered learning activities are more successful that
control groups which are applied traditional learning methods [63]. The results of this
research show that student-centered education is more effective than traditional
education.

Today, where main objective is learning to learn, student-centered practices are becoming
more and more important. They are developed and diversified in order to achieve better
student-centered training. One of the new developed student-centered educational
practices is STEAM. The Water Explorer program activities used in this study are based
entirely on STEAM. One of the main reasons for choosing the Water Explorer program
was that it had STEAM features. What does this training provide for us? To understand
this, a phone example is enough, says Carey. How is life before the phone, or how is life
before artificial finger a man who cannot use his finger is affect? [64] Knowing the effects
of these in human life will suffice the effects of the STEAM. In this education, students
are not only using science knowledge but also students need to know how to work with
people. This skill is essential for future business life. For this reason, STEAM education
is putted the training first at the undergraduate level. Further research has shown that as
age increases, interest in science decreases [54]. Therefore, the effectiveness of this
training at the undergraduate level has been debatable. Beginning at a very early age,

students have contributed significantly to their interest and attitudes to science [66].
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According to liliawati and friends Steam education increases students’ mastery skills
[67]. Two weeks of the planned three weeks’ study can be realized. Even before the study
was not completed, the effects were positive. 16 percent of the students had high level
problem solving skills than before the application. Moreover, as a result of the study, the
information of students about water pollution and seasons is more increased than control
group in the study [67]. The results of this study indicate the positive effect of the stem

in accordance with our study.

Beginning of the study water usage behavioral, water usage attitude and environmental
awareness scale scores of both control and experiment groups are almost same level. This
means that the groups are selected to be similar. After the application of the study when
experiment groups water usage behavioral scale scores are increasing, scores of control
groups does not changing. These shows that there is no effect traditional education on
students’ water usage behavior. On the other hand, water explorer program application
has effects on students’ water usage behavior. There is no significant difference between

girls and boys in terms of water usage habits.

After testing hypotheses, the findings of the study disclosure that the experiment group
increased the post score of the water usage attitude scale scores are better than the control
group. The results found significance difference between experimentl and controll,
experiment2 and controll, experiment2 and control2 classes. There is also significant
difference between control 1 and experiment 1, controll and experiment2, control2 and
experimentl, control2 and experimetn2 classes (p < .05) It means that applying project
learning method combined with non-formal education totally named is STEAM education
is effect students’ water usage attitude scale. Water usage attitude tests has two subtitles
on it. These are sustainable water and water saving. At sustainable water subtitle mean
scores of experiment groups increase more than the mean scores of students’ on water
saving subtitle. The reason for the little increment in water saving test is learned student
reflection papers. Student 9 says that “Before Water Explorer Program, | thought | was
saving water, but | learned that | was not actually saving water.” The student comments
and the others students’ comment like that show students have lack information about
water saving. When the secondary school science curriculum is considered, it is seen that
the concept of hidden water is not included [68]. Hence almost all students do not know

about the saving water with not consuming clothes and other staffs. Most of them know
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water saving is not consuming water. Students 16 says that I think that water saving is

only not consuming water but it is not.”

Although the subject matter was on water in the research, in general, environmental
awareness was examined. As in other tests, there was a significant difference in
environmental awareness test. This showed that although the study was related to water,
it contributed to environmental awareness in general. At the end of the study, students
write reflection papers about Water Explorer Program. %90 of the students happy to
participate in the program and they have fun the program. Liliwati also showed that stem
education increased the students' intrinsic motivations and provided them to work
pleasantly [67]. Students 20 said that “7 would like to join the program again because it
was so much fun. I was especially excited about the projects | made with my friends and
the exchange markets we established at the school and informed me about the water.”
%388 of the students said that their awareness is raised with the Water Explorer Program.
The vast majority of students have affected water shortages in other countries to save
water. It was not overlooked that the students did not know the situations about water

shortage in other countries.

According to the results of the research, the environmental education given in schools is
not sufficient to give students behavior and consciousness about water in general
environment. Behaviors which are important for individuals in accordance with the
requirements of the age cannot be given with traditional science education methods.
Environmental education in schools will be more effective if it is conducted with
interactive applications in cooperation with non-formal education. STEAM education is
a good practice of it. Water Explorer Program is an application sample for effective
environmental education. It constitutes project based, collaborative learning and it is
interdisciplinary approach like in STEAM. Project based learning provide working
interdisciplinary [42]. Students’ feedback of using Water Explorer Program in the science
classes is positive. They declare that it is enjoyable, playful, and observable. The
statements show that students have motivation to participate to lessons and they are more
active. It is also compatible with research in this field. Project based learning increase
students’ motivation [35]. On the one hand, project-based learning becomes more
effective when used with other methods. Project-based learning is more effective at high

school level than university level. 1t was found to be effective at secondary level with this
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study. Project based learning approach increases students’ achievements in the fifth grade

science lessons of primary education [36].

In addition to the researches which have different effects on project-based learning and
STEM education, there are also some researches that have been used together. The
researcher looked at the effect of STEM education that was used in project-based
education in mathematical concept learning. At the end of the study, p value was found
to be 0.1 and a significant difference was found. It has been found that STEM-based
learning combined with project-based learning is more effective than traditional
education in learning students' math concepts [69]. The studies which is used project
based learning with STEM education are insufficient. This thesis also contributes to the

literature.

Another study investigating the effect of stem education was on 4th grade students. The
research order is a mixed type research design which is very similar to the layout of this
research and also includes open-ended questions. At the end of this study, STEM
education was found to be more effective than traditional methods to increase students'
success. The students stated in their reflection papers that they like STEM activities and
they would like to do again in the future. Sahin (2013) also stated that students who
participated in STEM activites tended to more commonly choose STEM areas after their
secondary education [70]. In addition to all of these, they said that they learned more
about these activities and stated that they would like to choose a profession related to

science in the future. This finding mirrors those of previous studies [71-79]

Another topic that needs to be addressed is the sustainable development. The changing
use of resources together with the changing world has a very important place in
environmental education. countries began to give importance to this issue within their
own bodies. Turkey is among the countries who are working on this issue and identified
17 objectives in this regard. The sixth of these purposes is access to healthy water [80].
The purpose is achieving universal and fair access to reliable and affordable drinking
water for all by 2030. Ministry of Turkey customs and trade has published the report in
order to determine the starting point of Turkey waste. In this report published in March
2017, remarkable results have emerged. According to this report, water is wasted by
people who are most educated. It is emphasized that primary school graduates use
resources more efficiently compared to those who have the highest level of education

[19]. This result can be considered as an indication that the environmental education given
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in schools does not actually contribute to the students as a behavior and remains in theory.

Many studies have emphasized that traditional teaching methods are not useful [81].
4.4 Conclusion

As a result of the research, it was determined that water exploration activity which is a
project-based education and STEM training application combined with non-formal
education has a positive effect on the students' environmental awareness, water use
attitudes and behaviors. The results of the study support the results of similar studies in
the field. The students' papers showed that they liked this form of education and they
wanted to participate more in STEM activities. This finding is in line with Gékbayrak and
Karigan’s (2017) results. [82] In this study, 6th grade students stated that they wanted to
participate in STEM activities and they found such courses motivating and mentally

challenging.
4.5 Implementation of Future Research

o When the researches in the field are examined, there is no research about the
subject of water. There is a need for research of all ages.

o Research on the impact of non-formal education on environmental literacy.

o Studies related to STEM generally measure success. There is a need for more
research on attitudes and behavior.

o The number of researches in which STEM and project-based learning are
combined is very small. Further research is needed.

o The number of researches in which STEM and non-formal education are
combined is very small. Further research is needed.

o How long the students’ water saving behavior lasts can be followed by long-term
research.

o The impact of non-formal education on environmental knowledge can be viewed
through environment success tests.

o The impact of technological learning environments, blogs and forums on students'

environmental awareness can be investigated.
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APPENDIX-A

LESSON PLANS SAMPLES

A.1 Lesson Plan 1
WEEK 1

Kazanim: Suyu nelerin kirlettigini bilir.
Sularin kirlenmemesi i¢in neler yapilabilecegini arastirir ve sunar.
4 ders saati
8. sif
e Kirlenmis su kaynaklarinin fotograflari ile sinifa girilir. Bu fotograflarin
neden olabilecegi sorulur. Ogrenci fikirleri alindiktan sonra her bir gruba bir
adet bilgisayar verilir ve bu konuda arastirma yapmalar1 istenir. Arastirmayi1
yaparken aramalar1 gereken sorular her bir gruba verilir.
e Gruplarm arastirmalar1 okunur. Tiim sinifin arastirmalarindan yararlanarak
tahtaya kisa bilgiler yazilir.
¢ Bu konu hakkindaki sunum izlenir.
e Bu bilgiler dogrultusunda sularimizin kirlenmemesi i¢in bizim neler
yapabilecegimiz yorumlanir.
e Tahtanin bir kdsesine de yapilabilecekler listesi hazirlanir.
¢ Gruplardan tiim bu bilgilerden yararlanarak yapilabilecekleri bir proje haline
getirmeleri istenir.
e Proje Onerileri oylamaya sunularak en ¢ok oyu alan proje tiim sinifin projesi
olarak uygulamaya konur.

e Siirec takip edilir.
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Neler artyoruz?

1. Sularin kirlenmesinin baglica nedenleri nelerdir?

2. Evsel atik ne demektir? Neler evsel atik sayilir?

3. Swvi- Kat1 yaglar sular1 nasil kirletir?

4. Tikal tahliye borular1 nasil kirlenmeye yol agar?

5. Kirlenmis sularin aritilmasi miimkiin miidiir? Miimkiinse nasil yapilir?

Neler ogrendik?
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1) Asagidakilerden hangisi evsel atiklar icin dogru degildir?
a) Evlerimizde tirettigimiz kat1 atiklara evsel kat1 atik denir.
b) Yiyecek atiklar1 ve evimizde kullandigimiz iiriinlerin bos ambalajlar1, meyve
suyu kartonlar1 ve siseleri evsel atiklara 6rnek gosterilebilir.
¢) Evlerimizde kullandigimiz sampuan, bulasik deterjani gibi maddeler evsel sivi
atiktir.
d) Ambalaj atiklar1 ¢op sayilmaz.

2) Sivikat1 yaglar suyu nasil kirletirler? Agiklayiniz.

3) Su aritma basamaklarini yaziniz.

4) Su kaynaklarimizin kirlenmemesi i¢in biz neler yapabiliriz?

5) Sizce insanlarin evlerinde aldig1 6nlemlerin diinyamizin su kaynaklarini
korumasinda etkisi nedir?
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A.2 LESSON PLAN 2
WEEK 2

Kazanim: Suyun tasarruflu kullanimina yonelik fikirler tiretir.
Kendi tilkeleri digindaki tilkelerin su kullanimi konusunda farkindalik olusturur.
4 ders saati
8. sinif
e Her gruba bir iilkenin su kullanim aliskanliklarii gésteren calisma kagitlari
verilir. (Yasamda bir giin klasoriiniin iginde mevcut.)
e Gruplardan onlara verilen tilkelerdeki sular1 kullanarak yine o iilkelere 6zgii
gorevleri yapmalar1 istenir.
e Gorevler tamamlandiktan sonra her iilkeye 6zgii sorun kartlar1 6grencilere verilir
ve onlardan bu sorunlar1 ¢ozmeleri beklenir.
e Sonra her gruptan Tiirkiye ile gruplarma verilen iilkelerin su kullanim
aliskanliklarmni karsilastirmalari istenir.
e Esit su kullanimi i¢in ve de suyun israf edilmemesi i¢in neler yapilabilecegi
sinifca tartisilir.
e Almabilecek 6nlemler tahtaya yazilir ve bir yapilacaklar listesi hazirlanir.
e Bu konu hakkinda bir proje gelistirilir, proje fikrinde zorlanilirsa su israfini
Onleme adina bir taahhiit hazirlanarak okulda bilgilendirme yapilabilir.
e Gruplar okuldaki tuvaletleri inceleyebilir. Akitan bir musluk ya da bozuk bir

sifon varsa okul idaresine bildirilebilir.

SUSUZ BiR GUN

Bir giiniiniizde harcadiginiz su miktarini diisiiniin. Evinize kova ile su tasiyor olsaydiniz

yine ayn1 miktar suyu harcar miydiniz? Neden?
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Diinyanin her iilkesinde suya erisim esit diizeyde midir? Sizce neden?

Su israf ettiginizi diistiniiyor musunuz? Cevabiniz evetse israfi onleyebilmek i¢in neler

yapabilirsiniz? Cevabiniz hayirsa suyu hangi yontemlerle israf etmediginizi anlatiniz.

A.3 LESSON PLAN 3
WEEK 3

Kazanim: Suyun tasarruflu kullanimina yonelik fikirler tiretir.
4 ders saati
8. smf
e Bir Onceki hafta tartisilan su tasarrufu konular1 hatirlatilir.
e Sadece bu yolla m1 su tasarrufu yapabiliriz sorusu sorulur.
e “Kiyafetlerimizde kullandigimiz esyalarda su var midir?” sorusu da sorularak

ogrencilerin esyalarm i¢indeki sakli suyu kesfetmelerine yardimc1 olunur.
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Ogrencilere bir pamuklu tigdrt gosterilir ve “Bunun ig¢inde su var midir? Sizce ne
kadardir?” sorular1 sorulur.

Eger tek bir kagit 10 litre su ve bir kupa kahve 130 litre su harciyorsa bir
pamuklu tigortiin iiretilmesi i¢in kag litre suya ihtiya¢ oldugunu tahmin etmeleri
istenir. 2700 It su harcaniyor oldugu sdylenir. (Bir insanin 900 giinliik igme
suyu)

Bu israfi 6nlemek i¢in neler yapilabilecegi tartisilir. ( Eski pamuklu tisortleri
degerlendirmek bir fikir olabilir.)

Smif i¢cinde tiiketimi azaltan bir takas projesi de gelistirilir.

Herkes kullanmadig1 esyasimni sinifa getirir ve arkadaslarininki ile takas yapar.
Boylece yeni bir esya alip su tiiketmemis hem de kullanabilecegi esyalara ulasir.
Ayrica eski bir tisortiinii ya da herhangi bir esyasini dontistiirti kullanan birisi
varsa ondan smifa gostermesi istenir. (Onceki hali ve sonraki halinin fotografi
ogrencilere gosterilebilir.)

Degis tokus yapilan giysi sayis1 not edilir. Bu sayilarla yaklasik olarak ne kadar

su tasarrufu yapildigi hesaplanir. Smif kapisina asilir.

. Asagidaki olaylar su kullanimi acisindan degerlendirin. Hangilerini

yaparsiniz hangilerini yapmazsiniz nedenleri ile aciklayimiz?

Cok giysi alin boylece daha az eskirler.

Kiiciik gelen giysileri kiigiik kardeslerinize verin

Eski giysilerinizi hayir kurumlarina verin

Camasir makinenizde ekonomik program kullanin
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Ikinci el diikkanindan uygun bir sey bulun

Kumas1 korumak i¢in her giydikten sonra giysileri yikayin

Daha ucuz giyecekler satin alin

Eski giysileri sakin atmayin - tekstil geri doniisiim noktalarma gotiiriin

Yeniden doniistiir: Eski bir giysiyi yenilemek tizere diizenleyin

Daha pahali giysiler satin alin

Diger insanlarin da giysilerimizdeki sakli su hakkindakileri bilmesini saglayin

Arkadaslariizla giysi degis tokusu yapin

Siirdiiriilebilir tarim {iriinii olan pamuklu giysileri tercih edin

Giysileri ¢ok sicak su ile yikayin ki kumas iyice temizlensin ve daha uzun siire

dayansin

Giysilerinize iyi bakin Yaratici ol: eski kumasg torbalardan yeni bir sey yap
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APPENDIX-B

B.1 Water Usage Behaviour Scale (WUBS)

Table B.1 Water Usage Behaviour Scale (WUBS)

APPLIED TESTS

Bu boliimde cesitli ciimleler ve bu ciimlelerin karsisinda; cok sik, sikca, ara sira, oldukca az,
hi¢cbir zaman seklinde secenekler verilmistiv. Her ciimleyi okuduktan sonra size uygun gelen
secenegi carpi isareti (X) koyarak isaretleyiniz. Liitfen hi¢chbir ciimleyi atlamayiniz ve bos

birakmayniz.
SU KULLANIMI icbi
l?AVRéNIS Cok s1k Sik¢a Ara sira Oldauzkg:a glr%l;lrl;
OLCEGI

1. Su ile galisan ev
aletlerini satin alirken
suyu tiikketme
Ozelliklerine dikkat
ederim.

2. Bireylerin su
konusunda egitilmesi
ilgili sorunlarin
¢oziimiine yardimci
olurum.

3.Ailemdekileri su
tasarrufu yapmalar1
konusunda uyaririm.

4. Cevremde gordiigim
su kacaklarmi yetkili
kisilere bildiririm.

5. TV de su tasarrufu ile
ilgili programlar1
izlerim.
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Table B.1 Water Usage Behaviour Scale (WUBS) (Continue)

Bu boliimde ¢esitli ciimleler ve bu ciimlelerin karsisinda; ¢ok sik, sik¢a, ara sira, olduk¢a az, hicbir
zaman $eklinde secenekler verilmigtir. Her ciimleyi okuduktan sonra size uygun gelen secenegi
carpu isareti (X) koyarak isaretleyiniz. Liitfen hicbir ciimleyi atlamayiniz ve bos birakmayiniz.

SU KULLANIMI
DAVRANIS Cok s1k Sikca Ara sira
OLCEGI

Olduk¢a | Hicbir
az Zzaman

6. Su tasarrufu
yontemlerini ¢evremdeki
insanlarla her zaman
paylasirim.

7.Evsel kullanimda su
tasarrufu yapmak igin her
zaman bilgi toplarmm.

8. Evsel su tasarrufu igin
yeni ¢ikan tasarruflu su
araclarindan satmn alirim.

9. Evsel su kullanimda
ortaya ¢ikan az kirli sular1
(gri sular) ikinci defa
kullanirim.

10. Su tasarrufu
zorunlulugunu herkesle
tartigirim.

11. Kat1 ya da s1v1 atiklari
sular kirletecegi icin
rastgele yerlere atmam,
ozel yerlerinde depolarim.

12.Disimi fir¢alarken
musluk siirekli agik olur.

13. Su tasarrufu ile ilgili
yazili basint izlerim.
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B.2 Water Usage Attitude Scale (WUAS)
Table B.2 Water Usage Attitude Scale (WUAS)

Bu béliimde cesitli ciimleler ve bu ciimlelerin karsisinda; TAMAMEN KATILIYORUM,
KATILIYORUM, KARARSIZIM, KATILMIYORUM VE HIC KATILMIYORUM seklinde
segenekler verilmistir. Her ciimleyi okuduktan sonra size uygun gelen secenegi carpi isareti (X)
koyarak isaretleyiniz. Liitfen hicbir ciimleyi atlamayiniz ve bos birakmayiniz.

SU KULLANIMI Tamamen | Katihy | Karars | Katilmiy Hic¢
TUTUM OLCEGI Katihyor | orum 1Z1m orum katilmiyo
um rum

1. Ailelerin ¢ocuklarini
suyun tasarruflu
kullanilmas1 konusunda
bilin¢lendirmelerini isterim

2. Suyu tasarruflu
kullanmay1 6gretme isinin
sadece resmi kurumlara
brrakilmasina tizilirim.

3. Banyo yaparken suda
tasarruf yapmak hosuma
gitmez.

4. Insanlar daha az su
kullanarak da bugiinkii
hayat kalitesinde
yasayabilseler ne giizel
olur.

5. Apartmanlarda
merdivenleri su ile yikamak
yerine silerek su tasarrufu
yapmak hosuma gider.

6. Tarimsal su kullaniminda
nasil tasarruf yapilacagi
konusunda kisilere egitim
verilmesinin dogru bir
yaklagim olduguna
inantyorum.

7. Su tasarrufu
aligkanliklarinin her yastan
insana ayni diizeyde
kazandirilabilecegi
diisiincesi beni mutlu eder.
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Table B.2 Water Usage Attitude Scale (WUAS) (Continue)

Bu boliimde ¢esitli ciimleler ve bu ciimlelerin karsisinda; TAMAMEN KATILIYORUM,
KATILIYORUM, KARARSIZIM, KATILMIYORUM VE HIC KATILMIYORUM seklinde
segenekler verilmistir. Her ciimleyi okuduktan sonra size uygun gelen secenegi carpi isareti (X)
koyarak isaretleyiniz. Liitfen hicbir ciimleyi atlamayiniz ve bos birakmayiniz.

SU KULLANIMI

. oy Tamamen Katil K Katil Hi
TUTUM OLCEGI amame atihy ararsiz atilm ic

Katihyorum | orum m 1iyorum | katilm
yorum

8. Sehirlesmenin su
kaynaklarindaki kirlenmeyi
arttirmasi sonucu su
kithigina yol agacagindan
kaygi duyuyorum.

9. Yasam kalitesindeki
artigin su kitligim
arttirmasina tzilirim.

10. Tarimda giibre ve ilag
kullaniminin su
kaynaklarindaki kirlenmeyi
ve dolayisiyla su kithigimni
arttirtyor olmasi canimi
sikar.

11. Tek basima olsam bile
yapacagim su tasarrufunun
gelecek nesillerin yasamina
olumlu katk1 yapacagini
diisiinmek beni rahatlatir.

12. Evlere su tasarruflu
araglar, musluklar,
makineler satin almak i¢in
masraf yapmay1 gereksiz
buluyorum.
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B.3 Environmental Awareness Scale (EAS)

Table B.3 Environmental Awareness Scale (EAS)

Bu béliimde cesitli ciimleler ve bu ciimlelerin karsisinda; TAMAMEN KATILIYORUM,
KATILIYORUM, KARARSIZIM, KATILMIYORUM VE HIC KATILMIYORUM seklinde
segenekler verilmistir. Her ciimleyi okuduktan sonra size uygun gelen secenegi carpi isareti (X)
koyarak isaretleyiniz. Liitfen hicbir ciimleyi atlamayiniz ve bos birakmayiniz.

CEVRE BIiLiNCi OLCEGI Tama | Katiy | Karars | Katilm Hig

men orum 1Z1m 1yorum | katilmiyor
Katilty um
orum

1.Insanlar yasamlarin1 devam ettirmek igin
diger canlilara ihtiya¢c duymaz.

2. A¢ hayvanlar1 beslemekten zevk
duyarim.

3. Cevreyi korumak onemli degildir.

4. Yagis ve sicaklik bir bolgenin bitki
ortiistinii belirler.

5. Insanlarin dogal kaynaklar savurganca
kullanmaya hakki vardir.

6. Cevre koruma faaliyetlerinde goniillii
olarak ¢alismak isterim.

7. Her mevsimde avcilik yapmak
dogrudur.

8. Hayvan seven biriyimdir.

9. Diinyanin sadece insanlar i¢in oldugunu
diistiniiyorum.

10. Her canli kendine uygun olan ¢evre
kosullarinda yasar.

11. Tehlikeli hayvanlar1 yok etmeliyiz
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Table B.3 Environmental Awareness Scale (EAS) (Continue)

Bu boliimde ¢esitli ciimleler ve bu ciimlelerin karsisinda; TAMAMEN KATILIYORUM,
KATILIYORUM, KARARSIZIM, KATILMIYORUM VE HIC KATILMIYORUM seklinde
segenekler verilmistir. Her ciimleyi okuduktan sonra size uygun gelen secenegi carpi isareti (X)
koyarak isaretleyiniz. Liitfen hicbir ciimleyi atlamayiniz ve bos birakmayiniz.

?EVR]? ,BILINCI Tamamen Katihyoru | Karars | Katilmiyoru | Hic
OLCEGI Katillyorum | m 1Z1Im m katilmiyoru
m

12. Havayi, suyu ve topragi
kirletenlere karsi miicadele
etmek isterim.

13. Cevre temizligi sadece
belediye isgileri ve
¢opgiilerin gorevidir.

14. Hayvanlar1 koruyan
biriyimdir.

15. Cevre kirliligi beni
ilgilendirmiyor.

16. Cevre kosullar1

degistiginde baz1 canlilar
yok olur.

17. Sokakta dolasan
hayvanlara tag atarim.

18. Gelecekte agac dikme
kampanyalar1 diizenleyen
biri olmak isterim.
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Table B.3 Environmental Awareness Scale (EAS) (Continue)

Bu béliimde cesitli ciimleler ve bu ciimlelerin karsisinda; TAMAMEN KATILIYORUM,
KATILIYORUM, KARARSIZIM, KATILMIYORUM VE HIC KATILMIYORUM seklinde
segenekler verilmistir. Her ciimleyi okuduktan sonra size uygun gelen secenegi carpi isareti (X)
koyarak isaretleyiniz. Liitfen hicbir ciimleyi atlamayiniz ve bos birakmayiniz.

CEVRE BILINCI OLCEGI Tamamen Katihy | Kararsiz | Kat | Hic
Katiliyorum | orum m 1lm | katil

yor | miyo

um | rum

19. Elimde olsa tiim hayvanlar1 kafese kapatip
biiyiik bir hayvanat bahgesine koyarim.

20. Yarali hayvanlara yardim etmezsem
kendimi rahatsiz hissederim.

21. Kelebek koleksiyonu yapmaktan biiyiik
zevk duyarim.

22. Erozyonla miicadele eden biri olmak
isterim.

23. Vahsi havyalarm tehlikelerden korunmak
icin oldiiriilmeleri gereklidir.

24. Kirlilik kontrolii yapilmasinin gevre
kirliligini yavaglattigini ancak tamamen
6nleyemedigini diistiniiyorum.
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APPENDIX-C

REFLECTION PAPER SAMPLES

Figure C.1 Students’ Reflection Paper
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Figure C.2 Students’ Reflection Paper
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Figure C.3 Students’ Reflection Paper
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APPENDIX-D

MEB PERMISSION PAPER

Figure D.1 Meb Permission Paper
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