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ABSTRACT

EXPLORING MIDDLE SCHOOL STUDENTS’ SYSTEMS LITERACY WITHIN
THE CONTEXT OF WATER SYSTEM

DEMIRCI, Sinem
Ph.D., The Department of Elementary Education
Supervisor: Assoc. Prof. Dr. Elvan SAHIN
Co-supervisor: Prof. Dr. Gaye TEKSOZ

January 2021, 459 pages

The purposes of this study are determined as to (1) provide a conceptual model for the
description of ‘systems literacy’; (2) propose an alternative framework for the
elements of systems literacy in water system context; (3) explore possible factors that
might interfere with systems literacy in water system context; and (4) determine
readiness of children completing middle school degree in terms of systems literacy in
water system context. A research cycle was designed including both conceptual
research and empirical research. In conceptual research, philosophical
conceptualization and conceptual systems were used as research methodology. To test
the model and acquire in-depth information, multiple case study was selected.
Accordingly, four 9" grade students were participated in the study. Data was collected
through four-tiered conception test, two drawing tasks and semi-structure interviews.
Based on the outputs of conceptual research, an alternative definition for systems
literacy and systems literacy in water system context were provided. On the other hand,
the analysis of empirical research indicated that 9" grade students in this study failed

to develop an adequate level of critical systems literacy (CRSL) due to having limited

iv



understanding either in functional (FSL) or cultural systems literacy (CUSL). While
their CRSL were interacted with their FSL and CUSL, it also obscured by their
alternative conceptions and in-situ answers. Possible factors interfered with three
elements of systems literacy in water context were determined as gender, daily life
experiences, socioeconomic status, residence area, cognitive differences, and parental
interaction. To conclude, it is suggested that students’ readiness of systems literacy
should be determined before revising current elementary science education and

education for sustainability curricula.

Keywords: Systems literacy, multiple case study, water cycle, middle school students,

water system



0z

SU SISTEMI BAGLAMINDA ORTAOKUL OGRENCILERININ SiSTEM
OKURYAZARLIKLARI UZERINE BIiR INCELEME

DEMIRCI, Sinem
Doktora, IIkégretim Boliimii
Tez Yéneticisi: Assoc. Prof. Dr. Elvan SAHIN
Ortak Tez Yoneticisi: Prof. Dr. Gaye TEKSOZ

Ocak 2021, 459 sayfa

Mevcut caligmanin amagclari (1) ‘sistem okuryazarligi’ tanimina kavramsal bir model
olusturmak; (2) sistem okuryazarlig1 kavramina su sistemi baglaminda bir alternatif
cerceve Onermek; (3) su sistemi kapsaminda tanimlanan sistem okuryazarlig: ile
etkilesen olas1 faktorleri belirlemek ve (4) ortaokulu bitirmis 6grencilerin su sistemi
kapsaminda sistem okuryazarliklar ile ilgili hazirbulunusluk seviyelerini tespit etmek
olarak belirlenmistir. Bu baglamda hem kavramsal hem de deneysel arastirma
basamaklarin1 igeren bir arastirma dongiisii tasarlanmistir. Kavramsal arastirma
cergevesinde, ‘felsefi kavramsallastirma’ ve ‘kavramsal sistemler’ metodolojileri
kullanilmistir. Olusturan kavramsal model ve teorik ¢erceveleri test etmek ve detayl
bilgi elde etmek adina nitel bir arastirma yontemi olan ¢oklu durum ¢aligmasi
secilmigtir. Arastirmaya dokuzuncu sinif seviyesinde dort lise 6grencisi katilmistir.
Calismanin verileri dort asamali kavram testi, iki adet ¢izim etkinligi ve yari
yapilandirilmig goriisme sorulari ile toplanmistir. Kavramsal aragtirmanin sonuglarina
dayanarak sistem okuryazarligi kavrami tanimi yapilmistir. Ardindan su sistemi

baglaminda sistem okuryazarligi kavramu ile ilgili bir teorik ¢ergeve sunulmustur. Ote
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yandan, deneysel aragtirma analizleri sonucunda Ogrencilerin elestirel sistem
okuryazarlik seviyelerinin islevsel veya Kkiiltiirel okuryazarlik seviyesindeki
eksiklikler sebebiyle yetersiz oldugu gozlenmistir. Elestirel sistem okuryazarliklari
hem islevsel ve kiiltiirel okuryazarliklari ile hem de 6grencilerin alternatif kavramlari
ve degisken yanlis cevaplari sebebiyle etkilesmektedir. Bu etkilesimler, elestirel
okuryazarligin gelismesinde bir engel olarak nitelendirilebilir. Ek olarak, bazi olasi
faktorlerin de bireylerin sistem okuryazarliklar ile iliskili oldugu goézlemlenmistir.
Calismanin bulgular1 fen egitimi ve siirdiiriilebilir kalkinma i¢in egitim programlarina
sistem bilimlerini entegre etmek i¢in sistem okuryazarligi kavraminin énemini ortaya
¢ikarmistir. Sonug olarak, egitimcilere ve program gelistirme uzmanlarina, sistemsel
okuryazarlik kapsaminda bir entegrasyon oOncesinde, bireylerin hazirbulunusluk

seviyelerini belirlemeleri 6nerilmektedir.

Anahtar Kelimeler: Sistem Okuryazarligi, Coklu Durum Calismasi, Su Dongiisii,

Ortaokul Ogrencileri, Su Sistemi
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CHAPTER 1

INTRODUCTION

“All scientists are systems scientists to one degree or another,

even when they don’t know that.”

Mobus & Kalton (2015)

Individuals, who involve somehow in any educational process, continually strive to
find the answer to the following question: “What is the fundamental purpose of
education?” Actually, it may be considered as an odd question itself at first glance
since educators would be the ones who are expected to know the answer of this
question and would educate generations based on the answer. However, the answer(s)
is/are so complicated even though the question seems to be very clear, precise and

simple.

Even though there have been a lot of comprehensive answers to this question, literacy
(e.g., Dillon, 2009; Orr, 1994) and behavior change (e.g. Hungerford &Volk, 1990)
has been two of the most frequently used terms within those answers. In every level of
education including informal education as well, one of the aims is determined to
increase the level of literacy (UNESCO, 2000; UNESCO, 2006). The simplest
description for literacy is ... the ability to decode and comprehend written language
at a rudimentary level, that is, the ability to look at written words corresponding to
ordinary oral discourse, to say them, and to understand them” (Kaestle, 1985, p.13).
However, the definition of literacy has been evolving in time and started branching
and including some components. For instance, Williams and Snipper (1990) and
Stables (1998) evaluated the definition of literacy in three elements as functional

literacy, cultural literacy and critical literacy. Besides these elaborations —though



there are many others-, the frameworks of literacy have been discussing as an integral
part of the purpose of education (e.g. DeBoer; 2000; Dillon, 2009) among educators.

The efforts of pursuing the purpose of education, accumulation of knowledge through
history, and debates on the definitions and functions of literacy have been contributing
to the development of literacy literature. Accompanied with these conventional
definition(s), literacy appears in variety of forms in different contexts and open to
reinterpretations (Kaestle, 1985). Although defining the traditional notion of literacy
and its elements are still open to debate and continue evolving (for further discussions;
Kress, 1997; and Stables & Bishop, 2001), these descriptions may be clustered around
either traditional literacy (e.g., Kaestle, 1985; Stables, 1998) or context-based literacy
such as scientific literacy (e.g., Mun et. al, 2015; Roberts, 2007b), environmental
literacy (e.g., Hollweg et. al, 2011; Stables & Bishop, 2001), sustainability literacy
(e.g., Nolet, 2009; Winter & Cotton, 2012) within the literature. Moreover, as in the
other branches of social sciences, there is no consensus on the definition of each

literacy and their possible elements.

The notion of context-based literacy brings with different variables to be identified
while defining them. Simultaneously, possible components and their interactions
within the contexts have been studied by the researchers (for extensive summaries in
different contexts, please read Kress, 1997; Roberts, 2007b; Roth, 1992) so as to
explore the nature(s) of literacy contexts and to contribute to raise citizens with higher
level of literacy. Within the context of the study, systems literacy was chosen as one

of the context-based literacies to be explored from an educator’s perspective.

1.1.  An Overview of Systems, Systems Science, Systems Thinking, and

Systems L.iteracy

The emergence of the term ‘system’ is dated back to 18th century when Immanuel

Kant (as cited in Reynolds, 2011) firstly introduced the systems idea in his book,

Critique of Pure Reason. On the other hand, the notion of ‘systems science’ was

planted in early twentieth century (Hammond, 2003) when the dominance of

reductionism in science were started to be debated (Mobus & Kalton, 2015). The roots
2



of systems science can be traced back to ‘General Systems Theory’ constructed by von
Bertalanffy in 1920s (Mobus & Kalton, 2015) who strongly claimed that living things
cannot be considered as entities that can be examined in terms of mechanical
interaction of their elements. Especially after World War 11, systems theory began
evolving and integrated into different disciplines such as ecology, social sciences, and
business management (Mobus & Kalton, 2015). Simultaneously, the term ‘systems
thinking’ was being evolved in time with the development of systems and systems
science since (1) scientists from different areas needs to explore how systems work,
(2) a new discourse was introduced to explain systems such as feedback, chaos, and
complexity (Hieronymi, 2013).

Current descriptions of ‘systems science’ and ‘systems thinking’ can be considered as
products that different scientific disciplines have been contributing over the last
century (Mobus & Kalton, 2015). Thus, much of the systems thinking studies (e.g.
Ben-Zvi Assaraf & Orion, 2005a; Feriver, Olgan & Teksoz, 2019; Nolet, 2009) in
educational literature embraced some of the principles of systems science. Different
from other system scientists (e.g. von Bertalanffy, 1960; Mobus & Kalton, 2015),
system thinking researchers intend to explore (1) how individuals in different ages
perceive systems; (2) how can we use these perceptions to “effectively participate in
and engage with them [systems]” (Henning & Chen, 2012, p.470, brackets added); and

(3) how can we integrate systems thinking in educational context.

Systems thinking is included in science education as a component of scientific literacy
(Mun et. al, 2015) and in educational for sustainable development (ESD) as one of the
sustainability competencies (UNECE, 2011; Wiek et al., 2011) and as a component of
sustainability literacy (Nolet, 2009; Warren, Archambault & Foley, 2014). Above and
beyond, 21st century issues are also required systems thinking approach to examine
and overcome the reasons and the effects of them (Richmond, 1993) and to promote
sustainability of the planet. Due to these reasons, systems thinking can be considered
one of the indispensable elements for educational context. However, when the
elements of systems thinking as well as the nature of systems science are examined,

the researcher of this study presumed that systems thinking is more than a thinking
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process. It includes not only thinking about systems but also skills and competencies
which may go beyond “thinking”. Moreover, system thinking also interferes with
human systems whose have intangible elements as beliefs, goals, values and so on
(Mobus & Kalton, 2015). Correspondingly, reframing systems thinking within a
systems literacy perspective may provide a comprehensive concept in educational
context so as to find key routes to deal with 21st global century issues.

Even though much of the existing literature in systems science preferred to use
‘systems thinking’, systems literacy have started to be pronounced around 2000s. Very
first idea can be considered as the statement of a senior government advisor in the UK
government’s Cabinet Office during 90s as “Clear systems thinking is one of the basic
literacies of the modern world” (as cited in Reynolds, 2011, p.40). Reynolds added
that “In the same way effective systems thinking is a literacy that is continually being
informed, moulded and (re)shaped by ongoing practice.” Wood (2011) described
systems literacy as “Systems literacy is an evolved form of interdisciplinary research
practice and pedagogy that calls for intellectual competence (not necessarily
command) in a variety of fields in order to better address specific, real-world
environmental problems. In essence, systems literacy combines the study of social
history and cultural discourses with a technical understanding of ecosystem

processes.” (pp.4-5).

Sweeney (2012) was one of the pioneers to cultivate the notion of systems literacy in
educational context. She described systems literacy as ‘level of knowledge about
complex interrelationship’ (p.4). In terms of characteristics of systems literacy, she
outlined that systems literate individuals are able to see multiple causes in occurrence
of an event as well as grasp the importance of sharing commons such as water, air,
land. Contrary to some experts, as she reported, she claimed that many children have
innate ability to see systems behavior without having formal training to learn how to
do it. Moreover, Sweeney added that cultivating and developing systems literacy is

relatively simple since contexts in daily life lend itself to achieve this.



In short, emergence of the term, system, have brought new areas out such as system
theories, systems science, systems thinking, and lastly systems literacy. Among the
definitions of systems literacy, only Wood (2011) included the context of social history
and cultural discourse. The other definitions emphasized cognitive processes of
individuals. However, as Stables and Bishop (2001) strongly argued, the definitions of
literacy contexts are operational and most of them were not constructed by considering
the important arguments in general literary studies. Hence, they may lack of
philosophy or theoretical framework which may result in having difficulties to proceed
in the area. For these reasons, the researcher of this study regarded these critiques and
intended to offer an alternative definition for systems literacy by including a general

literary framework.
1.2.  Milestones of Globalization, Education, and Systems Literacy

To unveil the need for systems literacy, it might be useful to examine the milestones
in human history especially after Industrial Revolution within which science and
technology plays a key role. While milestones have both positive and negative effects
on the development of political, economic, social aspects (Al-Rodhan & Stoudmann,
2006), they are also resulting in new insights on science education (DeBoer, 2000) and
on the other disciplines in education as well (e.g. Merriman & Nicoletti, 2007; Orr,
2004). These milestones will be elaborated in the next chapter. Furthermore, the
negative impacts of the milestones on the environment (Alagiri & Kumar, 2012; Al-
Rodhan & Stoudmann, 2006) are also being one of the essential elements shaping
educational agenda (Orr, 2004; Tilbury, 1995; United Nations, 1992).

Today, students are raised in a reductionist approach in which they specialize in a
monolithic discipline rather than seeing interactions and complications among them
(Strachan, 2009). However, the entire planet is a system and there are cycles to provide
maintenance for this system. Yet, even though the context of science education and
literacy contexts are partly compatible to help individuals grasp the context of these
systems and cycles, we are still experiencing 21st century global issues.

Correspondingly, when the contentions on the purpose of education (DeBoer; 2000;



Dewey, 1934; Dillon, 2009; Hungerford &Volk, 1990), effects of milestones on the
environment, economy, society, and development (Al-Rodhan & Stoudmann, 2006),
the context of existing context-based literacy definitions (McBeth et al., 2006; Mun et
al., 2015; Parkin et al., 2004), 21 century global issues (Poulopoulos, 2016;
Rieuwerts, 2015; Wilson & Stevenson, 2016), and the perspective of systems science
and systems thinking (Ben-Zvi Assaraf & Orion, 2005a; Mobus & Kalton, 2015) are
contemplated in a holistic manner, it can be concluded that we need individuals who
are able to comprehend the world in which they live as a system and provide long-

term solutions for 21st century global issues.

Depletion of resources and anthropogenic pollution issues accompanied with human
population growth, overconsumption habits, and major environmental disasters
became some of the driving forces for human beings for launching several initiatives
to combat and/or minimize the detrimental effects of pollution and degradation
(Alagiri & Kumar, 2012). These endeavors also induced to co-evolution of education
and context-based literacies both in explicit and implicit manner. While long-term
solutions are being sought, the education system is seen as a critical component to
prevent or slowdown these disruptions. However, present education systems tended to
disintegrate the systems and tried to explore these systems by investigating the
segments of the system (Orr, 2004). The components have interactions with each other
and therefore some of their properties of systems could be lost when it is tried to break
down (Capra,1996). Accordingly, hegemonic state of reductionism may hinder
achieving this aim. Ison and Shelley (2016) emphasized that cultivating systems
literacy and systems thinking are not on educational agenda which might be a
limitation to achieve systems-literate individuals. Hence, we, educators and social
scientists, should shift the focal point of education from disintegrated segments to a
holistic manner. At this point, providing an alternative definition for systems literacy

can be a starting point.



1.3.  Purposes of the Study and Research Questions

Ison (2008) reported that everyone has systemic awareness as a common sense, but
the puzzled part is how educators may conceive and promote that awareness? Since
our students are not educated from a systems literacy perspective and may not be
familiar with the term ‘system’, it might not be suitable to conduct an explicit study
on systems and systems literacy. Besides, an explicit study whose aim is to understand
students’ conceptions on systems may be too general since every system has its own
dynamics (Schaefer, 1989). For these reasons, an implicit study was designed within
the context of a water system in which students are actively involved in (Ben-Zvi
Assaraf et al., 2012) and were taught water-related concepts from elementary grades

onward (Shepardson et al., 2009).

Correspondingly, the purposes of this study are determined as to (1) provide a
conceptual model for the description of ‘systems literacy’; (2) propose an alternative
framework for the elements of systems literacy in water system context; (3) explore
possible factors that might interfere with systems literacy in water system context; and
(4) determine readiness of children completing middle school degree in terms of
systems literacy in water system context. Compatible with the purposes of the study,
the research questions were constructed as following:

1) What is systems literacy?
a. What are the elements of systems literacy?
2) What is the alternative framework of systems literacy in water system context
for students completing middle school degree?
a. What are the characteristics of the functional systems literacy in water
system context for students completing middle school degree?
b. What are the characteristics of the cultural systems literacy in water
system context for students completing middle school degree?
c. What are the characteristics of the critical systems literacy in water

system context for students completing middle school degree?



d. What are the interaction patterns of the elements of systems literacy in
water system context for students completing middle school degreeSi?
3) What are the readiness levels of students completing middle school degree in
terms of systems literacy in water system context?
a. What are the readiness levels of children completing middle school
degree in terms of functional systems literacy in water system context?
b. What are the readiness levels of children completing middle school
degree in terms of cultural systems literacy in water system context?
c. What are the readiness levels of children completing middle school
degree in terms of critical systems literacy in water system context?
d. How does children’s alternative conceptions interact with readiness
levels of systems literacy in water context?
4) What are the possible factors that might interfere with systems literacy in water
context for students completing middle school degree?
a. How does systems literacy change by means of gender, level of
achievement, residence area, parental occupation, types of high school?
b. What are the other factors that shaped systems literacy of middle school

students in water context?
1.4.  Significance of the Study

The entire universe is a system and there are numerous subsystems which could be
also named as systems (Mobus & Kalton, 2015). However, the current state of science
education involves disintegrating the systems and exploring them by investigating
their segments (Colucci-Gray, 2019; Orr, 2004). The components of a system have
interactions with each other; therefore, there might be some loss of properties when
systems break down into its elements (Capra,1996). As a result, students raising in a
reductionist approach might not be able to see those interactions and complications
within systems (Strachan, 2009) because it requires an understanding of systems in
terms of the working principles as well as probable behavior(s) in the case of failure
in a system. On the other hand, systems theory and systems science provides many
useful implications for scientific disciplines such as physics, biology, ecology and it
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Is started to be integrated into these disciplines (Mobus & Kalton, 2015). Accordingly,
calibrating science education with systems and system science perspectives could
provide an opportunity to raise systems-literate individuals to meet all the demands of
21%t century issues. There are calls in the literature (e.g., Dubberly, 2015; Tuddenham,
2017) for developing and contributing to the systems literacy studies. At this point,
redefining systems literacy within the context of science education and exploring the
current state of students’ systems literacy could have a potential to contribute to the
literature from educational perspective. Thus, this study could provide an insight to
researchers, educators, and policy makers on how to revise our current science
education agenda based on students’ readiness within the context of the systems

literacy.

Systems science engages “... the real and necessary intersection of natural science,
social science, and the humanities, areas that have traditionally been separated as
discrete academic disciplines... These come together most urgently in the emergence
of sustainability as the major question and challenge of the twenty-first century.”
(Mobus & Kalton, 2015, p.10). Therefore, we need individuals who are able to
understand the world in which they live as a system and provide long-term mitigation
and adaptation plans for 21% century issues. Along with the science education,
education for sustainable development could be also considered as one of the
approaches aiming to enable learners to obtain necessary knowledge, skills, attitudes
and values to contribute to a sustainable future (UNESCO, 2015) as well as grasping
the nature of 21% century issues. What is more, ESD inherently includes sustainability
literacy (Nolet, 2009) and systems thinking (Sterling, 2003) in its context. Thus, the
findings of the study have potential to contribute to ESD studies. Tailoring systems
literacy to ESD practices could provide another standpoint to the notion of sustainable

development.

Water system was chosen as a context for exploring systems literacy within the context
of the study due to several reasons. First, water place in multiple elementary courses
such as elementary science, social science, and even mathematics (for further

information, please examine the national elementary textbooks in MoNE, 2020). All

9



textbooks of these courses include the concept of water. On the other hand, as Forbes
et al. (2015) denoted, water is one of the essential concepts in K-12 science curriculum
in which students are expected to grasp the basics of hydrology. In our national
context, elementary science curriculum cover water-related concepts from 3" to 8™
grade (MoNE, 2020). In the 3" grade level, they learn that water is a non-living thing.
As the grade level increases, the importance of efficient use of water, wastewater
management, groundwater and surface water, phases of water, water pollution, water
cycle and weather and climate are involved (MoNE, 2018). After completing these
concepts, students are expected to have an understanding on these concepts.
Nevertheless, current science education in Turkish context have not accommodated
yet the contexts of systems thinking and systems literacy. Additionally, revised edition
of national science curriculum includes the notion of ESD (MoNE, 2018) and both
explicit and implicit objectives are present within the water chapters of the textbooks.
Hence, Turkish middle school students are expected to have an understanding of water
within the context of science education and ESD when they complete middle school
degree. These characteristics makes water system a suitable context to be studied

readiness for systems literacy.

Second, water is an important concept because it provides basis for understanding of
weather and climate (Sadler, Nguyen, & Lankford, 2017), the complexity of life and
interconnectedness of the earth systems (Brody, 1993), and effects of water use on the
environment (Osterlind & Haldén, 2007), economy (Wood, 2014; DeL.orme, Hagen,
& Stout, 2003), and society (Wood, 2014). However, from the beginning of the
integration of water into educational context in 1960s (Ewing & Mills, 1994), studies
consistently revealed that students developed a rudimentary understanding for water
and water-related concepts (Ben-Zvi-Assaraf & Orion, 2005a; Covitt, Gunckel, &
Anderson, 2009). Thus, exploring students’ systems literacy in water context might
contribute to the literature on how middle school students construct their mental
models on water system and its interactions with the other systems including human

systems.

10



Third, according to the report of UNESCO (2015), present status of water education
in most countries is insufficient since conventional teaching approaches focuses on
students’ level of achievement. As Schaap and van Steenbergen (2001) claimed, water
issues should also be addressed by considering attitudes, skills, and behaviors in
schools in addition to level of knowledge so that students could be able to grasp their
local and regional water issues by transferring their theoretical background to their
daily life. At this point, selecting water system to explore students’ systems literacy
could contribute to addressing those constructs given above because students probably
had already conceptions on water, water cycle, and the effects of human beings on
local/global water system, attitudes towards water use, and individuals’ water
consumption patterns. Examining their readiness in water system context might pave
the way for revising water education status so as to integrate additional constructs in

addition to level of knowledge.

In addition to determining the readiness of systems literacy in the water system
context, determining possible factors that might interfere with this type of systems
literacy could promote understanding on the nature of the systems literacy as well as
systems literacy in water system context. Some of the elements within the systems
literacy in water context have already been reported as interacted with some factors
such as cognitive differences (Ben-Zvi-Assaraf & Orion, 2005a), role of media (Wood,
2014), parents (Aare et al., 2009) as well as daily life experiences (Havu-Nuutinen,
Karkkdinen & Keinonen, 2018). Thus, including these factors within the context of
this study and exploring whether these potential factors might interfere with systems
literacy or not could be an integral element to comprehend infrastructure of systems

literacy in water system context.

The target of the study was chosen 9" grade students since choosing 9" grade students
may provide us an insight about how our middle school curriculum shapes our
students’ systems literacy in water context. As water system is disintegrated into
separate concepts in curricula except water cycle (Sadler, Nguyen, & Lankford, 2017),
this also enable us to see how reductionist approach contribute to the students’ systems

literacy in water context. In the long run, this study may guide researchers and
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curriculum developers about statu quo of the middle school students’ level of systems

literacy.

To recap, educating individuals from systems science perspective could contribute to
improve them to deal with 21% century issues (Mobus & Kalton, 2015). At this point,
researchers of this study believed systems science perspective can be integrated into
science education as well as into ESD. In this context, defining systems literacy and
determine middle school students’ readiness for being systems-literature can be an
initial point. Based on all these reasons summarized above, the researcher intended to
offer a theoretical framework for systems literacy that can be used both in science
education and ESD.

1.5.  Context of the Study

The participants of this study were chosen as 9" grade students who are recently
completed their middle school degree. There are public and private high schools in
Turkey and the processes of registration are different from each other. The students
are registered public high schools in two ways. Some public high schools accept
students according to their high school entrance exam scores, whereas others accept
students based on their residence addresses (Ministry of National Education, 2018).
On the other hand, private high schools’ registrations have various requirements
specific to the schools. There are different types of public high schools in Turkey such
as Science High School, Social Sciences High School, Anatolian High School,
Vocational and Technical Anatolian High School, Multi-Program Anatolian High
School, Anatolian Religious High School, Sports High School, Fine Arts Anatolian
High School, Correspondence High School, and Vocational and Technical Training
Centers (Ministry of National Education, 2017). Among the private high schools, there
are also some types of high school such as Science Private High Schools and Anatolian
Private High School.

During the first semester of 9™ grade level, high school curricula do not include

specific chapters devoted to the water but some minor conceptions on water such as

(1) the rate of water in living organisms and importance of water in human body in
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biology course, (2) the properties of water as evaporative cooling, adhesion, cohesion,
water as a universal solvent and water as a polar molecule in chemistry course, and (3)
listing hydrosphere as one of the Earth’s spheres in geography class (Turkish
Education Board, 2019).

1.6.  Organization of the Chapters

As this dissertation is constructed based on a research cycle composed of conceptual
research, empirical research, and their interactions, some of the chapters are specific
to the particular research, whereas the remainder of the chapters include them both.
Chapter 2 provides a critical literature review on the need for systems literacy. This
chapter includes several context-based literacies that contain the notions of system,
system science, and systems thinking. Chapter 2 also provide a basis for suggesting a
conceptual model for the description of ‘systems literacy’ (Research Question 1) and
propose an alternative framework for the elements of systems literacy in water system
context (Research Question 2). On the other hand, chapter 3 involves a review of
literature on water studies in K-12 education. Chapter 4 is about the methodologies
that are employed within the context of the research cycle of this study. Chapter 5
presents findings retrieved from both conceptual and empirical research. Last, chapter
6 provides discussions, conclusions and implications based on the findings of the study
as well as previous studies in the literature. Table 1.1 summarized the organization of

the chapters.

Table 1-1

Organization of the Chapters

Chapter Content
Chapter 2 — A Critical Literature Review on the Conceptual Research
Need for Systems Literacy

Chapter 3 — Review of Literature on Water Empirical Research

Studies on K-12 Students

Chapter 4 — Methodology Conceptual & Empirical Research
Chapter 5 — Findings Conceptual & Empirical Research
Chapter 6 — Discussions, Conclusions & Conceptual & Empirical Research
Implications
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CHAPTER 2

A CRITICAL LITERATURE REVIEW ON THE NEED FOR
SYSTEMS LITERACY

“Literacy is a bridge from misery to hope”

Kofi Annan (1997)

In this chapter, the need for systems literacy was elaborated by reviewing context-
based literacies that includes the notion of systems and systems thinking were selected
to be reviewed. Accordingly, a brief literature reviews on scientific literacy,
environmental literacy, sustainability literacy, and systems thinking studies in
educational context were provided. Then, the need for systems literacy was argued and
previous studies related to systems literacy were presented to provide an insight for

philosophical conceptualization for an alternative description for systems literacy.
2.1 The Salience of Scientific Literacy

As in the other disciplines in education, the purpose and outcomes are being debated
in science education as well (e.g., Coll & Taylor, 2012; DeBoer, 2000). However, this
has been attracting more attention than others among the countries since there is a
common sense that the level of development is affected by scientific and technological
progress (Coll & Taylor, 2012; Laugksch, 2000) and correspondingly, countries have
been investing tremendous effort and money to their science education policies. For
instance, National Education Association (NEA) published two reports in 1918 and in
1920 to manifest the role of education as preparing individuals to be effective for their
community. In particular, the importance of science education was emphasized in
these reports as “the application of [scientific] knowledge to the activities of life, rather
than primarily in terms of the demands of any subject as a logically organized science"

(NEA, 1918, p. 8). Correspondingly, science curriculum was reconstructed to meet
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this particular purpose. By 1932, the discussions on the purpose of science education
went further in a way that science education became too subject-matter oriented and
the main reason of science teaching discarded which was to offer an extensive
understanding of the natural world and its relationships with human life (DeBoer,
2000). Until the late 50’s, the contentions on the purpose and the context of science
education led to curriculum reforms and these reforms, in turn, provided new

arguments on the question “What is science education for?”

Similar with the other contexts in education, literacy was emerged as one of the most
frequently used terms within the debates on the purpose of science education (DeBoer,
2000; Dillon, 2009; Wang & Schmidt, 2001). Scientific literacy or science literacy
firstly pronounced in the late 50s; however, the literature on scientific literacy
accelerated in the last 30 years (Roberts, 2007b). At the initial stage, the term was used
by Hurd (1958) and in Rockefeller Report (1958) with no definition. Howard
Meyerhoff, chairman of the geology department at the University of Pennsylvania,
made one of the earliest definition as " “familiarity with scientific methods and...
sufficient knowledge in the several fields of science to understand reports of new
discoveries and advances" (as cited in Carlton, 1963, p. 34). Since then, many
definitions for scientific literacy and its components as well are being suggested
(DeBoer; 2000; Robert, 2007b) and no universal definition was accepted. Some of

these definitions and their components were summarized in

As noted earlier in this chapter, the cruise of seeking the purpose of education brought
many puzzled answers and those, which are related to science education, became one
of the hallmarks among them. The aim of science education has been constantly argued
and increasing the level of scientific literacy was highlighted most. As summarized in

, different perspectives about definition and components of scientific literacy
were being given. Although it seems that there are many definitions, all these
descriptions were clustered as Roberts (2007b) did in the Handbook of Science
Education. When the chronological order was traced, it can be observed that
definitions within Vision | were made at the earlier stages, whereas definitions within

Vision Il came to the agenda in the past 30 years.
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Table 2-1

Chronological Order of Definition of Scientific Literacy

Reference

Definition of Scientific

Components of Scientific

Literacy Literacy

National “Scientific literacy is the 'I[:hlgf dn;r?'l[infs;?tlijg:]p;‘o{]hsej léztr:],::;]c:

Science knowledge and understanding tandards:

Education of scientific concepts and standars.

Standards processes required for (a) utilize scientific evidence to
personal decision-making, decide in daily life activities.
participation in civic and (b) participate perceptively in
cultural affairs, and economic civic discourse and argue about
productivity.” (National significant issues that contain
Research Council, 1996, p. science and technology.

22). (c) feel eagerness and have
self-satisfaction due to
comprehending about the earth
mechanisms.

(d) enable to improve
individuals to grasp, inquire,
deliberate, enact, and develop
response(s) to the problems so
that they could be able to have
necessary skills for future
careers

(e) U.S should raise equally
proficient  individuals to
accommodate in international
markets

Roberts Vision I: “looks inward at

(2007h) science itself — its products

such as laws and theori

its processes such as
hypothesizing and
experimenting (literacy within
science)” (Roberts, 2007b,
p.9)

Vision Il: “looks outward at
situations in which science
has a role, such as decision-
making about socio-scientific
issues (literacy about science-
related situations)” (Roberts,
2007h, p.9)
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Table 2.1 cont.’d

Reference

Definition of Scientific
Literacy

Components of Scientific
Literacy

Twenty First
Century
Science
(2008)

Curriculum
Development
Council and
The Hong
Kong
Examinations
and
Assessment
Authority

No explicit definition

The overarching aim of the
curriculum is to nurture students’
scientific literacy so that they
develop ‘thinking tools’ for
reflecting on science, see the
coherence among seemingly
diverse sets of ideas, and discover
unifying concepts (such as
systems, order and organization)
that pervade science and transcend
disciplinary boundaries.
(Curriculum Development Council
and The Hong Kong Examinations
and Assessment Authority 2015,

p.8)

* appreciate and understand the
impact of science and
technology on everyday life;

* take informed personal
decisions about things that
involve science, such as health,
diet, use of energy resources;

e read and understand the
essential points of media
reports about matters that
involve science;

» reflect critically on the
information included in, and
(often more important) omitted
from, such reports; and

+ take part confidently in
discussions with others about
issues involving science. (as
cited in Dillon 2009, p.206)

- Knowledge and
Understanding

- Skills and Processes

1- Scientific Thinking

2- Scientific Investigation

3- Practical Skills

4- Problem-solving

5- Information Handling

6- Informed Decision-making

7- Independent Learning

8- Communication Skills

9- Collaboration

- Positive Values and
Attitudes
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Table 2.1 cont.’d

Definition of Scientific

Components of Scientific

Reference . X
Literacy Literacy
PISA 2018 “Scientific Literacy is the - Contexts
ability to engage with science- 1- Personal
related issues, and with the 2- Local/ National
ideas of science, as a 3- Global
reflective citizen. A - Knowledge
scientifically literate person, Content Knowledge
therefore, is Wllllng to engage Procedural Know'edge
in reasoned discourse about Epistemic Knowledge
science and technology” - Competencies
(OECD, 2019, p.100) 1- Explain phenomena
scientifically
2- Evaluate and design
scientific enquiry
3- Interpret data and evidence
scientifically (OECD, 2019,
p.102)
Mun et al. No explicit definition Content Knowledge
(2015) 1- Core ideas

Habits of Mind

1- Collaboration

2- Systematic Thinking

3- Non-Routine Problem-
Solving

4- The Use of Evidence to
Support Claims

5- The  Development  of
Models

6- Information Management

Character and Values

1- ecological worldview

2- moral and ethical sensitivity

3- socio-scientific
accountability

Science as Human Endeavor

Metacognition and self-
direction (Mun et al., 2015,
p.1750)
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Besides, some studies like those that Mun et al. (2015) did may not be considered
neither of the two visions due to nature of their studies. In brief, either in the two
visions or in the other studies, the definition of scientific literacy evolved in time to
encompass some other issues in which science has a role. What is more, as Pedretti
(2014) highlighted, two contexts in science education were emerged as science,
technology, society and environment (STSE) education (Pedretti & Nazir, 2011;
Solomon & Aikenhead, 1994) and socioscientific issues (SSI) (Zeidler et al, 2009).
Correspondingly, these two contexts also re-directed both the aim of science education

and the definition of scientific literacy (mostly Vision II).
2.2 Ripple Effect of the Milestones of Globalization on Science Education

Science education and scientific literacy are always subject to be re-conceptualized in
time. In order to find the reasons for this co-evolution, it might be useful to examine
the milestones in human history within which science and technology plays a key role.
While milestones have both positive and negative effects on the development of
political, economic, social aspects (Al-Rodhan & Stoudmann, 2006), they are also
resulting in new insights on science education (DeBoer, 2000) and on the other
disciplines in education (e.g., Merriman & Nicoletti, 2007; Orr, 2004; United Nations,
1992). Furthermore, the negative impacts of the milestones on the environment
(Alagiri & Kumar, 2012; Al-Rodhan & Stoudmann, 2006) are also one of the essential

elements shaping educational agenda (Orr, 2004).

Even though human beings are not very good at living in harmony with their
environment from prehistoric times to the present, the negative effects of human
activities on the environment intensified particularly after Industrial Revolution
(Poulopoulos, 2016; Rieuwerts, 2015) when developmental activities escalated. To
illustrate, some of milestones could be listed as (1) invention of the steam engine in
1765 (Al-Rodhan & Stoudmann, 2006), (2) competition in basic goods -wheat and
textiles- in early 1800’s (Al-Rodhan & Stoudmann, 2006), (3) World War 11 (Rennen
& Martens, 2003), (4) The Manhattan Project between 1942-1946 (Al-Rodhan &
Stoudmann, 2006), (5) invention of digital computer (Scholte, 1999), (6) opening of
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First McDonald’s Restaurant in 1955 (Al-Rodhan & Stoudmann, 2006; Scholte, 1999),
and (7) introduction of World Wide Web in 1991 (Al-Rodhan & Stoudmann, 2006).
On the other hand, as Rieuwerts (2015) noted, the effects of human activities on the
environment can be grouped into two general sets as ‘resource depletion’ and
‘pollution’. Whereas he relates resource depletion to “...energy choices, food and
water scarcity, natural landscape damage and biodiversity loss...” (p. Xix), he

(13

explained anthropogenic pollution as “...implies that environmental harm will, or
might, be caused by contamination. Furthermore, pollution is typically (although not
always) associated with human activity; for example, significant quantities of polluting
substances are lost to the environment during the extraction and processing of raw
materials and the manufacture, use and disposal of final products” (p.1). When
milestones and definitions given above are examined together, it can be inferred that

milestones both contribute to resource depletion and anthropogenic pollution.

These unsustainable resource depletion and anthropogenic pollution issues
accompanied with human population growth, overconsumption habits, and major
environmental disasters such as Great Smog of London in 1952, Minamata “disease”
in Japan 1956, Bhopal disasters in India in 1984, Chernobyl nuclear disaster in Ukraine
1986, and Gulf War oil spill in 1991 became some of the driving forces for human
beings to consider the effects of these milestones listed above. Correspondingly,
several initiatives were launched to combat and/or minimize the detrimental effects of
pollution and degradation (Alagiri & Kumar, 2012). For instance, publication of Silent
Spring in 1962, the foundation of OECD Environment Committee in 1970 (Alagiri &
Kumar, 2012), the foundation of Greenpeace in 1971 (Al-Rodhan & Stoudmann,
2006), the publication of Limits to Growth in 1972 (Scholte, 1999), Stockholm
Conference on Human and Environment in 1972 (Alagiri & Kumar, 2012), Montreal
Protocol on Ozone Layer Protection in 1987 (Alagiri & Kumar, 2012), Bruntland
Report: Our Common Future in 1987, Earth Summit in 1992, Kyoto Protocol for
reducing greenhouse gas emissions in 1997 and 2005 (Alagiri & Kumar, 2012) are
some of the other milestones that intend to protect the environment and minimize our
impact on the planet. These endeavors are also addressed some changes in education

both in explicit and implicit manner.
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The ripple effect of all of these milestones given above induced to co-evolution of
science education and scientific literacy. As Meadows, Meadows, Randers and
Behrens (1972) denoted in Limits to Growth, the natural reserves on Earth is limited
and human beings used them in unsustainable way for industrialization, economic
growth and food production etc. Therefore, scientific literacy has become an essential
element that needs to be revised to meet these demands of the 21% century (Choi et al.
2011) and to promote sustainability (Carter, 2008). Nevertheless, although the
definitions within Vision Il emphasize “looks outward at situations in which science
hasarole”, itis still science-dominated, and today’s global issues have more elements
than science and technology. Hence, we should look for a broader definition of literacy
where science and technology are two of the essential components, but not the
umbrella concept. What is more, the components of scientific literacy, in general, do
not include “behavior change” which is also one of the other frequently used concepts

within the context of the purpose of education.
2.3 Another Branch of Phylogenetic Tree of Literacy: Environmental Literacy

The impacts of milestones give rise not only the evolution of scientific literacy but also
some other context-based literacies (e.g., Nolet, 2009; Orr, 1994; Roth, 1984) in time.
Among them, environmental literacy (EL) can be considered as a comprehensive
concept both overlapping with scientific literacy (Roth, 1992) and including
milestones discussed above. Besides, EL embraces the dimension behavior, which was

not covered explicitly by scientific literacy.

Even though environmental education introduced in mid 1960s (as cited by Roth,
1992), the vocabulary of environmental literacy was firstly introduced by Roth in
1968. Not surprisingly, its description is being subject to some changes and
improvements (Roth, 1992; Marchinkovski et al., 2013) as in the other literacy
definitions. In addition, raising environmentally literate individuals turned out to be
one of the primary goals of environmental education (Carter & Simmons, 2010; Roth,
1992). One of the earliest definitions was made by Hungerford and Tomara in 1977

(as cited by Roth, 1992, p.20) “development of an environmentally literate citizenry,
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I.e., a citizenry that is both competent to take action on critical environmental issues
and willing to take that action.” Since then, a lot of studies are being conducted for
constructing environmental literacy framework, the present state of their individuals
as environmentally literate, and correspondingly the results of these studies are being
used for practices (e.g., Fleming, 2009; McBeth et al., 2008). All of these studies were
conducted under the EE goals and objectives published by UNESCO (1978) by
addressing the components such as knowledge, cognitive skill, affective disposition,
and behavior (e.g., Hungerford & Volk, 1990; Roth, 1992; Simmons, 1995; Wilke,
1995). Especially after 1995, these studies have been conducting in more systematic
approach to assess environmental literacy by developing appropriate instruments
(Marcinkowski et al., 2013), and administered as nationwide in different countries
(e.g., McBeth et al., 2008; Negev et al., 2008; Shin et al., 2005) as well as international
studies (OECD, 2006). Some of them was listed in Table 2-2 and Table 2-3.

Even though there are different definitions and components of environmental literacy
as summarized in Table 2-2 and Table 2-3, they have much more in common. For
instance, almost of the descriptions involved the dimension of skills both in explicit
and implicit manner. Some descriptions refer skills in a general sense (McLaren, 1989;
UNESCO-UNEP, 1989), whereas some others include skills in a specific manner such
as cognitive skills (McBeth et al., 2008; Negev et al., 2008), problem solving
(UNESCO-UNEP, 1989), critical thinking (McClaren, 1989), and Roth (1992)
specified many useful skills in every level of his definition for environmental literacy.
In a similar context, knowledge, affect, and behavior are also frequently used as
components of environmental literacy. On the other hand, when Chapter 31 of
International Handbook of Research on Environmental Education was examined, the
differences between national assessments were given in a clear picture in this chapter.
For example, every country has different in number of components for EL. As
Marcinkowski et al. (2013) noted, while all four countries included environmental
knowledge (except for U.S.A) and ecological knowledge, environmental sensitivity,
and verbal commitment /willingness as components of EL, locus of control and

personal responsibility were only examined by Korea and Israel.
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Table 2-2

Earlier Definitions of Environmental Literacy

Reference Definition
Roth “Produce a citizenry that:
(1984) a. Understands the self-regulating systems of our life-sustaining planet.
b. Operate their lifestyles in congruence with those self-regulating systems.
c. Work cooperatively to eliminate cultural activities that significantly disrupt
the life-sustaining systems”. (as cited in Roth, 1992, p.21)
McClaren 1. The ability to think about systems.
(1989) 2.The ability to think in time: to forecast, to think ahead, and to plan.
3.The ability to think critically about value issues.
4.The ability to separate number, quantity, quality, and value.
5.The ability to distinguish between the map and the territory.
6.The capacity to move from awareness to knowledge and action.
7.A basic set of concepts and facts; the ability to learn new ones and unlearn
the old.
8.The ability to work cooperatively with other people.
9.The capacity to use skills in eight processes: knowing, inquiring, acting,
judging, opening, imagining, connecting, and valuing. (as cited in Roth 1992,
p.22)
Roth “Nominal environmental literacy specifies a person able to recognize many
(1992) of the basic terms used in communicating about the environment and able to

provide a rough, if unsophisticated, working definition of their meaning”.
(Roth,1992, p.28)
“Functional environmental literacy indicates a person with a broader
knowledge and understanding of the nature and interactions between human
social systems and other natural systems™”. (Roth,1992, p.29)
Operational literacy indicates a person who has moved beyond functional
literacy in both the breadth and depth of understandings and skills and
routinely evaluates the impacts and consequences of actions; gathering and
synthesizing pertinent information, choosing among alternatives, and
advocating action positions and taking actions that work to sustain or enhance
a healthy environment” (Roth,1992, p.32)
(Each level has 4 major strands (Knowledge, Affect, Skill, and Behavior) and
different qualifications within them)
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Table 2-3

Recent Components of Environmental Literacy

Components of

Components of

Reference Environmental Literacy Reference Environmental Literacy
Shin, Chu L. Knowledge Erdogan I. Knowledge
etal. Ecological Knowledge (2009) a. Ecological Knowledge
(2005) Environmental Knowledge Turkey b. Environmental
Korea Il. Affect Knowledge
Environmental Sensitivity 11. Affect
Environmental Attitudes ¢. Environmental
Personal Responsibility Sensitivity
Locus of Control / Efficacy d. Environmental
Verbal Commitment / Attitudes
Willingness e. Verbal Commitment/
M. Cognitive Skills Willingness
V. Behavior I11. Cognitive Skills
(as cited in Marcionkowski et IV. Behavior
al. 2013, p.326) (as cited in Marcionkowski et
al. 2013, p.326)
McBeth et  Knowledge Negev et I.  Knowledge
al. (2005) Ecological Knowledge al. (2008) a. Ecological Knowledge
USA 1. Affect Israel b. Environmental

Environmental Sensitivity
Environmental Feelings
Verbal Commitment /

Willingness
M. Cognitive Skills
V. Behavior

(as cited in Marcionkowski
etal. 2013, p.326)

Knowledge
1. Affect
¢. Environmental
Sensitivity
d. Environmental
Attitudes
e. Personal Responsibility
f.  Locus of Control /
Efficacy
g. Verbal Commitment/
Willingness
I1l. Behavior
(as cited in Marcionkowski et
al. 2013, p.326)

Although environmental literacy could be regarded as more comprehensive context-

based literacy than scientific literacy (Roth, 1992), there may be still some missing

points when the purpose of education and the effects of milestones were considered

together. For instance, some of the components such as knowledge and affect

emphasized mainly the context of environment and ecology. However, as stated in the

former sections, milestones affect the development of policies, economy, and society

both positively and negatively (Al-Rodhan & Stoudmann, 2006) as well as the

environment and they are also resulting in new insights in education (Merriman &
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Nicoletti, 2007). What is more, recent global issues like exceeding carrying capacity
of the planet (WWF; 2006), overpopulation (Raven & Berg, 2006), and climate change
(Wilson & Stevenson, 2016) etc. are unsustainable, interconnected and complex
problems that require to be solved by more than one stakeholder (Harris & Lyon,
2014). Thus, solutions for these unsustainable patterns with the help of technology

have been creating other problems in today’s world like a chain reaction.
2.4 One Step Further: Sustainability Literacy

Environmental literacy is a comprehensive concept overlapping with scientific literacy
(Roth, 1992); integrating the effects of milestones on its framework; and embraces the
dimension behavior. However, when the components/themes of environmental
literacy, milestones and global issues in today’s world were examined holistically, it
can be inferred that their interactions and effects have much more elements than
science, technology, and environment such as economy, policy, and society.
Therefore, we might need to expand the context of EL so as to meet postmodern

society’s need as cited in Limits to Growth.

Sustainable development (SD) can be considered as one of the paradigms that cover
these concerns discussed above. In this paradigm, economy and society are also as
important as environment (Harrington, 2013) and science is an element but not an
umbrella concept. The definition of SD was firstly introduced in World Commission
on Environment and Development report as (1987, p.4) "Sustainable development is
development that meets the needs of the present without compromising the ability of
future generations to meet their own needs”. As McKeown (2006) highlighted, SD is
a paradigm that consider the equilibrium among environment, economy, and society
to maintain development and quality of life. In order to achieve this equilibrium,
education is seen as an essential and complementary element of sustainability
(Onwueme & Borasi, 2007). Correspondingly, this paradigm was integrated into
education known as education for sustainable development (ESD). ESD was
introduced at United Nations Conference on Environment & Development, Agenda 21

in 1992. The dimensions of SD were included into the notion of ESD as environment,
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economy, and society (McKeown, 2002). On the other hand, the content of ESD was
determined so as to enable learners to obtain necessary knowledge, skills, attitudes and
values to contribute to a sustainable future (UNESCO, 2015). Along with UN, many
researchers, educators, NGOs, and other stakeholders around the world are
contributing to improve the context of ESD and to help permeate ESD into educational
systems of the countries.

As the notion of ESD continues evolving, a need for a definition for literacy in this
area was emerged as in the other educational contexts since ESD educators and
researchers aim to explore how this integration affect students’ understanding, level of
knowledge, motivation, and behaviours toward sustainability issues (e.g. Kagawa,
2007; Biasutti & Frate, 2016). Although there is no singular definition for
sustainability literacy, the main idea behind defining it is similar. The inspiration of
sustainability literacy was emerged from Orr’s definition of ecological literacy in 1992
(Lugg, 2007; Nolet, 2009). For example, Parkin et al.’s study (2004) described the
term sustainability literacy as an inclusive term for the perspectives and knowledge
that permit students to grasp the interdependent relationships between environmental,

social and economic aspects of SD.

The context of sustainability literacy is relatively new; therefore, there is limited
number of studies and descriptions in the accessible literature. Some of the definitions

and components/themes were listed in Table 2-4..
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At a first glance, from the definitions of the environmental literacy and sustainability
literacy, it can be inferred that sustainability literacy is differentiated from
environmental literacy’s definitions in a way that sustainability literacy attaches equal
importance to environment, economy, and society while the focal point of the
environmental literacy is the environment itself. Nevertheless, the evolution of finding
a definition for sustainability literacy is tracking a similar pattern with the
environmental literacy such that sustainability literacy is defined with an emphasis on
subject matter knowledge on sustainability and some skills (e.g. Winter & Cotton,
2012; Carteron et. al, 2014) until now. Moreover, no systematic studies and clear list
of components were given by the researchers as in the EL studies. Instead, rich and
thick descriptions were provided about how individuals become sustainable literate in

different studies pertaining to ESD.

2.5 Looking with a Magnifying Glass to the Sustainability Literacy: Systems
Thinking

When the ripple effect of milestones, the evolution of context-based literacies
summarized above, and today’s global issues are examined holistically, it can be
concluded that sustainability literacy may be one of the comprehensive answers that
might cover the arguments on the purpose of education. It contains following:

e encompassing the elements of scientific literacy (Colucci-Gray, Barbiero,
Camino, & Gray, 2006) and ecological /environmental literacy (Parkin et al.,
2004)

e comprising knowledge, skills, and values that goes beyond merely knowing
about the environment, economics, or equity and justice issues (Nolet, 2009)

e grasping the interdependent relationships between environment, economy and
society (Parkin et al., 2004)

¢ including a disposition and capacity to engage mentally and individually that

are shaped by the interconnectedness of the systems (Nolet 2009).

Based on these characteristics, it can be deduced that sustainability literacy has a
potential to overcome limitations of other types of context-based literacies for now
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that was presented in the former sections. Nevertheless, sustainability literacy is
relatively new and continue evolving in its context. Therefore, it will be also subject

to different alterations as time passes due to changes in global and local current needs.

Either one way or another, there is a common characteristic in different descriptions
and elements of sustainability literacy that has a potential to remain, even though the
context-based literacies changes/modifies in time. This element is called as systems
thinking (e.g., Nolet, 2009; Warren, Archambault & Foley, 2014) that studied in
sustainability literacy. Recent scientific literacy studies (e.g., Mun et al., 2015) study
and some environmental literacy studies (e.g., McClaren 1989; Roth, 1984) included
the concept of systems thinking as a component. Moreover, global issues are also
required systems thinking approach to examine and overcome the reasons and the
effects of them (Richmond, 1993). Besides, some other sustainability studies (e.g.,
Palmberg et. al, 2017; Sterling, 2003) investigated the nature of systems thinking
approach and its elements since it was considered as an essential concept for
sustainability. Due to these reasons, systems thinking can be considered as a promising

concept to be explored in detail.

Systems thinking is accepted as one of the key competencies in sustainability (Wiek
et al., 2011). Further, systems thinking skills have been attracting attention also in
science education, environmental education, and education for sustainable
development. Although the very first systems thinking approaches started in late 80’s
(Capra, 1996; Schaefer, 1989), its convergence to science education (e.g., Ben-Zvi
Assaraf & Orion 2005a) was accelerated in 00’s. What is more, National Research
Council (2012) put systems thinking in within the framework of science and
engineering education. Recently, Mun et al. (2015) include systems thinking as a
dimension of scientific literacy. On the other hand, Roth (1992) mentioned systems
thinking in an implicit manner within the definition of functional environmental
literacy as “...indicates a person with a broader knowledge and understanding of the
nature and interactions between human social systems and other natural systems”
(p.28). In ESD, systems thinking included within the context of sustainability
competencies (UNECE, 2011; Wiek et al., 2011) and sustainability literacy (Nolet,
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2009; Warren, Archambault & Foley, 2014) since systems thinking enables
individuals (1) to grasp and operate complex conditions (Tilbury, 1995); (2) to
promote thinking the interrelationships through different social, environmental,
economic, and educational components (WWF Scotland, 2010); and (3) to support
grasping the reciprocal interactions and realizing that a decision lead to some
unintended results of actions or/and events (UNECE 2010b).

Capra (2005) claimed that system thinking emphasize “wholes” rather than “parts”,
“processes” rather than “products”, seeking patterns in systems rather than analyzing
systems. Moreover, he noted that systems thinking is related to the relationships,
connectedness, and the context. On the other hand, Ben-Zvi Assaraf and Orion (2005a)

identified eight hierarchical characteristics for systems thinking as (p.523);

1. The ability to identify the components of a system and processes within the system

2. The ability to identify relationships among the system’s components.

w

The ability to organize the systems’ components and processes within a framework of
relationships

The ability to make generalizations

The ability to identify dynamic relationships within the system

Understanding the hidden dimensions of the system

The ability to understand the cyclic nature of the systems

© N o g &

Thinking temporally

In the context of ESD, Nolan (2009) identified systems thinking as a components of
sustainability literacy. In a similar manner, Karaarslan (2016) identified 12 systems
thinking skills for pre-service science teachers within the context of ESD. Contrary to
Ben-Zvi Assaraf and Orion (2005a), Karaarslan constructed system thinking skills in
a holistically, not hierarchically. These skills were set as (Karaarslan, 2016, pp.82-85);

STS-1: The System Thinker identifies the meaning and key aspects of Sustainability
STS-2: The System Thinker is able to see nature as a system

STS-3: The System Thinker is able to identify components of a system

STS-4: The System Thinker is able to analyze the interconnections among the aspects of

sustainability by considering causes and consequences of the issues
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STS-5: The System Thinker is able to recognize hidden dimensions in a system

STS-6: The System Thinker is able to recognize that he/she is a part of this system and has
a responsibility in the system.

STS-7: The System Thinker is able to consider the relationships between past, present and
future.

STS-8: The System Thinker is able to recognize cycling nature of the system.

STS-9: The System Thinker develops empathy with other people

STS-10: The System Thinker is able to develop empathy with non-human beings.
STS-11: The System Thinker is able to build sense of place

STS-12: The System Thinker is able to adapt systems thinking perspective to his/her daily
life.

Even though the concept of systems thinking is being defined as competency (UNECE,
2011) or components of sustainability literacy (Nolet, 2009), environmental literacy
(Parkin et al., 2004) and scientific literacy (Mun et al., 2015), the researcher of this
study believed that systems thinking has much more elements that transcend being a
competency or being a component of a context-based literacy as a skill. Systems
thinking requires content knowledge (Ben-Zvi Assaraf & Orion, 2005), contextual
knowledge (Capra, 1996), procedural knowledge (Nolet, 2009; Capra, 2005), affective
domain (Karaarslan, 2016), some skills such as problem-solving (Mun et al., 2015),
the development of models (Mun et al., 2015), making forecast in time (Ben-Zvi
Assaraf & Orion, 2005; Karaarslan, 2016). In addition, all of the descriptions of
sustainability literacy given in this section (e.g., Nolet, 2009; Warren, Archambault &
Foley, 2014) can be reinterpreted within the context of systems and systems thinking

since they were regarded as one of the key elements while defining them.
2.6 Becoming a Solo Artist: Systems Literacy

From the beginning of defining literacy, many of the researchers have been conducting
studies to describe and understand the nature of the literacy contexts (e.g., McBeth,
2006; Stibbe, 2011). Although they have been providing invaluable contributions to
the educational literature, we need to have a different standpoint to cope with the

challenges of 21% century. In this section, previous studies on systems literacy were
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summarized and the need for an alternative definition for systems literacy was

discussed.

Even though much of the existing literature on systems thinking in educational context
preferred to use ‘systems thinking’, systems literacy have started to be studied in
different disciplines at the beginning of 2000s even though its first pronunciation dated
back to 1990s. The definitions of systems literacy as well as its scope are both
converged and diverged at some points. These descriptions as well as their context was

reported in this part.

A statement of a senior government advisor in the UK government’s Cabinet Office
during 90s could be the first idea to cultivate the notion of systems literacy as “Clear
systems thinking is one of the basic literacies of the modern world” (as cited in
Reynolds, 2011, p.40). Reynolds added that “In the same way effective systems
thinking is a literacy that is continually being informed, moulded and (re)shaped by
ongoing practice.” (p.40). In the same year, Wood (2012) described systems literacy
as “Systems literacy is an evolved form of interdisciplinary research practice and
pedagogy that calls for intellectual competence (not necessarily command) in a variety
of fields in order to better address specific, real-world environmental problems. In
essence, systems literacy combines the study of social history and cultural discourses
with a technical understanding of ecosystem processes.” (pp.4-5). Henning and Chen
(2012) critiqued that system thinking researchers is focusing on knowledge on the
systems and argued that “The start of systems literacy is fact but knowing about
systems requires more” (p.471). They defended the idea that being a systems literature

demands more than the level of knowledge.

Sweeney (2012) is one of the pioneers to cultivate the notion of systems literacy in
educational context. She described systems literacy as ‘level of knowledge about
complex interrelationship’ (p.4). In terms of characteristics of systems literacy, she
outlined that systems literate individuals are able to see multiple causes in occurrence
of an event as well as grasp the importance of sharing commons such as water, air,

land. Contrary to some experts, as she reported, she claimed that many children have
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innate ability to see systems behavior without having formal training to learn how to
do it. Moreover, Sweeney added that cultivating and developing systems literacy is

relatively simple since contexts in daily life lend itself to achieve this.

Dubberly (2015) presented a systems literacy manifesto in Third Symposium of
Relating Systems Thinking to Design. He argued that humanity is experiencing
difficult times by dealing with wicked problems and promoting innovations in
economy and society which brings a comprehension of systems. He described that
basic systems literacy for inventors, developers, and administrators requires three

kinds of knowledge as following:

1) a systems vocabulary, ‘the content of systems literacy, that is, command of a set of
distinctions and entailments or relationships related to systems); 2) systems reading
skills, (skills of analysis, for recognizing common patterns in specific situations, e.g.,
identifying—finding and naming—a feedback loop); and 3) systems writing skills,
(skills of synthesis, for understanding and describing existing systems and for
imagining and describing new systems). (p.3)
In addition to these three kinds of knowledge, he provided a comprehensive
vocabulary list. He also recommended that offering three complementary courses
related to systems thinking could be an optimal number within the context of higher
education. On the other hand, Ison and Shelley (2016) claimed that systems literacy
encompasses systems thinking and systemic sensibility could be the overarching term
for these two. They also highlighted that cultivating systems literacy and systems
thinking are not on educational agenda which might be a limitation to achieve systems-

literate individuals.

To recap, systems literacy was defined as a relatively new context compared with the
other context-based literacies. Among the definitions of systems literacy, only Wood
(2012) included the context of social history and cultural discourse and Dubberly
(2015) emphasized some skills required to be systems literate. The other available
definitions in the literature emphasized cognitive processes of individuals. However,
as stated previously, systems literacy requires more than types of knowledge (Henning
& Chen, 2012). Accordingly, in the light of the debates on context-based literacy

definitions; revision of previous studies; and the effects of milestones 21% century
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global issues on ecology, economy, and society, the researcher of this study claimed
that an alternative framework for systems literacy is needed to proceed in the
development of theories related to systems literacy. In addition to these body of
knowledge and arguments summarized in this section; the researcher of this study
added two significant aspects to be able to provide an alternative framework for
systems literacy. The first one is to examine and integrate the principles of systems
science (Mobus & Kalton, 2015) to the alternative framework for systems literacy. The
former studies included some of the aspects of principles of systems science, but they
did not include them in a coherent framework. The second one is related to including
a literacy description compatible with the general literary studies. In general, context-
based literacy definitions do not have consensus on their definition and components.
However, as Stables and Bishop (2001) strongly contended, the definitions of literacy
contexts are operational and most of them were not taken into account of the significant
arguments in general literary studies. Thus, they failed to include the philosophy or

theoretical framework which might lead to some difficulties to proceed in the area.

For these reasons, the researcher embraced these critiques and intended to provide an
alternative framework for systems literacy by integrating principles of systems science
and a general literary framework. Providing an alternative framework for systems
literacy within the context of systems science, systems thinking, and literacy studies
may offer another stance to existing literacy studies and lead to reconsider the place of
systems and systems thinking in educational context. In the subsequent sections,

principles of systems science and framework of literacy elements were introduced.
2.6.1 General Principles of Systems Science

As systems literacy should cover the principles of systems science, an approach was
selected to represent general principles of systems science. Mobus and Kalton (2015)
specified 12 principles that can be applied to complex adaptive systems (CAS) and
many other systems in their book “Principles of Systems Science”. These principles
were used in this study to frame the scope of systems literacy from systems science

perspective. The principles are as following (pp.18-19, bold parts are added):
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PR1. Systemness: Bounded networks of relations among parts constitute a holistic
unit. Systems interact with other systems, forming yet larger systems. The universe
is composed of systems of systems.

PR2.Systems are processes organized in structural and functional hierarchies.

PR3. Systems are themselves, and can be represented abstractly as, networks of
relations between components.

PR4. Systems are dynamic on multiple time scales.

PR5. Systems exhibit various kinds and levels of complexity.

PR6. Systems evolve.

PR7. Systems encode knowledge and receive and send information.
PR8. Systems have regulation subsystems to achieve stability.

PR9. Systems contain models of other systems (e.g., protocols for interaction up to
anticipatory models).

PR10. Sufficiently complex, adaptive systems can contain models of themselves (e.g.,
brains and mental models).

PR11. Systems can be understood (a corollary of #9)—science.

PR12. Systems can be improved (a corollary of #6)—engineering.

2.6.1.1 Matching the General Principles of Systems Science with Systems
Thinking Skills

As stated in the former sections, systems thinking has been evolving with systems
science simultaneously. Therefore, studies including systems thinking are also
included the principles of the systems as well. We can see in the literature that these
12 principles are overlapped by some of the systems thinking skills (STS) proposed by
systems thinking researchers (e.g., Ben-Zvi Assaraf & Orion, 2005a; Feriver, Olgan &
Teksoz, 2019) within educational context. These 12 principles and overlapping STS
were summarized in Table 2.4. This table was constructed by the researchers to

indicate principles of systems science and overlapping systems thinking skills.
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Table 2.5

The Principles of Systems Science and Overlapping System Thinking Skills

The Principles of
Systems Science

Overlapping Systems Thinking Skills in Educational Literature

PR1. “Systemness:
Bounded networks of
relations among parts
constitute a holistic unit.
Systems interact with
other systems, forming
yet larger systems. The
universe is composed of
systems of systems”
(Mobus & Kalton, 2015,
p.18)

PR2. “Systems are
processes organized in
structural and functional
hierarchies” (Mobus &
Kalton, 2015, p.18)

PR3. “Systems are
themselves, and can be
represented abstractly as,
networks of relations
between components”
(Mobus & Kalton, 2015,
p.18)

PR4. “Systems are
dynamic on multiple
time scales” (Mobus &
Kalton, 2015, p.18)

“The ability to make generalizations” (Ben-Zvi Assaraf & Orion, 2005a,
p.523)

“Seeing nature as a system” (Karaarslan, 2016, p.10)
Systems thinking and interdependence (Nolet, 2009)

“The ability to identify the components of a system and processes within
the system” (Ben-Zvi Assaraf & Orion, 2005a, p.523)

“Understanding the hidden dimensions of the system” (Ben-Zvi Assaraf
& Orion, 20053, p.523)

“Identifying components of a system” (Karaarslan, 2016, p.10)

Ability to see interactions and patterns among the objects and processes
(Sterling et al.,2005)

“The ability to identify relationships among the system’s components”
(Ben-2vi Assaraf & Orion, 2005a, p.523)

“The ability to organize the systems’ components and processes within
a framework of relationships™ (Ben-Zvi Assaraf & Orion, 2005a, p.523)
“The ability to understand the cyclic nature of the systems” (Ben-Zvi
Assaraf & Orion, 2005a, p.523)

Understanding the hidden dimensions of the system (Ben-Zvi Assaraf &
Orion, 2005a, p.523)

“Recognizing cyclic nature” (Karaarslan, 2016, p.10)

Seeing environmental, economic, and social constructs as interrelated
systems possessing recurring patterns. (Nolet, 2009)

Ability to see out of the box, network thinking (Sterling et al.,2005)

Ability to see interactions and patterns among the objects and processes
(Sterling et al.,2005)

“The ability to identify dynamic relationships within the system” (Ben-
Zvi Assaraf & Orion, 2005a, p.523)

“Thinking temporally: retrospection and prediction” (Ben-Zvi Assaraf
& Orion, 20054, p.523)

“Dynamic thinking” (Feriver, Olgan & Teksoz, 2019, p.20)

“Time Dimension” (Feriver, Olgan & Teksoz, 2019, p.21)
“Considering relationship between past present and future”
(Karaarslan, 2016, p.10)
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Table 2.5 cont.’d

The Principles of
Systems Science

Overlapping Systems Thinking Skills in Educational Literature

PRS. “Systems exhibit
various kinds and levels
of complexity” (Mobus &
Kalton, 2015, p.18)

PR6. “Systems evolve”
(Mobus & Kalton, 2015)

PR?7. “Systems encode
knowledge and receive
and send information”
(Mobus & Kalton, 2015)

PR8. “Systems have
regulation subsystems to
achieve stability” (Mobus
& Kalton, 2015)

PRY. “Systems contain
models of other systems
(e.g., protocols for
interaction up to
anticipatory models)”
(Mobus & Kalton, 2015)

PR10. “Sufficiently
complex, adaptive
systems can contain
models of themselves”
(e.g., brains and mental
models) (Mobus &
Kalton, 2015, p.20)

PR11. “Systems can be
understood (Mobus &
Kalton, 2015, p.20)

PR12. “Systems can be
improved” (Mobus &
Kalton, 2015, p.20)

“One-way Causality” (Feriver, Olgan & Teksoz, 2019, p.9)
“Big Picture Thinking” (Feriver, Olgan & Tekséz, 2019, p.3)
“Understanding System Mechanisms” (Feriver, Olgan & Teksoz, 2019)

“Hidden Dimension: Looking Beyond the Surface” (Feriver, Olgan &
Teksoz, 2019, p.7)

“Recognizing hidden dimensions” (Karaarslan, 2016, p.10)

Seeing environmental, economic, and social constructs as interrelated
systems possessing recurring patterns (Nolet, 2009)
Ability to see out of the box, network thinking (Sterling et al.,2005)

“Feedback Thinking” (Feriver, Olgan & Teksoz, 2019, p.9)

“Developing sense of place” (Karaarslan, 2016, p.10)

“Adapting systems thinking perspective to personal life” (Karaarslan,
2016, p.10)

Seeing environmental, economic, and social constructs as interrelated
systems possessing recurring patterns. (Nolet, 2009)

“Recognizing own responsibility” (Karaarslan, 2016, p.10)

“Adapting systems thinking perspective to personal life” (Karaarslan,
2016, p.10)

“The ability to make generalizations” (Ben-Zvi Assaraf & Orion, 2005a,
p.523)

“Thinking temporally: retrospection and prediction” (Ben-Zvi Assaraf &
Orion, 20053, p.523)

“Problem Solving” (Feriver, Olgan & Teksdz, 2019, p.22)
“Analyzing interconnections” (Karaarslan, 2016, p.10)
“Developing empathy with people” (Karaarslan, 2016, p.10)
“Developing empathy with non-human beings” (Karaarslan, 2016)

“Adapting systems thinking perspective to personal life” (Karaarslan,
2016, p.10)
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Different from other system scientists (e.g., Mobus & Kalton, 2015), system thinking
researchers intend to explore (1) how individuals in different ages perceive systems;
(2) how can we use these perceptions to “effectively participate in and engage with
them [systems]” (Henning & Chen, 2012, p.470, brackets added); and (3) how can we
integrate systems thinking in educational contexts. For simplicity, researcher of this
study assumed that the aspects of systems thinking are also embedded within the
general principles of systems science and correspondingly, common characteristics of

systems thinking contributed to shape the notion of systems literacy.
2.6.2 Tailoring the Principles of Systems Science to A Literacy Context

Stables and Bishop (2001) strongly argued that the definitions of literacy contexts are
operational and most of them were not constructed by considering the important
arguments in general literary studies. Hence, they may lack of philosophy or
theoretical framework of literacy which may result in having difficulties to proceed in
this area. Moreover, they elaborated the notion of literacy in a way that everything in
the environment or in our surrounding can be seen as ‘text’ to be read. For these
reasons, the researcher of this study considered these critiques and describe systems
literacy by using a general literary framework. Compatible with the general literary
frameworks, the definitions done by Williams and Snipper (1990) and Stables (1998)
were guided to portray systems literacy. Whereas the definition of William and
Snipper covered general definition of literacy, Stables accommodated William and
Snipper’s definition within the context of environmental literacy. By using these
theoretical frameworks, systems literate individuals can be described as functional
systems literacy, cultural systems literacy, and critical systems literacy. Moreover,
general principles of systems as well as common characteristics of systems thinking

studies were also included while constructing the framework of systems literacy.

2.6.2.1 Functional Literacy

In general, functional literacy corresponds to literal comprehension (William &

Sniper, 1990) on a superficial level in a given context. As Stables (1998) exemplified

“It allows you to read a story, but does not account for whether you can draw any
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implications from it.” (p.157). However, Stables elaborated this literal comprehension
while defining functional environmental literacy as it requires a series of multifaceted
skills and construction of knowledge as well. He exemplified as functionally
environmental literate individuals could be able to recognize a tree by using

observational skills as well as their background knowledge.

Stables (1998) highlighted that even though functional literacy was not sufficient
itself, it is also one of the indispensable fragments for the critical and cultural literacy.
The reason for insufficiency is that it may not engage the individuals in an action even
though they may be motivated to participate in it. Hence, cultural literacy and critical
literacy are needed.

2.6.2.2 Cultural Literacy

Stables (1998) and Williams and Snipper (1990) denoted that cultural literacy demands
an ability to comprehend the importance of cultural icons on society. These icons can
be either living or non-living things or both at the same time. In this element of literacy,
cultural literacy permits individuals to appreciate the importance of these icons in
human culture and the reasons for their importance. However, Stables (1998)
forewarned that cultural literacy does not mean a cultural analysis, but rather it refers
to general insight of a culture. Some sort of cultural analysis requires critical literacy

in addition to cultural literacy.

Insofar, Stables (1998) highlighted that adequate level of literacy in both functional
and cultural state enables individuals to cultivate critical literacy on their own. He
added that having merely functional environmental and cultural environmental literacy
makes no sense unless critical literacy is present. In the next part, critical literacy and

its rational were given
2.6.2.3 Critical Literacy

Critical literacy involves “the ability to 'get behind' the text to interpret it in terms of

its ideological underpinnings...” (Stables, 1998, p.157). As stated in the former
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section, Stables (1998) argued that critical literacy demands both functional and
cultural literacy. He elaborated his argument as (p.160)
Critical environmental literacy relies on functional environmental literacy because
both environmental debate and environmental action rely on information. Critical
environmental literacy relies on cultural literacy not simply because environmental
debate and action need to be grounded in an awareness of the norms and values of,
say, national cultures, but because influence on environmental change demands an
understanding of the norms and values of the dominant culture.
Based on this description, critical literacy could be summarized as (1) including
necessary skills to grasp a context in terms of cultural, social and political aspects and
(2) developing a personal and social response to that context. Moreover, Stables
exemplified that individuals who have critical environmental literacy are able to
explore the factors influencing an environmental change and suggest possible actions
that may revert that environmental change. It triggers individuals to think about

following questions (Stables, 1998, p.160)

'‘What does [a place or an issue] mean to me?'; "What does it mean to us, or to others?";
'What are the consequences of carrying on in this way [in relation to this place or this
issue]?'; 'Should we act differently, and if so how?'; 'How do we translate our values
into effective action, and are our values themselves ready for change as a result of
what we now know or feel?".
When the characteristics of critical literacy /critical environmental literacy examined,
it could be deduced that some constructs are further needed to be defined operationally
in order to clarify the description of critical literacy. For example, to explore possible
factors; translate values into effective actions; and suggest possible actions to revert or
mitigate to a change, some additional constructs are essential to be included within
alternative framework of systems literacy. At this point, the arguments of Henning and
Chen (2012) could be invaluable to be considered. They mentioned some of the
constructs that are compatible with systems thinking within the context of systems
principles. Accordingly, these constructs could have a potential to integrate the notion

of critical literacy.
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2.6.2.3.1 Human Beings as An Integral Element of Systems

Henning and Chen (2012) outlined that human beings are one of the visible elements
of systems. Further, they also argued that human beings are also a system itself having
both visible and invisible elements and these elements have interactions with other
systems. According to their summary (pp.473-474),
The beliefs (O’Connor, 1997), information (Gharajedaghi, 2005), values (Checkland,
1999; Gharajedaghi, 2005), and ideas that individuals possess are intangible elements
of a system; so too are the goals each person possesses. Some goals are officially
endorsed by a system (Dettmer, 2007; Haines, 1999); some are not (Checkland, 1999).
Some goals are known to those who possess them; some are not (Brynteson, 2006).
Some goals coexist harmoniously; some conflict (Checkland, 1999). Some of these
intangibles—beliefs, information, values, ideas and goals—remain relatively
unchanged over time; some change rapidly. And all are informed by the beliefs,
information, values, ideas and goals of other people within the system.
In a similar manner, researcher of this study believes that defining critical literacy
within the context of systems literacy context demands more than a cognitive process
and requires more than level of knowledge/information about systems. Since human
beings are also subsystems of all the systems both as an individual and as a group of
people, their beliefs, information, values, ideas, and goals should be also taken into
account while constructing and assessing critical literacy. Consequently, these
invisible elements are also interacted with both human systems as well as other
systems. Accordingly, based on the definition of Stables (1998) and Henning and Chen
(2012), the constructs of beliefs, action strategies, self-efficacy beliefs, motive
concerns, emotional response, and motivational orientation were determined by the
researcher within the context of critical systems literacy. As there are different
approaches for these constructs in the literature, the researcher of this study chose

operational definitions to interpret the elements of human system.

For the construct of belief, Fishbein and Ajzen’s theoretical framework (1977) were
used to classify beliefs as descriptive, inferential, and informational belief. Descriptive
beliefs are shaped by direct experiences of individuals, whereas inferential belief

derived from descriptive beliefs. On the other hand, informational belief is formed
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from an outside source such as TV, papers, journals, books, magazines, lecturers,

friends or coworkers.

As a theoretical framework for motive concerns, Stern and Dietz’ theory of the value
basis of environmental concern (1994) was used. They defined social altruistic
concerns as values that influence people to evaluate environmental issues by means of
costs or benefits for a civic, a nation or all humanity. On the other hand, egoistic
concern interprets environmental issues on their own needs. Biospheric concern refers
to appraising environmental issues based on its probable costs or benefits to
ecosystems (Stern, Dietz, Kalof & Guagnano, 1995). They outlined that this tripartite
classification may have a role in the intentions to act for the protection of the
environment. In terms of self-efficacy beliefs, Bandura’s theoretical framework was
selected (1977). He defined self-efficacy beliefs as following: “the beliefs in one’s
capabilities to organize and execute the courses of action required producing given
attainments” (Bandura, 1977, p.3). These beliefs influence the choice of actions,
performances, the level of perseverance for obstacles, the durability, and the level of
success (Bandura, 1977). This framework emphasized that high self-efficacious
individuals have a tendency to engage in challenging goals, persist difficulties and
have relatively higher level of motivation (Locke & Latham, 1990). In contrast, low
self-efficacious people might avoid performing an action (Pintrich & Schunk, 2002).
In terms of systems literacy in water context, high self-efficacy beliefs could be

considered as an indicator for monitoring water consumption behavior.

Ryan and Deci (2000) provided a framework for motivational orientations of
individuals. Their fundamental distinction of intrinsic and extrinsic motivation was
selected as a framework for the motivational orientation. Their basic definitions were
as following (Ryan & Deci, 2000, p.55): “The most basic distinction is between
intrinsic motivation, which refers to doing something because it is inherently
interesting or enjoyable, and extrinsic motivation, which refers to doing something
because it leads to a separable outcome”. Individuals’ motivational orientations were

classified based on these two types of motivational orientation.
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To sum up, the need for systems literacy and the requirements to provide alternative
framework for systems literacy were introduced. Within the context of principles of
systems science, human system and its possible constructs were also operationally
defined. On the other hand, the alternative framework systems literacy and systems
literacy in water system context will be provided under the chapter of findings. In the
next chapter, to provide an insight to systems literacy in water system context, water

studies conducted in K-12 education were summarized.
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CHAPTER 3

REVIEW OF LITERATURE ON WATER STUDIES ON K-12
STUDENTS

)

“Water is the driving force of all nature.’

Leonardo Da Vinci (1452-1519)

3.1 Studies on Water in the Field of K-12 Education

The purpose of writing this chapter is to recap briefly the studies on water in
educational context. This chapter followed the chronological order to portray how the

literature evolved in time.
3.2.1 Earlier Water Studies in the Field of K-12 Education

This part covered the studies conducted until the end of the 20" century in the
accessible literature. Earlier educational studies within the context of water tended to
include children in different ages together to see how their understanding evolved as
they grow older (e.g., Piaget, 1929, Bar, 1989). The orientation of the literature was
mainly alternative conceptions and misconceptions. For example, affective domain

was not appeared in the studies until 1980s (e.g., Osborne & Cosgrove, 1983).

The oldest study reported in the literature related to children’s understanding of water
was the works of Piaget (Piaget, 1929). He studied with the children to explore their
notions on the clouds and rain. Accordingly, Piaget reported three stages among
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children in different age groups. At first stage (average age was 5-6), children
imagined that either the clouds are man-made, or God created them. Clouds and
rainwater are separate entities and children indicated no connection between them. At
the second stage (average age was 6-9), they started including natural phenomena built
on ‘morphological analogies’. Children at this stage stated that clouds are composed
of smoke but still, they lack water. However, clouds have potential to be precursor of
rain. In the third stage (average age was 9-10), children identified that clouds are
composed of water even though there were alternative conceptions —i.e., clouds are
composed of air, heat etc.- In terms of the source of rainwater, they had ability to relate
clouds and rain together at the third stage. In another study conducted in 1976, Za’rour
worked with children between 6-9 ages. The aim of the study to examine Lebanese
students’ understandings related to the source of rainwater (Za'rour, 1976). Among the
all participants, approximately the half of the children reported that the source of
rainwater is the clouds but 44% of them failed to indicate that rainwater came from
seawater. On the other hand, 25% of the third and fourth graders linked rainwater to
evaporation and the water cycle, whereas younger students indicated the source of

rainwater as religious.

Literature on the conceptions of water among children were concentrated on
alternative conceptions and misconceptions beginning from the 80s. Mills (1983)
aimed to construct a water knowledge instrument (WRKA) (1) to investigate the level
of knowledge of recent high school graduates, (2) the validity and reliability evidences
of the instrument; (3) to identify factual knowledge on water; and (b) detect significant
differences within subgroups of the population in terms of gender, residence, and
science/non-science major. In terms of validity evidences, panel of experts gave
feedbacks to finalize the instrument. On the other hand, reliability coefficient was
calculated as 0.77 for the 46 items that administered to 159 participants. The findings
showed that participants’ scores were lowest in social concepts (contemporary issues
25.7%, water resource management 28.4%, and historical influences 36.4%) as

compared to natural science topics (hydrological cycle 80.3%, chemical and physical
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properties 52.3%). Mills articulated that higher scores can be attributed to the
curriculum, whereas lower scores in the categories were not included the content of
the high school curriculum. Besides, female students were group in the upper and
lower quartiles, whereas male students located in the 2" and 3™ quartiles. In terms of
residence, students living an urban area had relatively higher scores than rural students.
Surprisingly, non-science majors’ scores tended to be better than science major
students, but Mills denoted that no specific information was available to illuminate
this difference. Based on the results, he recommended to replicate this study with other
populations, with larger sample sizes. Moreover, it was also recommended that
experimental study and curriculum analysis could be added to further studies.

Another study was investigated the effect of an intervention related to water
conservation on students’ knowledge and attitudes towards efficient water use (Birch
& Schwaab, 1983). This study could be one of the earliest studies that included a
construct related to affective domain in the accessible literature. A Solomon 4-Group
Design was chosen, and the sample was 843 students in 7" grade. Students” knowledge
was determined by using a multiple-choice test composed of items related to water
conservation. Their attitudes were determined by using a Likert scale. They reported
that pre-test scores of the four groups indicated similar knowledge and attitude about
water use before intervention. The results revealed that post-test knowledge scores of
the treatment groups were higher than the control groups (p < .0001). In a similar
manner, attitude scores of the treatment groups were significantly higher than the
control groups (p <.0001). A one-sample t-test was conducted to evaluate whether the
difference between pretest and posttest scores are statistically significant. The results
revealed that Group 1 (experimental group) had statistically significant scores
knowledge and attitude scores in treatment Group 1 (p < .0001). Moreover, there was
statistically significant correlation between attitude and knowledge post-test scores
(r=.46, p< .0001) of treatment groups. Based on the results, the researchers concluded
that knowledge and attitudes related to the water conservation might be enhanced via

an intervention. For the future studies, they recommended that follow-up tests could
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be added to examine retention of the intervention since their intervention was
implemented in a relatively short time interval. Moreover, they also suggested to
examine students’ water consumption behavior in a real context where their actual

water consumption behavior could be observed such as a summer camp.

Osborne and Cosgrove (1983) conducted a study in New Zealand to examine
children’s conceptions on the changes of state of water. A total of 43 participants
between 8-17 ages were interviewed by using clinical interview technique. The
findings were classified based on their views on boiling, evaporation, condensation on
a cold surface and from steam, and melting. Based on children’s views, they concluded
that (1) children do not learn the meanings of scientific terms in depth but they are able
to match the correct terms with a phenomenon; (2) although older children are exposed
to science teaching, they have still alternative conceptions akin to younger students’
conceptions derived from observations; (3) Some alternative conceptions were still
resistant in older students —i.e. water breaks down into hydrogen and oxygen during
boiling.-; and (4) science teaching offers abstract concepts to the students and
therefore, they hardly relate them into their daily life experiences. Additionally,
researchers also denoted that students come to the class by having conceptions related
to daily life observations which are often resistant to change. Thus, some of these
conceptions can persist or changed in unexpected ways after exposed to instruction as

in the boiling event —breaking down into hydrogen and oxygen.

Varda Bar was one of the researchers that conducted multiple studies related to the
students’ conceptions on water and water cycle as a function of age. The aim of the
first study was to explore Israeli children’s views on water cycle (Bar, 1989). Bar
hypothesized that the notions related to the water cycle can be classified into stages
and these stages could be related to the level of understanding pertinent to phase
changes. Accordingly, 300 students were participated in the study. The range of the
grade level of the students were from kindergarten to 9™ grade level. The number of
male and female students were equal, and students were coming from families with

middle or upper middle socio-economic status. Clinical interview was used to examine
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children’s views on evaporation, clouds, and rainfall. Based on the interview analysis,
Bar proposed three stages for the development of children’s ideas from a concrete
stage to abstract stage. These three stages and views of the children were summarized

in table given below.

Table 3-1

Summary of Three Stages and Views of Children
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(Retrieved from Bar, 1989, p. 496)

In addition to the table given above, Bar highlighted that children constructed their
own theory in each stage based on their physical knowledge. In the case of not having
a necessary knowledge for phase change, they tended to explain a phenomenon in
which water appeared in liquid state. Based on the findings, Bar concluded that the

concept of evaporation is a prerequisite for grasping the nature of the rain. Moreover,
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children’ alternative views were compatible with the history of the development of the

concepts.

To replicate and extend the study of Osborne and Cosgrove (1983) in another context,
Bar and Travis (1991) conducted a research on Israeli students’ understandings of
phase changes. The aims of their research were to identify levels of development for
the children aged 6-14 to reveal their alternative conceptions on phase changes in each
level and to outline the reasons for these conceptions. Accordingly, 83 pupils
participated in the study and three different data collection techniques as oral test,
open-ended written test, and multiple-choice test were used. They summarized the
alternative conceptions in three age levels as given in table below.

Table 3-2

Summary of Alternative Conceptions in Three Levels of Development

Age B
7 years 9 years 11 years
3 months 3 months 3 months
Water disappeared 23% 12% 20%
Water penetrated solids 65% 47% 18%
Evaporation Evaporated into container 7% 27% 34%
Evaporated and scattered 5% 18% 245
Water 40% 25%
In the bubbles Air 25% 40% 75%
Water vapor 15% 15% 15%
Other 20% 20% 10%
Kettle in the room
Existence of vapor Only in winter
Always 15% 5% 55%
Never 80% 60% 37%

(Retrieved from Bar & Travis, 1991, p. 378)

In the concept of evaporation, they reported the proportion of selecting the correct
answer increased as pupils grow older; however, alternative conceptions were not
disappeared completely. Boiling, on the other hand, was one of the concepts that was
relatively easy to identify even in the younger pupils. They could be able to aware of
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that water changes from liquid to gaseous state in the boiling. Nevertheless, they could
not provide a similar explanation for the concept of evaporation. Yet, pupils had
difficulty to identify the ingredient of water vapor and revealed some misconceptions
given in Table 3-2. The condensation was the last concept investigated by the
researchers. As they reported, the development of this concept was started with the
development of the evaporation in students’ minds. This development occurred as they
grow older. In brief, the concept of boiling was formed and then the concepts of
evaporation and condensation are added in pupils’ understanding as a function of age.
Based on the alternative conceptions that they had detected, Bar and Travis (1991)
informed science teachers that pupils’ understanding of the concepts are often shallow.
Their alternative conceptions become apparent when students explain the processes
occurred in those concepts. What is more, the researchers emphasized that multiple-
choice tests might be beneficial to detect misconceptions since students tend to choose
misconception among the alternatives. To conclude, two outcomes of Osborne and
Cosgrove were verified by Bar and Travis which are (1) some of the alternative
conceptions can be nurtured by teaching; and (2) students who recognizing the concept
in given context might not be able to describe the physical processes in that concept.
As an implication, Bar and Travis recommended that phase changes could better be
taught by using everyday experiences to eliminate alternative conception in this

context.

In another work, Bar and Galili investigated (1) pupils’ understandings of evaporation
as a function of age; (2) the interactions among these understanding, conservation of
matter, and the nature of the air; (3) influence of the testing method on the responses;
and (4) context-dependency of the understandings (Bar & Galili, 1994). Four data
collection stages were employed, and an interview was integrated into each stage.
During the first and second stages, interviews were performed with 293 and 165
participants, respectively. In the third stage, a total of 260 students were administered
to written test. At the last stage, extraordinary responses of 17 participants were

checked. Based on the analysis, Bar and Galili found that the conceptions on
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evaporation can be summarized as a function of age from five-year old to 14-year old
in a hierarchical manner. They also reported that students’ views were context
dependent. Based on the findings, they proposed that the concept of water cycle should
be introduced at age nine or fourth grade level after the concept of evaporation would

be understood by the pupils.

Brody (1993) presented a literature review paper related to the pupils’ understanding
of water and water resources in the Annual Meeting of the American Educational
Research Association. Content analysis was used to portray what is known about
pupils’ understanding in water context. He examined their knowledge within four
categories as (1) physical and chemical properties; (2) biology; (3) earth systems; and
(4) water resources. Based on the analysis, he reported that physical and chemical
properties of water was the most frequently studied content among the others. These
studies showed that pupils’ level of knowledge is insufficient and there are alternative
conceptions on this content. In a similar vein, students had rudimentary understanding
in biological concepts too and have misconceptions even though a limited number of
studies existed in the literature. Water cycle, as an Earth system was also very a
challenging concept to be grasped by the students. Brody denoted that the concept of
water resources was the one that students had least amount of information. Besides the
summary of the literature pertinent to these four concepts, Brody also reported the
similar characteristics of the pupils drawn from different studies. He highlighted that
even though pupils were exposed to science teaching, they had similar alternative
conceptions with the younger ones. Even some cases, older pupils had more alternative
conceptions. Additionally, pupils resisted to change their conceptions after the science
instruction, and they tended to explain the phenomena related to water based on their
daily life observations, inferences, and popular media. As a recommendation, Brody
emphasized that students’ understanding pertinent to water and water resources
remained intact and needs to be explored including its historical and cultural

perspectives.
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In 1999, a study was conducted to examine students’ drawings of a river basin
pertinent to water cycle (Dove, Everett, & Preece, 1999). A total of 306 students aged
from 9 to 11 participated in the study from five schools. Their drawings were classified
into five stages of understanding. Further, follow-up interviews were completed with
60 children. The content analysis showed that the majority of children indicated rivers
flowing from left to right, or down the page. Additionally, student painted surface flow
of the water within the context of rural area. The researchers also reported that as
students’ understandings evolve, they start to include the elements in their drawings
related to water basin. Based on the results, they forewarned the teachers that they
should be aware of students’ alternative conceptions to overcome barriers in learning.
For example, the teacher must indicate explicitly that surface flow can in any direction

while they taught water cycle.

To sum up, earlier educational studies conducted within the context of water tended to
include children in different ages together to see how their understanding evolved as
they grow older. What is more, water was one of the concepts that studied specifically
in cognitive domain. Affective domain, on the other hand, was not frequently studied

in those years. In the next section, studies conducted after 20s were reported.
3.1.2 Water Studies in the Field of K-12 Education during 215 Century

Earlier studies summarized in the previous section focused on students’ conceptions
with respect to developmental stages and alternative conceptions / misconceptions in
water context. Moreover, they tended to include different ages in the studies to see the
patterns of conceptual development. The studies beginning from 20s started to focus
on specific ages or grade levels. Even though the conception studies continue to be
conducted in water context, center of attention was shifted from alternative
conceptions to Earth systems and systems thinking perspectives. This section was not
written as following strictly the chronological order as in the previous section. Instead,
multiple studies of the research groups were given in a coherent manner to increase

readability.
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Henriques (2002) reviewed literature on pupils’ conceptions on weather and included
some components of water cycle in her study within the context of science education.
Henriques reviewed the standards and reported that the concept of weather was mainly
given in geography instead of science. In science context, water cycle, properties of
water like phase changes and cloud formation, and heat exchange were introduced to
the student via visual tools and experiments. She categorized alternative conceptions
in the literature as (1) properties of water; (2) phase changes; (3) water cycle; (4) cloud
formation and precipitation; (5) the atmosphere; (6) greenhouse effect/global
warming; and (6) differentiation of the terms weather and climate. She outlined that
most of the alternative conceptions of the pupils were related to the water in physical
science rather than the Earth science. She provided a useful list with the six categories

given above as an appendix with specific grade level.

Butler and MacGregor (2003) introduced the program of GLOBE which is an
educational tool for science education as well as environmental education to enhance
pupils’ achievement in science, mathematics, geography and use of technology. The
aim of this program to build bridges between scientists and students. A total of 11,664
schools from U.S and the other countries (n=102) had partnership with this program.
At first, teachers were prepared to guide pupils to collect data for environmental
parameters scientifically. Then, students engaged with the program. Data gathered by
the students were available on the web. Butler and MacGregor (2003) assessed the 6-
year of implementation of the program and reported that GLOBE improve the pupils’
decision-making capability through scientific data and increase their awareness

towards the nature. The content of GLOBE included water cycle and watershed cases.

Examining the concept of groundwater in pupils’ mind within the context of science
education was studied by Dickerson and his colleagues (Dickerson & Dawkins, 2004;
Dickerson, Dickerson, Sickle, & Hay, 2005; Dickerson, Penick, Dawkins, & Sickle,
2007). They mainly criticized lack of emphasis to groundwater concept and
concentrating on the macro-scale of water concepts such as water cycle. In the first

study (Dickerson & Dawkins, 2004), they focus on eight grade students’ conceptions
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on groundwater. Referring the national standards, it was expected eight grade students
to have necessary information on groundwater and its interaction with the water cycle.
A total of 18 students were administered to an instrument having two questions: one
multiple-choice test item and one drawing task before and after the treatment. The
drawings were examined based on the categories of groundwater formation,
movement, and storage. Additionally, in-class discussions were also analyzed. The
findings revealed that eight grade students had ‘naive conceptions’ but these were hard
to detect due to students’ way of using scientific terms. Even though they used the
terms porosity and permeability, they had difficulty to explain them. They commonly
mistakenly used the terms “underground stream/pool”. The researchers also reported
that spatial reasoning, visual aids in the textbooks, written and media, daily life
experiences, and discourse with the other people about groundwater interfered with
students’ conception. The researchers highlighted that necessary steps should be taken
by the educators and scientific community. They recommended that in-service
teachers should realize these alternative conceptions and prepare their lectures

considering that aspect.

To broaden the study, Dickerson et al. (2005) worked with the three groups (29 of
them 12" grade; 44 of them undergraduate and graduate students) to examine their
conceptions on structure and scale of groundwater as well as its importance to them.
The instrument was at this time composed of six multiple-choice items. The findings
of the study showed that majority of the participants had alternative conceptions on
groundwater concepts. In terms of perceived importance, students emphasized its
health and economic importance. In another study (Dickerson, Penick, Dawkins, &
Sickle, 2007), they articulated the possible problems for having these alternative
conceptions on groundwater. They diagnosed four problems as “(a) The Lack of
Emphasis in Standards Documents; (b) The Need for Increased Attention to Students’
Spatial Reasoning Abilities; (c) The Inadequate Formal Instruction for Science
Teachers Concerning Groundwater; and (d) The Difficulty in Designing Appropriate
Assessments” (Dickerson, Penick, Dawkins, & Sickle, 2007, pp. 46-47).
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In the context of the groundwater, Duffy (2012) structured a dissertation under the
supervision of Dickerson aiming to examine sixth grade students’ mental models by
using 5E approach and using physical models. Mixed-method research design was
employed and both qualitative and quantitative data were collected. The findings
showed that using physical models enhance students’ understanding on porosity and
permeability. On the other hand, the author cautioned that pure discovery learning in
5E approach may stimulate alternative conceptions on groundwater. To conclude, it
was suggested that teaching groundwater concepts could be more efficient if physical
models are used in inquiry-based instructions accompanied with instructor’s guide and

feedback throughout the model activities.

Ben-Zvi Assaraf and Orion were another research group having multiple studies (Ben-
Zvi-Assaraf & Orion, 2005a; 2005b; 2010b; 2010a) in the context of water cycle.
Different from the previous studies, their framework was based on systems thinking
skills (STS). In one of their research (Ben-Zvi-Assaraf & Orion, 2005a), they
examined the development of STS among 8™ graders. The aims of the research were
(1) to examine whether the pupils manage understanding the complex systems; (2) to
determine the factors that might affect pupils’ cognitive ability related to STS; and (3)
to explore the interactions among the components of STS. As a result of literature
review and their findings, they listed eight STS as following (Ben-Zvi-Assaraf &
Orion, 2005a):

1. The ability to identify the components of a system and processes within the system
2. The ability to identify relationships among the system’s components

3. The ability to organize the systems’ components and processes within a framework
of relationships

4. The ability to make generalizations

5. The ability to identify dynamic relationships within the system
6. Understanding the hidden dimensions of the system

7. The ability to understand the cyclic nature of systems

8. Thinking temporally: retrospection and prediction (p.523).
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Ben-Zvi Assaraf and Orion (2005a) prepared a program called ‘Blue Planet’ and they
collected data in three time points as before (pre-test), during, and after (post-test) the
program. A total of 70 participants (20 of them in pilot study, 50 of them in main study)
from two 8™ grade classes were participated in the study. The research conducted in
three stages. At the first stage, the program ‘Blue Planet’ was prepared as 45-hour
program composed of laboratory approach, outdoor education, and field trip activities
to promote pupils’ STS. At the second stage, the program was put into practice and the
learning environments was examined. During the last stage, synthesizing of the
findings were employed. There were 10 different data collection tools employed
during the research. Multiple validity and reliability evidences were collected for the
data collection tools. Quantitative tools were administered to a relatively large sample,
whereas qualitative ones were employed smaller samples (e.g. 30 participants for
concept map, 8 participants for interview). During the implementation of the program,
one of the researchers participated as an observer. According to the findings,
development of STS seemed to follow a hierarchical pattern and, in each level,
developing cognitive abilities played an important role to pass the next level. They
summarized the findings according to the eight levels of STS. To be reader friendly
while summarizing the findings of the study of Ben-Zvi Assaraf and Orion (2005a), |
abbreviated them as STS-1, STS-2...STS-8 etc.

To examine STS-1, the researchers analyzed pupils’ drawings, pre-test and post-test
responses. Pre-drawings revealed that majority of the pupils had lack of understanding
about how water cycles and held misconceptions. Moreover, their drawings did not
include groundwater and centered around atmospheric part of the hydrosphere. On the
other hand, the number of components and processes increased in the post-drawing.
Yet, biospheric components such as human being and other living organisms were not
drawn in their post-drawing activity. The responses in pre-test revealed some
similarities with the pre-drawings. Majority of the participants indicated atmospheric
part of the water cycle such as rain, clouds, and evaporation. In the post-test, however,

the interactions between hydrosphere and human beings were included as either
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component or process. STS-2 was traced from groundwater and human effect
perspectives in pre- and post-test responses as well as in drawings. During the
program, students attended to the various field trips and reflected their experiences in
their post-drawings as a relationship between human beings and the hydrosphere.
Additionally, STS-2 was also elaborated within the concept of groundwater. Almost
every student indicated new relationships among the components in post-drawings.

STS-3 which was about unifying the components within a context of relationship was
traced in pupils’ concept maps and drawing. The concept maps showed that
approximately 66% of the pupils were able to construct expressive concept maps after
the program. The other pupils were able to pair two concepts; yet they failed to
construct a map showing these pairs in a meaningful framework. On the other hand,
the analysis of drawings of the students revealed that pupils had detached
understanding for the system. For instance, even though more than eighty percent of
the pupils were aware of the concept of environmental contamination, only one fourth
of the pupils were able to integrate this concept to the water cycle. STS-4, ability to
generalizing, was explored through the pre-tests, post-tests, and concept maps. Pre-test
results revealed that majority of the pupils had limited perceptions on the ‘systemic
nature’ of the water cycle and they were able to explain water cycle in terms of its
components. However, in the post-tests, their ability to generalizing about the water

cycle was improved.

STS-5 examined the dynamic nature of the water cycle within the context of the
groundwater movements as well as phase changes of the water. According to the pre-
test results, 66% of the pupils had mental model on groundwater as static lake.
However, 50% of them did not change their mental models after the program. In terms
of phase changes, t test analysis showed an increase (t = 2.14, p = .04) between pre-
and post-concept maps in terms of dynamic nature of the water. STS-7, which is related
to the cyclic nature of the water cycle, was examined through the pre-test, post-test
and drawings. Pre-test results revealed that 62% of the participants held the

misconception that water cycle has a beginning/ending point. This percentage
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decreased to approximately 50% after the program. Moreover, majority of the
students’ drawing lacked hidden parts of the cyclic nature at the beginning of the
program. However, their understanding of the cyclic nature enhanced after the
program. Pupils were aware of that the conservation of matter principle was applicable
to the cyclic nature of the water. For the dynamic and cyclic nature of the system, Ben-
Zvi Assaraf and Orion found that there is statistically significant correlation between
them (r = 0.63, p = .0002). Based on this value, they claimed that developing a STS
for dynamic nature is one of the prerequisites for the understanding of the cyclic nature

of the water cycle.

The other two STSs, which are STS-6 and STS-8, was about hidden aspects of the
systems and thinking temporally. STS-6 was covered under the concept of
groundwater. The researchers identified three levels (Level A, B, and C) based on the
interview analysis. Only pupils in Level C were nominated as having ability to see
hidden dimensions within a system. Based on the researchers’ post-interview analysis,
five pupils out of the 25 interviewees were able to shift from Level B to Level C. For
the STS-8, the researchers denoted that only the students who enhanced their STS-6
were able to improve themselves in thinking temporally. Nonetheless, STS-8 one of
the most difficult STS among the others to achieve.

Based on the analysis and the post-test findings, Ben-Zvi Assaraf and Orion (2005a)
articulated that despite of the limited STS of the pupils at the beginning, majority of
them had great progress on enhancing their STS at the end of the implementation of
the program. Based on their observations and 25 pupils’ written homework, the
researchers reported that individual cognitive differences and the amount of
participation to the program were two of the variables that were interacted with the
pupils’ individual progress. For their third research question, they identified four
groups of skills in a hierarchical manner. These groups were summarized in table given

below.
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Table 3-3

Four Groups of Skills Represented in the Sample

Groups of skills  Percentages of the participants Achieved STS

in the sample
1%t group 70% STS-1
2" group 50% STS-2 and STS-5
3" group 30-40% STS-3, STS-4, and STS-7
4" group 10-30% STS-6, STS-8

Table was constructed based on the findings of Ben-Zvi-Assaraf & Orion (2005a)

Ben-Zvi-Assaraf & Orion (2005a) emphasized that the four groups of skills are
ordered, and previous group of skills provide a basis for the subsequent group of STS.
Nonetheles, they recommended further studies to examine the STS in different settings

(e.g., technological and social systems) with additional variables.

Six year later, Ben-Zvi-Assaraf and Orion (2010a) conducted a retention study for their
previous work (2005a) summarized above. They selected four participants from the
previous study’s sample as four different cases by using maximum variation sampling
strategy. During that six years, no specific STS was included in their school curricula.
The researchers reported that they used the same research tools after making necessary
revisions to make them suitable for a retention study. Besides, the researchers also
analyzed the high school curricula and conducted additional interviews with
participants’ teachers in their high school. Categories emerged from the data are
divided into cognitive level and affective level. The list of these categories was

summarized in the table given below.
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Table 3-4

Summary of the Primary Categories in Ben-Zvi Assaraf’s Work

Cognitive Level Affective Level

Deductive approach to learning Tendency towards external motivation
Inductive approach to learning Tendency towards internal motivation
Knowledge integration tendencies Perception: learning science in school

Tendency toward metacognitive activity ~ Social interaction with group mates and

teacher
Question asking tendencies Feeling of self-efficacy
Participation in experiments Dissatisfaction
Interaction with the group members Performance goals
Process approach Analysis

Synthesis

Implementation

Table was constructed based on the findings of Ben-Zvi-Assaraf & Orion (2010, p.1261)

Based on the analysis that they conducted and the theory of Felder and Silverman
(1988), the researchers classified four different types of learner as ‘Metacognitive
Learner’, ‘The Gatherer’, ‘The Generalizer’ and ‘The Dynamic-Procedural Learner’.

They briefly described each type of learner as following:

e The metacognitive learner was able to reach the highest level of STS and the
researchers attributed her achievement to her high level of metacognition. She
both used the inductive and deductive learning while she was grasping the

interactions among the components, holistic nature of the system and its layers.
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e The gatherer was hardworking and a dedicated learner utilizing inductive
strategies, remembering the details, and trying to collect them as if they were
parts of a puzzle. However, this led her to have detached information despite
of having large amount of declarative knowledge. In other word, she failed to
use these detached pieces of information to form a framework to explain the
nature of the system.

e The generalizer was opposed to deductive learning and liked to see the whole
as an initial step rather than examining its parts. While he was learning, he was
fond of to know how the components work in a system. The researchers
debated that this characteristic could enhance their memory to evoke the
components of the system.

e The dynamic-procedural learner tended to use deductive learning strategies and
his strategies aimed to learn solely the processes in the system. Hence, the
researchers recommended that hands-on activities and visual aids could

improve this type of learners’ systems thinking skills.

Based on the findings, Ben-Zvi Assaraf and Orion reached a conclusion that once a
pupil constructs their mental model on a system, his/her gained systems thinking skills
tended to be persistent. Accordingly, the researchers recommended that a learning
activity should provide a basis for meaningful learning for pupils so that they could be
able to scaffold the systems in their minds. While Ben-Zvi Assaraf and Orion (2010a)
described these learners, they also highlighted that the metacognitive learner and the
generalizer used deductive reasoning which could be a possible useful construct for
gaining systems thinking skills.

In another study, Ben-Zvi Assaraf and Orion (2005b) investigated junior high school
students’ understandings of water cycle. The sample was composed of 1,000 students
whose grade level ranged from 7th to 9th grade. The data was collected from 30 classes
in six different schools and five data collection tools were employed. The results were
similar with the previous study (Ben-Zvi-Assaraf & Orion, 2005a). Pupils were able

to grasp different processes within the context of water cycle; however, they had

63



difficulties to explain dynamic and cyclic nature of the water cycle. Similarly, some
preconceptions and misconceptions in evaporation, condensation, and dissolution
were also detected. The pupils mainly explained the atmospheric sub-system of the
water cycle and failed to indicate groundwater or misinterpret the nature of the
groundwater as static-like lakes. The researchers reported that further studies are
needed related to cognitive aspect of the systems thinking in a way that which
approaches trigger pupils’ cognitive abilities. They also recommended that science

education should tailor the human effect to the concepts of natural cycles.

To explore to what extend the elementary students engage with STS, Ben-Zvi Assaraf
and Orion (2010b) implemented a similar program revised for the 4™ grade level and
assess systems thinking skills of the 40 pupils participated in the program. In a similar
manner, they used a revised version of the data collection instruments and some other
additional techniques. The analysis of pre- and post-test responses revealed that even
though 4™ graders had limited STS at the beginning, majority of them had significantly
enhance their abilities. They were able to grasp the interactions among the components
and even some of the participants showed relatively higher STS like identifying hidden
dimensions of the system. Apart from these findings, Ben-Zvi Assaraf and Orion found
that there were strong significant correlations (r > 0.6) among the pre-test, post-test
responses, and students’ levels of participation by using the Spearman nonparametric
correlation coefficient test. Moreover, there were also medium significant correlation
(r = 0.5) between their written content evaluation and capability to pinpoint and

categorize sound connections between information and details.

These responses were showed similar patterns with their previous study (Ben-Zvi
Assaraf & Orion, 2005b) in terms of pre-test results. Nevertheless, the post-test
responses diverged in a way that STS of 4™ graders were more developed than the
junior high school students who did not participated in the program. Accordingly, they
claimed that some of the lower levels of STSs can be achieved accompanied with
appropriate activities and courses. The researchers conveyed that giving daily life

examples and providing field trips and outdoor learning environments enabled the 4™
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graders to make the water cycle more concrete in their minds. Nonetheless, they
emphasized that more studies are needed to explore the nature of STSs in detail. As a
further study, they recommended that in-depth case studies could be fruitful to improve

the literature of systems thinking.

Shepardson et al. (2007) conducted a qualitative study in US to examine pupils’
conceptions on watersheds and how their conceptions differ in different grade level
and communities. The data was collected from 915 students living in the Midwest,
United States. Purposive sampling technique was used by the researchers. Different
grade levels ranged from 4 to 12 were constituted the sample of the study. The
distribution of the school types was 19% upper elementary, 57% middle school, and
24% high school. In terms of community settings, the locations of the schools were as
following: urban schools (16%), suburban schools (24%), and rural schools (60%). A
draw-and-explain task called ‘The Watershed Task’ was prepared to portray
conception. Inductive data analysis was employed to explore students’ conceptions.
Accordingly, four categories were formed based on the students’ responses. The four

conceptions were as following (Shepardson et al., 2007, p. 560)

e Conception 1: Watershed as a natural and dynamic process consisting of a
developed hydrologic cycle.

e Conception 2: Watershed as a natural process containing elements of the
hydrologic cycle.

e Conception 3: Watershed as the natural storage of water (i.e., bodies of water—
lake or pond).

e Conception 4: Watershed as a human-built facility for storing water (e.g., water
stored in a “shed” or “tower”)

Except for Conception 4, the other ones portray a watershed including natural
processes. Conception 1 corresponds to a complicated water cycle among the others,
but the researchers emphasized that Conception 1 does not refer to the most advanced
mental model of a watershed. Conception 2, on the other hand, does not embrace the
context of groundwater or runoff. In Conception 3, includes water as stored in lakes or
ponds usually between the mountains and water cycle is not depicted as water source.

Last, Conception 4 is about man-made water storage buildings.
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Chi-square statistics demonstrated that the only statistically significant differences
were observed in grade level by Conception 1 ([12= 6.47, p = .039) and community
setting by Conception 3 ([J?= 9.42, p = .009). This means that upper elementary and
middle school students might have an advanced conception on water cycle compared
to the high school students. The researchers attributed this to the curriculum was
included the concept of water cycle in those grade levels. On the other hand, students
living in rural areas had a possibility to hold an advanced conception on the water cycle
compared to the others. Apart from these four conceptions, the researchers realized
during the study that older students tended to differentiate the water cycle and the
watershed but since they do not learn yet the concept of watershed, they split the word
as water and shed. Thus, observing conception 4 was more visible among the urban
students because they saw some man-made storages in their daily life, whereas
conception 3 was held by rural students more since they have possibility to see ‘farm
ponds’ in their agricultural fields. Additionally, majority of the students’ responses
were limited to the main processes in the water cycle as precipitation, evaporation, and
condensation. Adding runoff, groundwater or biospheric components to their
conceptions was rare. Based on their drawings and explanations, the researchers
concluded that students’ drawings as well as conception tended to imitate the visuals
available in the textbooks and the other resources. In other words, students did not
associate the watershed with their residence areas. Based on these limitations,
Shepardson et al. recommended that curriculum developers should tailor adding the
concept of watershed into the curricula. Moreover, they also highlighted that further
studies are needed to reveal the possible connections between students’ understanding

and their decision-making processes as well as environmental behaviors.

Two years later, Shepardson et al. (2009) published another qualitative study linked to
students’ conceptions on the water cycle as a function of grade level and residence
area. The data was collected from 1,298 participants living in Midwest, USA.
Purposive sampling technique was utilized to increase the variability among the

participants. Consequently, pupils whose grade level ranged from 4 to 12; school
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types’ percentages were 19% upper elementary, 57% middle school, and 24% high
school were participated into the study. In terms of community settings, the locations
of the schools were as following: urban schools (16%), suburban schools (24%), and
rural schools (60%). At the first stage, draw-and-explain technique was used. On the
other hand, a conventional water cycle illustration was used without giving hints the
names of elements of water cycle. In addition to these, this illustration included the
probable human effects on the water cycle. Based on the illustration, it was asked to
pupils to explain the figure. Based on the responses, the four categories of students’

conceptions were summarized as following (Shepardson et al., 2009, p.1455):

e Conception 1: The Hydrologic Cycle as Water Storage, Transformation, and
Transportation with multiple Pathways.

e Conception 2: The Hydrologic Cycle as Water Storage and Transformation.

e Conception 3: The Hydrologic Cycle as a Weather Event.

e Conception 4: The Hydrologic Cycle as an Entity.
Among the conceptions, Conception 1 denotes the most complicated conception in
which phase changes, storage, and movement of water are included. In Conception 2,
water storage at the surface of the geosphere and main processes in the water cycle
(precipitation, condensation, and evaporation) are available. In addition, sun as a
power source is also mentioned. Conception 3, as its name implies, is about water cycle
in the atmosphere. The most-frequent processes mentioned in this conception is rain.
The last conception, Conception 4, is seeing the water cycle a static object like a water
source. Chi-square analysis revealed that appearance of Conception 2 was statistically
significant compared to the other conceptions among the students (%= 8.10, p = .044).
This result illuminated that pupils tended to ignore the movement of water within the
water cycle as streams and rivers. The analysis of the drawings also revealed that
students’ conceptions were limited to the main processes in the water cycle such as
precipitation, evaporation, and condensation. What is more, human effect on the water
cycle were not detected in students’ drawings as well as in their explanations. In fact,
the drawings were not compatible with the topography of their residence areas. The
researchers interpreted these finding as students might not be able to correlate the
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water cycle phenomenon with their daily life activities. In a similar manner, the
students were not able to correlate climate and climate change with the working
principles of the water cycle. In the light of their findings, Shepardson et al. (2009)
recommended that school curricula should consider these limitations of the students’
conceptions and make necessary revisions by means of water cycle, human effect,

climate, and climate change as a system rather than including these concepts as ‘silos’.

Endreny (2010) conducted a study based on the theoretical framework of Shepardson
et al. (2007) aiming to investigate the role of place-based inquiry on urban 5" graders’
understanding about watersheds. She followed the methods and practices of teacher
research. The researcher was the teacher of the students. A total of 33 students were
participated in the study. Data sources were pre- and post-concept maps, notebooks,
and interview responses of the students. The students visited an urban watershed and
also learned concepts in the classroom. The analysis of the concept maps illuminated
that more students were able to integrate the processes (i.e precipitation, evaporation)
in the water cycle into the watershed compared to the beginning of the program. On
the other hand, factors affecting the watershed were not apparent in the concept maps
and thus, these factors were asked to elaborate in their interview responses and other
written materials. The data analysis revealed that each participant made progress in
their unique way. More than 80% of the students exemplified point source pollution,
whereas more than 40% of the students stated land use pollution. Majority of the
students also included living organisms into their watershed conceptions. The
researcher explained that these examples were based on students’ outdoor observations
at the urban watershed. On the other hand, their drawings contained city elements like
roads, vehicles, and houses as well as man-made pollutions. This result was not
compatible with the previous findings in the literature (Dove, Everett, & Preece, 1999;
Shepardson, Harbor, & Wee, 2005). Unlike this findings, students’ perceptions of
water drain and run-off were compatible with the findings of Ben-Zvi Assaraf and
Orion’s work (2005). Apart from these findings, the researcher also reported that

majority of the 5" graders failed to acquire the concepts given in the classroom context.
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In brief, Endreny (2010) concluded that place-based activities enhanced students’
learning and help them attributing an emotional response to the place that they visited.

Osterlind and Haldén (2007) aimed to explore students’ ability to make sense of
freshwater pollution. They designed and implemented a six-day program for middle
school students. One of the groups participated in the program was selected as case for
the study. Students’ oral responses during the program, observation notes, and
students’ written responses were analyzed. The analysis revealed that students failed
to grasp the concept of freshwater pollution despite of high level of involvement to the
activities both realized as indoor and outdoor. They failed to link theory and practice
and take these as two separate unconnected contexts. Especially, students tended to
conceptualize the pollution based on their observations and failed to correlate their
observations with the concepts (e.g. molecular definition of the pollution) learned in
the classroom. Based on their findings, Osterlind and Haldén emphasized that students
need to be taught to see the connections between theory and practice in an explicit

manner.

Another research group focuses on the development of understanding of water in
environmental and socio-ecological systems. They included K-12 students (Covitt,
Gunckel, & Anderson, 2009; Gunckel K. L., Covitt, Salinas, & Anderson, 2012) as
well as pre-service teachers (Gunckel, Covitt, & Salinas, 2018) to the scope of their
studies. Covitt and her colleagues (2009) built a curricular framework for promoting
water science literacy and reported pupils’ difficulties developing an understanding of
that framework. In their research, they specifically interested in ‘understandings
necessary for reasoning about water in natural and human-engineered water systems’
(Covit et al., 2009, p.38). In this study, they reported their ‘lower anchor research’
which was related to the students’ conceptions on natural water system and human-
engineered one. Before that, they positioned their notion as pupils’ understandings are
not considered as alternative conceptions that need to be eliminated. Rather, these
conceptions can be used to prepare a science instruction in which students could be

able deepen their understandings on that subject. They collected data from different
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grade levels ranging 3-12. They prepared two instruments compatible with students’
cognitive and grade level. The percentages of grade levels of 561 participants were as
following: 20.3% elementary students, 34.6% middle school students, and 45.1% high
school students. Their report covered the relationship between human-engineered
water system and atmosphere, water on land, and water beneath the surface. The
highlights of their findings as following:

e Majority of the students explain the water flow based on their observations, yet
they failed to integrate the law of conservation to natural water system and follow
the water and materials within between observable and hidden parts of system

e They also failed to indicate microlevel and macrolevels in systems (compounds or
watersheds)

e Majority of the students in high school were not able follow water and other
materials within the context of phase changes and distillation.

e Minority of the students claimed that pollution could also evaporate with water and
precipitate on land.

e Approximately one third of elementary students illustrated underground water in
man-made silos, whereas 12% of the middle school students and 12% of the high
school students included it in their drawing.

e Two thirds of middle and high school students stated that groundwater forms as
streams, or lakes beneath the surface. Minority of the students in all grade levels
reflected more accurate depictions of groundwater in spaces and cracks in rocks
and sediment. Nevertheless, their illustrations became complicated as a function
of grade level.

e Some of the middle school student depicted some dots to reveal dirt in the water.
The researchers interpreted this phenomenon as pupils identify pollution at
macroscopic level such as litter and are not able to see the pollution yet at

microscopic level. This response was similar with Osterlind and Haldén’s work
(2007).
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e Students in all grade levels were able to aware the human effects on the quality of
water as well as its circulation in systems.

e Majority of the students reported that water in their taps is coming from a natural
source. Only 20% elementary and 40% high school students were aware of that
their tap water are exposed to a treatment before coming from their home.
Likewise, 12% of elementary and 25% of middle school students reflected that
water is also retreated somewhere like a treatment plant after they use it at home.
On the other hand, the percentages were higher (55%) in high school. However,
the high school students also claimed that treated wastewater is also ‘recycled
back’ in households and they failed to indicate discharging to a receiving
environment.

e Majority of the students presumed that both drinking water and wastewater should
be treated; however, a few of them indicated the treatment plants. What is more,
they were not be able to differentiate different water treatment plants. The
researchers attributed this to as one of the limitations in K-12 program.

Covitt and her colleagues (2009) suggested that exploring students’ initial ideas on
human-engineered water system might pave the way to define a learning progression
about water system in nature and in cities. They reported that pupils had informal
reasoning about water systems and their notions are limited to underground pipes and
they fail to see the interaction of water supply network with the other systems. Hence,
this hinders students to follow water moving in linked systems. To overcome these
limitations, they recommended that educators could provide experiences or show
models to the students to enhance their learning on water systems in both observable

and non-observable aspects.

In another consecutive study, Gunckel, Covitt, Salinas, and Anderson (2012)
manifested four levels of achievement in pupils’ reasoning pertinent to water and other
materials within the water in different subsystems such as atmosphere, geosphere, and
human-engineered elements in those sub-systems. They described a learning

progression from lower anchor to upper anchor and determined four categories based
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on these anchors. They used pupils’ submitted assessments as data source and the
sample constituted 193 students, 65 from elementary, 65 from middle school students,
and 63 from the high school students. There were 17 items in four clusters in the
instrument. Every participant from middle school and high school responded items
from all clusters, whereas elementary students responded three clusters. Thus, the unit
of analysis was determined as set of answers in a cluster from each participant. The

features of each level and its elements were given in the table below.

Gunckel et al. (2012) reported only minority of the high school students revealed the
characteristics of Level 4. On the other hand, Level 3 was corresponded to 89"
percentile, whereas Level 2 was in 22" percentile. More than two-thirds of the pupils
lied between Level 2 and Level 3. The researchers interpreted this result as minority
of the high school students are able to reach in level 4 which is essential for being
literate on environmental science. In brief, Gunckel et al. (2012) concluded that pupils’
notions on water in environmental systems differs from scientists and this is shaped by
students’ experiences and daily language. Thus, both scientists and science teachers
should be aware of the position of people in decision-making processes in
environmental issues. To achieve literate individuals on these issues, our curriculum

should enhance students’ capability.
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Havu-Nuutinen, Kérkkéinen, and Keinonen (2011) investigated elementary students’
conceptions of water within the context of Science-Technology-Society (STS)
perspective. Case study was employed as research methodology. A total of 52 students
from grade level of 4 and 5 in a rural school of Finland were participated into the study.
Students were requested to record the keywords that came to their mind related to
water both before and after the STS training. Additionally, students’ pre-drawings
were also used as data sources. The pre-responses of the students revealed that they
attributed the role of water to human beings by means of domestic and recreational
purposes even though these notions were limited. Students in 4" grade level also
mentioned that water is very important resource for life and there is certain amount of
water in our body. On the other hand, 5" grade students elaborated living organisms
and their water needs compared to the 4" graders. After the instruction, students
included STS elements and water cycle. Additionally, their perceptions on the
interaction in the water cycle began to develop. The researchers also emphasized that
students explained the interactions of water from biological and geographical
perspectives after STS instruction. Based on their findings, the researchers
recommended that teachers should enhance students’ learning in STS issues. They
should be able to detect students’ alternative views so that they could be able to

improve students’ conceptions.

Havu-Nuutinen, Kérkkdinen, and Keinonen (2018) conducted another research in the
similar context as in their previous study. In this study, they explored primary school
students’ conceptual change after STS instruction. A total of 41 students aged 10-11
participated in an STS instruction related to water use lasted four weeks. The
researchers employed case study as a research methodology. Students’ written
responses before and after the instruction were examined and 10 students were invited
for the interview protocol. Students’ initial responses revealed that they had already
some background knowledge and alternative conceptions which were naive, detached,
and mostly declarative. Moreover, their conceptions were based on daily life

experiences. Before designing the STS instruction, these responses were guided. The
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researchers were used Halldén's contextualization approach (as cited in Havu-
Nuutinen et al., 2018) to examine students’ conceptual change. The responses after the
STS implementation reflected that students were not fully understand the water
concepts in a holistic manner. Yet, they were able to change their initial alternative
conceptions. For example, students were able to provide more holistic cause-effect
relationships for cyclic nature, water treatment, and groundwater concepts.

Nonetheless, only a few of the participants revealed high level of conceptual change.

Forbes et al. (2015) conducted a design-based research to examine 3" grade pupils
‘model-based’ descriptions for the water cycle. Their study included a framework
based on iterative revisions and improvements of regularly used chapter related to
water. Moreover, they stated that the framework provided a basis for learning stages
for K-12 students. They performed an exploratory research and development for three
years to promote and examine 3™ grade pupils’ model-based descriptions. In this study,
however, they provided the results of first year’s project. A total of six classrooms in
Midwestern state were selected by using maximum variation sampling technique. In
these classes, a water module was used as a complementary part to their lectures.
Among the pupils, five pupils were interviewed using clinical interview. The results
of their study revealed that there were three stages for every learning performances in
their framework. Three target concepts (states of water, water movement, and
relationship between water and geosphere) with five heuristics (components,
sequence, explanatory process, mapping, and principle) constituted the framework of
their study. The major findings of their research were following:

e Water in liquid forms was more frequently mentioned that its solid and gaseous
forms

e The reasons for raining were “heavy clouds” and “condensation of water vapor in
the air

e Hidden aspects of water cycle were not stated by pupils

e Pupils model-based descriptions on the water cycle was primarily about the water

on land and limited.
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e Despite of pronouncing the terms ‘gravity’ and ‘temperature’ in explaining water
cycle, their model-based descriptions included only the verbal form of this terms.
They failed to give details on the mechanisms in gravity and temperature.

The researchers reached a conclusion based on these findings that science learning
environments have an essential role to leverage pupils’ model-based descriptions. In
other words, pupils need to be exposed to effective learning opportunities in science

classes as well.

Lieflander (2015) studied the role of environmental education in water context. She
employed quasi-experimental approach including an EE programme within the context
of water and life lasted four days. Pre-test, post-test, and retention questionnaire were
used as data collection tools. The study was conducted in a German school and a total
of 200 students aged 9-13 were participated into the study. Lieflander also explore the
different developmental stages as a function of age. She outlined the findings as
following: (1) younger students had a tendency to reveal stronger devotion to nature
and pro-environmental attitudes compared to older students; (2) The EE program had
a similar effect on both age groups (9-10 and 11-13) in post-test results; however
retention analysis showed that the effects of program continued for age group of 9-10
after six weeks; and (3) the level of knowledge enhanced and retained after the
programme. Based on the findings, the researcher recommended that for the younger
students, educators could focus on increasing the students’ connections to the
environment and pro-environmental attitudes through offering direct experiences. For
the older students, on the other hand, the researcher suggested that environmental
knowledge from multifaceted perspectives or raising awareness and decision-making

could be appropriate implications.

In Brazilian context, Ferreira da Luz Culpi and Pereira Alves (2015) inspected the
possible effects of didactic approach on students’ conceptions of water footprint.
Qualitative research design was chosen, and a total of 35 6™ grade pupils participated

in the study. A survey was prepared by the researchers related to agricultural,
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industrial, and domestic use of water. Along with the survey, field diary and written
responses were used as data collection tools. Content analysis was used to analyze
data. The findings of the study revealed that pupils were more reflective and open to
debates on water footprint. The researchers suggested that some media content
pertinent to domestic use of water could be used as educational materials in class to
promote the STS discussions related to water depletion in Brazil.

2.6.2.4 National Water Studies in the Field of K-12 Education during 215t Century

In Turkish context, Yazici and Samanci (2003) investigated 5" grade students’
understandings of concepts given in Social Science curriculum. They collected data
from 44 students from two classes. They administered the instruments after the related
chapter taught in the lectures. The findings indicated that more than 90% of the pupils
provided no answer related to watershed concept. In terms of misconception, stream
(34.1%), climate (34.1%), and precipitation (40.9%) were the concepts that students
had alternative conceptions. Based on their findings, the researchers recommended
that diagnosing preconceptions of the students have an important role in designing
curriculum materials (visuals, diagrams, and other written materials). Thus, these types
of studies should be conducted to examine students’ preconceptions and alternative

conception.

Alkis (2006) conducted a study on precipitation concept of 5" grade students. A total
of 300 pupils from five schools in Bursa were participated in the study. An instrument
composed of 14 items (11 multiple choice, 3 open-ended items) was used as data
collection tools. The categories of the questions were as follows: (1) basics of
precipitation; (2) precipitation formation; and (3) Seasonal and regional patterns of the
precipitation. Pupils’ responses were coded as true, restricted, wrong, and blank. The
results of this study revealed that some of the pupils held true conceptions in basics of
precipitation and its seasonal and regional patterns. On the other hand, more than 40%

of the pupils had alternative conceptions on its description, boiling and evaporation,
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measurement on the intensity of the precipitation. Alkis concluded that precipitation

might be a difficult concept to be grasped by primary school students.

Mecit (2006) conducted a study to illuminate whether 7E learning cycle could enhance
the critical thinking skills of 51" grade students. She used the chapter of water cycle to
examine her hypothesis. A total of 46 students from two classrooms in Sakarya was
participated in the study. These classes were named as experimental and control group
randomly. Pre-test and post-test were administered to both groups. The analysis of
students’ responses demonstrated that there was a statistically significant difference
between two groups in favor of experimental group F (1, 41) = 35.03, p=.000, partial
eta squared = .46). Additionally, there was no statistically significant differences in

terms of gender and family income on enhancing critical thinking skills.

Unal-Coban et al. (2011) prepared a workshop and reported the change in the
participants’ conceptions, attitudes, and awareness towards the water. The content of
the workshop had three central points as (1) basic concepts of water; (2) water
pollution; and (3) efficient use of water. A total of 30 pupils whose grade level ranged
from 6 to 8" grade participated in the workshop lasted five days. Both qualitative and
quantitative data were collected as pre-test, post-test, and retention after three months.
The findings revealed that the workshop increase students’ understanding on water,
develop positive attitudes toward efficient water use, and increase consciousness on
environmental issues. Quantitative results, on the other hand, supported that pupils’
learning were permanent after three months. However, qualitative findings did not
support this result. Thus, interview data of 10 children guided to obtain final decision
for the retention. Pupils’ responses on the interview questions supported the result of
quantitative analysis and the researcher concluded that retention was achieved. As a

further study, they recommended that control group can be added to the study.

Derman and Yara (2017) worked with high school students to reveal their conceptions
on water cycle. A total of 95 high school students (38,9% female; 61,1% male) from

south eastern part of Turkey were participated into the study. The median for the age
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of the participants were 17. The researchers used word association test and draw-and-
explain as data collection tools. Content analysis was employed as data analysis
technique. Word association test derived 54 codes in three categories as ‘description
of the water cycle,’ *stages of the water cycle’ and ‘environment where the water cycle
takes place’. The most-frequently-mentioned concepts were following: Water (n=61),
Cloud (n=53), Rain (n=70), and Evaporation (n=68), whereas photosynthesis (n=4)
and cyclic nature (n=2) were least-mentioned concepts. On the other hand, draw-and-
explain task emerged four categories on students’ conceptions on water cycle as
following: (a) Level 1: No info/drawing; (b) Level 2: Alternative conceptions with
basic drawing (49.4% of the participants); (c) Level 3: Partial knowledge on water
cycle (45.3% of the participants); and (d) Level 4: Fully Correct Conception (5.3% of
the participants). The researchers interpreted the findings as limited and reported that
the students failed to understand evaporation and transpiration processes and to explain
the relationships among the components and processes in water cycle as a coherent
framework. In the light of the findings, the researchers recommended that context-
based real-life approach to this content might be efficient to teach the concept in a

meaningful manner. Moreover, using visual aids could also promote their learning.
3.2 Water Studies in Literacy Contexts

Even though this section did not have substantial number of studies as in the literature
of water conception, there were some key studies needs to be summarized. These key
studies investigated the concept of water within the context of functional literacy
(Ewing & Mills, 1994), cultural and historical context (Ben-Zvi Assaraf, Eshach,
Orion, & Alamour, 2012) and some aspects that can be considered as critical systems
literacy (DeLorme, Hagen, & Stout, 2003; Po, Kaercher, & Nancarrow, 2003)

3.2.1 Functional Literacy

One of the first pronunciations of the term ‘water literacy’ in the functional literacy
context was traced in the works of Ewing and Mills (1994). In their study, they aimed

(1) to examine the level of water literacy among university students; (2) to test whether
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visual aids could support grasping the concepts of evaporation and condensation in
water cycle; and (3) to detect whether there are patterns, if any, among the conceptions
of the students pertinent to water cycle. WRKA test constructed by (Mills, 1983) was
implemented to 83 incoming college freshmen enrolled in an introductory biology
course for non-science majors. Then, the scores of the participants were compared with
the one participated in the previous study conducted by Mills (1983). Additionally,
pretest and posttest were implemented to the group who enrolled introductory biology
course. Instruction was included the visual aids related to the water cycle. ANOVA
was performed to evaluate the differences between these two groups. There was no
statistically significant difference in water knowledge between these two groups. On
the other hand, there was statistically significant differences between pre-test and post-
test scores in favor of posttest (p < .0001). Moreover, the use of visual descriptions
was found to advance understanding of condensation and evaporation. Alternative
conceptions that participants had shared similar characteristics with reported ones in
the literature. Based the findings, they outlined that even though students recognize
the terms, they failed to explain their procedures underpinning those terms. This was
labeled by Ewing and Mills (1994) as limited functional environmental literacy. The
researchers recommended that visual aids could be one of the promising tools for
teaching the concepts efficiently. They also suggested additional studies to compare

its effectiveness with the traditional instruction.

Wood (2014) conducted a dissertation on water literacy and citizenship within the
context of ESD in UK. She described being water literate as following: “I suggest that
a water literate citizen is someone who is informed and knowledgeable about water
use and issues and is applying this knowledge to their values and their actions, whether
that is achieved actively or subconsciously.” (Wood, 2014, p. 7). She reported that UK
people are not aware of how much water they spend; thus, water consumption behavior
in UK is not sustainable according to the estimates. Correspondingly, two of the aims
of her study was (1) to examine how water literacy of students aged 11-18 interacts

with their sustainable water values; (2) to explore the social factors that affect values,
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attitudes, and behaviors; and (3) to assess the efficiency of water program in the short
term. Her thesis composed of two stages: a literature review on water education and
assessing students’ water literacy participating a water program in their schools. Thus,
mixed-method research design was employed, and data sources were written contents,
observations, focus groups, and surveys both before and after the water program. To
explore the readiness of students in terms of water literacy in the East Midlands and
the social factors that affect water literacy, three groups were investigated (11-12 years
& 13-14 years from two secondary schools, and 17-18 years from college). The
findings emerged from this investigation guided the researcher to prepare a water
program. Consecutively, the changes in students’ water values after the program were
examined and reported. Besides, a comprehensive discussion was given related to the
hinderance of water literacy and citizenship. The findings for the first two research
questions illuminated that younger students’ perception on saving water was limited
to ‘water saving tips’ which were commonly included in the water contexts in schools.
The most frequently mentioned water saving was turning off the taps during brushing
their teeth. The sources of this ‘water saving tips’ were reported by the students as
TV/radio, school, internet, family, newspapers/magazines, and post/leaflets. On the
other hand, lack of responsibility in water consumption behaviors was also observed
in students’ responses. The researcher attributed this to (1) the amount of water used
in households is unknown by students; and (2) the limited capacity of the students to
change household residents’ water consumption habits. Additionally, the older
students articulated feelings of helplessness towards wide-ranging issues such as

leakage.

The researcher also determined some gaps between (1) the awareness of the
environmental issues and sense of responsibility towards water saving; (2) value and
action; and (3) inability to see the interaction between personal water consumption
habits, local, and global water issues. In terms of social factors, the researchers

discussed the effects of (1) daily habits and norms of use; (2) attitudes towards
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cleaning; (3) other people’s behaviors; and (4) technology. The highlights of her

findings were summarized below.

e The primary reason for using water efficiently was financial incentives rather than
environmental or citizenship concerns despite of not paying bills.

e Majority of the students held the belief that ‘I don’t think that I used the water as
sustainably as I could do’.

o If the students have heard water saving tips from their family, they might have less
motivation than to act their own

e The students believed that their water consumption behavior is environmentally
friendly but their responses to survey was limited to saving tap water while

toothbrushing

To recap, Wood (2014) concluded that water consumption behaviors are composed of
daily routines and habits and affected by social factors and technological facilities in
their local area. For her third research question which was about assessing the
efficiency of the water program that she prepared, post-survey and focus group were
used as data source. Three constructs emerged after the program as (1) power and
efficacy; (2) the perceived impact and support of community; and (3) sense of
responsibility. She interpreted these as possible indicators of water citizenship
development that could have a potential to accommodate water consumption behavior
on sustainable water use. Moreover, she also observed an increase in declarative
knowledge of students on water context. Last, she highlighted that education could be
one of the indispensable tools to raise water literate citizens. Making hidden use of
water ‘visible’ and revealing the interactions among domestic use, local, countrywide,
and global aspects could be the initial steps on the educational agenda. She also added
that students’ water consumption behavior could not easily changed by enrolling a
lecture, but their understandings were enhanced after the water program and this could

be a promising result.
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3.2.2  Critical Literacy

DeLorme, Hagen, and Stout (2003) investigated the notions of water consumption
among the consumers in Florida. Accordingly, a total of six focus group interview was
conducted to examine consumers’ perceptions on the interactions among the human
population growth, development, and water resources to use its implications for
environmental education context. Grounded theory approach with theoretical sampling
was used. A total of 49 homeowners whose aged ranged from 20 to 87 was participated
into the study. The proportion of male and female was kept similar and most of them
lived in the area around 12 years. Their responses were examined in five categories as
perceptions of population growth and development, perceptions of water quality and
quantity, management strategies in water issues in terms of its quality and quantity,
and perceived reasons for water conditions. In terms of population growth and
development, the participants reported significant increase the number of people, and
this brought development and some other facilities, but it costed environmental
deterioration in that area. They also shared their notice about the decreases in the water
supply as well as water resources such as ponds and lakes. This decrease had an impact
on their daily life as well as their recreational activities. Water is more, they also shared
their direct experiences that the water quality has changed in their households as well
as water resources. They said that swimming in those lakes is not suitable anymore
and they saw sometimes dead animals in and around water resources. The strategies
of water management were mentioned by the residents were not included themselves
and were acquired from outside sources such as direct observations, family members,
written sources and mass media. In terms of water consumption behavior, they
reported that they were conscious and use water efficiently. They exemplified their
monitoring as using water-saving products and using less amount of water in their
garden. Their water quality management encompassed using bottled water instead of
tap water or using filters in their taps. In their garden, they reported that they started
use less the fertilizers. In addition to these perceptions, researchers also asked

participants the possible reasons for experiencing these water issues. Their responses
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included drought, population growth, developmental effects, absence of planning,
inadequate managements of government, and residents’ misuse of water. What is
more, they elaborated the reasons for residents’ misuse of water as apathy, social
standards among neighbors related to garden essentials such as green laws, old habits;
and having no educational background on water issues. To solve these problems, they
proposed several solutions such as revisiting regulations including prices to prevent
water loss; using technology for reusing/recycling water, desalination of ocean water,
and limiting outdoor use of water like in the gardens. while they were mentioning those
solutions, they added that some of these could not be possible to implement due to
various reasons. Last, the participants delivered five messages for an environmental
awareness campaign as (1) underlining the financial benefits of water management;
(2) increasing residents’ self-efficacy towards their effects of efficient use of water;
(3) increasing awareness about the value of water for life; (4) preparing messages in
different languages that residents speak; and (5) keep the message simple so that
everyone engages to read it. The possible types of delivery were listed as (1) attaching
it to the water bills; (2) focusing this topic on local media; (3) simple electronic sources
like web sites; (4) integrating this context to formal education; and (5) residents’
collaborations. As a recommendation for further studies, the researchers proposed that
this research can be broaden by including all the stakeholders in a water issue besides

the residents of an area.

Po, Kaercher, and Nancarrow (2003) reviewed the literature on wastewater reuse after
treatment in both international and Australian context. The aim of this review was to
explore the factors that could interact with wastewater reuse among societies. They
reported some projects achieved both in global and Australia context. The list of the

factors was given as following (Po, Kaercher, & Nancarrow, 2003, s. 14):

- Disgust or “Yuck” factor;

- Perceptions of risk associated with using recycled water;
- The specific uses of recycled water;

- The sources of water to be recycled;

- Theissue of choice;
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- Trust and knowledge;

- Attitudes toward the environment;

- Environmental justice issues;

- The cost of recycled water;

- Socio-demographic factors.
Po et al. (2003) highlighted that despite of appreciating its importance, there is still a
need for further social research to comprehend the sources of people’s perceptions and
the psychological constructs having a role in wastewater reuse consumption behaviors.
While they were conducting this review, they found that Ajzen’s Theory of Planned
Behavior could provide a basis for understanding the variables that might explain
readiness of the public to use of treated wastewater. However, they also reported that

its usefulness should be examined.

Venckute et al. (2017) studied to make an approximation for water footprint of pupils.
They administered two questionnaires to 82 participants aged 12-15. The result
illuminated that daily water use of a regular pupil is 3223+830 liters. Their hidden use
of water is much higher than the direct use of water. Among the hidden use of water,
food (84.4%) and clothing (6.4%) were the first two elements. What is more, meat had
the biggest percentage (39.6%) to their overall water footprint. In terms of direct use
of water, they spent 264 liters per day regardless of their gender. Most of the direct use
of water was taking shower. Based on the results, the researchers concluded that pupils

spent too much water and this needs to be regulated through the educational activities.

Amahmi et al. (2019) intended to assess the current status of water in Moroccan
curricula for elementary and middle school pupils. They reported that despite of having
positive attitudes towards water, their attitudes were not compatible with their water
consumption habits. The responses to the survey items illustrated that pupils’
knowledge was limited. Among the pupils, 45% of them were conscious about water
depletion on Earth. In terms of water consumption behaviors, more than two-thirds of
the pupils had unsustainable water consumptions. Based on the findings, the
researchers concluded that there are incompatibilities among the knowledge, level of

conscious, and water consumption habits. Therefore, they were suggested that value-
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based water curriculum accompanied with proper outdoor activities might have a
potential to change pupils’ unsustainable water consumption habits to sustainable
ones. Moreover, they also emphasized that cultural and religious beliefs might have a
role in water-related chapters in terms of water conservation, sanitation, and hygiene.

They also highlighted that increasing awareness of adults should be also considered.
3.2.3 Cultural Literacy

Taiwo et al. (1999) conducted a study in Botswana context to portray pupils’
perception on the water cycle. The sample was included three different settlement
areas such as urban, suburban, and remote area dwellers. The researchers used survey
method and collected both quantitative and qualitative data. A total of 888 children
enrolled from 4" to 7" grade levels were participated into the study. The alternatives
in the instrument were aimed to detect whether pupils had (1) scientific, (2) pseudo, or
(3) cultural-based knowledge on cloud formation, rainfall, and rainbow formation.
The pilot study was conducted with 40 students and the reliability of the 10-item test
instrument was calculated as 0.86. Data were collected by the four data collectors. A
total of 384 pupils were individually interviewed to acquire in-depth information for
their choices on the instrument. Analysis of variance (ANOVA) was used to evaluate
whether significant differences exist in the subjects’ perception of the water cycle
according to their grade level and school location. In terms of grade level, 7" grade
pupils showed the best performance compared to the other grade level participants. In
terms of socio-cultural environment, no significant differences were found by means
of gender. The remote area dwellers had statistically significant greater performance
or ‘coloration’ in their understanding of the water cycle in terms of socio-cultural
elements compared with the others. On the other hand, the analysis of the interviews
reflected that students’ understanding of the water cycle was not clear in their minds.
Their perceptions were under the influence of their cultural beliefs as well as pseudo-
scientific knowledge. To exemplify, some pseudo-scientific knowledge that they had
on cloud formation were “Clouds are packets of water swept into the sky by wind”,

“Water vapour turns into ice to form clouds.”, and “The sun boils the water in the dam
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and causes it to form clouds” (p.421). As a recommendation, Taiwo et al. (1999)
proposed that curriculum developers should take into account pseudo-scientific

knowledge that students have so that meaningful learning would enhance.

Ben-Zvi Assaraf et al. (2012) investigated how cultural differences might interact with
pupils’ ‘spontaneous models’ of the water cycle. They compared two groups of 4"
graders. One of the groups was Jewish living in province, whereas the other group was
from native Bedouin community. This native community has no water distribution
systems; thus, they either rely on natural water resources around them or they used
water brought by trucks to their area. What is more, children in Bedouin community
are also labor in their own agricultural areas and stockbreeding in which they interact
with water. On the other hand, weather events affect their daily life more than the
children living in urban area since their residence have neither road nor vehicles. Based
on these unique characteristics, the researchers assumed that students from Bedouin
community could have unique mental models on water cycle. Ben-Zvi Assaraf et al.
described spontaneous models as created by experiential constructs used impulsively,
whereas non-spontaneous models are composed of scientific knowledge. They
articulated that spontaneous models are ‘deeply rooted’ than non-spontaneous models
and culture might have a role in shaping spontaneous models. Nevertheless, the
curriculum of these two communities is same. They enroll same courses and learn
same concepts in their schools. A total of 72 students were participated in the study.
Three data collection tools were used as repertory grids, drawing, and open-ended
interviews. During the interview, the participants were allowed to explain what they

draw.

The analysis revealed that participants from Bedouin community have more
comprehensive and genuine mental models than Jewish urban students, included
religious aspects and indicated relationships between the sub-systems (Ben-Zvi
Assaraf et al., 2012). The responses of both two groups were examined in four
categories. The first category was about the reasons for raining. Vapors, religious

explanations, and cloud formation were stated by the 4™ graders related to the source
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of rain. While students from Jewish community use religious reasons when they had
no scientific explanation, Bedouin community used religious aspects in addition to the
scientific knowledge. Moreover, both groups had misconception related to the cloud
formation as cloud is an entity that fills out with water. The second category was
related to the water movement in the geosphere. Unlike the similar responses during
the interview, the analysis of the drawings demonstrated that more Bedouin
community students included items related to the geosphere such as penetration,
groundwater, and surface flow. Two primary models were detected in this category as
water movement on the surface and penetration and underground flow. In these
categories, more Bedouin students included interactions between the Earth systems
and geosphere. The third category was ‘water uptake by plants’ within the context of
the water cycle. Similar with the previous categories, Bedouin students illustrated
plants in their drawing and statistically significant difference was found between the
drawings of the two groups (p < 0.001). At this category, there were two mental models
as (a) water uptake directly from rain, and (b) water uptake through the soil. The last
category was human aspect in the water system. Once more, Bedouin students included
human aspect more than their urban peers in general. Two sub-categories were
emerged from the two groups’ responses (1) humanity as a consumer and (b) humanity
as a part of water system. The Bedouin community students tended to see themselves
as a part of the water system in their environment. Based on these findings, the
researchers highlighted that the differences emerged from these groups could be
related to their cultures and daily life experiences. For example, the category that
Jewish students had better than the Bedouin children was related to the water uptake
from rainfall and Ben-Zvi Assaraf et al. (2012) attributed this difference to no
observation related to rain in desert. After all, Bedouin students’ residence area is not
a rainy area due to being in a desert. Hence, Jewish students living in town have more
observations on raining. Thus, even though all the participants had the same
curriculum in their schools, their spontaneous models differed based on their cultural
differences. On the other hand, alternative conceptions that Jewish students held were
compatible with the literature related to the water context in K-12 education. To
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conclude, Ben-Zvi Assaraf et al. (2012) declared that curriculum developers should
take into account the interactions among the water cycle, local environment, and
cultural aspect. They recommended that outdoor learning as well as cultural exchange

opportunities could provide basis for understanding the water system as a whole.

Nam (2012) reviewed the study of Ben-Zvi Assaraf et al. (2012) by interpreting
‘spontaneous mental model’ pertinent to cultural knowledge of Bedouin pupils in
water context. Nam claimed that cultural knowledge accompanied with the history has
potentially an effect on children’s mental models related to the Earth systems. She
believed that Bedouin students’ capacity to grasp working principles of water system
as a sub-system of the Earth system and change in water resources potential related to
climatic factors were culturally inherited to them. Similarly, Korean students have a
potential to understand the water system based on their rich culturally inherited
knowledge. She stated that her level of knowledge was affected by her culture inherited
from her parents. She defended the ideas that even though ancient Korean people did
not have procedural knowledge on the Earth systems’ working principles, they could
be able to infer that a system reacts changes even they are too small. Their inferences
were mainly based on their cultural knowledge as well as their daily life observations.
Nam highlighted that water has many other meanings in her culture besides its natural
forms. For instance, water can sometimes indicate some sentiments like sadness and
value since their ancient people used creeks and other surface waters for travel and
family meetings. Nowadays, the majority of the children in her culture live in the cities
and this makes students’ interactions with the nature limited. Thus, the multiple
meanings of water are started to disappear. In fact, majority of the students do not even
know where their tap water comes from compared to their previous generations. Nam
contended that the way of ‘western science’ learning might weaken nations’ cultural
knowledge on the nature. She stated that spontaneous mental models of Bedouin pupils
did not refer to an opposition of scientific models. Relatively, they were co-existed
with the scientific knowledge that they learned in the school. She criticized that some

of the students’ perceptions in science education are being interpreted as pseudo-
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scientific knowledge and/or alternative conception that needs to be eliminated. She
also recommended two implications. The first one covers a holistic understanding of
the natural system including children’s cultural and historical background because
these might bring an essential data to enhance children’s perceptions related to the
natural systems. The other one is about taking into account children’s beliefs on the
man-nature interactions rooted from their traditions. In this way, we might be able to
reduce conflicts in students’ minds pertinent to western science and their cultural
knowledge. To sum up, the focal point of the water studies in K-12 Education was
knowledge of the learners. Although these studies provided valuable contributions,
there is a need to study the notions of the cultural perspective as well as other construct

that might be interacted with students’ conceptions on water system.
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CHAPTER 4

METHODOLOGY

“She gave me water — gave me- she gave me water!”

(Hunchback of Notre Dame, 1982)

The purposes of this study are to suggest an alternative definition for systems literacy,
to portray the systems literacy of children who completed middle school education in
the water system context, and to identify possible components of systems literacy. This
chapter covers the design of the study, its participants, data collection, data analysis

procedures, and trustworthiness of the study.
4.1 Design of the Study

In this study, two different research, conceptual research and empirical research, were
employed to complete a research cycle and provide an alternative framework for
systems literacy. In this section, both conceptual research and empirical research were
introduced and the rationale for choosing methodologies specific to this dissertation

were provided.
4.1.1 Conceptual Research

As emphasized by Meredith (1993), the cycle of research is an iterative procedure in
which descriptive models are evolving to conceptual framework that needs to be
verified, revised, or invalidated until they are named as theories. In this cycle, Meredith
claimed that conceptual research method, which is primarily based on description and
explanation, could be regarded as an integral part of research cycle and omitting this
part could decrease external validity of research conclusions as well as their
corresponding relevance to specific area of research. Meredith (1993) explained the

purpose of the conceptual research as following: “They lead naturally to synthesizing
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previous research, thus building on earlier studies, and depend heavily on real-world
description, thereby serving as a check on the external validity of our research
findings” (p.11).

There are seven types of conceptual research methods under the three sections as
conceptual models, conceptual frameworks, and theories (Meredith, 1993). Within the
context of the study, philosophical conceptualization and conceptual systems were
employed as conceptual research method compatible with the purposes of the study.
Philosophical conceptualization under the section of conceptual models mainly
combines several studies based on the similar theme, compare similarities and
differences, and extends the studies in a sense. For instance, a researcher could be
either accommodate all the concepts or constructs or add further concepts or
propositions when necessary (Meredith, 1993). In this study, philosophical
conceptualization was used to provide an alternative framework for systems literacy
by (1) comparing some of the context-based literacies such as scientific literacy,
environmental literacy, sustainable literacy, and systems literacy and (2) adding
further concepts, constructs and propositions to the present conceptual frameworks of
systems literacy. In this way, the researcher of the study formed a conceptual model

for systems literacy.

If a conceptual model contains different concepts/constructs within a network of
propositions, then it could be named as a conceptual framework (Meredith, 1993).
Conceptual frameworks are pre-theories having a potential to provide a basis to a
theory. They enable the researchers to grasp the nature of the interactions as well as
provide hypotheses to validate, revise or refute. To promote the explanatory power of
conceptual model of the present study, conceptual systems under the section of
conceptual frameworks were also employed by the researcher. The conceptual system
constructed by the researcher was given under the chapter of findings.

As to construct valid theories, these models and frameworks needs to be empirically

tested and provide reiterations within the research cycle (Meredith, 1993).
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Accordingly, this study included an empirical research to test the conceptual
framework constructed by the researcher. Based on the empirical findings, the
alternative framework of systems literacy in water system context might undergo some
revisions to complete the research cycle and provide implications for the further

studies. In the next section, the details of empirical research were outlined.
4.1.2 Empirical Research

Every research design is attributed to different philosophical worldviews in the
literature (Slife & Williams, 1995). In this study, qualitative research design as an
empirical research was conducted based on pragmatism. Specifically, the researcher
of the study used the pragmatic notions of Merriam (2009), Merriam and Tisdell
(2016), and Patton (1985, 2002). Among the qualitative research methodologies,
multiple case study was chosen. This section summarizes the rationale for selecting

qualitative research design and multiple case study.

As Merriam and Tisdell (2016) highlighted, there are a lot of approaches to describing
what makes a research qualitative. According to them, qualitative research paradigm
covers the systems of approaches and practices being sufficient for data collection and
analysis. The researchers who adopt this paradigm aim to discern individuals’
interpretation of their experiences, perception of their environment, and the way of
making sense based on these two (Merriam & Tisdell, 2016). Patton (1985) mentioned

the aim of the qualitative research as following:

... is an effort to understand situations in their uniqueness as part of a particular context
and the interactions there. This understanding is an end in itself, so that it is not attempting
to predict what may happen in the future necessarily, but to understand the nature of that
setting (p.1).

Compatible with the explanations of Merriam (2009) and Patton (1985), this study
aimed to explore how individuals perceive their environment in the context of the
water system and how they make sense based on their perceptions as well as their

background knowledge. At this point, qualitative research design has a potential to
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provide an in-depth understanding for the nature of systems literacy as well as its
possible components in water system context. Moreover, the characteristics of
collecting multiple forms of data in qualitative research (Merriam & Tisdell, 2016)
enables the researchers to explore the readiness of the participants’ systems literacy in
a comprehensive manner. Correspondingly, qualitative research was selected of the

study.
4.1.3 Case Study as a Specific Methodology

Case study is one of the qualitative research methodologies that constructed on
differing philosophical frameworks (Yazan, 2015). Among them, Merriam and
Patton’s description of the case study was preferred compatible with the philosophical
framework of this dissertation. Merriam and Tisdell (2016) highlighted that “the single
most defining characteristic of case study research lies in delimiting the object of
study: the case” (p.38). According to them, a case can vary from a single person to a
particular group of people as well as it can be a specific program. The key point here
is that the unit of the analysis must be a “bounded system” to be named as qualitative
case study. Merriam and Tisdell did not made a specific distinction between the case
and the unit of the analysis. Correspondingly, the unit of the analysis/the case of this
dissertation were determined as “student”. The context, on the other hand, was

identified as participants’ systems literacy in water context.

Since the unique characteristics of four distinctive cases, the researcher of the study
preferred to use multiple case study. In the Encyclopedia of Case Study Research,
multiple case study was defined as “... refers to case study research in which several
instrumental bounded cases are selected to develop a more in-depth understanding of
the phenomena than a single case can provide.” (Chmiliar, 2010, p.583). Within the
context of the study, four bounded cases were selected to explore participants’ systems
literacy in water context. Each case was chosen based on pre-determined criteria and
these criteria were set to reveal unique characteristics of the cases. This enabled the

researcher to obtain in-depth information about the context. These criteria were given
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in the subsequent section with their rationale. Additionally, multiple case studies need
inherently comparisons among the cases to scrutinize important similarities and
differences as well as the potential elements that illuminate those differences (Patton,
2015). Accordingly, cases of this study were suitable to be compared in terms of
similarities and differences of the cases as well as to examine the possible factors that
constitute systems literacy in water context. Table 4.1 provides a summary of the

research questions, types of research and its specific research methodologies.
Table 4-1

Data Collection Tools and Related Categories in Systems Literacy in Water Context

Research Question Types of Research Method - Methodology
Research

1)What is systems literacy? Conceptual Conceptual Philosophical
Research Models Conceptualization

2)What is the alternative Conceptual Conceptual Conceptual

framework of systems literacy = Research Frameworks  Systems
in water system context?

3)What are the possible factors Empirical  Qualitative Multiple Case
that might interfere with Research Research Study
systems literacy in water

context?

4)What are the readiness levels
of children completing middle
school degree in terms of
systems literacy in water
system context?

4.2 Participants of the Empirical Research

In this section, selection of the participants and description of the participants were
given. In the selection of the participants, sampling strategy and general information

about the participants -or cases- of the study were provided.
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4.2.1 Selection of the Participants

Merriam (2009) reported that purposive sampling technique is used in general in
qualitative studies. As stated by Patton (2015), even though generalization is not
possible in small samples, purposefully selected ones have a great potential to provide
some insight(s) for the further studies since they enable us to acquire in-depth
information of specific cases. They are called information-rich cases (Merriam &
Tisdell, 2016; Patton, 2015). Within the context of the study, qualitative purposeful
sampling was used since it was not intended to generalize the findings of the study to
any population. Instead, “informative” students were planned to be selected because it
was aimed to understand the systems literacy of the students in water context in-depth
and identify possible components of systems literacy. Accordingly, selection criteria
were set before determining the cases who have a potential to maximize the possibility

of selecting “informative” cases.

Patton (2015) suggested several steps for how to conduct purposeful sampling. At first,
researchers must decide which selection criteria are important for choosing the cases.
These criteria should be compatible with the aim of the study and helpful for finding
“informative” cases. While listing the criteria, researcher should also provide their
rationale for these selection criteria. After that, they should specify which purposeful
sampling strategies that they chose. Patton (2015) identified 40 purposeful sampling

strategies classified into eight categories.

The selection criteria were determined as (1) being 9" grade student; (2) enrolling in
different types of high schools; and (3) childhood residence before the high school.
One of the purposes of the study was to portray the systems literacy of children who
completed middle school education in the water system context. Parallel with the
purpose of the study, participants who completed middle school education was
selected. All participants were 9" grade students at the fall semester. The reason for
choosing 9™ graders was based on my prior observations during site visits before data

collection. I explained the rationale in detail under the section of “Pilot Study”.
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For the selection of the schools, | purposefully included different types of high schools.
In the sample of the study, I included both public and private high school students. |
also included cases from science high school and social science high school to provide
variability among the cases. Last criterion for the sampling was their childhood
residence before high school to determine whether students’ systems literacy may
interact with their everyday experiences in their hometown. | delimited childhood
residence in terms of water context since systems literacy was traced in water context
in this study. Accordingly, participants were chosen living in different places such as
coastal city, inland city, or any waterfront area (i.e., riverside) to examine whether
their systems literacy interacted with their interactions with water or not and how these
interactions might shape their systems literacy in water system context. In short, there
were three selection criteria and they determined by the researcher before the data

collection.

Among the purposeful sampling strategies, matched comparisons was selected which
belongs to the comparison-focused sampling category. Matched comparisons was
defined by Patton (2015, p.405) “Studying and comparing cases that differ
significantly on some dimension of interest to understand what factors explain the
difference”. Within the context of the study, four cases were differing in the types of
the high school and childhood residence before the high school. Two participants were
from two different public high schools, whereas two of the other participants were
from two different private schools. Besides, two of the participants were living an
inland city, whereas the other participants were coming from seaside and riverside.
These selection criteria were determined to understand their potential to explain the

differences in participants’ systems literacy in water context.
4.2.2 Descriptions of the Participants

In this section, participants were introduced to the readers. Along with three selection
criteria given above, their gender, achievement level based on their percentile in the

national high school entrance exam scores, some indicators for parental socioeconomic
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status, their notion of sustainable development, and extracurricular activities that they
participated in were collected to provide thick description for them.

As reported in the Turkish Ministry of Education (2018), while socioeconomic status
is positively correlated with achievement level, it has also an indirect effect on
students’ academic background and sociocultural environment. Within the context of
this study, parental socioeconomic status was included to examine its potential, if any,
on students’ systems literacy in terms of functional, cultural, and critical manner.
During the data collection, it was not asked students directly their parental
socioeconomic status. Instead, their national high school exam scores (Thomson,
2018), parental occupation (Galobardes et al., 2006) and parents’ level of education
(Aarg et al., 2009) which are three of the potential indicators for parental
socioeconomic status were collected. Furthermore, participants’ notion of sustainable
development was also asked since sustainable development and principles of systems
science are correlated concepts (Hjorth & Bagheri, 2006). Last, extracurricular
activities that students participated in were also asked. | delimited the term of
extracurricular activities with the keywords “water” and “system” which are related to

the purposes of the study. The summary of these data was summarized in
4.3 Data Collection of the Empirical Research

In this section, data collection tools and data collection procedures used in empirical
research were reported. As simplified by Merriam and Tisdell (2016), data forms like
words and/or phrases are called as qualitative data, whereas numbers are considered
as a form of quantitative data. Within the context of the study, qualitative data were
collected from the cases based on multiple data collection tools. In addition to
qualitative data, quantitative data were also produced to organize and visualize some
of the qualitative data. Categories of systems literacy were formed through the data
collection tools which was summarized in . Please note that all data
collections tools were complementary to each other. That is to say, each data collection

tool did not reveal fully the codes within the categories. For instance, there are five
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codes within the category of “General Characteristics of Water” in FSL. While two of
them were included in the conception test, the remaining three categories may emerge

either during the interview or the drawing task.
4.3.1 Data Collection Tools

In this section, data collection tools were introduced. Accordingly, conception test,
drawing tasks as researcher-generated documents, reading task based on a real story,
and semi-structured interview were introduced. Validity evidences for the data

collection tools will be given under the section of “Pilot Study”.
4.3.1.1 Conception Test

Conception test involves 10 question sets in the form of four-tiered multiple-choice
items to explore students’ system literacy in water context. Each question set was
composed of four sub-questions. The first and third questions were related to content
knowledge and reasoning for students’ content knowledge. The second and fourth
questions were related to their level of confidence rating. Some of the questions were
adopted by Schaffer’s study (2013). In the conception test of this study, the first four
set of questions (Q1- Q4) were adopted from Schaffer (2013). They were transformed
into four-tiered test, added a blank alternative for the first and third sub-questions for
each set. Further alternatives to the questions (Q1 and Q3) were also added based on
the findings of the pilot study. The other questions were used as it was in the original
version (Q1 and Q4). The rest of the question sets were written by the researcher based
on the findings of the pilot study. The aim of the test was to classify students’
knowledge as (a) scientifically correct; (b) false negative; (c) false positive; and (d)
alternative conception/ misconception. False negatives refer to the incorrect responses
based on correct, scientific explanations (Hestenes & Halloun, 1995). False positives,
on the other hand, refer to the correct responses based on an incorrect explanation
(Hestenes & Halloun, 1995). The conception test and its answer key were available in
Appendix A. listed the misconceptions and correlated categories of FSL in

water context.
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Table 4-3

Data Collection Tools and Related Categories in Systems Literacy in Water Context

Data Collection
Tool

Elements of
Systems Literacy

Categories of System Literacy

Conception Test

First Drawing
Task

Second Drawing
Task

Reading Task
Based on a Real
Story

Semi-structured
Interview

Functional Systems
Literacy

Functional Systems
Literacy

Cultural Systems
Literacy

Critical Systems

Literacy

Functional Systems
Literacy

Cultural Systems
Literacy

Critical Systems
Literacy

General Characteristics of Water

Power Sources of Water Cycle
Relationship between the Earth Systems

General Characteristics of Water

Power Sources of Water Cycle
Components and Processes of Water Cycle
Relationship between the Earth Systems

Components of Local Water System
Relationship between LWS and (Sub)systems

Dynamic Nature of Water System
Causal Dynamics and Feedback Loops
Complexity of Water System

General Characteristics of Water

Power Sources of Water Cycle
Components and Processes of Water Cycle
Relationship between the Earth Systems

Components of Local Water System
National Water Resources
Relationship between LWS and (Sub)systems

Dynamic Nature of Water System

Causal Dynamics and Feedback Loops
Evolutionary Processes in the System
Complexity of Water System

Beliefs about Water Use

Self-efficacy towards Efficient Water Use
Motive Concern

Action Strategies for Efficient Water Use
Emotional Response

Motivational Orientation for Sustainable Water
Use
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4.3.1.2 Researcher-Generated Documents

Merrim and Tisdell defined the researcher-generated documents as (2016, p.174)
“...are documents prepared by the researcher or for the researcher by participants after
the study has begun. The specific purpose for generating documents is to learn more
about the situation, person, or event being investigated.” Within the context of the
study, two drawing tasks were requested from the participants to acquire visual

documents for triangulating data of their systems literacy in water context.

All drawing tasks were completed in the first session of the data collection. The first
drawing task was about drawing a water cycle. Second drawing was drawing the local
water system that participants live in. When the drawing part completed, the researcher
asked further questions related to their drawing. In both drawing sessions, students are
allowed to modify their drawing whenever they want. The drawing tasks, their content,

aim, and the corresponding types of systems literacy were summarized in Table 4-5.
1.2.1.1 Interviews

Merriam and Tisdell (2016) emphasized that interview data is a useful data forms to
get in-dept information in case studies. Patton (2015) described the aim of interviews
as to get information from people that we cannot directly observe. As the purposes of
this study included unobservable constructs, the primary data collection tool was semi-
structured interview. Participants’ responses on the other data collection tools were
also elaborated via interviews. This enabled the researcher to acquire in-depth

information of students’ systems literacy in water context.
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Table 4-4

Conception Test Question, Content of The Misconception, and Categories in FSL

Question Content of the Categories/Codes in FSL Source
Alternative Conception
/ Misconception
Q1 Storage of most of the General Characteristics of Schaffer, 2013
water on Earth Water- Quantity of Water
Q3 Change in total amount General Characteristics of Schaffer, 2013
of water on Earth Water- Cyclic Nature
Q7 Starting/ending point of ~ General Characteristics of Pilot Study
the water cycle Water- Cyclic Nature
Q2,Q5,Q8  The power sources in Power Sources of the Water ~ Schaffer, 2013
the water cycle Cycle (Q2)
Dutton, 2015
(Q5)
Pilot Study
(Q8)
Q4 Cloud Formation Relationship between the Schaffer, 2013
Earth Systems- Hydrosphere-
Atmosphere
Q6 Cloud Formation Relationship between the Pilot Study
Earth Systems- Hydrosphere-
Atmosphere
Q9 The relationship Relationship between the Pilot Study
between global warming  Earth Systems- Hydrosphere-
and water cycle Anthroposphere
Q10 The relationship Relationship between the Pilot Study

between water cycle and
climate change

Earth Systems- Hydrosphere-
Anthroposphere
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Semi-structured interview which is one of the type of interviews by structure (Merriam
& Tisdell, 2016) was chosen. Semi-structured interviews presumed that every
individual has its own understanding and express these understandings in their own
way. Accordingly, the questions are constructed as open-ended considering these
variations among the participants. It also includes structured questions because there
Is also some specific information that needs to be collected from the participants. This
structure guided the researcher to monitor the flow of the interview based on the
responses of the participant. There were four phases in the interview given in the

subsequent sections.
4.3.1.2.1 Phase 1: Interview on First Drawing Task

In this phase, semi-structured interview was conducted after completing the first
drawing task which was about the water cycle. As given in the aim of the
first drawing task was to examine students’ diagram on water cycle to portray their
FSL in water context. To provide in-depth information on their FSL, the first phase of
the interview was constructed. There were four structured interview questions that
guided the interview. Some other sub-questions were added during the interview based
on the participant’s responses. These four questions, their aims, and their correlated

categories by means of FSL were given in Table 4.6.

1.2.1.1.1 Phase 2: Interview on Second Drawing Task

In this phase, the notion about their local water system was elaborated after completing
the second drawing task. As given in Table 4-5, the aim of the second drawing task
was to examine students’ diagram on local water system to depict their CUSL in water
context. To acquire in-depth information on their CUSL, the second phases of the
interview was prepared. There were eight structured interview questions that guided
the interview. Some other sub-questions were added during the interview based on the
participant’s responses. These eight questions, their aims, and their correlated
categories by means of CUSL were given in Table 4.7.
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4.3.1.2.2 Phase 3: Interview on Critical Systems Literacy in Water Context

To provide in-depth information on the critical systems literacy in water context, semi-
structured interview protocol was constructed by the researcher. The types of the
interview questions were mainly experience and behavior questions, opinion and
values questions, feeling questions, and knowledge questions (Merriam & Tisdell,
2016) congruent with the purposes of the study. There were 15 interview questions
that guided the interview process. Some other sub-questions were added during the
interview based on the participant’s responses. These 15 questions, their aims, and

their correlated categories by means of CRSL were given in Table 4.18.
4.3.1.2.3 Phase 4: Interview on Reading Task Based on a Real Story

In the last part of the second session, a real story was given to the participants.
Accordingly, the researcher asked some questions related to the story to collect some
indicators related to their critical systems literacy. Reading task was revised by the
researcher based on a local story available online (Ayman, 2016) about the effects of

climate change on the water system.

The issue of climate change in that story included some hints about dynamic nature of
the water system, and the layers of complexity in a narrative and implicit way. After
simplifying and revising the reading task, semi-structured interview protocol was
prepared. The interview questions were written to reveal participants’ notion on the
dynamic nature of the systems, causalities and feedback loops, and complexities in the
water system. The reading task was given in Appendix B. Interview questions and their
categories were given in Table 4.9.
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Table 4-6

Interview Questions, Aims, and Categories of FSL — First Phase

Translation of the Interview Aim of the Categories/Codes of Source
Questions Question CUSL
Q1- How do water cycle occurin - To get in-depth e General Characteristics  *Ben-Zvi
your drawing? * information ontheir  of Water Assaraf &
Possible sub-questions: ** understanding  on - Quantity of Water Orion
the working - Cyclic Nature (2010)
- How clouds form? principles of water - Water and Living ** Pilot
- Could you please elaborate cycle Organisms Study
the process of 2 e Power Sources of Water
- Cycle
- Iseeyouincluded o Components of Water
in your drawing. Could System
you please explain your e Processes of Water
rationale? System
¢ Relationship between the
Earth (Sub)Systems
Q2- Is there any starting/ending To get in-depth e General Characteristics Ben-Zvi
point in this cycle? information ontheir  of Water Assaraf &
Possible sub-question: understanding  on - Cyclic Nature Orion
cyclic nature of the (2010)
- Could you explain what water
your rationale is to identify
as a starting/ending
point?
Q3- What can be the power To elaborate their e General Characteristics Pilot Study
sources for maintaining the water  understanding  on of Water
cycle? power sources of - Power Sources of the
the water cycle Water Cycle
Q4- Is there any system that To explore how do e Relationship between the Dutton
interacts with the water cycle in participants explain Earth (Sub)Systems (2015)
your drawing? possible
interactions among
the elements of

water system

4.3.2 Data Collection Procedure

Data were collected during the fall semester of 2019-2020 academic year. Participants

from the public schools were chosen based on the collaboration of school principals.
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They provided necessary information for the selection of the participants based on
given criteria. On the other hand, participants from private high schools were not
chosen from the schools. They were selected purposefully among the available
participants in researcher’s network who met the criteria summarized above. All
participants and their parents were informed about the purpose of the study. These

details are given under the section of the “Ethical Considerations”.

We worked with participants in two sessions. All interviews were face-to-face format
and the researcher was the only interviewer to conduct the interviews. In the first
session, each interviewee completed the first drawing task which is about drawing a
diagram of natural water cycle. Then, the researcher asked them to explain their
drawing and requested extra information related to their notion on water cycle. After
completing this task, they filled out the conception test. The order of the first session
was followed in all cases since conception test may give some hints about the first
drawing task. Consecutively, second drawing task was started which is about
depicting participants’ local water system. At this point, some of them requested a
definition for “what does a system mean?” After the introduction of the system, second
drawing task was started. Unlike the first drawing, we were talking about their local
system while they were drawing it. Throughout the questions, they added or modified
some parts in their drawing. The first session took approximately 50 minutes including

drawing tasks, conception test and interviews.
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Table 4-7

Interview Questions, Aims, and Categories of CUSL — Second Phase

Translation of the Aim of the Question Categories/Codes  Source
Interview Questions of CUSL
Q1- What are the To get in-depth information ~ Components of Pilot Study
components of your local whether participants LWS
water system in your identify major components
drawing? in their local water system
Q2- Could you please To get in-depth information ~ Water Supply Covit et
explain where water comes on their understanding Network (WSN) al., 2009
from to your home? about where water comes - Components Pilot Study
Possible sub-question: from to their home - Processes
- Where does water come
from to the storage
tank/pipes/treatment
plant/ dams?
Q3- Could you please To elaborate whether Sewerage System  Covit et
explain where wastewater participants explain where - Components al., 2009;
go/discharge after domestic ~ wastewater go/discharge - Processes Ben-Zvi
use? after domestic use Assaraf &
Orion
(2010)
Q4- Do you know which To explore whether the Local Water Pilot Study
water resources are used in participants Resources (LWR)
your hometown? identify/exemplify water
resources in their hometown
Q5- Do you know the To identify whether the Local Water Pilot Study
specific names of the water participants list water Resources
resources in your resources in their hometown - Names of LWR
hometown?
Q6- Is there any other To get in-depth information  Relationship Ben-Zvi
system that interacts with whether participants explain  among Local, Assaraf &
your local water system in interactions among the National, and Orion
your drawing? elements of local water Global (2010)
system (Sub)systems
Q7- For what purposes do To get in-depth information e  Relationship ~ Pilot Study
living organisms use water whether participants explain among Local,
resources in your interactions among the National, and
hometown? elements of local water Global
system (Sub)systems
e Local Water
Resources-
Functions of
LWR
Q8- What do you think To explore whether the National Water Pilot Study

about Turkey’s water
resources potential?
Possible sub-question:
- Is Turkey one of the
water-rich countries?

participants are aware of
that Turkey is not a water-
rich country

Resources-Current
State of NWR
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Table 4-8

Interview Questions, Aims, and Categories of CRSL — Third Phase

Translation of the Interview Questions

Aim of the Question

Categories of FSL /
CRSL

Q1- Where do you see the living organisms

within the water system?
Possible sub-questions:

- What could be their possible effect(s) to

the water system?

- How could you classify these effect(s)?
Positive or negative?
- What could be the reason(s) for being
neutral/ineffective in water system?

Q2- Where do you see the human being(s) within

the water system?
Possible sub-questions:

- What could be their possible effect(s) to
the water system? (If some of these
keywords were stated, Q5, Q6, and Q7 will
be asked: unconscious use, depletion of

water resources)

- How could you classify these effect(s)?
Positive or negative?
- What could be the reason(s) for being
neutral/ineffective in water system?

Q3- Where do you see yourself within the water

system?
Possible sub-questions:

- What could be your possible effect(s) to

the water system?

- How could you classify these effect(s)?
Positive or negative?

- What could be the reason(s) for being
neutral/ineffective in water system?

Q4- What is your emotional response when you
consider the effects of people/yourself on water

system?
Possible sub-questions:

- What could be the reason(s) for your
emotional responses?

To get in-depth
information whether
participants identify the
role of living organisms
in the water system

To get in-depth
information whether
participants explain the
effects of human beings
in the water system

To elaborate whether
participants identify the
role of his/her daily life
activities in the water
system

To explore whether the
participants identify any
emotions associated
with human effect on
water system and
analyze the reasoning
behind those emotions

FSL-Theme: Basics of
Water System
e General
Characteristics of
Water
- Water and
Living
Organisms
e Components of Water
System

CRSL-Theme 2:
Invisible Elements of
Human System
o Beliefs on Water Use
- Collective use
of water
- Sources of
beliefs

CRSL-Theme 2:
Invisible Elements of
Human System
e Beliefs on Water Use
- Self-use of
water
- Sources of
beliefs
o Self-efficacy towards
Efficient Water Use

CRSL-Theme 2:
Invisible Elements of
Human System

o Emotional response
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Table 4.8 cont’. d

Translation of the Interview Questions

Aim of the Question

Categories of FSL /
CRSL

Q5- You mentioned that water had cyclic
nature. So, how would the water cycle be
affected when we use it unconsciously?

Q6- How would unconsciously use of water
affect the water system?

Q7- If the total amount of water is almost
constant on Earth, why do we concern about
the depletion of the water resources?

Q8- What could be the importance of
maintaining the water system?
Possible sub-question:
- Could you please explain your rationale?
- How could the water system react when
it encounters a problem?

Q9- What would you predict about the future
scenario of your local water system?

Q10- What would you predict about the future
scenario of global water system?

Q11- Have you ever heard about the term
“hidden use of water?”
Possible sub-question:
- Could you please describe it?
- Have you ever heard about the term
“water footprint?”
- Could you please exemplify the amount
of water spending for a product(s)?
- Which one of the products that you listed
had the highest amount of water?

To identify whether the
participants predict the
consequences of
unsustainable human
activities in water
system

To explore whether the
participants identify the
importance of
maintaining water
system

To explore whether the
participants identify
that water system and
its subsystems are
evolving

To explore whether the
participants
- identify hidden
use of water
- explain hidden
use of water

CRSL- Theme 1:
Advance Mechanisms
in Water System
¢ Dynamic Nature of
Water System
o Causal Dynamics
and Feedback Loops
o Complexity of
Water System
- Interruptions in
the Water
System
- Layers of
Complexities

CRSL-Theme 2:
Invisible Elements of
Human System
e Motive Concern
FSL-Theme: Basics of
Water System
e General
Characteristics of
Water
- Relational
Responsiveness

CRSL - Theme 1:

Advance Mechanisms

in Water System

e Evolution of Water
System

CRSL - Theme 1:
Advance Mechanisms
in Water System
o Complexity of
Water System
- Interruptions in
the Water
System
- Layers of
Complexities
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Table 4.8 con.t

Translation of the Interview Questions

Aim of the
Question

Categories of FSL / CRSL

Q12- Please think about an average day of yours.
In which activities do you spend water?
Possible sub-question:

- Ifthe participant was familiar with the
term ‘hidden use’: \What about your
hidden use of water in a day?

- Let’s think about a product that you
consume in a day, i.e a hamburger. Is it
possible to spend water to produce a
hamburger?

- In which procedures of hamburger
production could be spent water?

- Who is/are responsible for this water
consumption to produce a hamburger?

- Could you please explain your rationale?

Q13- Have you ever heard about the term
“sustainable use of water”? (If (s)he did not,
‘efficient use of water’ will be used instead of
sustainable use of water for the next questions)

Q14- Could you please share if you had any
specific goal for sustainable/efficient use of
water?
Possible sub-question:
- What is your rationale for using water
sustainably/efficiently?
- What are your specific strategies to
achieve this goal?
- Could you please share your rationale on not
having a goal for using water
sustainably/efficiently?

Q15- Do you have any motivation to use water
sustainably/efficiently?
Possible sub-question:
- What are the reasons that motivates you to
use water sustainably?
- Could you please explain your state of
amotivation towards sustainable use of
water?

To elaborate whether
participants
- identify the role
of his/her daily
life activities in
the water system
- explain hidden
use of water

To get in-depth
information whether the
participants
- setagoal relative
to understanding
sustainable water
use
- monitor how well
he/she is using
water efficiently
based on his/her
goal
- identify and
defend his/her
accuracy about
using water
efficiently based
on his/her goal
- decide which
human activities
are contributing
to sustainable
water use

To elaborate whether
participants identify
his/her level of
motivation towards
sustainable water use

CRSL-Theme 2:

Invisible Elements of

Human System

o Action Strategies for
Efficient Water Use

CRSL-Theme 2:

Invisible Elements of

Human System

e Beliefs on Water Use

- Self-use of
Water

o Self-efficacy towards
Efficient Water Use

o Action Strategies for
Efficient Water Use

CRSL-Theme 2:

Invisible Elements of

Human System

e  Motivational
Orientation for
Efficient Water
Use
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Table 4-9

Interview Questions of Reading Task, Aims, and Related Categories in CRSL

Translation of the
Interview Questions of
Reading Task

Aim of the Question

Types of System Literacy
and Its Specific Categories

Q1- What does the story tell
us?

Q2- What are the
components of the water
system in the story?

Q3- What can be the sources
of the failures in the water
system?

Q4- It was mentioned that
seasons come earlier than
before in that area. What
could be the possible
reason(s) for it?

Q5- Which element(s) of the
water system could possibly
be affected by the seasonal
anomaly?

Q6- Is it possible to revert
the  changes  occurred
because of the seasonal
anomalies?

Q7- If you were one of the
local people, how would you
feel about what happened?

To check whether the story is clear to
the participant

To reveal whether participants
identify the components of water
system in the story

To examine how the participants

- explain the interactions among
three or more components

- identify issues related to human
effect on water system

- predict the consequences of
detrimental changes in water
system

- identify the climate change as a
dynamic and complex issue
within the water system

- identify the importance of being
a part of system as a human
being

To explore how the participants
- identify major components and
processes in water system
- explain interactions among the
elements of water system

To examine how the participants
- predict the consequences of
detrimental changes in water
system
- state that water system and its
subsystems are evolving

To examine how do participants
express their emotions associated with
human effect on water system

FSL - Components of Water
System

CRSL - Dynamic Nature of
Water System

CRSL - Causal Dynamics
and Feedback Loops

CRSL - Complexity of
Water System

FSL - Components of Water
System

FSL — Processes in Water
System

FSL — Relationship between
the Earth (Sub)systems
CRSL - Causal Dynamics
and Feedback Loops

CRSL- Complexity of
Water System

CRSL- Evolution of Water
System

CRSL- Emotional Response

Before the second session, the researcher examined their conception test results as well

as their drawings and responses to add some additional questions if it is necessary. In
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the second session of the data collection, a semi-structured interview was conducted
to depict their mental model on water system as well as their presumptions of their
own water consumption behavior. After completing this part, a reading task about a
real story - water system in a village- was given to the participants. Then, additional
interview questions were asked related to this story. This second session lasted
approximately 45 minutes.

Demographic information was taken from the participants during the different
instances of the interviews. Both sessions were completed in the same conditions.
Environmental conditions were checked before the sessions ensuring that light, air
conditioning, and temperature are suitable for the data collection. All data collection

processes were audiotaped by courtesy of the participants.
4.4 Pilot Study

Merriam and Tisdell (2016) emphasized that conducting a pilot study provides fruitful
information for the researchers about their study. The authors also suggested that data
collection, analysis, and lessons learned from the pilot studies should be reported. To
test the data collection tools and their compatibility with the research questions,
improving the codebook, and training myself as an interviewer, | conducted a pilot
study at the end of the spring semester of 2017-2018 academic year. In this section, |
reflected the construction phases of data collection tools, expert opinions and

revisions, data collection of the pilot study, and lessons learned from the entire process.
Preparation of the Data Collection Tools

Data was collected during the pilot study through a paper-pencil test, a drawing task
related to the water cycle, and an interview protocol. Before the construction of the
data collection tools, three steps were followed to frame the context of the study. The
first step was compiling a literature review chapter on scientific, environmental, and
sustainability literacy, systems thinking, and specific studies related to water context

in middle school level. This part enabled the researcher to (1) suggest an alternative
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definition for systems literacy; (2) have a rudimentary idea about possible components
of systems literacy; and (3) frame systems literacy in water context for the middle
school graduates. Then, national science textbooks and its specific objectives (MoNE,
2018) related to water context were listed from the 3 and 8" grade level. This step
provided the researcher to see what an individual would be able to learn after
completing the middle school degree. As a final step, all the questions within the data
collection tools were refined by using the taxonomy of Marzano and Kendall (2008)
since this taxonomy provides an in-depth information on individuals’ declarative and
procedural knowledge. Besides, this taxonomy also covers cognitive, metacognitive,
and self-system which enabled to write a wide range of questions to understand the

nature of the systems literacy in water context.

Conception test involved 20 questions in the form of multiple choice, matching, short
answer, true-false items, and open-ended questions to explore participants’ functional
system literacy in water context. For the first 14 questions, an answer key for multiple-
choice questions and rubrics for restricted-response essay questions were prepared.
The nature of the other six questions could have more than one answer; therefore, no
rubric was constructed for them. The content of the conception test was determined
based on three steps summarized above. On the other hand, drawing task was about
drawing a diagram of natural water cycle to provide another indicator for participants’
FSL in water context. The semi-structure interview protocol included 17 questions to

reveal participants’ cultural and critical systems literacy.

The draft versions of data collection tools were sent to four reviewers to have expert
opinions providing an indicator for content-related validity evidence. The researcher
prepared an information sheet for the experts to explain the purposes of the study and
atemplate to enable them to give their feedback in a standardized format. One assistant
professor and one Ph.D. candidate who have experience on teaching and assisting the
course of ‘Measurement and Assessment in Education’ were reviewed the questions
in the data collection tools. They were also quite familiar with the framework of

Marzano and Kendall (2008). They provided useful feedbacks on (1) compatibility
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between the objective and the question, (2) selecting appropriate forms of test items,
(3) suitability of the rubrics, and (4) alternatives in multiple-choice items (including
distracters). Except from these experts, one professor and one associate professor
reviewed the data collection tools in terms of its content and compatibility with the
grade level. These reviewers’ research interests were mainly ESD in science education
and they had studies published in international and national journals. After the

feedbacks, the data collection tools were refined.
Data Collection Procedures in Pilot Study

Data was collected during the pilot study by means of conception test, drawing task,
and semi-structured interview. Conception test was administered to 358 eight-grade
students in five schools from four different states in Ankara. Students from both rural
and urban areas were included the study. The analysis of the conception test’s
responses served two purposes: (1) to provide an indicator for participants’ FSL in
water context and (2) to contribute to preparing a comprehensive codebook derived
from open-ended questions. On the other hand, I interviewed six students (3 males, 3
females). | selected them from the same school in which | spent considerable amount
of time in this school. I was one of the committee members that arrange extracurricular
events related to science, mathematics, and English in that school on the weekends.
The reason | chose this school is that | had prolonged engagement in there and school
principals as well as teachers provided me necessary information for the selection of
the potential participants. All the interviewees were voluntarily participated into the
pilot study. As Merriam and Tisdell (2016) denoted, pilot interviews are very
important for testing the interview questions and training the interviewers. Based on
the responses of pilot interview, | revised some of the questions in terms of wording
and added more questions for the main study. What is more, | also had a chance to talk
about the conception test with the participants. They provided me useful feedbacks too
for revising the conception test. Last but not least, | trained myself during the

interviews in terms of (1) wait time, (2) being less anxious, and (3) less judgmental to
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the responses of the participants. In short, pilot study sharpened my skills on item

construction as well as being a better interviewer.
Lessons Learned from the Pilot Study

After the analysis of the pilot study was completed, several changes and revisions were
made based on the lessons that I learned during the process. Some additional items
were appended, some were removed and some of them were revised to increase clarity.

These changes were elaborated under the three elements of systems literacy.

When the findings of the pilot study within the context of functional systems literacy
were assessed to design the next stage of the study, I detected some limitations. First,
conception test, drawing, and interview protocol covered many aspects of water
system based on the general principles of systems science. However, some alternative
conceptions were appeared in students’ responses and the aim of the pilot study was
not compatible to explore them in detail. Therefore, from the findings of the pilot
study, it was not clear whether the responses are derived from lack of knowledge, in-
situ answers or misconceptions. To overcome this limitation, I modified conception
test as four-tiered test which classified answers as (1) true, (2) false positive, (3) false
negative, and (4) misconception. This conception test was elaborated based on the
responses of 358 students as well as the literature (e.g. Schaefer, 2013). What is more,
| increased the number of interview questions related to the functional to interpret
participants’ functional systems literacy in detail. I also modified the interview
questions so that | would be able to detect whether they produced the answer in-situ

or had resistant misconceptions.

When the findings of the pilot study in terms of cultural systems literacy were
examined, | made some revisions for the next stage of the study. First, | removed some
of the questions from the conception test since they were not as informative as it was
intended. Then, I modified the context of drawing section for the next stage of the
study. In the pilot version, students first drew water cycle and then explained their

drawing. While these steps provide useful information about how participants perceive
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both water cycle and water system as a whole, it did not give information about their
cultural literacy. Hence, | decided to add a second drawing task related to their local
water system that they live in. Consecutively, | also added interview questions related

to their second drawing task to cover cultural systems literacy in-depth.

Based on the lessons learned from the pilot study, | decided to revise the parts that
encompass the critical systems literacy. Some of the advance mechanisms of the water
system were complicated to be interviewed explicitly. For example, the terms dynamic
nature, feedback loops, and complexity of the water system were unfamiliar to the 8™
graders. Alternatively, | decided to include a real story about a local water system so
that we could be able to talk about these terms in an implicit manner. Before the pilot
study, I had assumed that participants learn “sustainable development” in the 8" grade
and we would be able to talk about sustainable water use. However, | experienced that
they were not familiar the term that I imagined. Hence, I decided to use “efficient use
of water” in the main study when I detected that the participants did not know about

sustainable development as well as sustainable water use.

As | said earlier in this chapter, | decided to include participants from 9" grade
students. The reason for choosing 9™ graders was based on my observations during the
pilot study. The last chapter related to water in the middle school science curriculum
was at the end of the spring semester in 8" grade. As they would have national high
school entrance exam at the end of the semester, they did not come to schools to study
the exam in those days. Thus, participant selection from 8" graders would be limited
and might not provide in-depth data for the main study. Accordingly, | chose 9" grade
students at the fall semester to study since the first semester of the high school curricula
does not contain the concept of water within the context of natural systems which
might interact with participants’ systems literacy. Accordingly, I changed the grade
level and time interval within the purpose of the study.
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4.5 Data Analysis

In this study, data analysis was conducted for both conceptual and empirical research

parts. In the subsequent sections, data analysis in each part was summarized.
45.1 Data Analysis in Conceptual Research

Patton (2002) basically described content analysis as analyzing written documents. In
this dissertation, | used content analysis technique to summarize key points of the
previous studies within the context of conceptual research. Accordingly, key previous
studies on context-based literacies as well as systems thinking studies in educational
context were analyzed through content analysis. Similarities and differences were
portrayed. Possible integrations of the concepts and constructs to the context of
systems literacy were determined. Summary of the studies, their similarities,
differences, and possible integrations to the framework of systems literacy were given
in the chapter 2, A Critical Literature Review on the Needs for Systems Literacy. On
the other hand, proposed conceptual framework of systems literacy will be given under
the chapter of findings.

4.5.2 Data Analysis in Empirical Research

The conception test, drawing tasks and interviews were used as multiple data sources
within the context of the study. Conception test’s responses were coded as correct
response, false positive, false negative, lack of knowledge, and alternative conception
based on the different combinations of the responses. These combinations were
provided in the answer key available in Appendix A. On the other hand, qualitative
data analysis was started with simultaneously with the data collection, data analysis
proceeded iteratively throughout the research. For instance, | conducted the first
session of the data collection. During the interview, | took some notes about my
reflections. Before the second session of the data collection, | transcribed the first
session’s interview verbatim, read conception test, wrote my memos, and determine

some additional questions if there are unclear points in participant’s responses. During
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the transcriptions and writing memos, rudimentary analysis took place along with the
data collection (Merriam & Tisdell, 2016). Following the second session, | finished
the transcriptions, | stored all data sources as a hardcopy and | also uploaded them on
a cloud storage site. | repeated the same procedures for all participants for managing
data efficiently. I transcribed all the interview by myself because | agree with Patton
(2002) that transcription made by researcher enable his/her is beneficial for (1)
bridging over data collection and data analysis, and (2) getting immersed in your own
data. 1 used a free website for an efficient transcription where you can lower the speed
of the interview to write the conversations simultaneously. Besides, | used pseudo

names for the participants during the transcriptions for ensuring anonymous.

Multiple data analysis techniques were employed within the context of the study. As
this was a multiple-case study, within-case and cross-case analyses were used (Patton,
2015; Merriam & Tisdell, 2016) to gain deeper understanding on the cases and explore
similarities and variations among them. | used content analysis to generate codebook.
Last, | used enumerative approach to produce interaction maps among the categories
of the systems literacy. | explained them in detail in the subsequent sections. The data

analysis was summarized in Figure 4.1.
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Figure 4.1

Data Analysis Techniques Used in the Study

)

( .
« to gain deeper
understanding on the
cases

«explore similarities
and variations among
the cases

Within-
(OF:1:]
Analysis

Cross-Case
Analysis

Enumaretive
Approach w

Content
Analysis

«to portray similarities
and differences in the
previous studies

+to generate codebook

«to produce interaction
maps among the
categories of the
systems literacy

J (

45.2.1 Content Analysis to Generate Codebook

Another purpose of the content analysis is to seek understanding in voluminous
qualitative data by forming possible themes and categories (Patton, 2015). Whereas
content analysis is used in any qualitative study that includes inductive analysis
(Merriam, 2009), it can be also integrated into specific qualitative methodologies such
as in case studies (Patton, 2002). In this dissertation, | also used content analysis
technique for constructing the codebook for systems literacy in water context since it

enabled me to use both inductive and deductive coding during the data analysis.

Before the data collection, | determined sensitizing concepts which was considered as
an inductive process (Blumer, 1969; Patton, 2015). In a broader sense, sensitizing
concepts refers to the concepts based on “social science theory, the research literature,
or evaluation issues identified at the beginning of a study” (Patton, 2002, p.456).
Sensitizing concepts differs from the definitive concepts in a way that they provide
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general frame (Patton, 2015) and “directions along which to look (Blumer, 1969, p.
148). Accordingly, I determined three sensitizing concepts as “functional systems
literacy”, “cultural systems literacy”, and “critical systems literacy” based on my
preliminary literature review on systems science, general literary studies, and previous
studies on systems thinking in educational context. Consecutively, I conducted the
pilot study and its content analysis included both inductive and deductive coding.
During the pilot study, I employed an inductive coding strategy to explore possible
themes, categories, sub-categories, and codes within the context of these three
sensitizing concepts. Simultaneously, | examined the literature review that | had done
before to decide the accommodation of the categories. Hence, pilot study includes both
inductive and deductive coding. In the main study, content analysis was realized as
mostly deductive. Some minor adjustments were done to refine the codebook. All data
in this dissertation were content analyzed to generate a comprehensive codebook (see
Appendix C) for the systems literacy in water context. revealed the route
of the content analysis. summarized elements of systems literacy and their

correlated themes and categories.

Table 4-10

Phases of Data Collection and Coding Strategies

Phases of the Data  Steps Followed during the Phases Coding Strategies
Collection
Exploratory Phase Reviewing Previous Studies Inductive
Determining Sensitizing Concepts Deductive
Pilot Study Phase Analysis of the Pilot Study Inductive
Revisiting the Literature Deductive
Main Study Phase Analysis of the Main Study Mostly Deductive +
Minor Inductive
Adjustments

4.5.2.2 Within-Case and Cross-Case Analysis

Multiple case studies generally have two phases as within-case and cross-case
analyses (Merriam & Tisdell, 2016; Patton, 2015). At first, each case is analyzed as if
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they are the single comprehensive case. After the within-case analysis is finished,
cross-case analysis is employed to explore the variations among the cases (Patton,
2015). Based on the order of the analyses suggested above, I firstly conducted within-
case analysis. Consecutively, | used cross-case analysis to understand the variations

within the responses of the participants.
4.5.2.2.1 The Data Analysis of Functional Systems Literacy

To portray their functional systems literacy, | inspired from a conventional scoring
rubric. As the purpose of this study is not assess the achievement level of the
participants, | traced fully correct statement(s), partially correct statement(s), and
incorrect statement(s) in their responses and modified the conventional rubric and
named it as ‘Summary Table of Elements of Systems Literacy’. In this summary table,
I also integrated Taber’s ‘The Inclusive View” model (2008) and Marzano and
Kendall’s (2008) descriptions for different types of knowledge into the summary table
for (1) differentiating the types of knowledge of the students as declarative and
procedural knowledge to amplify their FSL; (2) delving into incorrect responses of the
participants by using Taber’s approach to discriminate them in terms of being stable
or labile. This enabled the researcher to examine whether their incorrect responses
were formed during the interview or based on stable and consistent alternative
conceptions. In the early stages of within-case analysis, | traced responses by
considering my sensitizing concepts. After the responses including indicators of FSL
were classified, | used this summary table to organize, summarize, and portray their
functional systems literacy in water context. revealed different responses
having different level of correctness. Eren, for example, correctly revealed his both
declarative and procedural knowledge related to the relational responsiveness of the
water system. Ahmet, on the other hand, gave partially correct answer for wastewater
treatment of his hometown. He correctly stated that wastewater goes to the creeks or
seas akin to be treated in a treatment plant. However, he also talked about a second
option which was discharging to another dam to retreat and reuse it. This response was

in-situ and was not consistent throughout the interview. During the conversation, he
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did not mention that option again and emphasized sea as a receiving environment.

Hence, | labeled his response was both partially correct and inconsistently incorrect.
1.2.1.1.1 Cultural Systems Literacy

To portray their cultural systems literacy, | used the same summary table that I
introduced in the previous section. I integrated Taber’s ‘The Inclusive View” model
(2008) and Marzano and Kendall’s (2008) descriptions for different types of
knowledge into the summary table for several reasons. In the early stages of within-
case analysis, | traced responses by considering my sensitizing concepts. After the
responses including indicators of CUSL were classified, | used this summary table to
organize, summarize, and portray their cultural systems literacy in water context. The
only difference was that I added a column “Don’t know”. The reason is that CUSL
permitted to detect if a participant had this specific knowledge or not. In the case of
FSL, it was not possible to detect whether the participant know the answer or not due
to the huge amount of knowledge for FSL in water context. Since tracing every piece
of knowledge related to water and water system was not feasible and was beyond the
scope of the study, I included “Don’t know” only for CUSL summary table. This
summary table was available in the findings chapter.
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Table 4-11

Themes and Categories of Systems Literacy in Water Context

Elements of

Systems Literacy Themes Categories (Sub)categories
Functional Basics of  General Characteristics of
Systems Literacy =~ Water Water
System Power Sources of Water Cycle
Components and Processes of
Water Cycle
Relationship between the
Earth Systems
Cultural Systems Basicsof = Components of Local Water Local Water
Literacy Local System (LWS) Resources
Water Water Supply
System Network
Sewerage System
National Water Resources
Relationship between LWS
and (Sub)systems
Critical  Systems Advance Dynamic Nature of Water
Literacy Mechanis  System
ms of Causal Dynamics and
Water Feedback Loops
System Evolutionary Processes in the
System
Complexity of Water System
Invisible Beliefs about Water Use
Elements  Self-efficacy towards Efficient
of Water Water Use
System Motive Concern

Action Strategies for Efficient
Water Use

Emotional Response
Motivational Orientation for
Sustainable Water Use
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45.2.2.2 Critical Systems Literacy

Critical literacy involves necessary skills to grasp a context in terms of cultural, social
and political aspects and develop a personal and social response to that context
(Stables, 1998). Moreover, Stables exemplified that individuals who have critical
environmental literacy are able to explore the factors influencing an environmental

change and suggest possible actions that may revert that environmental change.

Within the context of the study, | aimed to explore graduate middle school students’
level of (1) grasping water system’s dynamic nature on multiple time scales; (2) being
aware of potential effects of different time scales; (3) explaining different types and
levels of complexity in water cycle/system which can be the basis for disruption or
failure; (4) describing evolutionary processes of water system when it interacts with
human systems; (5) explaining feedback loops which are for regulating subsystems to
provide maintenance; (6) inferring that water systems includes models of other
systems; (7) predict that different mental models of humans may interfere with the
water system; and (8) appreciating that water system on Earth can be understood and
improved. Besides, individuals who comprehend these principles of systems could be
able to (9) decide to involve actions to provide maintenance of any system; and (10)
set goals themselves to change their behavior.

To explore their critical systems literacy, | provided thick description of my analysis
to portray participants’ CRSL. In the early stages of within-case analysis, | traced
responses by considering my sensitizing concepts. After the responses including
indicators of CRSL were classified, I analyzed them to explain participant’s profile in-
depth. The reason for not constructing a summary table is that the characteristics of
CRSL was not suitable for scoring but it needs to be reported in detail. However, |
employed several theoretical frameworks for analyzing CRSL since it included several
constructs whose descriptions and variations are diverged within their own literature.

summarized these theoretical frameworks.
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Table 4-12

An Example of Analysis for FSL

Sample Excerpt from Interview Categories Status of Types of
Questions of SL Response Knowledge
Eren: It reacts... Of course, this Relational Fully Declarative
reaction is not like human-brain- Responsive Correct +
reaction but rather action-reaction. If ness Statement Procedural
we act, it reacts. For example, as | said

earlier, due to our action (referring

man-made greenhouse effect), its

reaction will be the increase in the rate

of evaporation. Then it condenses

more. This is a reaction because of our

action. After a while, drought or flood

may emerge due to our actions.

Ahmet: [Domestic wastewater] goes to Components Partially Declarative
the creeks or seas from the basins. Or it of LWS- Correct

could be discharged to another dam to  Sewerage Statement

retreat and reuse it again. (he thought a system +

minute) ... I think they are treated in a Incorrect-

treatment plant and then discharged to inconsistent

the sea. So, there could be two options. Statement

Cansu: As there is no recycling for General Incorrect- Procedural
some water which penetrates the soil Characterist consistent

and leaks to the groundwater, the total ics of Water Statement

amount of water decreases. For - Quantity (alternative

example, some of our wastewater in of Water conception)

our village goes into the soil and it
would not be usable anymore. | think
this situation affects all the world since
it leads to a decrease in the total amount
of water on Earth.
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Table 4-13

Themes/Categories of CRSL and Their Theoretical Frameworks

Themes / Categories Theoretical Framework

Advance Mechanisms of Water System Mobus & Kalton (2015)

- Dynamic Nature of Water System
Causal Dynamics and Feedback Loops
Evolutionary Processes in Water System
- Complexity of the Water System

Beliefs on Water Use Fishbein & Ajzen (1977)
Self-Efficacy Beliefs Bandura (1997)

Motive Concern Stern & Dietz (1994)
Motivational Orientation Ryan & Deci (2017)

4.5.2.2.3 Enumerative Approach for Mapping the Interactions among the

Categories

Enumerative approach was introduced by LeCompte and Preissle (1993) as a data
analysis technique. This analysis technique was employed in qualitative research to
reveal frequencies related to the presence of the categories. Different representations
were available in qualitative studies (e.g. Park & Chen, 2012; Cullicott & Chen, 2018).
Producing an interaction map among the categories was employed by Park and Chen
(2012) in the Pedagogical Content Knowledge context. This structure of interaction
map — they called it PCK map - was used to portray the integration of the categories
of specific literacy type as well as among FSL, CUSL, and CRSL. When the responses
were analyzed during the within-case analysis, connections among the categories were
counted “with the assumption that there must be at least one connection between any
two of the identified components in a special way." (Park & Chen, 2012, p.929). In

other words, if two categories were determined as related to each other, then one
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connection was counted. If more than two categories were related to each other, then
any two of the categories was counted as a connection. Each connection was counted

as “1” even though the strength of each pair may not be equal.

Assume that there is a dual interaction between process in water system and
components of water system. Moreover, there is also a triple interaction among general
characteristics of water, processes in water system, and components of water system.

The sample interaction map was given in Figure 4.2.

To sum up, multiple data analysis techniques were used for the data analysis of this
dissertation. Qualitative content analysis was used for generating a comprehensive
codebook for systems literacy in water context. Within-case and cross-case analysis
were employed for gaining a deeper understanding for each case as well as the
variations amongst the cases. To reveal the interactions among (1) the categories
within the specific systems literacy and (2) the types of three literacy forms, interaction
maps were produced. Each data analysis technique complemented each other and

provided a holistic profile for systems literacy in water context.

Figure 4.2
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4.6 Trustworthiness of the Study
4.6.1 Credibility

Credibility can be considered as a substitute of internal validity in quantitative research
design. In a general sense, it addresses how the findings of study is congruent with the
reality (Merriam & Tisdell, 2016). As the notion of reality changes in philosophical
worldviews, credibility can be expressed as “are the findings credible, given the data
presented?” (Merriam & Tisdell, 2016, p.242). Accordingly, to enhance the credibility
of the study, data triangulation, adequate engagement in data collection, peer

examination, and researcher’s reflexivity were addressed.

Patton (2015) highlighted that, “triangulation, in whatever form, increases credibility
and quality by countering the concern (or accusation) that a study’s findings are simply
an artifact of a single method, a single source, or a single investigator’s blinders” (p.
674). Among the different types of triangulation, multiple methods of data collection
were used. Semi-structured interviews, drawing tasks, and conception test were three
methods of data collection. During the data collection and analyses, the researcher
appreciated its powerfulness for enhancing credibility. As an example, Eren mentioned
18 out of 31 components in the water system. These 18 components were acquired in
different methods of data collection as one in conception test, five in his drawings, and
12 in the interview responses. In the case of single data collection method, the

researcher would not be able to converge this finding.

Adequate engagement in data collection is another strategy to decide the number of
interviewees or time interval for observation (Merriam & Tisdell, 2016). Although
there is no definitive answer for this strategy, saturation of data and discrepant case
analysis are suggested (Patton, 2015; Merriam & Tisdell, 2016). In this study, the
researcher continued collecting data until she felt that it was saturated. This happened
when no new information was collected. Accordingly, four participants rendered

diverse and fruitful information about the systems literacy in water context.
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Peer examination is a strategy that an external person “scan some of the raw data and
assess whether the findings are plausible, based on the data. (Merriam & Tisdell,
2016). Peer examination strategy was employed both in the pilot and the main study.
The advisor and co-advisor of the researcher reviewed and shared their experiences
and provide fruitful feedbacks during the pilot and the main study. Their revisions and
comments broadened the researcher’s horizon throughout the research. They also
provide feedbacks during instrumentation and data analysis (preparing codebook,
content analysis, and mapping the interactions) stages. In addition, the draft versions
of data collection tools were sent to two other reviewers to have expert opinions.
Additionally, two experts were invited to analyze some portion of the pilot and the
main study data. One expert was a Ph.D. candidate in elementary science education
and had a master thesis on multiple-case study. This expert provided a content analysis
for 25% of the pilot study data, specifically for open-ended questions in the conception
test. He also gave feedback for the draft version of the codebook. For the main study,
another expert who had a master thesis on systems thinking analyzed full data of one
of the participants. He used deductive coding by using the codebook that the researcher
constructed. What is more, he used summary tables for location participant’s FSL and
CUSL. The expert suggested also some minor changes for the codebook and the

summary tables in addition to data analysis.

Reflexivity refers to (Merriam & Tisdell, 2016, p.249) “Investigators need to explain
their biases, dispositions, and assumptions regarding the research to be undertaken.”
In other words, reflexivity is about interactions between the researcher’s research
process (Probst & Berenson, 2014). It also enables audience to grasp how the
researcher make inference from the data (Merriam & Tisdell, 2016). Similarly, Patton
(2005) highlighted that credibility of a researcher is based on the experience that (s)he
has. Accordingly, I tried to express my qualitative research experiences as well as my
area of expertise that might be interacted with my research process. In terms of
qualitative research background, I have not enrolled a qualitative class. However, |

have read some inspiring textbooks written by different authors such as Merriam and
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Tisdell (2016); Patton (2015); Yildirim and Simsek (2006); and Creswell (2007)
during my Ph.D. journey. | have also read some of the chapters, specifically sampling
and data collection, in Yin (2018) and Stake (2015). These readings enabled me to
discover my dispositions towards qualitative research and accordingly, | chose
Merriam’s and Patton’s ways of conducting qualitative research which are compatible
my worldview. Besides, | conducted some qualitative studies with my colleagues
during Ph.D. and we had opportunities to present them in international and national
conferences. Sharing our studies with the other peers and exchanging ideas
strengthened my qualitative research background. Last but not least, conducting a pilot
study help me sharpen my skills on conducting effective interviews and qualitative
data analysis. During the main study, I systematically wrote my thoughts and feelings
towards the students as well as the interview process. This enabled me to monitor my

subjectivity during the study.

In terms of the content of the study, | have several experiences, too. More than seven
years, | have been a research assistant at the department of mathematics and science
education. 1 am working on specifically education for sustainable development in
elementary science education context. Hence, courses that | assisted and observations
that 1 made at the middle schools enable me to engage in the concepts of water in
science education as well as in education for sustainable development. Hence, | am
quite familiar about (1) how middle school students are taught the concepts of water;
(2) what types of possible extracurricular activities that students participates in related
to the water context; (3) the background knowledge of the pre-service teachers and
how they reflected them in the classroom; (4) what type of misconceptions/ alternative
conceptions students and pre-service teacher had related to the processes in the water
cycle; (5) the level of systems thinking skills of pre-service science teachers. What is
more, | have been invited as a guest speaker to some public and private schools to give
seminars on the water system, climate change and water footprint. Being a guest
speaker provided me some opportunities to examine students’ responses and

comments related to the water system. These experiences guided me to prepare
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interview questions as well as monitoring the semi-structured interviews. For example,
| experienced that most of the middle school students that I interacted with have not
never the term “hidden use of water”. However, I also had experiences that they had
ability to infer the water consumption for a product. Accordingly, | prepared some
follow-up questions to explore their levels of inference for the water consumption of
a product. | specifically selected a product that they consume, a hamburger. In the case
of lacking these experiences, | would not ask them these follow-up questions and the

progress of the interviews might be different than its present state.

Most of the participants during the pilot study and the main study stated that they
astonished at some of the interview questions. For instance, when | asked to them
where their tap water coming from, they stated that they had never thought about these
questions before. All of them were very curious during the study for the correct
responses. | informed them that | would answer their questions at the end of the data
collection. Even some students contacted me later to ask some further questions on the

water system.
4.6.2 Dependability

Dependability seeks to answers for “whether the results are consistent with the data
collected” (Merriam & Tisdell, 2016, p.251). Strategies for enhancing dependability
were outlined by Merriam and Tisdell as triangulation, peer review, reflexivity, and
the audit trail. The first three strategies were given in detail in the previous section.
Audit trail includes “how data were collected, how categories were derived, and how
decisions were made throughout the inquiry.” (Merriam & Tisdell, 2016, p.251). In
this study, memos were recorded throughout the research process. The researcher
included her reflections, questions, as well as derivation process of the themes and

categories. She reminded herself how her decisions are shaped during the research.

During the time of COVID-19 Pandemic, peer examination was a limited strategy due

to lack of face-to-face interaction to compromise to resolving disagreements. Thus,
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even though the researcher followed Merriam’s and Patton’s approach for qualitative
study most of the time, she added intra-coding as an exclusive strategy for enhancing
dependability. This strategy was suggested by Miles and Huberman (1984) to enhance
consistency of the researcher in time. Accordingly, the researcher analyzed the entire
data of the main study twice. The time interval between the analyses was
approximately five weeks. She employed the formula of inter-rater reliability and
calculated the reliability coefficient as 0.91. Adhering to emerging disagreements with

the first coding, she reached full agreement.
4.6.3 Transferability

Transferability includes how the findings of a qualitative research can be generalized
to different settings (Merriam, 2009). Transferability was addressed by including rich,
thick description and maximum variation as recommended by Merriam and Tisdell
(2016) and Patton (2015). The researcher provided a detailed description of the
participants’ profile, data collection and analysis procedure and the findings as well by
using multiple sources of data. Maximum variation, on the other hand, were defined
as “to give careful attention to selecting the study sample” (Merriam & Tisdell, 2016,
p. 257). Accordingly, the researcher selected the participants of the study based on
some criteria given in “Selection of the Participants”. In this way, she tried to include

different cases that enabled her to explore the variations among the participants.
4.7 Ethical Considerations

Before starting the data collection, ethical issues outlined by Fraenkel, Wallen and
Hyun (2012) were carefully considered. Data collection tools and data collection
procedures was planned based on the ethical considerations. After data collection tools
were finalized, they are sent to Research Center for Applied Ethics of Middle East
Technical University to get approval. This approval process, then, was replicated for
Ankara Provincial Directorate for National Ministry of Education. The approval forms

were available in Appendix D. The researcher contacted two public high schools after
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these approval processes were concluded. School principals suggested students as
potential participants that meet the selection criteria of this study. The researcher
explained student the purpose of the study briefly and informed that they could
participate in study if they were volunteers and their parents approved the
participation. Participants from the private schools, on the other hand, were selected
purposefully among the available participants in researcher’s network since they meet
the criteria summarized above. The participants and parents were also informed about
the purpose of the study both in oral and written forms. Parents of all four participants
signed parent permission form before the data collection. The sample parent
permission form was available in Appendix E. Before the data collection, the
researcher reminded the participants that they are allowed to withdraw any question
that they did not want to answer or withdraw the study completely at any time. During
the data collection, she was also careful about her attitude congruent with the ethical
considerations. After the data collection completed, the personal information of the
participants as well as the audio-recordings and transcripts were protected. Researcher

used pseudo names for each participant for being anonymous.

135



CHAPTER 5

FINDINGS

“Let there be work, bread, water and salt for all.”
Nelson Mandela (1994)

This chapter is devoted to the philosophical conceptualization and an introduction to
alternative conceptual framework of systems literacy in water system context. First,
conceptual model of systems literacy was described and presented. Second,
hypothetical systems literacy in water context was given. Third, the findings of
empirical research were reported and the researcher’s alternative framework of

systems literacy in water system context was finalized.
5.1 What is Systems Literacy?

The purpose of this section is to summarize the conceptual findings of the study. The
conceptual definition of the systems literacy was given in this part. Then, three
elements of systems literacy were elaborated.

As an output of the conceptual research and analyzing them in a critical manner,

systems literacy is defined by the researcher of this study as following:

Systems literacy is about being able to perceive systems that we interacted with and
the courses of our actions that interfere with those systems. This perception
encompasses not only the level of knowledge about the general principles of systems
but also includes cultural components as well as a set of other psychological constructs
that might have a role in understanding and engaging those systems. A typical systems
literate individual is expected to be sufficiently critically systems literate that relies on
both adequate level of functional and cultural systems literacy. What is more, systems
literature individuals are the ones who could be able to be aware of the fact that human
systems have a potential to influence both the system mechanisms and individual and
collective human behavior in a system.
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Compatible with the general literary frameworks, the definition done by Stables (1998)
was used as a guide to elaborate the notion of systems literacy. By using this theoretical
framework, systems literacy is composed of three elements as functional systems
literacy, cultural systems literacy, and critical systems literacy. In the subsequent

sections, these elements were introduced.
5.1.1 Functional Systems L.iteracy

In general, functional literacy corresponds to literal comprehension (William &
Sniper, 1990) on a superficial level in a given context. While describing functional
systems literacy, the researcher of this study merged the PR1, PR2, PR3, P7, and PR11
from the general principles of systems (Mobus & Kalton, 2015) which were described
in the previous section; functional literacy in general as well as functional
environmental literacy (William & Sniper, 1990; Stables, 1998); and some of the basic
systems thinking skills (Ben-Zvi Assaraf & Orion, 2005). Correspondingly, the
researcher described individuals who are functionally systems literate as following:
individuals are expected to be able to not only describe a system either in an implicit
or explicit manner, but also identify system(s) that they live in. They also could be able
to infer that systems are composed of other subsystems and explain that there are
components, processes, and relations which are organized and functioned by the
system. In addition, individuals who are functionally systems literature could be able
to show networks within a system by drawing the interactions or unfold the relations
by examining a visual representation of a system. Moreover, systems-literate
individuals are also able to state that systems are continually evolving and encoding
knowledge and receiving and sending information. By the time they are doing these,
it is not expected individuals to draw any conclusion for maintaining a system or

systems evolution processes.
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5.1.2 Cultural Systems Literacy

Stables (1998) and Williams and Snipper (1990) denoted that cultural literacy demands
an ability to comprehend the importance of cultural icons on society. These icons can
be either living or non-living things or both at the same time. In this element of literacy,
cultural literacy permits individuals to appreciate the importance of these icons in
human culture and the reasons for their importance. While constructing cultural
systems literacy, the researcher of this study merged the PR1, PR2, PR3, and PR11
from general principles of systems science (Mobus & Kalton, 2015), but this time, in
local context; cultural literacy in general as well as cultural environmental literacy
(William & Sniper, 1990; Stables, 1998); and some systems thinking skills (Ben-Zvi
Assaraf & Orion, 2005). Within the context of this study, the researcher described
individuals who are culturally systems literate as following: individuals not only
describe a system either in an implicit or explicit manner in a local context, but also
identify the importance of system(s) that they live in it. Moreover, individuals who are
culturally systems literate are expected to be able to infer that local systems are also
composed of other subsystems and explain that there are components, processes, and
relations which are organized and functioned by the system. In addition, individuals
who are culturally systems literate could be able to show networks within a local
system by drawing / explaining the interactions or unfold the relations by examining a
visual representation of a local system. While they are doing these, it is not expected
them to draw any conclusion for maintaining a local system or systems evolution

processes.
5.1.3 Critical Systems Literacy

Critical literacy involves “the ability to 'get behind' the text to interpret it in terms of
its ideological underpinnings...” (Stables, 1998, p.157). It includes necessary skills to
grasp a context in terms of cultural, social and political aspects and develop a personal
and social response to that context. Moreover, Stables exemplified that individuals

who have critical environmental literacy are able to explore the factors influencing an
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environmental change and suggest possible actions that may revert that environmental
change. While describing critical systems literacy, the researcher of this study merged
the remainder of nine principles of systems (Mobus & Kalton, 2015) which were given
in the previous section; critical literacy in general as well as critical environmental
literacy (William & Sniper, 1990; Stables, 1998); and systems thinking skills (Ben-
Zvi Assaraf & Orion, 2005; Sterling, 2005). Moreover, invisible elements of human
system mentioned by Henning and Chen (2012) were also integrated into the critical

systems literacy.

Stables (1998) argued that critical literacy demands both functional and cultural
literacy. In a similar manner, the researcher described individuals who are critically
systems literate as following: critically systems literate students are expected to have
adequate level of functional and cultural systems literacy. In addition to this
prerequisite, an adequate level of critical systems literacy enables individuals to (1)
grasp systems in its dynamic nature on multiple time scale; (2) be aware of potential
effects of different time scales on system dynamics; (3) explain different types and
levels of complexity in a system which can be the basis for disruption or failure within
a system; (4) describe evolutionary processes of systems as going upward, stay steady,
or going downward; (5) draw or explain feedback loops which are for regulating
subsystems to provide maintenance; (6) infer that systems includes models of other
systems; (7) appreciate that any complex, adaptive system (e.g. human systems) may
include model of itself (e.g. mental model) and predict that different mental models of
humans may interfere with the interaction between man and nature; and (8) appreciate
that systems can be understood and improved. What is more, invisible elements of
human system have some characteristics that potentially interferes with the water
system. Consequently, the elements of beliefs, action strategies, self-efficacy beliefs,
motive concerns, emotional response, and motivational orientation for maintaining a
system were also potential constructs to indicate individuals’ critical systems literacy.
In short, conceptual model for systems literacy based on the conceptual research was

visualized by the researcher as given in Figure 5.1.
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What Is the Alternative Framework of Systems Literacy in Water System
Context for Students Completing Middle School Degree?

The purpose of this section is to describe systems literacy in the water system context.
Compatible with the purposes of the study, water system and human system were
defined operationally as complex adaptive systems within the context of principles of
science. Then, conceptual definition of the systems literacy in water system context
and its three elements of systems literacy were elaborated based on the conceptual

research and pilot study findings.
5.2.1 Water System as A Complex Adaptive System

Water system is assumed as one of the complex adaptive systems (CAS) by the
researcher based on the conceptual research. Water system has several characteristics
compatible with like other CAS as “...class of networks that are not just dynamic but
show organizing behaviors that are a result of growth and/or change in composition
and/or density.” (Mobus & Kalton, 2015, p.147). Natural water cycle, living organisms
as users of water, and human use of water are some of the examples for class of
networks that are dynamic in their nature. Moreover, these networks could be able to
respond any change in any components, processes, or interactions occurs within CAS.
As an example, rate of evaporation changes due to increase in global temperature
(a.k.a. global warming). Alternatively, water pollution occurs due to discharging of
city sewage or industrial waste (WWF, 2019). What is more, human activities show
some organizing behaviors to reverse the process such as stop discharging or
constructing wastewater treatment systems to prevent further pollution. These are all
can be accounted for showing the dynamic nature of water system. Secondly, as Mobus
and Kalton emphasized, CAS are able to show some lifelike actions as if they are alive.
In other words, they produced some actions or responses to changes in their
surroundings just like a living organism. Self-directedness, self-correction, self-

preservation, and intelligence are some of the features of CAS lifelike activities
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(Camazine et al., 2001). In the same manner, water system on Earth tends to show such
lifelike qualities. Third, Mobus and Kalton stated that (p.243)

Living systems are the most elegant examples of complex adaptive systems, with a
nested hierarchy of levels of adaptive strategies at scales from individual organisms to
species to ecosystems or societies and their manifold institutions. The Earth as a
whole, taking in the whole web of life in a constant interwoven flow of energy,
material, and information, is probably the ultimate unit in this CAS hierarchy of life.”
As mentioned above, water system is a CAS containing nested levels from specific
organisms to multiple organizations. Due to these reasons summarized above, water
system on Earth can be considered as a CAS. In the next parts, water system is

identified by means of general principles.
Principle 1: Systemness

According to this principle, the universe is a system having many (sub)systems which
are also be considered as systems in different settings (Mobus & Kalton, 2015). In
other words, each system can be a constituent of another larger system. In a similar
vein, water system has many subsystems such as natural water cycle, different habitats
that are dependent of water, water supply network in cities, human beings as well as
societies. They could be identified both systems and subsystems at the same time
within the water system. Other examples for the principle of systemness can be given
as following: River is a system having physical, chemical, and biological processes. A
dam in that river, on the other hand, can be considered as another system having many
components and processes to store water or produce electricity. Water treatment
systems are artificial systems constructed by humans to acquire drinking water and
distribute it to the cities. In the same manner, the wastewater produced from the cities
are also treated in the wastewater treatment systems and then discharged into the same
river that we exemplified. Besides, any person, family, district, and province are can
be considered as systems that use the water from the river. At the larger scale,
catchment areas, and countries are some other systems that use water from different

water resources. Water system described in this study is a system that encompasses
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these nested subsystems. These subsystems can be also considered as systems in
different frame of reference.

Principle 2: Systems Are Processes Organized in Structural and Functional

Hierarchies

Systems could be regarded as processes demonstrating dynamic interactions among
the constituents of the system (Mobus & Kalton, 2015). Hierarchies in this principle
refers to the ways that systems inherently consolidate their structures and functions
within their working mechanisms. Within the context of this study, water system has
also many components and interactions organized in structural and functional
hierarchies. For example, we can start from the very basic subsystem, natural water
cycle, within the water system. Natural water cycle has many components and
processes such as oceans, glaciers, freshwater, evaporation, infiltration, precipitation
and these components and processes are organized in different structures and functions
within the working mechanism of the natural water cycle. At the next level of process,
there are living things who use water for survival purposes. All living things have
processes in their body to use water for different purposes. Among the living things,
human use of water forms another interwoven system or process beginning from
individuals to societies. Every nation uses the water in their own way; some use water
resources more than they need, whereas some people have to struggle with reaching

out drinking water every day.

Principle 3: Systems Are Networks of Relations Among Components and Can Be
Represented Abstractly as Such Networks of Relations

In this principle, it is highlighted that components are connected by different linkages
and each linkage may have different directions and functions (Mobus & Kalton, 2015).
This principle is correlated with PR9 and PR11 which we will discuss later. Different
visual tools serve to understand system mechanisms to explore the nature of the
relationships and flows within a system. We can visualize the system mechanisms in

two ways. We can model the systems, or we can produce different formulas or
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notations to understand them in depth. For example, the diagram of water cycle in the
science textbook enables students to understand the networks of relations among the
components of water cycle as well as the movement of water on Earth. What is more,
we can visualize the cause-effect as directions and strength of influence and recognize
multiple cause and/or effects as well. At this point, water system is an incredibly
complex network. Water pollution and human use of water are some of the phenomena
that have multiple effects on the water system. While we are able to predict some of
these effects, there are still unexpected consequences. Yet, we are still able to model

these networks of relations abstractly.
Principle 4: Systems Are Dynamic Over Multiple Spatial and Time Scales

According to Mobus and Kalton (2015), processes in a system depend on its spatial
and time scales. For instance, while some molecular reactions take micro- and
milliseconds, geological events may last over centuries. Here, it is essential to note
that these dynamical mismatches may have undesirable effects on the sustainability of
the systems. In the case of the water system, while evaporation happens at any
temperature in minutes, drinking water takes many years to form again in/on the land.
Moreover, unconscious use of water and slow pace of increasing awareness of people
about the efficient water use exacerbates availability of drinking water. These
dynamical mismatches are one of the reasons for water scarcity at some places on
Earth.

Principle 5: Systems Exhibit Various Kinds and Levels of Complexity

Complexity is one of the properties in Systemness. As to Mobus and Kalton (2015)
emphasized, systems have different types and / or layers of complexity. On the other
hand, they also denoted that complexity and nonlinearity can be reasons for
interruptions and failures in systems. Let us explore one of the issues in the water
system: water scarcity. The problem of water scarcity is not just a problem related to
water shortage, but it is also survival, economic, social, educational, governmental,

and health problem. All of these layers show different levels of complexities in them.
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In the same manner, Mobus and Kalton reported that societies can be very complex
when they attempt to determine and solve a local problem. Unsustainable use of water
can be an example of such type of complexity since even though we recognize the
probable effects on unsustainable water use in a long run, we are still too slow to
change our habits to use water sustainably. Our complexity can be one of the sources
of disruption in the water system.

Principle 6: Systems Evolve

As Mobus and Kalton (2015) emphasized, evolution of systems can be classified as
(1) evolving toward higher organization, (2) sustaining its steady-state, or (3)
decaying. The perception of evolution, on the other hand, depends on the observer’s
frame of references. For example, from the appearance of very first human, we have
been increasing in numbers and improve new technologies. As a result, we can claim
that humanity evolved toward higher organization as time passes. However, these
improvements bring out unpredicted problems and issues on the agenda which may,
in turn, result in decaying in our system. Therefore, we may infer that the processes
that make us evolve toward higher organization may decay our system in the future.
Within the context of the water system, decrease in availability of water, water scarcity
or depletion of water resources can be some of the example of decaying. On the other
hand, sustainable water use for the sake of future generations can be an example of
maintaining our water system at steady state. Using bio-manipulation in a polluted lake
to restore its habitat can be an example of an evolution towards higher organization in
that water system.

Principle 7: Systems Encode Knowledge and Receive and Send Information

Before explaining this principle, it can be useful to highlight that “mental way of
possessing knowledge and processing information” (p.27) is different from the
physical way since living organisms encode knowledge and receive and send
information in a more complicated and nested manner than the non-living systems. In

non-living systems, knowing “how to act” does not need to have a brain, but necessary
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structure. For example, free fall in physics does not require brain, but all the object in
Earth know how to act or how to function in case of free fall (Mobus & Kalton, 2015).
Moreover, they added that “...encoded knowledge of how to act is modified moment to
moment by an information flow... which arrives as some level of structural
modification. This structure-encoded knowledge-behavior linkage, mediated by the
continual flow of information, becomes the changing world of process” They also
exemplified that processes in physics are relatively deterministic and more likely to be
foreseen compared to sociology / psychology. Mental models of individuals can be
modified as a result of informational flow from outside world; however, encoded
knowledge in large-scale organizations like societies are more resilient to changes

compared to the individuals.

Within the context of water system, there are both physical and mental way of encoded
knowledge and processing information since the elements of water system includes
both physical and structure of water as well as living things’ mental models. In a
physical manner, water cycle knows how to function. The water molecules are moving
constantly up and down in all over the world in different phases like solid, liquid, and
gas. If global temperature increases i.e. global warming, water cycle modifies its rate
of evaporation, precipitation etc. In a mental manner, for example, people know that
the amount of water on Earth is relatively constant and water cycle provide water for
living things to survive. However, when the depletion of water resources arises and
unsustainable water use lead to many problems, the questions of “how much water do
we have?” or “how much water should every person use for the sustainability of water
on Earth?” are emerged. Then, with the help of scientific knowledge, the mental
models of people have started to be modified by this informational flow.
Correspondingly, to overcome these challenges, different solutions came to the agenda
even though our society is still resistant to change water consumption habits.
Nevertheless, we are now aware that we are not water-rich in this planet and we should
use water more efficiently. Or social system encodes this knowledge and react based

on this informational flow.
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Principle 8. Systems Have Regulation Subsystems to Achieve Stability

Systems tend to keep system integrity and function steady state over time and CAS are
generally regulating themselves by using feedback loops mechanisms (Mobus &
Kalton, 2015). They also outlined that CAS are modifying more than one property due
to inherently being complex while regulating themselves. As a result, multiple

regulations in CAS usually have side effect that are rarely predictable.

There are two feedback loops, negative (or balancing) loops and positive (or
reinforcing) loops (Sweeney, 2001), that described in systems science and systems
thinking studies. Reinforcing (or positive) loops mostly resulted in exponential growth
or exponential decay when a change of A in a system cause a change of B in the same
direction and this also, in turn, generates more change of A (Kirkwood, 1998). An

example can be shown as following:
Figure 5.2

An Example for Reinforcing Loop

N

evaporation
temperature rate of water
vapor

V
In Figure 5.2, it was summarized that increase in global temperature led to an increase
in evaporation of water vapor which is one of the greenhouse gases. Since water vapor

is a greenhouse gas, it also led to an increase in temperature, in turn, and this cycle

becomes a reinforcing cycle.

On the other hand, balancing loops intends to reach a desired goal from the current

state (Kirkwood, 1998). As an example, in Figure 5.3, the difference between desired
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and current state determines the size of “gaps” that stimulate an action. If the action
enhances to current state and this decrease the gap, stimulation for an action will also
decrease and the system will reach a stability. The basic diagram can be shown as

following (http://www.systems-thinking.org/intst/int.ntm):
Figure 5.3

An Example for Balancing Loop
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Within the context of water system, we can exemplify Figure 5.3 as following: increase
in water vapor leads to an increase in cloud formation. As clouds are essential to reflect
sunlight into the space. Therefore, incoming sunlight to the Earth decrease and this
provides a balance for temperature. We can name “current state” as rise in temperature
and “desired state” as cooling the temperature. Then the “action” will be cloud
formation within the water system. Even though these diagrams in Figure 5.2 and
Figure 5.3 seems to be simple for representing real life issues, there are interacting

loops in reality combining these two loops.

Principle 9: Systems Contain Models of Other Systems

To enable interactions with other systems, systems generally have models of other
systems that they interact. Model in this context refers to “simplified version of

reality”. For example, living things have structural model of their surroundings so that
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they are able to live and survive (Mobus & Kalton, 2015). Examples are given by them

as following:
- Our mental models model the world that we live in
- Maps are models that we create to be able to locate and navigate ourselves

- The distribution of charges in the molecules models the other molecules that

they are likely to produce compounds as a result of chemical reaction.
- People who are fishing model the prey’s lunch to hunt them

All of the examples that is given above have a common characteristic: one system
models the other system to have interaction with them. Within the context of water

system, the researcher of this study gives following examples:
- Human beings imitate the water cycle to provide drinking water in cities
- Our brains model the natural water cycle to understand its working principles

These examples are some of the indicators that water system has different models of
other systems to interact with them.

Principle 10: Sufficiently Complex, Adaptive Systems Can Contain Model of

Themselves

All living organisms have models of themselves, “self-conscious images of who and
what they are that inform and guide their activity” (Mobus & Kalton, 2015). From the
DNA as a self-model to mental models in the brains, these self-models are
fundamentally practical, provide codes of behavior that help system interactions.
Mobus and Kalton also added that imprecise models fail to function properly and result
in problems. As an example, dysfunctional models in our minds creates problems
between society and environment. Within the context of this study, we can exemplify

that dysfunctional interaction between society and environment leads to problems in
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water system such as water pollution, water scarcity, and unsustainable water use.
According to Mobus and Kalton, the reason for dysfunctionality is rooted from

inaccurate models of systems in our mind.
PR11. Systems Can Be Understood

Systems can be understood by humans by building models and testing them to grasp
the complexity of the world (Mobus & Kalton, 2015). Here, Mobus and Kalton
articulated that our mental model for a system is simplified but not the complete
version of the system itself. These models in our mind are subject to change as we test
them and experience their functionality. Therefore, modeling is an iterative process
lasting forever. Within the context of the study, students’ drawings as well as their
responses provide some indicators about their mental models on the water system.
They may have both conceptual models on the working principles of the natural water

cycle as well as how living organisms use water.
PR12. Systems Can Be Improved

In this principle, Mobus and Kalton (2015) denoted that an improvement in a system
only if a specific function achieves a specific interest. In other words, in a nested and
interwoven system, one action can be regarded as “improvement” but at the same time
it can be also a degradation due to its unintended effects. Mobus and Kalton

exemplified this principle as following (p.29):

If I say it’s great to have a new highway, someone else can always bring up sacrifice
of land, air quality, noise, or others of a virtually unlimited (and equally systemic)
number of ways in which the improvement might also be considered a degradation.
Systems science will furnish a framework for thinking through these issues.

5.2.2 Human Systems as a Complex Adaptive System

Since human beings are also subsystems of all the systems both as an individual and
as a group of people (Henning & Chen, 2012), their beliefs, information, values, ideas,

and goals should be also taken into account while constructing systems literacy in
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water system context. In this study, researcher integrated human aspect into the
principles from PR7 to PR12 since (1) human beings are sufficiently complex and
adaptive system and contain model of themselves in their mind as mental models; (2)
systems can be understood by humans but those understandings intertwined with their
beliefs, values, goals, and ideas; and (3) systems can be improved by humans due to
the same reasons in (2).

5.2.3 Three Elements of Systems Literacy in Water Context

In this part, systems literacy of middle school students within the context of the water
system were elaborated based on the three elements of systems literacy. Moreover,
supplementary definitions were also provided for the constructs such as knowledge,

belief, motivational orientation etc.

In the light of definition of systems literacy given in the previous section, the content
of the middle school curricula pertinent to water concepts and principles of systems
science, systems literacy of middle school students within the context of the water

system can be defined as following:

For students who complete their middle school degree, systems literacy in the context
of the water system could refer to be about being able to perceive water system(s) that
they interacted with and the courses of their actions that interfere with water system(s).
This perception encompasses not only the level of knowledge about the general
principles of water systems but also includes cultural components as well as a set of
other psychological constructs that might have a role in understanding and engaging
water system(s). A typical systems literate individual is expected to be sufficiently
critically systems literate that relies on both adequate level of functional and cultural
systems literacy in the water system context. What is more, systems literature
individuals are the ones who could be able to aware of the fact that human systems
have a potential to influence both the water system mechanisms on the planet and
individual and collective human behavior in this system.

Based on this description, three elements of systems literacy in water system context

were elaborated in the subsequent sections.
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5.2.3.1 Functional Systems Literacy in Water System Context

Functionally systems literate students who are graduated from middle schools are
expected to describe natural water cycle and to identify other living things as well as
human system in terms of their use of water and probable effects on the water system

without drawing any implication for sustainable water consumption.

Within the context of the functional systems literacy, types of knowledge and nature
of the incorrect responses were included to be examined. For the types of knowledge,
Marzano and Kendall’s definitions (2008) for declarative and procedural knowledge
were used as framework for the knowledge construct. Declarative knowledge refers to
a content knowledge related to route memorization of the basics. It mainly deals with
the question of “what”. On the other hand, procedural knowledge involves “how does
it work?” question. Every procedural knowledge begins with declarative knowledge
and this makes a hierarchical relationship between them. Within the context of this
study, these two knowledge domains were used. The researcher of this study expected
that system-literate individuals in water context could be able to organize their ideas
based on the principles and generalizations of a system. Moreover, they need to know
some vocabulary terms, facts, and the possible time sequence in the water system. In
terms of mental procedures, individuals would be able to familiar with some processes

within the system, its components, and their interactions.

To explore the nature of the incorrect responses, Taber’s framework of ‘Inclusive
View’ which defends that both ‘knowledge-in-pieces’ and ‘alternative conceptions’
could be found in students’ minds. While the former framework assumed that these
conceptions are inconsistent and labile emerged in the case of probing, the latter one

claimed that alternative conceptions are resistant to change even if after the instruction.
5.2.3.2 Cultural Systems Literacy in Water System Context

By saying local context, the researcher of this study aimed to refer local water system

and its layers in participants’ hometown. Culturally systems literate students who are
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graduated from middle schools are expected to describe local water system layers one
by one (elements of local water system, drinking water and wastewater treatment
system in their hometown, human system in terms of use of water and its effects on
the local water system) without drawing any implication for sustainable water
consumption. To understand the nature of their knowledge, the frameworks (Marzano
& Kendall, 2008; Taber, 2008) used in functional systems literacy were also used in

this element of systems literacy in the context of water system.
5.2.3.3 Critical Systems Literacy in Water System Context

Stables (1998) argued that critical literacy demands both functional and cultural
literacy. In a similar manner, critically systems literate students who are graduated
from middle schools are expected to have adequate level of functional and cultural
systems literacy in water system context. Apart from this prerequisite, critically
systems literate students who are graduated from middle schools are expected to (1)
grasp water system’s dynamic nature on multiple time scales (2) be aware of potential
effects of different time scales; (3) explain different types and levels of complexity in
water cycle/system which can be the basis for disruption or failure; (4) describe
evolutionary processes of water system when it interacts with human systems; (5)
explain feedback loops which are for regulating subsystems to provide maintenance;
(6) predict that humans may interfere with the water system; and (7) appreciate that

water system on Earth can be understood and improved.

In addition to these advance mechanisms in the water system, invisible elements of
human system were also regarded within the context of critical systems literacy in
water system because their characteristics potentially interferes with the water system
mechanisms as outlined in the previous chapters. These constructs are also potentially
interacted with individuals’ water consumption behaviors. Consequently, the
constructs of beliefs, action strategies, self-efficacy beliefs, motive concerns,
emotional response, and motivational orientation for maintaining a system were also

included to indicate individuals’ critical systems literacy in water system context.
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Accordingly, critically systems literate students who are graduated from middle
schools are expected to (1) provide plausible action strategies pertinent to the
maintenance of water system; (2) monitor their actions’ clarity and accuracy; (3)
explain their motive concerns, if any, on the maintenance of the water system; and (4)
explain their motivational orientations, if any, toward sustainable water use. At this
point, it is noteworthy that water consumption behaviors can be considered in two
dimensions: (1) being able to differentiate direct use of water, and indirect (hidden)
use of water; and (2) being able to explain the mechanisms of local water system. For
example, middle school students might not be able to aware of the amount of water
they consume, if they do not know their hidden use of water. In a similar manner,
having inadequate level of knowledge on their local water system could inhibit
students’ critical systems literacy. Accordingly, their beliefs, action strategies, self-
efficacy beliefs, emotional response and even motivational orientations could be
formed based on a fallacy and result in a limited level of critical systems literacy in
water system context. In short, conceptual model for systems literacy based on the

conceptual research was visualized by the researcher as given in Figure 5.4.
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5.3 Middle School Students’ Systems Literacy in Water Context

The purpose of this section is to summarize the empirical findings of the study. The
analysis of the responses was portrayed by means of categories in systems literacy
summarized in . In this section, each of the four cases was reported
separately within the context of multiple case study. Then, cross-case analysis was

given.

5.3.1 Case 1l: Eren

Eren was born in 2005. He is a ninth-grader male student in a science public high
school located in an inland city. His school is one of the high schools that accept
students among the top 0.09% of the applicants of national entrance exam. Eren’s
entrance exam score was 500 out of 500 points and he was sharing his ranking with
other 564 students nationwide. In total, 1,025,607 students took the national entrance
exam in that year (MoNE, 2019).

Eren’s mother is currently housewife but she was electrical and electronics engineer;
his father is a doctor. Their single-family house is located one of the most crowded
towns in the capital city. There is no natural water resource such as sea, lake or river

around their house.

During his middle school, he only conducted an electrolysis experiment related to
water. Apart from this, he had no other specific activity or interest in water context. In
the ninth grade before I collected data from him, the rate of water in living organisms
was taught in his biology course. On the other hand, his school offers variety of
extracurricular activities which may interacted with Eren’s systems literacy in water
context. He reported that he participated in three different seminars which was related
to (1) discovery of aquaporin water channels in the cell membranes; (2) introduction
to systems science; and (3) sustainable development goals. During the data collection

period, he was preparing a thermal storage project in which he used water.
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I worked with Eren in two sessions. The responses of Eren through the conception test,
first drawing task, and interview questions reflected some indicators related to his
systems literacy. The analyses of his responses were given below under the elements

of functional systems literacy, cultural systems literacy, and critical systems literacy.

5.3.1.1 Eren’s Functional Systems Literacy

The analysis of Eren’s responses in conception test, first drawing task and interview
phase 1 revealed his functional systems literacy in five categories as (1) general
characteristics of water; (2) power sources of water cycle; (3) components of water
cycle; (4) processes of water cycle and (5) relationship between the Earth systems.
Table 5-1 indicated codes and categories for his functional systems literacy in water
context. All codes and categories were given in Appendix C. Note that ‘pale codes’

represented the ones that did not emerge from Eren’s responses.

5.3.1.1.1 General Characteristics of Water

The first category in explaining Eren’s functional systems literacy was general
characteristics of water. Eren’s answers for the questions for this session were given
by means of quantity of water, its cyclic nature, relational responsiveness and water

and living organisms.
Quantity of Water

Quantity of water refers to (1) compare the proportions of water stored in different
water resources (2) state that almost all the amount of water does not change on Earth.
Eren was the only participant that mentioned about the percentage of water covering
on Earth. He stated that three quarters of the Earth is covered by water which was a
closer approximation to the correct answer. Approximately 71% of the Earth is
covered by water (USGS, 2019). On the other hand, Eren correctly responded that

most of the water on Earth is found in oceans in his conception test (please see ).
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Table 5-1

Themes, Categories and Codes of Eren’s Functional Systems Literacy

Category 1: General Characteristics of Water

FGC11: Quantity of Water * FGC14: Water and Living Organisms
FGC12: Cyclic Nature FGC15: Relational Responsiveness

Category 2: Power Sources of Water Cycle
FPS21: Sun FPS23: Gravity

*%*

Category 3: Components of Water System

FC31: Plant FC317: Cloud
FC32: Sun FC318: Rain
FC33: Water
FC34: Animal FC320: Fog
FC35: Human
FC36: Ocean
FC37: Sea
FC38: Water Vapor
FC39: River FC325: Lake
FC310: Glacier

FC327: Dew
FC312: Soil FC328: Algae
FC315: Groundwater
Category 4: Processes of Water System
FP41: Evaporation
FP42: Condensation FP411: Melting
FP45: Respiration
FP46: Precipitation FP415: Transpiration

FP417: Photosynthesis

Category 5: Interactions among the Earth (Sub)Systems*

FRES51: Hydrosphere—atmosphere FRES55: Hydrosphere-anthroposphere
FRES52: Hydrosphere—geosphere

FRES53: Hydrosp. (continental)—hydrops. (marine)

FRES54: Hydrosphere—biosphere

*black codes: emerged from Eren’s responses i not apparent in Eren’s responses
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In his interview, he elaborated this phenomenon as following:

... (the conversation continues before the excerpt) ...

This unconscious use doesn’t lead to a change in the total amount of water on Earth
since living organisms couldn’t do that because of the Newtonian law: nothing is lost,
nothing is created, everything is transformed. We don’t have a chance to give it out of
the space. We only affect its rate of phase change...

... (the conversation continues after the excerpt) ...

The analysis of his answers in different forms of questions (conception test items,
interview questions) revealed that he identified the highest proportion stored in the
oceans. Moreover, he knew that the amount of water is almost constant on Earth. He
revealed his correct declarative and procedural knowledge while he was explaining.
The only exception is that he failed to name the scientist, Antoine Lavoisier,

discovered the law of conservation of mass.
Cyclic Nature

For obtaining information about his notion on the cyclic nature of water, the first
drawing task, conception test, and interview questions were analyzed. In his drawing,
cyclic nature of the water was not observed. Even though water evaporated and

precipitated, its journey followed a single path starting from a water body to the sea.
After the first drawing task ended, he explained how water cycle occurs as following:

Eren: Assume that we have a water resource which can be a sea or an ocean. Water
evaporates with the help of heat... After that, condensation occurs because there is a
cooling happening there. Thanks to the condensation, it precipitates as rain, fog, or
dew. It transforms into water again. Then precipitated water reaches to another sea
again.

Even though his drawing did not indicate a cycle, his explanation of his drawing
included indicators for his notion of cyclic nature. He explained that water evaporating
from a water resources, for example, might end up in another water resources such as
a sea. However, his responses indicated that water only evaporates from the surface
water resources. He also failed to include solid state of water and groundwater while

he was explaining how water cycle occurs.
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Figure 5.5

Eren’s Drawing of Water Cycle

In conception test, Eren chose the answer that there is no starting/ending point of the
water in the conception test (please see ). In the later parts of his interview, he

explained the concept of starting/ending point as following:

Eren: The starting point of the water cycle could be the Big Bang. Gases had
transformed from one to another with fission and fusion. After the forming of the Earth
had been completed, | think first water vapor precipitated as rain by condensation.
Then water resources appeared on the Earth surface and it evaporated, and the cycle
was formed.

Interview: | see you mentioned the history of water cycle. So, what about the recent
form of water cycle? Is there any starting/ending point?

Eren: No. It cycles repeatedly. Evaporated water condenses at somewhere.
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During the interview phase 3, as he did not know the wastewater treatment techniques,
he formed an in-situ answers that it is not feasible to do wastewater treatment in the
cities. Accordingly, he made an inference that polluted water has a slower rate of
evaporation and therefore, the amount of water in the water cycle would be affected.
He presumed that unless water evaporates, it could not be considered within the water
cycle. This conversation will be given under the section of “Advance mechanisms of
the water system”. All these responses acquired from different data collection tools
indicated that he had fully correct declarative knowledge and partially correct
procedural knowledge on the cyclic nature of the water system. He had also an in-situ
response that “the amount of water in the water cycle decreases because of water

pollution”.
Relational Responsiveness

This category was traced through implicit questions within the interview to explore
their notion within the context of the water system. Participants chose to explain
relational responsiveness of the water system within the context of either living or
nonliving subsystem’s reactions. Eren was one of the participants to explain relational

responsiveness. The conversation was given below.

Interviewer: ... Does water system react when a problem occurs? Why or why not?

Eren: It reacts... Of course, this reaction is not like human-brain-reaction but rather
action-reaction. If we act, it reacts. For example, as | said earlier, due to our action
(referring man-made greenhouse effect), its reaction will be the increase in the rate of
evaporation. Then it condenses more. This is a reaction because of our action. After a
while, drought or flood may emerge due to our actions.

Interview: So, you said that it does not have brain. | wonder how the water system
decides this action-reaction processes?

Eren: It is by default. The water system already has evaporation and condensation
process. The only thing we do as humanity to increase the rate of them. It’s like
increasing the number of substances in a chemical reaction. Chemical reactions are
default, but we increase inputs and we get more outputs. But the outputs in the water
system context have catastrophic consequences.

The analysis of his responses revealed that he reflected his declarative and procedural

knowledge on the relational responsiveness of the systems in water context. However,
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they were classified as partially correct since Eren failed to explain the nature of the

complex organism’s reactions in the water system to change in its environment.

Water and Living Organisms

Participants explained the role of living organisms in the water system as well as their
use of water for different purposes within the context of this study. Eren mentioned
some interactions between the water and the living organisms, which are namely some
microorganisms, plant, animal, and specifically, humanity. He was the only participant

that considered the some of the microorganisms related to the water system.

While he was explaining the mutual interactions between the living organisms and the

water system, he stated that

Living organisms use water for their bodies. They perform transpiration to balance
their body heat. On the other hand, people use water vapor in the air to help balance
in osmotic pressure. Maybe, a water vapor released from our body, let’s say, give heat
to a plant since that water vapor gives heat during condensation

The statement revealed that he had declarative knowledge that living organisms use
water in their bodies. On the other hand, he mentioned correctly the mechanisms of
respiration, photosynthesis, and transpiration in living organisms in different instances
during the interview. In terms of humanity, he explained not only the processes of
respiration and transpiration, but also the positive and negative effects of human use
of water on the water system. Overall, he had declarative knowledge on the
interactions between the water and the living organisms. In terms of procedural
knowledge, he explained the processes in detail which will be given in the subsequent

sections.

5.3.1.1.2 Power Sources of Water Cycle

Power sources of the water cycle was traced in all tasks during the data collection.

Eren mentioned sun and gravity as two of the power sources. He failed to mention
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wind as a power source. In his drawing, no power source was indicated. During the
interview, he stated that sun was the only the power source as “Temperature and the
pressure... the pressure forms due to the temperature. This acts as an activation energy
for the water cycle... The source of the temperature and the pressure is sun”. Unlike
his drawing and the responses during the interview, he selected correct answers in the
conception test. In conception test, Eren responded three questions related to two

power sources as sun and gravity (please see ).

To sum up, he correctly responded all three questions in conception test. However, he
only mentioned the sun during the other forms of data collection. Still, the data
revealed that he stated sun and gravity as two of the power sources and correctly

explained (or chose the best alternative) the processes.

5.3.1.1.3 Components and Processes in Water System

Within the context of the components of water system, Eren mentioned 18 of 31
components in the conception test, his drawings as well as during the interview. In the
conception test, he identified ocean as the biggest sources of water on Earth. In his
drawing (Figure 5.5), he used the components such as water, sea, clouds, rain, and
human beings. On the other hand, he mentioned animals, soil, sun, algae, water vapor,
plants, dew, fog, glaciers, river, lake, and groundwater during the interview in different

occasions.

In terms of processes, he identified seven processes of out 17. In his drawing, he
indicated the processes of evaporation, condensation, and precipitation. On the other

hand, he mentioned melting, respiration, photosynthesis, and transpiration during the

Eren reflected different components and processes in different data sources. For
example, he did not include all the processes and components that he identified in the
conception test within his drawing. In his interview, he exemplified other components
and processes. Overall, he exemplified 18 components of water system during the

interview. Additionally, he explained seven processes of water system. In terms of
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procedural knowledge, he explained correctly all the seven processes in the water
system which will be given in the subsequent sections.

5.3.1.1.4 Interactions among the Earth Systems

The analysis of Eren’s responses emerged five different relationships among the Earth
systems as (1) hydrosphere and atmosphere; (2) hydrosphere (continental) and
hydrosphere (marine); (3) hydrosphere and anthroposphere; (4) hydrosphere and
geosphere; and (5) hydrosphere and biosphere. Almost all of these relationships were
mentioned by Eren through triple combinations and more. Each combination was

given below.

The analysis of his drawing, interview, and responses of the conception test had some
indicators about his understanding of the relationship between hydrosphere and
atmosphere. In his drawing, he indicated evaporation, condensation, clouds, and
precipitation. In terms of cloud formation, Eren explained how clouds form in his
interview as “Clouds are actually a concentration of water vapors in the stratosphere.
They are basically condensed form of water vapor”. Even though his responses related
to the ingredient of the clouds (water droplets) was partially correct, he did not
correctly locate the place of the clouds within the layers of atmosphere.

Similar with his explanation, he had vague responses for the clouds in the conception
test (please see ). For the first question, he chose more than one alternative. Choosing
more than one alternative revealed that he had lack of knowledge on the cloud
formation. For the other question, he selected that “the process of evaporation explains
best the cloud formation” since “water evaporating from the earth’s surface goes to
the clouds”. This response was an indicator of having alternative conception of cloud
formation since clouds are not entities that water vapor goes into them. In short, it can
be summarized that he was able to reveal partially his declarative knowledge.
Nonetheless, he failed to explain its processes which indicated that he had naive

understanding on how clouds form.
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The relationships among atmosphere, hydrosphere (continental), anthroposphere, and
hydrosphere (marine) was detected in his drawing and interview. Figure 5.5 revealed
that precipitated water flows to the sea. When 1 asked, “Is there any other system
hidden in your drawing that might have an interaction with the water system?” during
the interview, he integrated atmosphere into anthroposphere, hydrosphere
(continental) and hydrosphere (marine) as following:

I can give examples for an artificial system. Imagine that there is a closed vessel
(referring the storage tank in his drawing). If we increase the pressure, the movement
will increase. If we put a turbine over here, we produce electricity. Let’s put a
generator also... Water system could affect that artificial system.

... (the conversation continues after the excerpt) ...

One another thing is that rainwater can be collected through channels and pipes
(referring the icons in his drawing). They could be accumulated and transferred to the
sea. What is more, we can put algae bacteria within the channels so that the water will
be enriched in oxygen.

The analysis of his responses reflected that he stated his declarative knowledge on the
relationship between these four (sub)systems. In terms of procedural knowledge, he
elaborated the artificial systems but did not give more detail about the other systems

mentioned above.

The third combination emerged from the analysis was related to the effect of water
system on human life as well as geosphere: “Water system affects the human life. For
example, farmers need rain for their soil. The rate of condensation in the water system
affects the soil fertility”. These sample excerpt revealed that he stated the possible dual
interactions among the hydrosphere, atmosphere, anthroposphere and geosphere. In
terms of procedural knowledge, he elaborated the artificial systems but did not give

more detail about the effects of water system on farmer’s life.

In addition to these, he also mentioned the interactions of hydrosphere, atmosphere,

and biosphere as following:

I think it is global warming. If a water resource becomes more warmer than before,
then the rate of evaporation will increase which affects the living organisms
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negatively. If evaporation rate intensified, then oxygen rate in water decreases and
their life will be in danger.

Overall, he revealed his declarative knowledge on this interaction. He did not elaborate

how oxygen rate decreases with the evaporation and what “in danger” refers to.

In brief, when we examine Figure 5.5 as well as his responses in different data
collection instruments, we can summarize his functional systems literacy as following
table. Table 5-2 reviewed his knowledge not only in terms of level of correctness but
also labeled that specific knowledge as declarative or procedural. Additionally, table
also elaborated the incorrect responses as either it is a consistent and stable or it was
produced in-situ which is inconsistent and unstable.

5.3.1.15 Mapping the Interactions of the Categories in Eren’s Functional

Systems L.iteracy

To explore the interactions among the categories in FSL, in-depth analysis of the
written transcription was conducted. Based on the content analysis, an interaction map
was produced. Figure 5.6 revealed the map was given below. The details of the

mapping were given under the methodology chapter.

Based on the content analysis of this section, I can summarize Eren’s functional

systems literacy in water context as following:

e Table 5-2 revealed that Eren had mostly declarative knowledge on the basic
mechanisms of the water system.

e In terms of procedural knowledge, he had relatively good understanding on the
working principles of the water system.

e At some points while examining the procedural knowledge, he had some
misconceptions.

e Figure 5.6 revealed that Components of Water System, Processes in Water System,

and Relationship between the Earth Systems had most interactive categories among
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the others. In other words, while Eren was talking about the basics of water system,
he mostly used these three categories.

Power Sources of the Water Cycle, on the other hand, was the most limited
category among the others. There was a weak integration of the power sources into
the other categories of FSL to explain the basics of the water system.

In the next section, Eren’s cultural systems literacy in water context will be given.

167



Table 5-2

Summary of Eren’s Functional Systems Literacy in Water Context

Categories / Codes* Declarative/  Fully Correct Partially Incorrect
Procedural Statement(s) Correct Statement(s)
Statement(s)

Consistent  Inconsistent

General Characteristics

of Water
Quantity of Water

1. Proportion of Declarative v

water resources
2. Change in amount of Procedural 4
water on Earth
Cyclic nature Declarative v

Procedural v v
Water and Living Declarative 4
Organisms Procedural v
Relational Declarative v
Responsiveness Procedural v
Power Sources of Water Declarative v
Cycle Procedural v
(2 out of 3) **
Components of the Declarative v
Water System
(18 out of 31)
Processes of the Water Declarative v
System Procedural v
(7 out of 17)
Relationship between
the Earth System
(5 out of 7)
Hydrosphere — Declarative v
Atmosphere*** Procedural v v
Hydrosphere — Biosphere Declarative 4
Procedural v
Hydrosphere — Declarative v
Anthroposphere Procedural v
Hydrosphere Declarative v
(continental) - Procedural v
hydrosphere (marine)
Hydrosphere - Declarative v
Geosphere
TOTAL (n) 13 9 1 1
(8D,5P) (4D,5P) 1P apP)

* Not all categories/codes were given in this table since some of them were not observed

** Even though participant has partially correct response in declarative knowledge, (s)he has fully correct
response for the procedural knowledge.

***Some categories/codes may have more than one answer since participants have both partially correct answer
and accompanying misconception.
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5.3.1.2 Eren’s Cultural Systems Literacy

Cultural systems literacy was centered around the basics of the local water system
within the context of this study. Accordingly, the second drawing task and phase 2
interview questions on CUSL were analyzed to portray participants’ cultural systems
literacy. The content analysis revealed three categories as (1) Components of Local
Water System (LWS); (2) National Water Resources (NWR); and (3) Relationships
between LWS and (Sub)systems. Additionally, the category of components of LWS
had three sub-categories needs to be elaborated as (1) Local Water Resources and (2)
Water Supply Network; and (3) Sewerage System. In this section, these categories and
subcategories were covered in detail. indicated the categories and codes of

his cultural systems literacy in water context.

5.3.1.2.1 Components of Local Water System

Components of LWS was examined through the second drawing task as well as phase
2 interview questions. Within the context of the second drawing task, the researcher
asked Eren to draw his local water system. However, his drawing was dominated by
domestic water use. His notion related to the other components of water system, on
the other hand, were traced through the interview questions. His second drawing was

given in Figure 5.7.

His drawing included some of the elements of water supply network (WSN). During
the interview, he also mentioned animals, plants, human beings, microorganisms, and
two of the local water resources which covered overall the components of LWS given
in the codebook. Sewerage system, WSN and LWR will be given under the subsequent

section since they require further classifications.
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Table 5-3

Categories and Codes — Eren’s Cultural Literacy

Theme: Basics of Local Water System (LWS)

Category 1: Components of LWS

Animal Human being Local Water Resources Sewerage System
Plant Microorganisms Water Supply Network

Sub-Category 1.1: Local Water Resources

Sub-Category 1.1.1: Name of LWR

Lake Tuz Lake Eymir

Sub-Category 1.1.2: Functions of LWR

Survival Recreational
Domestic

Sub-Category 1.2: Water Supply Network (WSN)

Sub-Category 1.2.1: Components in WSN

Pipe

Water ATM
Home

People

Water Storage Facilities

Groundwater

Sub-Category 1.2.2: Processes in WSN

Water Distribution
Water Accumulation Water Treatment

Sub-Category 1.3: Sewerage System

Sub-Category 1.3.1: Components in Sewerage System

Sub-Category 1.3.2: Processes in Sewerage System

Wastewater Collection

Category 2: National Water Resources (NWR)

Sub-Category 2.1: Current State of NWR

Water Resources Potential

Category 3: Relationship among Local, National, and Global (Sub)systems

LWS -Biosphere
LWS -Hydrosphere LWS -Geosphere

LWS - Anthroposphere
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Figure 5.7

Eren’s Local Water System
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Local Water Resources

Local water resources were examined by means of name of LWR, and functions of
LWR. In terms of specific names and functions of LWR, Eren identified that Lake Tuz

and Lake Eymir as two of the local water resources. Then, he explained the functions
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of LWR as domestic, recreational, and survival. His statements related to these
functions will be given in the next sections. Overall, Eren identified some of the LWRs
in his hometown. In terms of the functions of LWR, he explained they were used as

survival, recreational, and domestic purposes.
Water Supply Network and Sewerage System

In this context, how individuals model their local water supply network was examined.
Correspondingly, mental models tried to be acquired through the second drawing task
as well as responses to phase 2 interview questions. The analysis of their responses

revealed two sub-categories as WSN and Sewerage System.
Eren explained where water coming from to her home as following:

Eren: | know from my mother. There is a water distribution ATM (Automatic Teller
Machine) near our home. She goes there and pay some money to upload water on
ATM card. | reckon that there is a water storage facility to distribute water to the
homes via pipes. In my house, we use filter to drink water from the tap. Besides, there
is also a pipe collecting rainwater from our roof.

... (the conversation continues after the excerpt) ...

Water may be treated before the distribution to our homes for example if it is
hardwater.

Interviewer: So, what is the water resource of that provides water to your home?

Eren: | think it is coming from the groundwater resource.

The analysis of his responses indicated that Eren identified six components of WSN
in his hometown. On the other hand, Eren explained the discharging process of

wastewater as:

It goes to the sewer. But | have never thought this before... (he thought a minute) ...
It could not be discharged to other water resources, so let’s remove this option. I am
not sure whether they accumulated somewhere or not because it would be an endless
wastewater. The expenditure of treating the wastewater would be so high so it is not
feasible... (he thought two more minutes) ... It is accumulated somewhere; this is my
last decision...

The analysis of his responses revealed that Eren had limited amount of knowledge

about the water systems at his hometown. He identified six components of WSN,
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whereas he failed to identify any component of sewerage system. Among the
components of WSN, he stated that groundwater was used for WSN which was not the
case. Besides, he failed to include freshwater resources, water treatment plants, dams,
and receiving environment. In terms of processes, he only identified water treatment,
water accumulation, and water distribution for WSN, while wastewater collection was
the only processes in sewerage system that he mentioned. Overall, he was not sure
about his responses. No detailed explanation was given in terms of processes. The

sources of information were mainly based on his observations and his mother.

5.3.1.2.2 National Water Resources

The responses related to national water resources (NWR) were classified into two
categories as Name of NWR and Current State of NWR. Eren did not prefer to explain
his notion related to national water resources with specific names. Instead, he
mentioned them in general. For example, in terms of current state of NWR, he stated
that “I’ve heard on the news that Turkey is not one of those water-rich countries” On
the other hand, he did not explain in detail why Turkey is not one of the water rich
countries. This finding indicated that Eren has declarative knowledge on the water
resources potential of Tukey in terms of water-richness, but he failed to reveal

procedural knowledge on this subject.
5.3.1.2.3 Relationship between Local and Global (Sub)systems

The analysis of Eren’s responses emerged four different relationship among local and
global (sub)systems as (1) LWS-Hydrosphere, (2) LWS-Biosphere, and (3) LWS-
Anthroposphere; and (4) LWS- Geosphere perspectives. Almost all these relationships
were mentioned by Eren through triple combinations and more. Each combination was

given below.

As | outlined in the functional systems literacy section, he responded that the total
amount of water is almost constant on Earth and is cyclic in nature. However, when

he was talking about what happens to the domestic wastewater, he stated following:

174



Even though this accumulated domestic wastewater evaporates and purifies a little bit,
most of it does not continue cycling because its evaporation point (referring boiling
point) changes. This means that it does not evaporate in natural setting compared to
the clean water. Of course, the water continues cycling, but its initial amount
decreases.

His responses related to his local water system revealed that he failed to assimilate his
FSL to his local context. His misinterpretation revealed his notion on the relationship

between her LWS in her hometown and hydrosphere.

During the interview, relationships among LWS, Biosphere, Anthroposphere, and

Geosphere were mentioned as following:

Fishes use the dissolved oxygen within the lakes in my hometown. Water evaporated
from these lakes is used by plants and they perform photosynthesis with the help of
the water. Additionally, they also take water from their roots. Besides, lakes are
suitable medium for microorganisms like algae bacteria. Lakes are also useful for the
people. They create an aesthetic view for them. If they are clean enough, then
municipalities might use it for drinking purposes.

His response indicated his declarative knowledge on the relationship among LWS,
biosphere, anthroposphere, and geosphere. He explained partially the processes within
those interactions. In brief, when we examine Figure 5.7 as well as his responses in
different data collection instruments, his cultural systems literacy were summarized as
following table. Table 5-4 reviewed is knowledge not only in terms of level of
correctness but also labeled that specific knowledge as declarative or procedural.
Additionally, table also elaborated the incorrect responses as either it is a consistent

and stable or it was produced in-situ which is inconsistent and unstable.

5.3.1.2.4 Mapping the Interactions of the Categories in Eren’s Cultural Systems

Literacy

To explore the interactions among the categories in CUSL, in-depth analysis of the
written transcription was conducted. Based on the content analysis, an interaction map

was produced. Figure 5.8 revealed the map.
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Cultural systems literacy of Eren in terms of local water system can be summarized

based on the content analysis of this section as following:

Table 5-4 revealed that Eren had mostly declarative knowledge on the basic
mechanisms of his local water system. He had limited amount of procedural
knowledge about the basic mechanisms of his local water system.

Figure 5.8 revealed that Components of LWS and Relationship between Local and
Global Systems had most interactive categories among the others. In other words,
while Eren was talking about the basics of his local water system, he mostly used
components of LWS and its relationship among the other systems.

National Water Resources, on the other hand, were the most limited categories

among the others. He integrated them rarely into the other categories of CUSL.
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Table 5-4

Summary of Eren’s Cultural Systems Literacy in Water Context

Categories / Codes* Declarative Fully Partially Incorrect Don’t
Procedural Correct Correct Consistent Inconsistent Know
Statement(s)  Statement
Components of LWS Declarative v
Local Water Resources
Name of LWR Declarative v
Functions of Declarative v
LWR** Procedural v
Water Supply Network and Sewerage System
Components Declarative v
Processes
Water Declarative v v
Accumulation  Procedural v v
Water Declarative v
Distribution Procedural v v
Drinking Declarative v
Water Procedural 4
Treatment***
Wastewater Declarative v
Collection Procedural v
Wastewater Declarative v
Treatment Procedural v
National Water Resources
Water Resources  Declarative v
Potential

Relationship between Local and Global Systems

LWS - Hydrosphere Declarative v
Procedural v v
LWS - Biosphere Declarative v
Procedural v
LWS - Declarative v
Anthroposphere
LWS-Geosphere Declarative v
TOTAL (n) 7 10 0 6 3

Declarative (D)

Procedural (P) (7D) (5D, 5P) (2D,4P)  (1D,2P)

* Not all categories/codes were given in this table since some of them were not observed in all
participants

** Even though participants have partially correct response in declarative knowledge, (s)he has fully
correct response for the procedural knowledge.

***Some categories/codes may have more than one answer since participants have both partially
correct answer and accompanying misconception. OR they stated that they did not know the answer
but tried to answer, though.
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5.3.1.3 Eren’s Critical Systems Literacy

There are two themes in the cultural systems literacy as advance mechanisms in water
system, and invisible elements of human system. The findings in this section will be
given under these two themes as well as their categories. Table 5-5 summarized the

themes, categories, and codes of Eren’s critical systems literacy in water context.
5.3.1.3.1 Advance Mechanisms of Water System

The theme of advance mechanisms of water system had following categories:
dynamic nature of water system, causal dynamics and feedback loops, evolution of the
system, and complexity of the water system. Each category was given in the

subsequent sections.
5.3.1.3.1.1 Dynamic Nature of Water System

In his part of the interview, the questions were centered around the effects of
unconscious use of water and its dynamic effects on the water system. As stated in the
section of Quantity of Water, Eren was aware of that the total volume of the water is
almost constant. Correspondingly, further questions were asked to portray his mental
model on the unconscious use of water and its dynamic effect in the water system.
Eren reflected his understanding on time delays in water system. The conversation was

given below.

Interviewer: Eren, if the amount of water is constant, why are we concerning about the
depletion of the water resources?

Eren: Because the water is polluted... Although the amount of water is constant, the
proportion of drinkable water decreases since either people or the other living
organisms pollute it... We couldn’t use it because of this reason. The expenditure of
treating the wastewater would be so high that it is not feasible. Governments wouldn’t
do that unless a risky situation emerges.

Interviewer: So, what happens to that polluted water?

Eren: Even though they evaporate and are purified at some point, the rate of
evaporation changes since different substances increase its boiling point. In this way
the amount of water in the water cycle decreases. In other words, the rate of cycling
decreases.
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Table 5-5

Themes, Categories and Codes — Eren’s Critical Literacy

Theme 1: Advance Mechanisms in Water System

Category 1.1: Dynamic Nature of Water System

CRDN111: Time Delay CRDN112; Redistribution of Water

Category 1.2: Causal Dynamics and Feedback Loops

CRFL121: Simple Open Loop
CRFL122: Reinforcing Loop CRFL124: Open Loop with multiple causes

Category 1.3: Evolution of Water System

CREV132: Steady state

Category 1.4: Complexity of Water System

Sub-Category 1.4.1: Interruptions in the Water System

CRCO1411: Climate Change CRCO01412: Hidden Use of Water

Sub-Category 1.4.2: Layers of Complexities

CRCO01421: Environmental
CRCO01422: Economic
CRC01423: Social

Theme 2: Invisible Elements of Human System

Category 2.1: Beliefs on Water Use

CRBL211: Self-use of water CRBL213: Sources of Beliefs
CRBL212: Collective use of water

Category 2.3: Motive Concern

CRMC231: Social Altruistic CRMC233: Biospheric

Category 2.4: Action Strategies for Efficient Water Use

CRAC241: Persuasion
CRAC242: Water loss prevention

Category 2.5: Emotional response

CREMZ251: Anger CREM253: Happiness

Category 2.6: Motivational Orientation for Sustainable Use of Water

CRMO262: Extrinsic motivation
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The analysis of his responses revealed that Eren was aware on the time delays in the
water system. He attributed time delays to the slower rate of evaporation. However,
his reasoning, though including the correct scientific explanation, is partially correct
and formed as in situ. As he did not know the wastewater treatment techniques, he
thought that it is not feasible to do it. Moreover, he assumed that if a water resource
has a slower rate of evaporation, the amount of water in the water cycle would be
affected. He presumed that unless water evaporates, it could not be considered within

the water cycle.

Eren mentioned redistribution of water in the water system when he was talking about
the effects of people on the water system as following:

Interviewer: ... So, do people affect the water system? Why or why not?

Eren: They have both positive and negative effects. Water system also affects people
... (the conversation continues) ... One of their effects is global warming. Global
warming leads to drought by slowing down the water cycle which prevents raining.
This results in drought, at the end. While drought appears in some region, floods are
experiences in another region.

... (the conversation continues after the excerpt) ...

Interviewer: How do people’s negative effects influence the water cycle? Please
elaborate your reasoning.

Eren: As | said earlier, it slows down the water cycle. They may change the rate of
evaporation (referring polluted water have different rate of evaporation than pure
water). Besides, they also intensify the water cycle which leads to an increase in the
amount of precipitation... Conversely, when they slow down the water cycle, the
amount of water in the water cycle decreases.

The analysis of his responses revealed that he explained redistribution of the water
based on the effects of global warming. He emphasized that the effects of global
warming influence redistribution pattern of the water in water system. Overall, the
analysis of his responses indicated that he attributed the time delays and redistribution
of water were water pollution and global warming. However, he had also some
alternative explanations that “the amount of water in water cycle decreases sue to water

pollution”.
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5.3.1.3.1.2 Causal Dynamics and Feedback Loops

Causal dynamics and feedback loops were traced in the interview responses. In this
section, two different styles were used to present the findings. If the participant’s
response were given in another section, related page numbers were reminded, and
visualization of the causality/feedback loop was reported. If it was not presented
before, then related excerpt and visualization were given. Arrows in the visualizations
represent cause-effect relationship (i.e. A causes B will be given as A—» B). The
analysis of Eren’s responses emerged one simple open loop, one open loop with
multiple causalities, and two reinforcing loops. Simple open loop was detected while
Eren was talking about complexity of the water system. In this category, the
visualization was given in Figure 5.9. The figure revealed that several disruptions or

failures in water system will eventually have negative effects on human life.

Figure 5.9

Eren’s Simple Open Loop

Emission of greenhouse Temperature . Fruits will ripen

gases increase increases earlier

Consumers < Prices will Middlemen <«—— Farmers
be affected badly  increase will be affected will be affected

Open loop with multiple causes was observed in his responses related to the effects of
the water system on people. Eren mentioned how people will be affected because of

the several failures in the water system as following:

Global warming leads to glacier melting. This also result in water level rise.
Consecutively, the amount of evaporation increases, so the amount of condensation.
Therefore, the amount of precipitation increases. These events lead to floods and our
life will be affected negatively.

Based on these sample excerpts, open loop with multiple causalities was visualized in
Figure 5.10.
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In terms of feedback loops, Eren explained implicitly two simple reinforcing loops.
While he was talking about the effects of global warming and a simulation about what
happens when water cycle stops. His responses related to the effects of global warming
was as following: “Farmers was affected due to the global warming. However, global
warming is a man-made phenomenon. In other words, they are the ones who are
responsible for the global warming due to their unconscious consumption habits” This
sample excerpt can be visualized in Figure 5.11. Note that that positive (+) signs

indicates a change in one produces a change in another in the same direction.

Figure 5.11

Eren’s Reinforcing Loop of Global Warming

Farmers (+; Global

affect warming
global affects
warming farmers
(+)

In another instance, while he was talking about a simulation about what happens when

water cycle stops, he stated that:

Assume that no water cycles anymore and all the water remain in the liquid state on
Earth. Sequentially, water level rises more than usual when tidal waves occur. This
would lead to everlasting floods. These floods, in turn, intensify the sea level rise. This
forms a vicious cycle.

This sample excerpt can be visualized below.
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Figure 5.12

Eren’s Simple Reinforcing Loop of the Simulation

7D 4 ( +)’

Tidal waves \{\é?/teelr Floods
occur

‘(+) o

Overall, Eren revealed his notion of causality in a system through the simple open
loop, chain events in open loops and two reinforcing loops. While he was explaining
his notion on the causalities, he mainly attributed these causalities to the effects global

warming.

5.3.1.3.1.3 Evolutionary Processes in Water System

Evolutionary process in water system was examined in the interview phase 3 while |
was asking participants about their predictions for the future scenarios of local,
national, and global water system. Eren addressed possible evolutionary scenarios for
his local water system and the global water system. Eren’s response for evolutionary

state of his local water system was following:

When we think about the present state of Ankara, we have not experienced any water-
related problem yet. If the same conditions were conserved as it is and the consumption
rate didn’t change, I think that there will be no change between 20-50 years. It would
be worse after that interval, if a drastic change occurred like being a big metropolitan
i.e., Istanbul.

The analysis of the sample excerpt revealed that he predicted that the evolutionary
state of his local water system as relatively constant since he presumed that no
significant change would occur in the near future. In terms of global aspects, he stated
that:
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The amount of water in liquid state will increase globally; however, accessible water
will decrease. In other words, they are inversely related to each other even if it does
not sound logical. In the next 25 years, | expect no change. Media exaggerates
sometimes to make something newsworthy. For example, if media announce that
water scarcity begins, it may not reflect the case. Of course, the risk of water scarcity
begins, but it takes years to face with water scarcity. I don’t think we run out water in
just 10 years. Maybe in the long run...

He claimed that there would be no change in the future of the global water system. His
claim was based on his idea that it takes time to experience that kind of change. To
sum up, the analysis of his responses revealed that he predicted no change in his local

water system as well as the global water system in the coming years.
5.3.1.3.1.4 Complexity of the Water System

As Mobus and Kalton (2015) denoted, systems have different types and/or layers of
complexity and these complexity and nonlinearities can be one of the sources of
interruptions and failures in systems. Within the context of the water system, the issue
of climate change and hidden use of water were included as two of the interruptions in
the water system and possess many layers of complexity such as economic, social,

environmental, educational, health, and governmental layers.

Participants’ understanding on the issue of climate change was acquired based on a
case which includes some hints about the layers of complexity in a narrative way. By
using this case, it is aimed to explore students’ understanding on the complexities in
water systems. Correspondingly, a real story from Turkey was selected and interview
phase 4 was constructed. For the hidden use of water, interview phase 3 were prepared

to portray participants’ notion on the hidden use of water.
Climate Change and The Water System

The analysis of this part revealed that Eren could be able to detect interruptions in the
water system and some of the layers of its complexity in this story. | asked to him

“What happened to the water system in this story?” His rationale was following:
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Eren: At the beginning, man-made greenhouse effect leads to global warming. Drastic
changes in the temperature creates an effect such that it is too hot at one day, while it
is raining the other day.

Interviewer: Okay, thank you. So, it was written that the seasons began earlier than
expected. What could be the reason for it?

Eren: Greenhouse gases accumulated in the atmosphere and this led to an increase in
the amount of heat trapped in there. As a result, the average temperature in a season
increases and trees are fooled by this hotness. Correspondingly, they start blooming
earlier than they used to be.

Eren detected the failure of the water system within the case as climate change in an
implicit manner. He explained the mechanisms of manmade greenhouse effect, global
warming, and climate change, but he only failed to name it as climate change. In terms
of layers of complexities, he mentioned the effects of climate change on the

environmental, economic, social perspectives. A sample excerpt was given below.

Farmers were affected negatively; also, middlemen and consumers who possibly buy
these products. Consumer wouldn’t eat the products. Even if they could, the products
would be too expensive... (conversation continues) ... And the plants, of course. As
far as | remember, some crops should stay under the snow for a while to kill some
bacteria. This is not going to happen because of global warming. Agriculture will be
affected from this.

In short, Eren was able to identify the failure of the water system as climate change
and explain its mechanism in detail based on the man-made greenhouse effect and
global warming. Moreover, he identified three different layers of complexity as

economic, social and environmental perspectives.
Hidden Use of Water and The Water System

At this part, | asked some explicit questions to understand whether they are familiar
this term or not. During the interview, if the interviewee has not ever heard about the
term ‘“hidden use of water”, I tried to ask some triggering questions which are
implicitly exploring interviewee’s inferences on the concept of hidden use as well as
perceptions on his/her water use. The reasons for asking these triggering questions is
that (1) I presume that even though they may not be familiar the term “hidden use”,

they could be able to infer the concept; and (2) | want to reveal that whether
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interviewees feel responsible or not, when they infer the consumption of water in a

product that they buy.

When | asked Eren about the term “hidden use of water” during the interview, he said
he has never heard this term before. Consecutively, | asked to him to think about
whether there would be water consumption in foods that we eat or the clothes that we
wear. A product, hamburger, that participants possibly consume was chosen as one of
the concepts to enable them to think about the amount of water while manufacturing.

| asked Eren to explain water consumption in a hamburger. He responded as following:

Interviewer: What about, for instance, a hamburger? Do we spend water for it?

Eren: Let’s think about the meatball in the hamburger. It comes from an animal. It
drinks water to survive. Then, it is slaughtered, and its meat is cleaned. There is also
a water consumption in here. On the other hand, potatoes also need water to be fried.
Oil production also need water. If we think about the mills for the bread production,
water is also consumed in there.

Interviewer: OK, when you think about all the process of hamburger production, who
are responsible for the consumption of water?

Eren: There is something oddly happening in this situation. | think the person who buy
this hamburger is the responsible of the all-water consumption. All the amount of
water was spent for her/him so that (s)he could eat that hamburger.

The analysis of the conversation revealed that Eren had no declarative knowledge
about the term “hidden use of water”. However, when more elaborative questions were
asked about water consumption in a product, for example, he had the ability to infer
the consumption of water at some level, but he failed to include the amount of the
water for animals’ grain, vegetables in the hamburger and hamburger’s packaging
process as well as wastewaters spent for the production. This indicated that he had
procedural knowledge partially about the processes during the production. Besides, he
stated that the consumers were responsible for the water consumption since (s)he
bought it.

5.3.1.3.2 Invisible Elements of Human System

In this section, the findings were given within the categories of beliefs about water use,

action strategies for efficient water use, emotional responses, motive concerns, and
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motivational orientation for sustainable water use. The category of self-efficacy beliefs

towards efficient water use was not emerged in Eren’s responses.
5.3.1.3.2.1 Beliefs on Water Use

In this part, beliefs were summarized under the two sections as self-use of water and
collective use of water. Beliefs on self-use of water covered the beliefs on both direct
and hidden use of water from daily life. On the other hand, beliefs on collective use of

water included beliefs on how other people use water in their daily life.
Beliefs on Self-use of Water

Self-use of water was traced in the interview part. The analysis of Eren’s responses
indicated that he had descriptive belief. The only belief that he shared during the
interview that he did not waste the water most of the time which was classified as
descriptive belief. This was summarized with his sources of his belief. To explore the
sources of his descriptive belief, | asked to him in which activities does he consume

water in a day. He stated that:

I use water in bathroom and the restroom. I also consume water after eating because
there is also water consumption while they are cooking. Frankly, | use water in every
hour a day because human being consume water in his/her daily life in every hour for
doing or eating something... (conversation continues) ... I try not to waste it while I
am using it. I hope | am not doing it.

Analysis of his responses revealed that he formed his descriptive beliefs based on daily
experiences related to direct use of water. Since he did not know the concept of hidden
use of water, which was given in the previous section, he failed to include his hidden
use of water. In short, he had descriptive belief on his self-use of water. While he was

mentioning it, he also gave his rationale from his direct experiences.
Beliefs on Collective Use of Water

In this part, the role of people in water system was asked to trace Eren’s beliefs on

collective use of water. In terms of the role of people in the water system, he had
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inferential belief that “The rate of wasting water is increasing in these days”. He
explained his inference as “Wasting the water is increasing. For example, the school’s
cafeteria is serving the foods more than we consume, so it goes to the trash. Even in
this specific example is related to wasting the water because water is spent during the
preparation process.” In this excerpt, he observed foods are wasted in cafeteria and he
inferred that this activity also led to water waste since water is consumed for preparing

these foods.

Eren had also informational beliefs that people had (1) positive effects on the water
system in terms of environmental aspect and (2) negative effects on the water system
in terms of (a) environmental, (b) economic, and (c) social aspects. He formed these

beliefs from the outside sources. He stated that as following:

People have both positive and negative effect on the water system. From the positive
perspective, if there is a plant in an area but lack of water, people carry water to that
plant. Plant and people together help to the water cycle by performing transpiration
and photosynthesis. | know this is a biological concept, but water is released as a result
of this transpiration. This makes a positive effect to the water system. On the other
hand, even though there are some people using water consciously, there also some
using water recklessly. This has negative effects on the environment as well as the
economy. Accessible and drinkable water is decreasing day by day. Besides, people
lead to glacier melts with the global warming. This affects the water system. Water
level rise and tsunami and floods appear. These events have negative effects on
people’s lives as well as their use of water and the water system. Droughts are emerged
too.

The analysis of this sample excerpt as well as his other responses during the interview
revealed that he formed inferential belief and informational beliefs for the collective
use of water. His sources for these beliefs were reported by Eren in different instances
on the interview such as inference from direct experiences, media, articles, and

seminars that he attended.

5.3.1.3.2.2 Action Strategies for Sustainable Water Use

In this section, participants’ explicit statements about their action strategies for
efficient or sustainable water use was given. As Eren reported that he participated in a

seminar related to the context of sustainability, the interview was built based on his
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action strategies of sustainability water use. Correspondingly, | asked him to explain
whether he set a goal related to sustainable water use in his daily life. His response

was following:

The only strategy that | have related to sustainable water use is to try not to waste
water so that we, the humanity, could be able to use the water much longer. In this
way, | also contribute to preventing the pollution of water. On the other hand, | am
working on an energy efficiency project in my high school and it is indirectly related
to saving water. The aim of our project is about improving heat storage systems and
we get help from salty water to do this. Current thermal power plants lead to water
pollution. In my project, this is not the case.

The sample excerpt revealed that his action strategies were related to his direct use.
However, he did not give detail about in which activities he tried not to waste the
water. Eren stated that the reason for not wasting water was the state of future
generations. Additionally, he did not share any action strategies related to his hidden

use of water because he already reported that he did not know the meaning of the term.

Eren also mentioned his project about energy efficiency in heat storage systems. He
stated that this project was indirectly related to saving water and preventing water
pollution in terms of his action strategies. Apart from these strategies, Eren also
mentioned that about persuasion to other people about not wasting the water. He stated
that “I sometimes interfere with my sibling’s water consumption behavior, when (s)he
consumes water much more it is needed.” In short, prevention of water loss and
persuasion were Eren’s self-reported action strategies to use water sustainably. He
mentioned his action strategies by including future generations, energy-efficiency, and
preventing water pollution which are related to some of the sustainable development
goals. This will be discussed in the next chapter.

5.3.1.3.2.3 Emotional Response

His emotions related to effects of people on the water system were asked. He said he
was angry about the negative effects of people on the water system. On the other hand,
he stated that he was happy when he sees that some people water an arid region. The
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analysis of his responses indicated that anger and happiness were the two emotional
responses that he had related to the water system.

5.3.1.3.2.4 Motive Concerns

Motive concerns of the participants were examined by the interview questions.
Correspondingly, the responses of the interview questions were analyzed to portray
their motive concern. Eren revealed his motive concerns while he was talking about

the importance of water system. The sample excerpt was given below.

It is important to maintain not only the water cycle but also the water system because
all living organisms depend on water. Assume that no water cycles anymore and all
the water remain in the liquid state on Earth. Sequentially, water level rises more than
usual when tidal waves occur. This would lead to everlasting floods. These floods, in
turn, intensify the sea level rise. This forms a vicious cycle. This could be dangerous
for the living organisms. On the other hand, maintaining water supply network is also
important since it makes human life better. We do not have to carry water from
somewhere, there is an automatization for the circulation of water.

While Eren shared his ideas about maintenance of water system, he emphasized all
living organisms, who are possibly be affected from disruption in the water system.
This response was an indicator of his biospheric motive concern. In addition, he also
emphasized the importance of water supply network for people’s life. This was an
indicator of social altruistic motive concern. During different instances in his
interview, his social altruistic motive concern was dominant compared to biospheric

motive concern. A sample excerpt was given below.

Interviewer: Why do you have specific goal orientation to use water efficiently?

Eren: So that we could live in the same conditions that we have now. In other words,
in order not to face any difficulty or drought, I try to use water sustainably.

The analysis of his response revealed his social altruistic motive concern. He stated
that he used water sustainably so that future generations would use it too. In short,
Eren hold different motive concerns about the present state of water system, but social

altruistic value orientation was dominant in his responses.
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5.3.1.3.2.5 Motivational Orientation

In terms of motivational aspect, it was asked to Eren that the sources of his motivation
if any when he used water efficiently. His specific answer related to that question was

following:

Even if I am not motivated all the time, there are some circumstances to motivate me
to use water sustainably. For example, whenever | see that my brother wastes the
water, | prevent him from doing it. On the other hand, | want to become a political
leader when I grow up. This motivates me as if I am already a politician. Actually, the
feeling of doing the right thing motivates me.

The analysis of his responses indicated that he had extrinsic motivation. Extrinsic
motivation refers to a construct “...that pertains whenever an activity is done in order
to attain some separable outcome.” (Ryan & Deci, 2000, p.60). In his case, Eren used
water efficiently since doing the right thing motivated him. The compatibility of the

behavior with his future career choice provided a basis for his actions.

5.3.1.3.3 Summary of Eren’s Critical Systems Literacy in Water Context

The analysis of Eren’s critical systems literacy in water context were given in two
themes. In terms of advance mechanisms of water system, Eren’s explanations were
categorized in four categories. In term of dynamic nature of water system, Eren
reflected his notion on time delays and redistribution of water in water system. He
partially explained about how these dynamical mismatches occur. On the other hand,
he exemplified causal dynamics by explaining them as simple open loop, two open
loops with multiple causalities, and two simple reinforcing loops. While he was
explaining his notion on the causalities, he mainly attributed these causalities to the
effects global warming. In terms of evolutionary processes in the system, the analysis
of his responses revealed that he predicted no change in his local water system as well
as the global water system in the coming years. Last, Eren’s reflections related to the
real story and the concept of hidden use of water were indicators of his notion on the
complexity of the water system. He detected climate change as a disruption in the

water system and he mentioned three different layers of complexity as economic,
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social and environmental perspectives. In terms of hidden use of water, however, he
had no declarative knowledge, but was able to infer some of the processes during the
manufacturing of the products. Besides, he specified that the consumers were

responsible for the water consumption since they bought it.

Under the theme of invisible elements of human system, Eren’s responses were given
by means of five categories. In terms of beliefs on water use, he reflected his beliefs
on self-use and collective use of water. He gave detailed information about the sources
of his beliefs. He had descriptive on his self-use of water as “I do not waste the water
most of the time”. While he was mentioning it, he also gave his rationale from his direct
experiences. In terms of the role of people in the water system, he had descriptive
belief that “The rate of wasting water is increasing in these days”; informational beliefs
that people had (1) positive effects on the water system in terms of environmental
aspect and (2) negative effects on the water system in terms of (a) environmental, (b)
economic, and (c) social aspects. He formed these beliefs from outside sources as
direct experiences, media, articles, and seminars that he attended. Action strategies of
Eren for sustainable water use were related to his direct use. However, he did not
elaborate in which activities he tried not to waste the water. Additionally, he did not
share any action strategies related to his hidden use of water since he did not know the
meaning of the term. Anger and happiness were the two emotional responses that he
had related to the water system. Social altruistic and biospheric value orientations were
observed and social altruistic was dominant motive concern. Last, he attributed his
motivation about sustainable use of water to his future career choice; thus, he had

extrinsic motivation.
5.3.1.4 Mapping the Interactions of the Categories in Systems Literacy

To explore the interactions among the FSL, CUSL, and CRSL, in-depth analysis of
the written transcription was conducted. Based on the content analysis, an interaction
map was produced. revealed the map. The order of the interactions from

highest to the lowest among the elements of systems literacy was FSL-CRSL, FSL-
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CUSL, and CUSL-CRSL. The interactions among the elements of systems literacy of
Eren in terms of water system can be summarized based on the content analysis of this

section as following:

e Eren had substantial amount of knowledge about the basic mechanisms of water
system (FSL) compared to basics of his local water system (CUSL).

e revealed that Critical Systems Literacy was interactive literacy element among
the others, whereas Cultural Systems Literacy was least interactive.

e The number of interactions between Functional Systems Literacy and Critical
Systems Literacy were higher than the other combinations of interactions (CUSL-
CRSL; FSL - CUSL).
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5.3.2 Case 2: Cansu

Cansu was born in 2003. She is a ninth-grader female student in a social sciences
public high school located in an inland city. Her school runs a two-semester English
Language Preparatory Program for the students before pursuing their high school
program. It is one of the high schools that accept students according to their national
entrance exam scores. Cansu’s entrance exam score was 421 out of 500 points which
corresponds to top 18% of the applicants in that year. She enrolled the preparatory

program twice since she failed to pass the preparatory class in the first year.

Cansu’s parents used to be farmers. Currently, her mother is a cook in a local diner;
her father is a worker. Still, they are farming for themselves and for their animals.
Farming is one of the main jobs in her village, though. Besides, Cansu’s family has
also some animals in their garden. They sell neither the animals nor their dairy
products. They only provide their nutrients from the animals. Their village is in a
riverside. Although Cansu is staying in dormitory during the semesters, she visits her

childhood residence in semester breaks as well as in holidays.

In her middle school years, she enrolled two projects related to water pollution and
water shortage problem. Both their village and her school are near River Kizilirmak,
her teachers arranged an event “garbage collection” from the river. Students collected
garbage from the surface of River Kizilirmak. The second project was using well
waters as a water resource since there was water shortage problem in her village during
summers. They prepared a project proposal and presented to Mayor. Then, their
projects put into practice by the municipality. Besides, her high school offers a course
“Social Activities” aimed to increase awareness of the students in (1) social sensitivity;
(2) nature and environment; and (3) culture and art. Her teacher in this course was
interested in water-related issues and included these issues into her classes. Different
presentations, guest speakers, and documentaries were integrated into the lectures

correlated with the aim of the course.
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Cansu reported that she did not remember the context of sustainability. In the ninth
grade before | collected data from her, properties of water as a universal solvent and
water as a polar molecule were taught in her chemistry class. On the other hand, water
was also included in geography class as hydrosphere within the context of Earth’s

spheres.

I worked with Cansu in two sessions. The responses of Cansu through the conception
test, first drawing task, and interview questions reflected some indicators related her
systems literacy. The analyses of her responses were given below under the elements

of functional systems literacy, critical systems literacy, and cultural systems literacy.

5.3.2.1 Cansu’s Functional Systems Literacy

The analysis of Cansu’s responses in conception test, first drawing task and interview
phase 1 revealed her functional systems literacy in five categories as (1) general
characteristics of water; (2) power sources of water cycle; (3) components of water
cycle; (4) processes of water cycle and (5) relationship between the Earth systems.
Table 5-6 indicated codes and categories for her functional systems literacy in water

context.

5.3.2.1.1 General Characteristics of Water

The first category in explaining Cansu’s functional systems literacy was general
characteristics of water. Cansu’s answers for the questions for this session were given
by means of quantity of water, its cyclic nature, relational responsiveness, and water

in living organisms.
Quantity of Water

Quantity of water refers to (1) compare the proportions of water stored in different water
resources (2) state that almost all the amount of water does not change on Earth. In
conception test, Cansu correctly responded that most of the water on Earth is found in
oceans. On the other hand, she revealed her misconception that “the amount of water

on Earth decreases” with the confidence rating of “l am sure”. (please see )
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Table 5-6

Themes, Categories and Codes of Cansu’s Functional Systems Literacy

Category 1: General Characteristics of Water

FGC11: Quantity of Water * FGC14: Water and Living Organisms
FGC12: Cyclic Nature FGC15: Relational Responsiveness

**

Category 2: Power Sources of Water Cycle

FPS21: Sun FPS23: Gravity
FPS22: Wind

Category 3: Components of Water System

FC31: Plant FC317: Cloud
FC32: Sun FC318: Rain
FC33: Water

FC34: Animal

FC35: Human

FC36: Ocean

FC37: Sea

FC324: Well
FC39: River
FC310: Glacier
FC311: Spring
FC312: Soil
FC313: Wetland

FC330: Puddle
FC315: Groundwater FC331: Mountain

Category 4: Processes of Water System
FP41: Evaporation

FP411: Melting

FP46: Precipitation
FP47: Penetration

Category 5: Interactions among the Earth (Sub)Systems*
FRES51: Hydrosphere—atmosphere FRESS55: Hydrosphere-anthroposphere
FRES52: Hydrosphere—geosphere

FRES54: Hydrosphere—biosphere

*black codes: emerged from Cansu’s responses il not apparent in Cansu’s responses
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In her interview, she elaborated the decrease in the total amount of water on Earth in
different contexts as following:

As there is no recycling for water which penetrates the soil and leaks to the
groundwater, the total amount of water decreases. For example, some of our
wastewater in our village goes into the soil and it would not be usable anymore. | think
this situation affects all the world since it leads to a decrease in the total amount of
water on Earth.

... (the conversation continues after the excerpt) ...

The analysis of her answers in different forms of questions (conception test items,
interview questions) indicated that she identified the highest proportion stored in the
oceans. Moreover, she failed to express that the amount of water is almost constant on
Earth. Instead, Cansu had a misconception and it was consistent and stable in different

context during data collection.
Cyclic Nature

For obtaining information about her notion on the cyclic nature of water, the first
drawing task, conception test, and interview questions was analyzed. In her drawing,
she used arrows to show how water cycles. She indicated that water precipitates into a
water resource and then, the water goes back into atmosphere thanks to the
evaporation. Additionally, she added groundwater inside a mountain, and it has no

connection with the water cycle. The figure was given in
After the first drawing task ended, she explained how water cycle occurs as following:

Cansu: At first, it’s raining and collecting in lakes, rivers, and wetlands. Then, water
evaporates with the help of the sun and goes into the clouds, that’s all...

Interviewer: Okay. So, is there any starting or ending point?

Cansu: No because it always cycles, and it never stops. Hence, there is no starting or
ending point. | learned this in social activities course offered by our high school.
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Figure 5.14

Cansu’s Drawing of Water Cycle

Analyzing of both her drawing and explanation revealed that she explained partially
correct the cyclic nature of the water since she failed to indicate the evaporation from
the land. Her responses indicated that water only evaporates from the water resources.
Additionally, groundwater had no connection with the water cycle in her figure. In
other words, the journey of water has ended deep in the mountain. She explained that
“It is so deep that we couldn’t reach the groundwater. Therefore, we couldn’t use
groundwater”. In a consistent manner, while we were talking about “where does water
go when we discharge it?” she stated that “The water that we use in our kitchen and
bathroom goes directly the garden in my village’s house via pipes. You can see the
wastewater flowing outside the house. There is no turning back for this water since it
penetrates the soil and blends in the groundwater.” Her drawing as well as this sample
excerpt revealed that she had difficulties to imagine the connection between the
groundwater and the water cycle. Besides, Cansu indicated that there is no

starting/ending point of the water in the conception test (please see ).
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All these forms of responses indicated that she had declarative knowledge on the cyclic
nature of the water. She stated that she learned it in her school. On the other hand, she
thought that groundwater does not take part in water cycle and this was an indicator
for her lack of procedural knowledge on the cycling mechanism of water. She
exemplified how domestic wastewater cannot take part in water cycle based on her
daily life experience in her hometown This misinterpretation was another indicator of

her partial procedural knowledge on water cycles in different contexts.
Relational Responsiveness

Cansu was one of the participants to explain relational responsiveness of the water
system within the context of living subsystem’s reactions. She explained how local
people in her village react when their water supply had been cut off in summers. The

conversation was given below.

Interviewer: ... Does water system react when a problem occurs? Why or why not?

Cansu: As | said earlier, our water supply has been cut off in summers due to overuse
of water. People carry water from somewhere else, mostly from the main county town,
forty minutes’ drive from the village. They either carry this water by car or use public
transport. On the other hand, there is a spring water coming from the mountain which
has never been cut off so far. My dad sometimes carry water to our home from the
spring. This resource is fifteen minutes’ drive from the village... (conversation
continues) ... Carrying water does not enough to provide our daily needs. We have
severe difficulties in cleaning such as take a bath, washing our hands or dishes. We
only use it for drinking and cooking purposes.

Interviewer: So, what is the reaction of the people in your village for this problem?

Cansu: They get used to it. They never attempt to change their water consumption
behavior.

The analysis of her responses revealed that she failed to reveal her declarative
knowledge on the relational responsiveness of the systems in water context. However,
she explained how a complex organization react to an event with a specific example
from her village. Hence, the analysis of her response revealed that she reflected her
partial procedural knowledge on the relational responsiveness based on her daily life

experience.
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Water and Living Organisms

Cansu explained the role of living organisms in the water system as well as their use
of water for different purposes. She explained some interactions between the water
and the living organisms, which are namely animal, and specifically, humanity. For
example, she mentioned the amount of water in living organisms as “97% of our body
includes water.” The statement revealed that she had declarative knowledge that we
have substantial amount of water in our body, but the percentage that she gave was

wrong.

In terms of humanity, she explained the positive and negative effects of human use of
water on the water system. Overall, she had declarative knowledge on the interactions
between the water and the living organisms. In terms of procedural knowledge, she
only elaborated human use of water which will be given in the subsequent sections.

She did not include processes in water system related to the other living organisms.

5.3.2.1.2 Power Sources of Water Cycle

Cansu stated all the three power sources in different data sources. In her drawing, she
included sun as a power source. On the other hand, she mentioned sun and wind during
her interview. She only explained the role of sun as “...Evaporation occurs because
of the sun...” she failed to explain the function of the wind as a power source. In
conception test, Cansu responded correctly all three questions related to the power
sources. ((please see ). To sum up, she correctly responded all three questions in
conception test. However, she mentioned them in different forms of data source. Still,
the data revealed that she stated sun, wind, and gravity as the power sources but

partially revealed her procedural knowledge.

5.3.2.1.3 Components and Processes in Water System

Within the context of the components of water system, Cansu mentioned 18 of 31
components in the conception test, her drawings as well as during the interview. In the
conception test, she identified ocean as the biggest sources of water on Earth. In her
drawing (Figure 5.14), she used the components such as water, sun, clouds, rain, and

groundwater. On the other hand, she mentioned animals, human beings, plants, soil,
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wetland, puddle, glacier, sea, mountain, spring, well, and river during the interview in

different occasions.

In terms of processes, she identified four processes of out 17. In her drawing (Figure
5.14), she indicated the processes of evaporation and precipitation. On the other hand,
she mentioned penetration and melting during the interview. While she was talking
about these two processes, she revealed some misconceptions. For penetration, she
stated that “Water penetrates to soil and it will be no longer used by human.
Correspondingly, the total amount of water decreases on Earth”. For melting, she
explained her rationale as “Hole in the ozone layer leads to glacier melting. The
weather would be hotter because of the that hole. Then, glaciers start to melt and result
in climate change.” Even though she explained correctly the mechanism of melting in

terms of heat exchange, she misinterpreted the phenomenon of glacier melt.

During the data collection, Cansu reflected different components and processes. For
example, she did not include all the processes and components that she identified in
the conception test within her drawing. In her interview, she exemplified other
components and processes. Overall, she exemplified 17 components of water system
during the interview. Additionally, she named four processes of water system. While

explaining melting and penetration, she revealed her misconceptions.

5.3.2.1.4 Interactions among the Earth Systems

The analysis of Cansu’s responses emerged four different relationships among the
Earth systems as (1) hydrosphere and atmosphere; (2) hydrosphere and
anthroposphere; (3) hydrosphere and geosphere; and (4) hydrosphere and biosphere.
Besides these categories, she also mentioned some of them through three or more

different combinations. Each code and their combinations were given below.

The analysis of his drawing, interview, and responses of the conception test had some
indicators about her notion about the relationships between hydrosphere and
atmosphere by indicating evaporation, clouds and precipitation in her drawing. On the
other hand, she did not give detail about the mechanisms of precipitation. In terms of

cloud formation, Cansu explicitly stated that she did not know how clouds form.
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Similar with her explanation related to cloud formation, she had vague responses for
the clouds in the conception test ((please see ). For the first question she chose the
correct response that “water vapor and dusts in the atmosphere are required for the
cloud formation” but with a wrong alternative and she was not sure about the answers
which indicated lack of knowledge. For the other question, she selected the correct
answer. In short, she was able to reveal partially her procedural knowledge on how
clouds form by choosing the correct alternative but being not sure. Nonetheless, she

failed to explain its processes during the interview.

When I asked, “Is there any other system hidden in your drawing that might have an
interaction with the water system?” she emphasized hydrosphere-anthroposphere as
following: “I think water cycle affects people. If water cycle stops, then people will be
in a bad situation. In contrast, people do not affect the water cycle.” This sample
excerpt revealed that she failed to state the dual interaction between the hydrosphere
and anthroposphere.

The relationship between hydrosphere and geosphere emerged from the analysis of the
interview. She mentioned this interaction in two instances. First, she stated that some
of the water penetrates to the soil and leaks to the groundwater resources. This
phenomenon results in a decrease in the total amount of the water. On the other hand,
she mentioned a well near the agricultural area in her village. She explained that water
pumped from the well was used for irrigational purposes. These two examples revealed
her declarative knowledge on the interaction between hydrosphere and geosphere.
However, she had a misconception on what happens to water after penetrates to the
soil. The relationship among atmosphere, hydrosphere, and biosphere were given
through two examples. First, she stated that “Living organisms use water for survival
purposes. For instance, animals use water either to drink it or clean themselves.” In
the latter part of her interview, she mentioned that “When there are a lot of trees in an
area, the rate of precipitation increases. It is good because our water potential

increases.” Overall, she revealed only her declarative knowledge on this interaction.

In brief, when we examine Figure 5.14 as well as her responses in different data

collection instruments, we can summarize her functional systems literacy in Table 5-7.
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This table reviewed her knowledge not only in terms of level of correctness but also
labeled that specific knowledge as declarative or procedural. Additionally, table also
elaborated the incorrect responses as either it is a consistent and stable or it was

produced in-situ which is inconsistent and unstable.

5.3.2.1.5 Mapping the Interactions of the Categories in Cansu’s Functional
Systems Literacy

To explore the interactions among the categories in FSL, in-depth analysis of the
written transcription was conducted. Based on the content analysis, an interaction map
was produced. Figure 5.15 revealed the map was given below. The details of the
mapping were given under the methodology chapter.

Based on the content analysis of this section, I can summarize Cansu’s functional

systems literacy in water context as following:

e Table 5-7 revealed that Cansu have mostly declarative knowledge on the basic

mechanisms of the water system.

e In terms of procedural knowledge, she had very limited understanding on the

working principles of the water system.

e At some points while examining the procedural knowledge, some misconceptions

were detected. Figure 5.15
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e revealed that Components of Water System and Processes in Water System had
most interactive categories among the others. In other words, while Cansu was
talking about the basics of water system, she mostly used processes and

components of the water system.

e Power Sources of the Water Cycle, on the other hand, was the most limited
category among the others. There a limited number of integrations of the power

sources into the other categories of FSL to explain the basics of the water system.

In the next section, Cansu’s cultural systems literacy in water context will be given.

207



WOdFIMoosIw SUl DI o050 PUD J8MUED 1984400 Aonaed yiog sary stundionod 30U JPMTHD SUHO WDL] 3400 fARY DM P03/ THL0SHI00 BHOT,

(d ) dsar (ag} (Jeanpadoaq ;g ‘SATEIE[(T (@)
0 4 (4 g (W) T¥IOL
A A [Bmpa2oLg
A AANEERA( 2aaydsoas) - asaydsospiH
A [Bmpa2oLg
A 2ATIRIE[IA(] aussydvodonguy — ssaydsosplg
A AATEIR[23(] asaydsorg — asaydsopig
A [EMpa20L]
A AANEERA( asaydsongy — asaydsoipig =
Jo mo p) mapsdg paey g wamgaq digsuonepy
A A [EMpaioL]
A AANEERA( (1T Jo mo ) maysig dajepy 21 JO 53550044
A AAnEERA( (£ Jo mo ; 1) wapsig Jayepy 2y Jo puauoduo)
A [EMpa20L] .
» AANEIR[23(] PA) A31EAY JO SIUMOG 130
A [EMpa20L] ssausnsuodsay [puoyvay
A [BmpadoLy
A AANEERA( SHISTWDEA() SUIIT PUD 429044
A A [EMpa20L]
A AANEERA( anBAMITU 21267
A [EIMpadeL] [MEY Wo I3)EM O JUNOWE Ul 33uey) T
A SAnEIE[A(] £32N0331 I2)EM Jo uondodes] |
421044 Jo Spuongy
J23)E 4\ JO SINSLIAJIEIEY ) [E12T25)
JURSISWOON]  JuRsTsNo))
(Epuamae)s (Epuamae)s [eInpad0L]
}aLI00u] paL0]) A[renaeg (spuswaje)g Joaat0) AR/ IARRIE[IA] £53p0)) / s3I0

IX81U0D JaleA\ Ul A9Ra)T SWaIsAS [euonoun s, nsun)y fo Liuwung

L-G9lgelL

208



£l

3t

304D 191BM,
JO S20IM0S
Iamod

welsAs
mepjo |
siueuoduon

SUIISAS
ey

uaamlaq

dmysuoneey

FC

m2)sAg I8)em JO
B ST SONSLI=l0BIED)
Ul $2882001d [eJaUan)

£C

1}3
Kaeuoll'7 suaisAg jpuonoun,y s, nsuvy) Jo $211032)p)) ay] Suouty suoov.uf ay) urddppy
GT'G aunbi-

209



5.3.2.2 Cansu’s Cultural Systems Literacy

Cultural systems literacy of Cansu traced through the second drawing task and phase
2 interview questions on CUSL. Her responses related to the basics of LWS was
examined. Table 5-8 indicated the categories and codes of Cansu’s cultural systems

literacy in water context.

5.3.2.2.1 Components of Local Water System

Even though her drawing was dominated by domestic water use, some other minor
components were also drawn like agricultural areas. Her notion related to the other
components of water system were traced through the interview questions. Her second

drawing was given in Figure 5.16.

Her drawing included a local water resource (LWR), an agricultural area with a well
to irrigate crops, trees in her garden, water supply network and sewerage system items
which can be considered as four of the components of her local water system. The
subcategory of WSN and sewerage system will be variegated in the next section
During the interview, she also mentioned animals and human beings as components of
LWS. She stated that her family and the other local people had livestock in their
garden. She mentioned that these animals in her village also one of the components of

her local water system since they use water for drinking and cleaning purposes.
Local Water Resources

In terms of specific names and functions of LWR, Cansu mentioned that water demand
in her village was mostly provided by the River Kizilirmak. She also mentioned two
additional LWRs. She stated that a well was located near agricultural area and its water
was used only for irrigational purposes and not suitable to drink. She reported that
there are fountains around the village and sometimes people carried water of these
fountains to their when water supply was cut off. She stated that the water of these
fountains was coming from deep in the mountains. In terms of the functions of LWR,

she explained that LWR were used for domestic, agricultural, and survival purposes.
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Table 5-8

Categories and Codes — Cansu’s Cultural Literacy

Theme: Basics of Local Water System (LWS)

Category 1: Components of LWS

Animal Human being Local Water Resources Sewerage System
Plant Water Supply Network

Sub-Category 1.1: Local Water Resources

Sub-Category 1.1.1: Name of LWR

River Kizilirmak

Sub-Category 1.1.2: Functions of LWR

Survival
Domestic Agricultural

Sub-Category 1.2: Water Supply Network (WSN)

Sub-Category 1.2.1: Components in WSN

River Pipe Drinking Water Treatment
Plant
Water Storage Facilities
Well Fountain
Home
People

Sub-Category 1.2.2: Processes in WSN

Water Distribution
Water Accumulation Water Treatment

Sub-Category 1.3: Sewerage System

Sub-Category 1.3.1: Components in Sewerage System

Sub-Category 1.3.2: Processes in Sewerage System

Wastewater Collection

Category 3: Relationship among Local, National, and Global (Sub)systems

LWS- WSN LWS -Biosphere
LWS -Hydrosphere LWS -Geosphere LWS - Anthroposphere
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Figure 5.16

Cansu’s Local Water System
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In terms of the functions of LWR, she explained they were used as survival,
agricultural, and domestic purposes and they were not drinkable. River Kizilirmak was

treated in the drinking water treatment plant, and then it was used for drinking.
Water Supply Network and Sewerage Systems

During the second drawing task, Cansu explained where water coming from to her

home as following:

Interviewer: Cansu, do you know where does your water come from to your home?

Cansu: Water comes to my home from River Kizilirmak. There is a small drinking
water treatment plant that cleans its water. This treatment plant locates in the main
county town. Our mayor told us when he visited our village. Then, clean water is
distributed to storage tanks via invisible pipes and finally, it comes to our houses in
the village. Everyone has small storage tanks near their houses.

On the other hand, Cansu explained discharging process of domestic wastewater as:
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Interviewer: Cansu, where does your domestic wastewater go after using?

Cansu: Our domestic wastewater discharges in two ways. The wastewater discharged
from our toilet goes into the sewerage system. I don’t know what happens to this
wastewater after the sewerage system. On the other hand, the wastewater discharged
from kitchen and bathroom goes directly to the outside, to our garden. You can see
flowing wastewater in your eyes in our garden. It is the same for all houses in our
village. These wastewaters penetrate the soil and leak to the groundwater resources.

The analysis of her responses revealed that she only failed to identify a dam that
accumulates water of River Kizilirmak and what happens to wastewater after

collecting by the sewerage system.

The analysis of her responses revealed that Cansu had substantial amount of
knowledge about the water systems at her hometown (8 components, three processes
in WSN) except for sewerage system. In terms of sewerage system, she only identified
one process, wastewater collection. She did not give detailed information about this
process. The sources of information were mainly based on her observations and

people’s statements like mayor.

5.3.2.2.2 Relationship between Local and Global (Sub)systems

The analysis of Cansu’s responses emerged five different relationship among local and
global (sub)systems as (1) LWS- WSN; (2) LWS-Hydrosphere; (3) LWS-Geosphere;
(4) LWS-Anthroposphere; and (5) LWS-Biosphere. Some of the relationships were

appeared as triple or more combinations. Each combination was given below.

Cansu reported in detail that the water of her village’s WSN was provided by River
Kizilirmak as summarized in the previous section. She only failed to include dam and
state what would happen their domestic wastewater discharged from their village.
These statements revealed her notion on the relationship between LWS and WSN. She
reflected her declarative knowledge and partial procedural knowledge on the
interaction between LWS and WSN.

As | outlined in the functional systems literacy section, she thought that the total

amount of water decreases on Earth. She exemplified this decrease by mentioning their
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domestic use of water in her village. She mentioned that some of their wastewater in
the village penetrates the soil and it would not be usable anymore. She emphasized
that this situation affects all the world since it leads to a decrease in the total amount
of water on Earth. This misinterpretation based on her observation might reflect her
notion on the relationship between her LWS, hydrosphere, and geosphere.
Additionally, she also mentioned that there were some agricultural areas and they were
irrigated by well pumped from underground. The analysis of her responses revealed
that Cansu had declarative knowledge, but she had some misconceptions in her

procedural knowledge.

In terms of the relationship of LWS — Biosphere, she mentioned agricultural crops,
trees, and animals used water of the River Kizilirmak. She also reported that there were
a lot of plants near riverside and nobody watered these plants. They were green because
of the River Kizilirmak. What is more, she mentioned how living organisms affect the
local water system. She reported that animals and plants do not affect the local water
system negatively as people do because they only use water for surviving. Plants and
animals do not waste the water and use it efficiently. Therefore, she stated that they
had no effect on the local water system. These indicators summarized above reflected
her declarative knowledge on the relationship between her LWS and biosphere.

Moreover, she explained partially the processes within those interactions.

The interactions between LWS and anthroposphere was another interaction revealed
in her responses. She mentioned how local people water use affect the LWS as

following:

In our village, wastewater that penetrates to soil does not go back to the natural cycle
since groundwater cannot be used as far as | know. When we use water too much in
summers, we face serious water shortage problems in our village. We learned that
drinking water treatment plant has some difficulties to provide water in summers when
the level of water in Kizilirmak decreases. What is more, people use the water to
irrigate their garden in those times and this makes the water shortage problem worse.
To overcome this water shortage, some people carry water from the main county town.
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In this excerpt given above, she was mainly talking about the negative effects of people
on her local water system. She complained about overconsumption of water during the
summer seasons. Based on the analysis of responses, it can be summarized that she
had declarative knowledge as well as procedural knowledge on the interactions

between LWS and Anthroposphere.

In brief, when we examine as well as her responses in different data
collection instruments, we can summarize her cultural systems literacy as following
table.

5.3.2.2.3 Mapping the Interactions of the Categories in Cansu’s Cultural
Systems L.iteracy

To explore the interactions among the categories in CUSL, in-depth analysis of the
written transcription was conducted. Based on the content analysis, an interaction map

was produced. Figure 5.17 revealed the map.

Cultural systems literacy of Cansu in terms of local water system can be summarized

based on the content analysis of this section as following:

e Table 5-9 revealed that Cansu have both declarative and procedural knowledge on
the basic mechanisms of her local water system.

e Figure 5.17 revealed that Relationship between Local and Global Systems and
Component in WSN had most interactive categories among the others. In other
words, while Cansu was talking about the basics of local water system, she mostly
used components of WSN and its relationship among the other systems.

In the next section, Cansu’s critical systems literacy in water context will be given.
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Table 5-9

Summary of Cansu’s Cultural Systems Literacy in Water Context

Categories / Codes* Declarative Fully Partial Incorrect Don’t
/Procedural Correct Correct Consistent Inconsistent Know
Statement Statement
Components of LWS Declarative 4
Local Water Resources
Name of LWR Declarative v
Functions of Declarative v
LWR Procedural v

Water Supply Network and Sewerage System

Components Declarative v
Processes
Water Declarative v
Accumulation  Procedural v
Water Declarative v
Distribution Procedural v
Drinking Declarative v
Water Procedural v
Treatment
Wastewater Declarative v
Collection Procedural v
Wastewater Declarative v
Treatment Procedural v
Relationship between Local and Global Systems
LWS-WSN Declarative v
Procedural v
LWS - Hydrosphere Declarative v
Procedural v
LWS - Biosphere Declarative v
Procedural v
LWS - Declarative v
Anthroposphere Procedural v
LWS-Geosphere Declarative v
Procedural v
TOTAL (n) 13 7 2 0 3
Declarative (D) (10D, 3P) (3D, 4P) (2P) (1D,
Procedural (P) 2P)

* Not all categories/codes were given in this table since some of them were not observed in all
participants

** Even though participants have partially correct response in declarative knowledge, (s)he has fully
correct response for the procedural knowledge.

***Some categories/codes may have more than one answer since participants have both partially
correct answer and accompanying misconception. OR they stated that they did not know the answer
but tried to answer, though.
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5.3.2.3 Cansu’s Critical Systems Literacy

The findings in this section will be given under these two themes as well as their
categories. Table 5-10 indicated the themes, categories and codes of Cansu’s critical

systems literacy in water context.

5.3.2.3.1 Advance Mechanisms of Water System

The theme of advance mechanisms of water system were summarized as following
categories: dynamic nature of water system, causal dynamics and feedback loops,
evolution of the system, and complexity of the water system. Each category was given

in the subsequent sections.

5.3.2.3.1.1 Dynamic Nature of Water System

As stated in the section of Quantity of Water, Cansu was not aware of that the total
volume of the water is almost constant. This misconception was also emerged in this
category. The analysis of her responses revealed that her mental model on the dynamic
effects of unconscious use of water was constructed based on her misconception. Her
response on time delays and redistribution of water in the water system was given

below.

Interviewer: ... So, how water cycle would be affected when we use it unconsciously?

Cansu: It is affected negatively. As | said before, some of our domestic wastewater is
discharged into our garden and penetrates to the soil. This wastewater, then, leaks to
the groundwater and groundwater resources do not cycle again. It is not feasible to
reach them. As a result, the total amount of water on Earth decreases. ... (the
conversation continues after the excerpt) ... For example, when people use the water
unconsciously, it also leads to decrease in the amount of precipitation.

In another instance, while we were talking about the probability of the reversing the
negative effects of climate change on water supply, she mentioned the time delays in

water system as following:
It is not reversible, in my opinion because we couldn’t return the water back. Even if
we use less water to provide our needs starting today, it requires many years to

rebalance itself (she referred water system). It already changed and we are trying to
reverse this change.
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Table 5-10

Themes, Categories and Codes — Cansu’s Critical Literacy

Theme 1: Advance Mechanisms in Water System

Category 1.1: Dynamic Nature of Water System

CRDN111: Time Delay CRDN112: Redistribution of Water

Category 1.2: Causal Dynamics and Feedback Loops

CRFL121: Simple Open Loop
CRFL122: Reinforcing Loop

Category 1.3: Evolution of Water System

CREV131: Decaying

Category 1.4: Complexity of Water System

Sub-Category 1.4.1: Interruptions in the Water System

CRCO1411: Climate Change CRCO1412: Hidden Use of Water

Sub-Category 1.4.2: Layers of Complexities

CRCO01421: Environmental

CRCO01423: Social

Theme 2: Invisible Elements of Human System

Category 2.1: Beliefs on Water Use

CRBL211: Self-use of water CRBL213: Sources of Beliefs
CRBL212: Collective use of water

Category 2.2: Self-efficacy towards Efficient Water Use

CRSE221: High

Category 2.3: Motive Concern

CRMC231: Social Altruistic CRMC233: Biospheric

Category 2.4: Action Strategies for Efficient Water Use

CRAC?241: Persuasion CRAC?244: Reuse of water
CRAC242: Water loss prevention CRAC245: Recycle of water
CRAC?243: Reduce of water use

Category 2.5: Emotional response

CREM252: Sadness CREM254: Proud

Category 2.6: Motivational Orientation for Sustainable Use of Water

CRMO262: Extrinsic motivation
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Overall, the analysis of her responses indicated that her misconception “the total
amount of water is decreasing” dominated her mental model on the time delays and
redistribution of water in the water system. Although she was aware of time delays in
water system, she attributed these delays to the decrease in the total amounts of water.
Moreover, she did not consider groundwater as a dynamic concept. She presumed that
groundwater was static water that remained below the Earth surface and not be a part

of the water cycle.

5.3.2.3.1.2 Causal Dynamics and Feedback Loops

Causal dynamics were traced during the interview. During the interview, Cansu
mentioned implicitly two simple open loops, one open loop with multiple causalities,

and one another chain events including a simple reinforcing loop.

Cansu reflected her notion of causality with an open loop while she was explaining the
importance of plants to the water system. She stated that “As far as | know green plants
increase the amount of the oxygen. This increase also leads to another increase in the
amount of precipitation. In this way, we have more water.” Cansu’s statement of

causality can be classified as an open loop. We could visualize it as following:

Figure 5.18

Cansu’s Open Loop on Causalities in Water System

The green area of ~ amount of oxygen amount of precipitation
- - —’ -
increases > increases increases

/

the amount of water increases

In another instance, while she was talking about the hidden use of water, she stated
that:

Since | am eating that hamburger, | am responsible for the water consumption for it.
If I did not buy it, there will be more water on Earth. The foods are manufactured
based on our demands. If we eat less, it will be produced less, and less water will be
spent for manufacturing the foods.
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Cansu’s statement of causality can be classified as an open loop. We could visualize it

as following:

Figure 5.19

Cansu’s Open Loop on Causalities in Water System

The consumption The production rate Water use
rate decreases ——» decreases — ydecreases

Cansu mentioned some chain events about what would happen when people use the
water unconsciously under the section of “Relationship with Local and Global
(Sub)Systems” The summary of these causal dynamics can be visualized in Figure
5.20. The figure revealed that disruption or failure in water system will eventually have
negative effects on human life.

Figure 5.20

Cansu’s Open Loop with Multiple Causalities

Unconscious use of The amount of water The rate of precipitation
water increases ,» on Earth decreases , decreases

Water in our tap The water of treatment The water of
decreases <« plant decreases Kizilirmak decreases

T People are affected negatively

In another context, Cansu explained implicitly a simple reinforcing loop while she was
talking about the effects of climate change and ozone layer hole. She constructed a

causality based on the misconception of ozone layer hole. Her response was following:

Cansu: ... Droughts emerge because of the hole in the ozone layer since temperature
increases due to that hole (she referred more sunlight comes through the hole). This
also leads to glacier melt at the same time. This melting leads to climate change.
Climate change have negative effects on all living organisms. At first, plants and crops
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are affected. This situation has negative effect on people’s lives. And the rest of the
living organisms will be affected too.

Interviewer: Why the other living organisms will be affected after people?

Cansu: I mean, the agriculture... As grains will not be harvestable anymore, people
couldn’t find something to eat. It is the same for the animals. Animals also suffer from
hunger and these chain events intensifies the drought itself.

The visualization of this simple reinforcing loop was given as a part of  Figure

5.21. Note that red arrows represented simple reinforcing loop. In the figure, Cansu’s
notion was summarized as when the hole in the ozone layer expands, then the
temperature also increases. These events have two consequences. The first one is
glacier melting which contributes to the climate change. Climate change, on the other
hand, affects badly the living organisms. The second consequence is drought. Drought
also affects the living organisms. At this point, negative effects of drought on the living

organisms, in turn, intensify the drought itself and this creates a loop.

To sum up, Cansu revealed her notion of causality in a system by explaining chain
events in simple open loops and reinforcing loop. While she was explaining her notion

on the causalities, she attributed these causalities to the effects of living organisms.

5.3.2.3.1.3 Evolutionary Processes in Water System

Cansu addressed possible evolutionary scenarios for her local water system and the
global water system. The sample excerpt for her local water system’s evolutionary

change was following:

| think it is going to be not so good. In the case of decrease in the amount of
precipitation, the River Kizilirmak won’t be able to send water to our drinking water
treatment plant. We are going to suffer from drought. Local people do not learn a
lesson from mistakes. Our water supply has been cut off in summers due to our
unconscious use of water. | think that our water will be dry up one day if it goes like
this and we will suffer in the end.

While she was talking about the future of her local water system, she used her
observation about cutting off in their water supply in summers to make inference about
the evolution of her local water system. Overall, her statements revealed that she
interpreted the evolution of her local water system as decaying since she claimed that
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it would be worse than today if local people did not change their behavior. In terms of

global aspects, she remained undecided:

Provided that recycling of conscious use of water, the future of the global water system
would be promising. However, [ don’t know whether people use the water consciously
or not. In my hometown, they don’t, but there are people in here (referring her school
located in the city center) who use water consciously. Nevertheless, it is hard to
foresee if all the people on Earth use the water wisely or not. If they did not, then the
life on Earth will cease in the future.

She seemed that even though she was prone to decide decaying due to human use of
water, she also assumed that there may be some people using water consciously. To
sum up, the analysis of her responses revealed that she predicted that the evolutionary
state of her local water system is decaying due to unconscious use of water of local

people, but she was neutral about the future of the global system.

5.3.2.3.1.4 Complexity of the Water System

Climate Change and The Water System

The analysis of this part revealed that Cansu could be able to detect interruptions in
the water system and some of the layers of its complexity in this story. | asked to her

“What happened to the water system in this story?” Her rationale was following:

Cansu: Overconsumption of water leads to these problems.

Interviewer: Okay, thank you. So, it was written that the seasons began earlier than
expected. What could be the reason for it?

Cansu: Climate change, in my opinion.
Cansu detected the failure of the water system within the case as climate change. In
terms of layers of complexities, she mentioned only the effects of climate change on
the social and environmental perspectives. Sample excerpt (p.221) was given earlier.

However, she failed to give detail on the mechanism of the climate change. She
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identified two different layers of complexity in the water system as social and
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Hidden Use of Water and The Water System

When | asked Cansu about the term “hidden use of water” during the interview, she
said she heard this term in one of the presentations in the course of “Social Activities”
offered by her high school. She defined the term as “For example, there are water
consumption while producing foods like tomatoes. We do not see this water
consumption, but we consume that water too.” Consecutively, I asked to her whether
she know the exact amount of water for producing 1 kg of tomatoes she responded that

“I don’t remember but it was too much”

| asked Cansu to explain water consumption in a hamburger. She responded as

following:

Interviewer: What about, for instance, a hamburger? Do we spend water for it?

Cansu: Foods in hamburger are grown in the soil and they are irrigated. It is same for
the bread. There is also water consumption in producing the bread. On the other hand,
meat comes from animals and animals drink water for surviving.

Interviewer: So, do you remember how much water do a hamburger have in total?

Cansu: No, but I know that it has more water than the fruits and vegetables’
production.

Interviewer: OK, when you think about the process of hamburger production, who are
responsible for the consumption of water?

Cansu: The farmers who raise them and cleaners who clean the foods... Since I am
eating that hamburger, | am responsible too for the water consumption for it. If | did
not buy it, there will be more water on Earth. The foods are manufactured based on
our demands. If we eat less, it will be produced less, and less water will be spent for
manufacturing the foods.

The analysis of the conversation revealed that Cansu had correct declarative
knowledge about the term “hidden use of water”. However, when more elaborative
questions were asked about water consumption in a product, for example, she had the
ability to infer consumption of water at some level, but she neglected the water for
animals’ grain, hamburger’s packaging process as well as wastewaters spent for the
production. This indicated that she had procedural knowledge partially about the
processes during the production. Besides, she stated that she is responsible for the

water consumption since she bought it.
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5.3.2.3.2 Invisible Elements of Human System

In this section, the findings were given within the categories of beliefs about water use,
action strategies for efficient water use, self-efficacy beliefs towards efficient water
use, emotional responses, motive concerns, and motivational orientation for

sustainable water use.

5.3.2.3.2.1 Beliefs on Water Use

Beliefs on Self-use of Water

Self-use of water was traced in the interview part. The analysis of Cansu’s responses
indicated that she had descriptive belief, inferential belief and informational belief.

These beliefs were summarized one by one with their sources of the beliefs.

Cansu had inferential belief based on her descriptive belief and her inferences on her
direct experiences. She believed that (1) she used water efficiently most of the time
and (2) she was one of the responsible water users. She stated that she was careful in
both direct use and hidden use of water. To understand the rationale of her descriptive
belief, | asked to her in which activities does she consume water in a day. She stated
that:

I use water in bathroom in my dormitory and the restroom in my school. | also
consume water while | am eating my meals, and these include both direct and hidden
use of water. | admit that | sometimes consumes water inefficiently like consuming
hamburger or taking longer showers. Nevertheless, when | feel that I consume too
much water, | stop doing it. | believe | am a responsible user.

... (the conversation continues after the excerpt) ...

I don’t let water leakage in the dormitory. When I see an open tap, I turn off it. If a tap
is broken, then | inform the plumber of the dormitory and he fixes it.

Analysis of her responses revealed that she formed her inferential beliefs based on her
daily water use. She talked about what she did when she realized the wasting of water.

Accordingly, she inferred that she was a responsible user.
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Cansu had another inferential belief that she is more conscious than other people in
her village by means of water consumption. She attributed this belief to her descriptive
beliefs. She formed descriptive beliefs based on her direct experiences for the water
consumption not only herself but also other people in her village. Based on these, she
inferred that she used the water more consciously than the other people. Her
descriptive belief related to other people will be given in “beliefs on collective use of

water”,

She reflected her informational belief while she was talking about where she sees
herself in the water system. She believed that “l am in the middle of the water system”
and explained this belief based on outside sources as following:

I am recycling water with my family. Therefore, | believe that | am in the middle of
the water system because cycles don’t have starting/ending points. We learnt this
information in the lecture before. My family and I constructed a recycling system in
our garden. Our domestic wastewater flows to our trees and our trees use that water.
We put some pipes to that system so that it reaches to the trees. Eventually, | do not
consume extra clean water to irrigate them except for very hot days in summers.

The analysis of her responses indicated that the sources of her informational beliefs as
lecturers and her family. In short, she had descriptive beliefs, inferential belief, and
informational belief. While she was sharing them, she also gave the sources of her
beliefs. In other words, she mentioned her direct experiences, inferences, and outside

sources related to those specific beliefs.
Beliefs on Collective Use of Water

In this part, the role of people in water system was asked to trace Cansu’s beliefs on
collective use of water. She had descriptive and inferential beliefs on this context. In
terms of the role of people in the water system, she had a inferential belief that “people
use water inefficiently”. According to her, the local people in her hometown did not
use wisely and correspondingly, they suffer from water shortage problems in summers.

She elaborated inefficient use of water as following: “Me and my family recycle our
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domestic wastewater. However, this is not the case for the other people. Their domestic
wastewater leaks to the groundwater and the amount of water decreases on Earth.”

Cansu had also another inferential belief that “the people will not take lesson continue
to consume water inefficiently”. This inference was based on the descriptive belief

given above. She explained further as following:

To overcome water shortage problem, we started a campaign in our middle school,
and nobody listens to us. We prepared a project related to use of well water located
near the agricultural field in the village aiming to prevent water shortage problems in
summers. The municipality put our project into practice, but nobody uses the well
water. They think that the well water is dirty. They continue to use the water coming
from the drinking water treatment plant and we still suffer from water shortage in
summers. They carry water from the main county town when water shortage problem
appears.

Her statements revealed that her inferential belief that “the people will not take lesson
from the past and continue to consume water inefficiently” was based on her inference
from failure of a project and relapsing water shortage problems. These events formed
her descriptive belief of her given above. Then, she guessed the probable collective
use of water in the future based the descriptive belief. In short, Cansu had inferential
beliefs based on her descriptive beliefs and inferences on the collective use of water.

5.3.2.3.2.2 Action Strategies for Efficient Water Use

As Cansu reported that she did not remember the context of sustainability, the
interview was built based on her action strategies for efficient water use.
Correspondingly, | asked her to explain whether she set a goal related to efficient water

use in her daily life. Her response was following:

Cansu: | use only the amount of water that I need. In general, I don’t use water more
than I need. | turn off the tap when | wash my hands and face. On the other hand, |
don’t consume products too much to monitor my hidden use of water.

... (the conversation continues after the excerpt) ...

As | said before, we recycle our domestic wastewater in our garden. In the dormitory,
on the other hand, I also inform the plumber in the case of leakage. Also, I turn off the
open taps in the public restrooms.
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The sample excerpt revealed that her action strategies were related to her direct use
and hidden use of water. She generally mentioned how she reduce her water use in
daily activities. In addition, she also reported that how she monitored her hidden use
of water and water loss prevention. As previously reported, she stated that she
participated in a project in the middle school related to water pollution and incentive
of well water use in her village. These participations were classified as persuasion to
other people. In short, persuasion, water loss prevention, reduce, and recycle of water

were Cansu’s self-reported action strategies to use water efficiently.

5.3.2.3.2.3 Self-Efficacy Beliefs towards Efficient Water Use

While she was talking about her action strategies given above, she believed that she
used water only when she needs it. This was one of the indicators to having high self-
efficacy towards being efficient user of water. She gave detailed information about
how she uses water efficiently in terms of direct and hidden use of water. Thus, it also

indicated that her self-efficacy was based on her actual behavior.
5.3.2.3.2.4 Emotional Response

Her emotions related to effects of people on the water system were asked. She said she
was sad for the River Kizilirmak since it level of water decreases due to unconscious
use of people. On the other hand, she feels proud for what her family and her was
doing for the recycling of water for the sake of the water system. The analysis of her
responses indicated that sadness and proud were the two emotional responses that she
had related to the water system.

5.3.2.3.2.5 Motive Concern

To reveal the motive concerns of Cansu on the importance of water system, several
questions were asked during her interview. First, the importance of water system was

asked. She explained her view as following:

Of course, it is important because human life depends on water. Unless water was
supplied, people would die After all, 97% of our body includes water...It is same for

229



the animals and plants. They would die, too. Animals needs water for drinking and
cleaning purposes. In my hometown, there are lots of plants. Unless we watered them
for one week, they would wither.

While Cansu shared her ideas about maintenance of water system, she emphasized
human beings, animals, and plants, who are possibly be affected from disruption in the
water system. This response was an indicator of his biospheric and social altruistic

motive concern.

During different instances in her interview, her social altruistic motive concern was
dominant compared to biospheric motive concern. Some of them will be given under
the section of “Motivational Orientation”. In short, Cansu hold different motive
concerns about the present state of water system, but social altruistic value orientation

was dominant in her responses.
5.3.2.3.2.6 Motivational Orientation

As presented in the previous sections, Cansu used water efficiently both in her village
and in her dormitory. She was careful about not to waste water and shared her
strategies. In terms of motivational aspect, it was asked to Cansu that the sources of
her motivation if any to use water efficiently. Her specific answer related to that

question was following:

Cansu: If I didn’t use it efficiently, there will be no water in the future not only for us
but also for the next generations. Past generations had not used the water efficiently
and the amount of water has been decreasing, in my opinion. Unless we used it wisely,
there will be no water. As we will not be able to survive without water, | chose to be
efficient user.

The analysis of her responses indicated that she had external motivation. In her case,
her water consumption behavior was autonomous, volitional, persistent but still,

extrinsically motivated.
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5.3.2.3.3 Summary of Cansu’s Critical Systems Literacy in Water Context

The analysis of Cansu’s critical systems literacy in water context were given in two
themes. In terms of advance mechanisms of water system, Cansu’s explanations were
categorized in four categories. In term of dynamic nature of water system, Cansu
reflected her awareness on time delays in water system. However, her rationale about
how these dynamical mismatches occur based on her misconception. On the other
hand, she exemplified causal dynamics by explaining them as two simple open loops,
one open loop with multiple causalities, and one another chain events including a
simple reinforcing loop. In terms of evolutionary processes in the system, she
mentioned negative effects of unconscious use of water was an indicator for decaying
state of the water system, but she was neutral about the future of the global system.
Last, Cansu’s reflections related to the real story and the concept of hidden use of water
were indicators of her notion on the complexity of the water system. She detected
climate change and hidden use of water as two disruptions in the water system. She
failed to give detail on the mechanism of the climate change. She mentioned the layers
of complexities as social and environmental dimensions. In terms of hidden use of
water, she had partially correct procedural knowledge about the processes during the
production. Besides, she stated that she is responsible for the water consumption since

she bought it.

Under the theme of invisible elements of human system, Cansu’s responses were
examined by means of six categories. In terms of beliefs on water consumption
behavior, she reflected her beliefs on self-use and collective use of water. She gave
detailed information about the sources of her beliefs. She had descriptive beliefs,
inferential beliefs, and informational beliefs related to self-use of water. Descriptive
beliefs were based on her daily life experiences. She attributed her inferential belief to
her descriptive beliefs. The sources of her informational beliefs as lecturers and her
family. In terms of action strategies for efficient water use, she gave detailed
information on her water use for both hidden and direct use of water. Her statements

also revealed that she had high self-efficacy while she mentioned her direct and hidden
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use of water. Sadness and proud were the two emotional responses that she had related
to the water system. Cansu hold different motive concerns about the present state of
water system, but social altruistic value orientation was dominant in her responses.
Last, she attributed her motivation about efficient use of water to consider the
importance of water for next generation. Thus, she had extrinsic motivation since she
exhibited a behavior because it is regulated by giving importance to the next
generation’s life standards. Her water consumption behavior was autonomous,

volitional, persistent but still, extrinsically motivated.
5.3.2.4 Mapping the Interactions of the Categories in Cansu’s Systems Literacy

To explore the interactions among the FSL, CUSL, and CRSL, in-depth analysis of
the written transcription was conducted. Based on the content analysis, an interaction
map was produced. Figure 5.22 revealed the map. The order of the interactions from
highest to the lowest among the elements of systems literacy was FSL-CRSL, CUSL-
CRSL and FSL-CUSL. The interactions among the elements of systems literacy of
Cansu in terms of water system can be summarized based on the content analysis of

this section as following:

e She had substantial amount of knowledge about the basic mechanisms of her local
water system (CUSL) compared to basics of the water system (FSL).

e Figure 5.22 revealed that Critical Systems Literacy appeared mostly in his
responses among the others.

e Functional Systems Literacy and Cultural Systems Literacy had similar number of
interactions with Critical Systems Literacy compared to the other participants.
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5.3.3 Case 3: Ahmet

Ahmet was born in 2005. He is a ninth-grader male student in a private high school
located in a seashore city. His national entrance exam score was 438 out of 500 points
which corresponded to top %6 of the applicants. His hobbies are playing chess and

piano.

Ahmet’s mother is a commercial lawyer; his father is an associate professor at a faculty
of law. Their house is located at a coastal city and it is the most third crowded city in
the country. Besides, Ahmet mentioned that they also have two houses more, one is at
the seaside, while the other is near a village. He reported that there is a small creek
around their house in the village. Moreover, they have henhouse and a small hobby
garden to plant some crops. During his middle school, he had no other specific activity
or interest in water context. In terms of the concept of the sustainability, Ahmet
reported that he has heard about sustainability from the middle school but not
remember its scope in detail. In the ninth grade before I collected data from him, water

in living organisms was taught in his biology course.

I worked with Ahmet in two sessions. The responses of Ahmet through the conception
test, first drawing task, and interview questions reflected some indicators related his
systems literacy. The analyses of his responses were given below under the elements

of functional systems literacy, critical systems literacy, and cultural systems literacy.

5.3.3.1 Ahmet’s Functional Systems Literacy

The analysis of his responses in conception test, first drawing task and interview phase
1 revealed his functional systems literacy in five categories as (1) general
characteristics of water; (2) power sources of water cycle; (3) components of water
cycle; (4) processes of water cycle and (5) relationship between the Earth systems.
Table 5-11 indicated codes and categories for his functional systems literacy in water

context.
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Table 5-11

Themes, Categories and Codes: Ahmet’s Functional Systems Literacy

Category 1: General Characteristics of Water

FGC11: Quantity of Water * FGC14: Water and Living Organisms
FGC12: Cyclic Nature FGC15: Relational Responsiveness
FGC13: Properties of Water

Category 2: Power Sources of Water Cycle
FPS21: Sun FPS23: Gravity

**

Category 3: Components of Water System

FC31: Plant FC317: Cloud
FC32: Sun FC318: Rain
FC33: Water

FC34: Animal

FC35: Human

FC36: Ocean

FC37: Sea

FC38: Water Vapor

FC39: River FC325: Lake
FC310: Glacier FC326: Stream
FC311: Spring

FC312: Soil

FC329: Creek
FC330: Puddle
FC315: Groundwater FC331: Mountain

Category 4: Processes of Water System

FP41: Evaporation FP410: Surface flow
FP42: Condensation FP411: Melting
FP43: Sublimation

FP46: Precipitation

Category 5: Interactions among the Earth (Sub)Systems*

FRES51: Hydrosphere—atmosphere FRESS55: Hydrosphere-anthroposphere
FRES52: Hydrosphere—geosphere FRES56: Water cycle- nitrogen cycle
FRES53: Hydrosp. (continental)}—hydrops. FRES57: Water cycle- oxygen cycle
(marine)

FRES54: Hydrosphere—biosphere FRES58: Water cycle — carbon cycle

**

*black codes: emerged from Ahmet’s responses : not apparent in Ahmet’s responses
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5.3.3.1.1 General Characteristics of Water

The first category in explaining Ahmet’s functional systems literacy was general
characteristics of water. His answers for the questions for this session were given by
means of quantity of water, its cyclic nature, properties of water, relational

responsiveness, and water and living organisms.
Quantity of Water

Ahmet correctly responded that most of the water on Earth is found in oceans. In a
similar manner, he correctly chose that the amount of water does not change on Earth
(please see ). In his interview, he elaborated his notion on the decrease in the total
amount of water on Earth in different contexts as “The amount of water does not
change on Earth. We use the same water repeatedly.” The analysis of his answers in
different forms of questions (conception test items, interview questions), revealed that
he identified the highest proportion stored in the oceans. Moreover, he stated that the
amount of water is almost constant on Earth. He explained it in terms of both

declarative and procedural knowledge.
Cyclic Nature

For obtaining information about his notion on the cyclic nature of water, the first
drawing task, conception test, and interview questions was analyzed. In his drawing,
he used arrows to show how water cycles. Water evaporated; precipitated both on the
land and the water resources; and then, water flowed to sea from the mountains via
rivers. The cyclic nature was represented by arrows. The figure was given in Figure
5.23.

After the first drawing task ended, | asked him to explain what he drew. He explained
how water cycle occurs as “Condensed water vapor in the clouds goes into the lakes
or seas via creeks and rivers. Then, it evaporates and goes to the clouds again.” In
another instance, he explained the cyclic nature as “Lakes and seas are formed by the

water coming from the clouds. Similarly, clouds would have not been formed, if lakes
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and seas did not exist. This forms a vicious circle. Hence, there is no starting point of

’

the water cycle.’

Figure 5.23

Ahmet’s Drawing of Water Cycle

Analyzing of both his drawing and explanation revealed that he explained partially
correct the cyclic nature of the water since he failed to indicate the evaporation from
the land. His responses indicated that water only evaporates from the surface water
resources. Moreover, he also failed to include solid state of water as well as
groundwater while he was explaining how water cycle occurs. During the interview,
he declaratively stated glaciers as “potential water resources as a backup plan in case
of water scarcity”. Consistent with these, Ahmet chose the answer that there is no
starting/ending point of the water in the conception test (please see ). All these forms
of responses indicated that he had declarative knowledge and partially procedural

knowledge on the cyclic nature of the water system.
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Relational Responsiveness

Ahmet was one of the participants to explain relational responsiveness of the water
system within the context of both living and nonliving subsystem’s reactions. Reaction
of living subsystems will be given under the section of “Causalities and Feedback

Loops”. The conversation of nonliving subsystem’s reaction was given below.

Interviewer: ... Does water system react when a problem occurs? Why or why not?

Ahmet: It reacts, of course. For example, if the temperature increases, the evaporation
in the seas will increase too. Then, more rain will occur to balance the level of water
within the clouds. As a result, more floods appeared, and water will flow into the seas.
So, the present water cycle will be accelerated.

Interview: So, | think the water system does not have brain. How does a nonliving
thing decide what to do?

Ahmet: A nonliving thing react to something because of the physical laws. For
instance, let’s think about gravity. We are going to see that this pencil is going to fall
when | throw up it.

The analysis of his responses revealed that he reflected his declarative and procedural
knowledge on the relational responsiveness of the systems in water context. However,
they were classified as partially correct since Ahmet failed to explain the nature of the

complex organism’s reactions to change in its environment.
Properties of Water

Ahmet mentioned physical changes of the water during the interview. While he was

talking about polluted waters, he stated that

Polluted water evaporates too since polluted doesn’t mean that they are exposed to
chemical reaction...It is still water but in a gas state (conversation continues) ... When
it evaporates, it purifies and continue cycling. The sediments remain on land.

The analysis of this excerpt revealed that he had correct both declarative and
procedural knowledge on the physical changes of water during evaporation process.

Water and Living Organisms
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Ahmet mentioned some interactions between the water and the living organisms,
which are namely plant, animal, and specifically, the humanity. While he was
explaining the mutual interactions between the living organisms and the water system,
he stated that “Plants and animals use the water for their survival purposes... (the
conversation continues) ... However, people are an active agent in the water system
since they use the water too much for agricultural and industrial purposes”. The
statement revealed that he had declarative knowledge that living organisms use water
for their survival purposes. On the other hand, he did not elaborate the processes of
survival functions. In terms of humanity, he explained that human is a factor that
depletes water resources for the agriculture and industry which will be given in the
subsequent sections. Overall, he had fully correct declarative knowledge and partially
correct procedural knowledge statements on the interactions between the water and the

living organisms.
5.3.3.1.2 Power Sources of Water Cycle

Ahmet indicated two of the power sources as sun and gravity. He failed to mention
wind as a power source. During the interview as well as his drawing, no power source
was indicated. Instead, he mentioned secondary sources as “Heat and temperature
differences as well as differential pressures leads to the movement of water. If
temperature increases, then the water evaporates. When water vapor meets something
cold, then it condenses, and it goes like this.” Nevertheless, he failed to name the

source of these temperature and pressure differences as sun.

In the conception test, Ahmet responded three questions related to the power sources.
Unlike his drawing and the responses during the interview, he selected correct answers
in the conception test (please see ). To sum up, he chose the best alternatives in
conception test. However, he failed to include them during the other forms of data
sources. Still, the data revealed that he chose sun and gravity as two of the power

sources and partially revealed his procedural knowledge.
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5.3.3.1.3 Components and Processes in Water System

Within the context of the components of water system, Ahmet mentioned 20 of 31
components in the conception test, his drawings as well as during the interview. In the
conception test, he identified ocean as the biggest sources of water on Earth. In his
drawing (Figure 5.23), he used the components such as water, sea, lake, clouds, and
river. On the other hand, he mentioned animals, plants, sun, water vapor, stream,
glaciers, spring, soil, creek, puddle, mountain, rain, groundwater, and human during

the interview in different occasions.

In terms of processes, he identified six processes of out 17. In his drawing (Figure
5.23), he indicated the processes of evaporation, condensation, surface flow, and
precipitation. On the other hand, he mentioned melting and sublimation during the

interview.

During the data collection, Ahmet reflected different components and processes in
different data sources. For example, he did not include all the processes and
components that he identified in the conception test within his drawing. In his
interview, he exemplified other components and processes. Overall, he exemplified 20
components of water system during the interview. Additionally, he explained six
processes of water system. In terms of procedural knowledge, he explained partially
some of the processes in the water system. He elaborated the process of evaporation

and condensation, while he mentioned briefly the remaining four processes.
5.3.3.1.4 Interactions among the Earth Systems

The analysis of Ahmet’s responses indicated all different relationships among the
Earth systems given in the codebook as (1) hydrosphere and atmosphere; (2)
hydrosphere (continental) and hydrosphere (marine); (3) hydrosphere and
anthroposphere; (4) hydrosphere and geosphere; (5) hydrosphere and biosphere; (6)
water cycle-nitrogen cycle; (7) water cycle-oxygen cycle; and (8) water cycle- carbon
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cycle. Besides these categories, he also mentioned some of them through triple

combinations and more. Each code and their combinations were given below.

The analysis of his drawing, interview, and responses of the conception test had some
indicators about his understanding of the relationship between hydrosphere and
atmosphere. In his drawing, Ahmet indicated evaporation, condensation, clouds, and
precipitation. In terms of cloud formation, he explained it in the interview as “They
are general forms of water vapor. We can say that they are the visible versions of
water vapor. But I don’t know about cloud formation”. His statements revealed that he
had naive understanding on how clouds are formed. He had partially correct
declarative knowledge for the clouds. Similar with his explanation, he had vague
responses for the clouds in the conception test. For the first question, he failed to
choose correct set of alternatives but for the other question, he selected the correct set
of alternatives (please see ). This inconsistency indicated that he had naive

understanding on how clouds form.

The relationship between hydrosphere (continental) and hydrosphere (marine) was
detected in his drawing and interview. Figure 5.23 revealed that precipitated water
flows to the sea. Similar with his drawing, he explained the water cycle as “Water
flows to the sea or lakes via rivers and creeks” The analysis of his drawing and
responses revealed that he had partial declarative and procedural knowledge on this

relationship.

The relationship between hydrosphere and anthroposphere in detail during different
instances in his interview. Overall, the analysis of his responses revealed that he had
declarative knowledge on the interaction between hydrosphere-anthroposphere. In
terms of procedural knowledge, he mentioned processes in detail between hydrosphere
and anthroposphere even though he had some in-situ answers during the interview.

The detail will be given in CUSL section.

The relationship between hydrosphere and geosphere emerged from the analysis of the

interview. Ahmet mentioned this interaction in two instances. First, he stated that some
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water resources spring from the inside of the mountains in some areas. On the other
hand, he mentioned that water was used for irrigational purposes in the agricultural
areas. These two examples revealed his declarative knowledge on the interaction

between hydrosphere, anthroposphere and geosphere.

Combination of the five (sub)systems (water cycle-nitrogen cycle-carbon cycle-
oxygen cycle- biosphere) was emerged from the analysis, when I asked, “Is there any
other system hidden in your drawing that might have an interaction with the water

system?” His sample excerpt was as following:

It was taught to us that there is a nitrogen cycle occurred by legumes. In order to
achieve this, these plants need water from the rivers and the rains to survive.

... (the conversation continues after the excerpt) ...

One another thing is carbon dioxide. People, trees, and the animals emit the carbon
dioxide. To survive, these living organisms need water and also oxygen. So, it affects
indirectly.

The analysis of this excerpt revealed that he reflected his declarative knowledge (e.g.,
survival needs) on the relationship among these (sub)systems. However, he did not

give detail about the procedures occurred among them.

Apart from the interactions among the natural cycles, he also mentioned briefly the
relationship between hydrosphere and biosphere. He stated that plants and animals are

only the user in the water system in a way that they only use water to survive.

In brief, when we examine Figure 5.23 as well as his responses in different data
collection instruments, we can summarize his functional systems literacy in Table
5-12.

5.3.3.1.5 Mapping the Interactions of the Categories in Ahmet’s Functional

Systems L.iteracy

Figure 5.24 revealed the map was given below. The details of the mapping were given
under the methodology chapter. Based on the content analysis of this section, I can

summarize Ahmet’s functional systems literacy in water context as following:
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Table 5-12 revealed that Ahmet had mostly declarative knowledge on the basic
mechanisms of the water system. In terms of procedural knowledge, he had
relatively good understanding on the working principles of the water system.

No misconception had detected.

Components of Water System had most interactive categories among the others. In
other words, while Ahmet was talking about the basics of water system, he mostly
used processes and components of the water system.

Power Sources of the Water Cycle, on the other hand, was the most limited
category among the others. There was a limited number of integrations into the

other categories of FSL to explain the basics of the water system.
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Table 5-12

Summary of Ahmet’s Functional Systems Literacy in Water Context

Categories / Codes * Declarative Fully Partially Incorrect
/Procedural Correct Correct Statement(s)
Statement(s) Statement(s)

Consistent  Inconsistent

General Characteristics of

Water
Quantity of Water
1. Proportion of water Declarative v
resources
2. Change in amount of  Procedural v
water on Earth
Cyclic nature Declarative v
Procedural v
Water and Living Declarative v
Organisms Procedural v
Relational Responsiveness Declarative v
Procedural v
Properties of Water Declarative v
Procedural v
Power Sources of Water Cycle Declarative v
(2 out of 3) Procedural v
Components of the Water Declarative v
System
(20 out of 31)
Processes of the Water System Declarative v
(6 out of 17) Procedural v
Relationship between the Earth
System (7 out of 8)
Hydrosphere — Atmosphere Declarative v
Procedural v
Hydrosphere — Biosphere Declarative 4
Procedural v
Hydrosphere — Declarative 4
Anthroposphere** Procedural v v
Hydrosphere Declarative v
(continental)—hydrosphere Procedural v
(marine)
Hydrosphere - Geosphere Declarative 4
Water cycle- Nitrogen cycle Declarative v
Water cycle- Oxygen cycle Declarative v
Water cycle- Carbon cycle Declarative v
TOTAL (n) 15 12 0 1
(D: Declarative, P: (12 D, 3P) (4D,8P) 1P

Procedural)

* Not all categories/codes were given in this table since some of them were not observed in all participants
**Some categories/codes may have more than one answer since participants have both partially correct answer
and accompanying misconception.
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5.3.3.2 Ahmet’s Cultural Systems Literacy

Ahmet ‘s CUSL traced through the second drawing task and phase 2 interview
questions. The categories and codes related to the basics of LWS was given in Table
5-13.

5.3.3.2.1 Components of Local Water System

Components of LWS was examined through the second drawing task as well as phase
2 interview questions. Within the context of the second drawing task, the researcher
asked Ahmet to draw his local water system. However, his drawing was dominated by
domestic water use. His notion related to the other components of water system, on
the other hand, were traced during the interview. His second drawing was given in
Figure 5.25. His drawing included items of WSN and sewerage system. During the
interview, he also mentioned animals, plants, human beings, and a local water resource

as components of LWS. WSN and LWR will be given under the subsequent section.
Local Water Resources

In terms of specific names and functions of LWR, Ahmet named Aegean Sea as the
only local water resource in his hometown. He added that there are some creeks and
rivers coming from deep in the mountain in his hometown. However, he stated that he
does not know names of them. Additionally, he identified a local water resource, a

groundwater, from his village. He stated that as following:

There was an old plane tree at the village that was a symbol of there. There were some
fountains around this plane tree and many people filled their water cans and used water
for different purposes...I think this water is stored within the mountain and then flow
with the gravity and reach to us.
In terms of functions of LWR, he explained functions as survival, domestic,
recreational, economic, energy source, and industrial. His statements related to these
functions will be given in the next sections. Overall, Ahmet named one of the LWRs
in his hometown. In terms of the functions of LWR, he explained six different

functions for LWRs.
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Table 5-13

Categories and Codes — Ahmet’s Cultural Literacy

Theme: Basics of Local Water System (LWS)

Category 1: Components of LWS

Animal Human being Local Water Resources Sewerage System

Plant Water Supply Network

Sub-Category 1.1: Local Water Resources

Sub-Category 1.1.1: Name of LWR

Aegean Sea

Sub-Category 1.1.2: Functions of LWR

Survival Recreational Energy source Industrial
Domestic Economical

Sub-Category 1.2: Water Supply Network (WSN)

Sub-Category 1.2.1: Components in WSN

Pipe Drinking Water Treatment
Plant
Cloud
Fountain
Rain Dam Home
People
Sub-Category 1.2.2: Processes in WSN
Water Distribution
Water Accumulation Water Treatment
Sub-Category 1.3: Sewerage System
Sub-Category 1.3.1: Components in Sewerage System
Pipe Receiving Environment
Wastewater Treatment Plant
Sub-Category 1.3.2: Processes in Sewerage System
Wastewater Collection Wastewater Treatment
Category 2: National Water Resources (NWR)
Sub-Category 2.1: Current State of NWR
Water Resources Potential
Sub-Category 2.2: Name of NWR
Aegean Sea Mediterranean Sea  Lake Van
Black Sea Lake Tuz
Category 3: Relationship among Local, National, and Global (Sub)systems
LWS -Biosphere LWS -Atmosphere
LWS -Hydrosphere LWS -Geosphere LWS - Anthroposphere
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Figure 5.25

Ahmet’s Local Water System
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Water Supply Network and Sewerage System

During the second drawing task, Ahmet explained where water coming from to her
home as following:
Rainwater is accumulated in the dams and then this is distributed via big pipes after
the treatment. Small pipes, on the other hand, come to our house to provide water. |

do not know how to construct a dam, but its baseline is so thick to accumulate water.
Water may come from rain or treated wastewater. | do not know whether there is a
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water treatment plant in my hometown, but | am sure that there is one treatment plant
in the Aegean Region.

The analysis of his responses indicated that Ahmet identified eight components of
WSN in his hometown. On the other hand, Ahmet explained the discharging process

of wastewater as:

It goes to the creeks or seas from the basins. Or it could be discharged to another dam
to retreat and reuse it again. (he thought a minute) ... I think they are treated in a
treatment plant and then discharged to the sea. So, there could be two options (he drew
these options)

The analysis of his responses revealed that Ahmet identified three components of
sewerage system. However, he had limited amount of procedural knowledge about
the WSN and sewerage system at his hometown. He stated that dams were filled by
precipitation which was partially true. He failed to include freshwater resources to
provide water in dams. On the other hand, he guessed that there would be one treatment
plant in the Aegean region and reckoned that his hometown might not have one which
was wrong. His hometown had more than one drinking water treatment plant. In terms
of processes, he identified the water accumulation, water distribution, and water
treatments for both drinking water and wastewater. No detailed explanation was given
in terms of processes of the mechanisms of treatment plants. In short, Ahmet had
declarative knowledge about the water systems at his hometown. However, he had

naive understanding in terms of the processes.

5.3.3.2.2 National Water Resources

The responses related to national water resources (NWR) were classified into two
categories as Name of NWR and Current State of NWR. Ahmet mentioned that Turkey
is a land surrounded on three sides by the sea and it also has two big lakes. He specified
these names of NWR as Aegean Sea, Mediterranean Sea, Black Sea, Lake Van and
Lake Tuz. In terms of current state of NWR, Ahmet claimed that Turkey is not one of

the water rich countries in the world. He explained his reasoning as following:

We should have been one of those water rich countries since we have more
precipitation area than some other countries, we have three seas, and two big lakes.
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We could treat salty water and then use it for drinking purposes. | searched about it
and it was very expensive. We due to climate change and misuse of water, we have
become a country faced with water scarcity.

The analysis of his responses revealed that Ahmet claimed that Turkey is not one of
the water rich countries in the world. He referenced his knowledge based on his

personal research.
5.3.3.2.3 Relationship between Local and Global (Sub)systems

The analysis of Ahmet’s responses emerged five different relationship among local
and global (sub)systems as (1) LWS-Hydrosphere, (2) LWS-Atmosphere, (3) LWS-
Anthroposphere; (4) LWS- Biosphere; and (5) LWS-Geosphere perspectives. Some of
these relationships were mentioned by him through triple combinations and more.

Each combination was given below.

As | outlined in the functional systems literacy section, he responded that the total
amount of water is almost constant on Earth. Similar with his FSL, he stated that we
use the same water repeatedly after treating the wastewaters, when he was talking
about what happens to the domestic wastewater This statement reflected his
declarative and procedural knowledge on the interactions between LWS and
Hydrosphere in his hometown. On the other hand, he stated that dams were filled by
rain. Even though this was partially correct, this statement reflected his declarative
knowledge related to LWS and atmosphere.

During the interview, the relationships among the LWS, Biosphere and

Anthroposphere were also mentioned by Ahmet as following:

There are living organisms in my hometown such as plants and animals, but they are
not a significant element for the water system. On the other hand, people have multiple
interactions with the water system. Ordinary people go fishing or swimming in the
sea. Even though they are fishing for fun, some other people make money from it.
Some people go fishing on the lake with their own small boats and sell them. Besides,
there are some people too who perform sea trade.
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His response indicated his declarative knowledge on the relationship among the LWS,
biosphere and Anthroposphere. He revealed partially his procedural knowledge for

those interactions.

In terms of the relationship between LWS and Geosphere, he stated that there are some
creeks and rivers coming from deep in the mountain in the village that he visits during
holidays which were given in the previous section. That sample excerpt revealed his

declarative knowledge on this relationship.

In brief, when we examine Figure 5.25 as well as his responses in different data

collection instruments, we can summarize his cultural systems literacy as given in

5.3.3.2.4 Mapping the Interactions of the Categories in Ahmet’s Cultural

Systems L.iteracy

To explore the interactions among the categories in CUSL, in-depth analysis of the
written transcription was conducted. Based on the content analysis, an interaction map

was produced. Figure 5.26 revealed the map.

Cultural systems literacy of Ahmet in terms of local water system can be summarized

based on the content analysis of this section as following:

e Table 5-14 revealed that Ahmet have mostly declarative knowledge on the basic
mechanisms of her local water system.

e Figure 5.26 revealed that Components of Local Water System and Processes in
WSN had most interactive categories among the others. In other words, while
Ahmet was talking about the basics of local water system, he mostly used these
two categories.

e Relationship between Global and Local (Sub)systems, on the other hand, were the most
limited categories among the others. He integrated it rarely into the other categories of
CUSL to explain the basics of his local water system.

In the next section, Ahmet’s critical systems literacy in water context will be given.
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Table 5-14

Categories / Codes* Declarative Fully Partially Incorrect Don’t
Procedural Correct Correct Consistent  Inconsistent Know
Statement(s  Statement(s)
Components of LWS Declarative v
Local Water Resources
Name of LWR Declarative 4
Functions of Declarative v
LWR** Procedural v
Water Supply Network and Sewerage System
Components Declarative v
Processes
Water Declarative v
Accumulation  Procedural v
Water Declarative v
Distribution Procedural v
Drinking Declarative v v
Water Procedural v
Treatment***
Wastewater Declarative v
Collection Procedural v
Wastewater Declarative v
Treatment Procedural v

National Water Resources

Water Resources

Potential

Declarative v

Relationship between Local and Global Systems

LWS-Atmosphere Declarative v v
LWS - Hydrosphere Declarative v
Procedural v
LWS - Biosphere Declarative v
Procedural v
LWS - Declarative v
Anthroposphere Procedural v
LWS-Geosphere Declarative v
TOTAL (n) 10 10 0 5 2
Declarative (D) (8D, 2P) (6D, 4P) (3D, 2P) (2P)

Procedural (P)

Summary of Ahmet'’s cultural systems literacy in water context

* Not all categories/codes were given in this table since some of them were not observed in all participants

** Even though participants have partially correct response in declarative knowledge, (s)he has fully correct
response for the procedural knowledge.

***Some categories/codes may have more than one answer since participants have both partially correct answer
and accompanying misconception. OR they stated that they did not know the answer but tried to answer, though.
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5.3.3.3 Ahmet’s Critical Systems Literacy

The findings in this section will be given under these two themes as well as their
categories. Themes, categories, and codes of Ahmet’s critical systems literacy in water

context were summarized in Table 5-15.

5.3.3.3.1 Advance Mechanisms of Water System

The theme of advance mechanisms of water system were as following categories:
dynamic nature of water system, causal dynamics and feedback loops, evolution of the
system, and complexity of the water system. Each category was given in the

subsequent sections.

5.3.3.3.1.1 Dynamic Nature of Water System

As stated in the section of Quantity of Water, Ahmet was aware of that the total volume
of the water is almost constant. Correspondingly, further questions were asked to
portray his mental model on the unconscious use of water and its dynamic effect in the
water system. Ahmet reflected his understanding on time delays and redistribution of

the water in water system. The conversation was given below.

... (the conversation continues before the excerpt) ...

Interviewer: Ahmet, if the amount of water is constant, why are we concerning about
the depletion of the water resources?

Ahmet: Even if the amount of water is relatively constant on Earth, the number of
people is accelerating day by day. For example, we have 150 m? of water and it was
enough for 100 people in 2000. In 2020, on the other hand, there would be 125 people,
and this leads to decrease the amount of water per person. Besides, we pollute the
water. Both overpopulation and water pollution lead to depletion of the water
resources

Interviewer: So, what happens to that polluted water?

Ahmet: Polluted water is also one of the elements of the water cycle. Water evaporates
too from the polluted resources. After all, it is not exposed to a chemical reaction, it is
still water. When it evaporates, it purifies, and the sediments remain on land.
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Table 5-15

Categories and Codes — Ahmet’s Critical Literacy

Theme 1: Advance Mechanisms in Water System

Category 1.1: Dynamic Nature of Water System

CRDN111: Time Delay CRDN112: Redistribution of Water

Category 1.2: Causal Dynamics and Feedback Loops

CRFL123: Balancing Loop
CRFL122: Reinforcing Loop CRFL124: Open Loop with multiple causes

Category 1.3: Evolution of Water System

CREV131: Decaying
CREV132: Steady state

Category 1.4: Complexity of Water System

Sub-Category 1.4.1: Interruptions in the Water System

CRCO1411: Climate Change CRCO1412: Hidden Use of Water

Sub-Category 1.4.2: Layers of Complexities

CRCO01421: Environmental
CRC01422: Economic
CRC01423: Social

Theme 2: Invisible Elements of Human System

Category 2.1: Beliefs on Water Use

CRBL211: Self-use of water CRBL213: Sources of Beliefs
CRBL212: Collective use of water

Category 2.3: Motive Concern

CRMC231: Social Altruistic CRMC233: Biospheric

Category 2.4: Action Strategies for Efficient Water Use

CRAC?246: No action

Category 2.5: Emotional response

CREMZ255: Apathy

Category 2.6: Motivational Orientation for Sustainable Use of Water

Amotivation
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The analysis revealed that Ahmet was aware on the time delays in the water system.
He attributed time delays to the water pollution and overpopulation. He claimed that
as time passes (20 years in his example), the number of people will increase, and
available water would not be enough for much more people. However, he failed to

elaborate the dynamical mismatches because of the time delays.

Ahmet mentioned redistribution of water in the water system when he was talking

about the effects of unconscious use of water on the water system as following:

Interviewer: ... So, how does our unconscious use affect the water system?

Ahmet: | have never thought this before... Let me formulate an idea about it (he
thought a minute) ... The large part of the rainwaters goes into the streams and seas,
while the remaining part goes into dams for human use. If people did use water from
the dams much more than they need, more water will be discharged to the sea. This
leads to an increase in the amount of evaporation, clouds are loaded too much, and
finally more precipitation would occur. As a result, we could experience floods.
Overall, unconscious use of water accompanying with climate change (he has given
the details of the mechanism of climate change in another part) result in such events.

The analysis of his responses revealed that he explained redistribution of the water
based on the effects of unconscious use of water and climate change. Overall, content
analysis of his responses indicated that he was aware of the time delays and
redistribution of water in the water system. He emphasized that both unconscious use
of water and climate change affect redistribution pattern of the water in water system.

5.3.3.3.1.2 Causal Dynamics and Feedback Loops

The analysis of Ahmet’s responses indicated two open loops with multiple causalities,
and two balancing loops. One of the open loops with multiple causalities was detected
while Ahmet was talking about two different instances. First instance was about
complexity of the water system in terms of climate change. He stated that:

Greenhouse effect leads to temperature anomalies during the seasons. This anomaly
increases the amount of evaporation from the seas and the other water resources. As
the evaporation occurs in a relatively short time interval compared to its average value,
precipitations come earlier than they used to be. Then, climate change will be the result
of climate change”.
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In another instance, while he was talking about the effects of unconscious use of water,
he emphasized climate change. The sample excerpt was given under the section of

“Dynamic Nature of the Water System”. The visualization was given in Figure 6.23.

Figure 5.27

Ahmet’s Open Loop with Multiple Causalities in Climate Change

(1) Emission of greenhouse Global warming The amount of
gases increase @~ ” occurs —» evaporation increases
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(2) Unconscious use Discharge of wastewater Amount of evaporation
of water increase — > to seas increases — > increases

The second open loop with multiple causes was observed in his responses related to
the effects of the water system on people. Ahmet mentioned how people will be
affected because of the several failures in the water system. Some was reported under
the section of “Complexity of the Water System”. Another unreported excerpt was

given below.

Some chain events occur when a failure is observed in the water system. At first,
agriculture will be affected negatively, the crops will wither. Correspondingly, the
consumer’s health will be affected negatively since they will not be able to get enough
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nutrients from the crops. On the other hand, water scarcity will be experienced, and
this leads to some governmental problems. Governments will try to solve this problem,
but the water level in dams will be much lower than before. Besides, water in the dams
may be used for agriculture but this also creates a problem for the citizens’ domestic
use of water. Additionally, water scarcity would influence the animals’ life badly.
They would die because of it.

Based on this sample excerpt, open loop with multiple causalities was visualized in
Figure 5.29.

In terms of feedback loops, Ahmet explained implicitly one simple balancing loop and
one combination of reinforcing and balancing loop. While he was talking about the
effects of global warming and a simulation about what happens when temperature
increases. His responses related to the effects of global warming was as following:
“Greenhouse leads to global warming. This warming will melt the glaciers. This
melting rebalances the temperature because of its cooling effect. But at the same time,
the factor that cools the weather will disappear. This intensifies global warming” This

sample excerpt can be visualized in Figure 5.28.

Figure 5.28

Ahmet’s Balancing and Reinforcing Loops of Global Warming
A(-F A(-I-

Glacier * Glacier
melting Temperature disappears

O ¢

In another instance, while he was talking about how water system would react to
changes, he mentioned a balancing loop as “...if the temperature increases, the
evaporation in the seas will increase too. Then, more rain will occur to balance the
level of water within the clouds...” His full excerpt was given under the section of

“Relational Responsiveness”. This excerpt was visualized in Figure 5.30.
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Figure 5.30

Ahmet’s Simple Balancing Loop

&N

Water The amount of
vapor in the precipitation
Temperature atmosphere

increases i ) '

Overall, Ahmet revealed his notion of causality in a system through two chain events
in open loops with multiple causalities, one balancing loops, and one combination of
reinforcing and balancing loop. While he was explaining his notion, he mainly
attributed these causalities to the greenhouse effect, global warming, and climate

change.

5.3.3.3.1.3 Evolutionary Processes in Water System

Ahmet addressed possible evolutionary scenarios for his local, national water system
and the global water system. The sample excerpt for the national water system’s

evolutionary change was following:

If Turkey became wealthier and experienced a water-related problem, it would use its
financial power fully to desalination processes. It would be same for my city too.
However, this would be a bad scenario for Turkish people, the economy, and the
nature. Our economy would be affected negatively. Moreover, the balance in the
nature would be disturbed. If we desalinated the seawater, it means that our national
water system would be in a bad situation and its amount would not be enough for all
people. Thus, we should use seawater to compensate our needs. In a normal scenario,
the Turkish government would increase the awareness of the citizens to decrease their
water consumption. In this scenario, no change would occur in the water system.

Interviewer: | see. So, which option would occur in Turkey?

Ahmet: The former case. We would try first to desalinate seawater.
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While he was talking about the future of her local water system, he made inference
about the possible actions in the case of decaying state. Further, he claimed that this
desalination process would disturb the balance of the nature. Overall, the analysis of
his statements revealed that he interpreted the evolution of his local water system as
decaying. However, he also predicted that Turkey would try to compensate this
decaying by using its seawater which also leads to further problems. In terms of global

aspects, he predicted different scenarios for different countries:

The global water system is bigger than our national water system. It is reported that
overpopulation would be observed in Asian and African countries. Hence, the need
for water in those countries would be higher than its present state. Maybe China would
compensate this water scarcity issue due to its powerful economy, but it would not be
the same for India, Bangladesh, Pakistan etc. They would be in worse situation than
today’s by means of water system. Every country would make provision against water
scarcity. | saw on the news that United Arab Emirates was planning to carry iceberg
from one of the poles to provide drinking water to the country.

The analysis of his responses revealed that he predicted that the evolutionary state of
the global water system varies from one country to another. Some continents would
experience water-related issues due to overpopulation, but he also added that some
powerful countries would compensate this issue, while underdeveloped countries
would suffer from water scarcity. In short, he claimed that there would be a decaying

bot in globally and locally, but countries would react to make it steady state.

5.3.3.3.1.4 Complexity of the Water System

Climate Change and The Water System

The analysis of this part revealed that Ahmet could be able to detect interruptions in
the water system and some of the layers of its complexity in this story. | asked to him
“What happened to the water system in this story?” His rationale was following:

Ahmet: As the temperature increases, evaporation would also increase from the sea.
Thus, more water vapor would go to the clouds. Emitting too much CO; gases to the
atmosphere leads to the ozone layer depletion. Then, more sunlight comes into the
Earth. More sunbeams are trapped in the atmosphere which is called greenhouse
effect. Since the temperature increases due to greenhouse effect, glaciers are melting
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to cool down the air temperature. However, glaciers are one of the factors that cools
down the air temperature, but they disappear. Eventually, global warming occurs.

... (the conversation continues after the excerpt) ...

Interviewer: Okay, thank you. So, it was written that the seasons began earlier than
expected. What could be the reason for it?

Ahmet: As | said earlier, it is due to the global warming. Fruits are ripening earlier
since they are exposed to the heat that is required faster than ever because of the
greenhouse effect... (conversation continues) ... To me, global warming is one of the
results of the greenhouse effect. Climate change, on the other hand, is the result of the
global warming.

Ahmet detected the failure of the water system within the case as climate change. He
explained the mechanisms of greenhouse effect, global warming, and climate change,
but he only failed to name it as manmade greenhouse effect. Besides, he revealed his
misconception related to the global warming and ozone layer depletion. In terms of
layers of complexities, he mentioned the effects of climate change on the

environmental, economic, social perspectives. Sample excerpts were given below.

Farmers were directly affected because of the products. Trees were affected too since
their biological clock was disturbed. Animals, which were fed by these trees, were
affected. Then, consumers were affected since they should buy these products earlier.
In a similar manner, logistic supervisors would be affected too... The efficiency rate
gaining from the crops would decrease. For example, the amount of the nutrients that
we gained from the crops such as vitamins and minerals will reduce, and this would
be a health problem for us...

... (the conversation continues after the excerpt) ...

I 1 were a farmer on this village, | would be upset. However, | would also think about
the possible solutions. For example, | would bargain with the truck driver to convince
him to come earlier and buy my crops. | would think financially.

In short, Ahmet was able to identify the failure of the water system as climate change
and explain its mechanism in detail based on the greenhouse effect and global
warming. Moreover, he identified three different layers of complexity as economic,

social, health, and environmental perspectives.
Hidden Use of Water and The Water System

When | asked Ahmet about the term “hidden use of water” during the interview, he

said he heard this term in one of the YouTube videos. He defined the term as:
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While direct use of water refers to the water spent in washing the dishes, laundry, or
our hands and face, hidden use of water refers to the water spent in products while
manufacturing such as clothes that we wear or foods that we eat. For example, the
sausage includes meats coming from an animal and they consider the amount of water
that the animal drink in its lifetime. We all have water footprints including these
activities and products.

Consecutively, | asked to him whether he know the exact amount of water for
producing 1 kg of sausage. He responded that “I don’t remember but 2000 liters was
spent for a cloth in the documentary called 25 liters. | saw it on the TV a few days
ago.” | asked Ahmet to explain water consumption in a hamburger. He responded as

following:

Interviewer: What about, for instance, a hamburger? Do we spend water for it?

Ahmet: at first, water is spent during the bread production. Wheats are grown in the
fields and irrigated. There must be huge consumption in there. Then, animal spends
water for surviving but it may not be too much compared to others. Tomatoes and
lettuce are also irrigated, so we should include their water consumption too. Maybe,
some water could be spent during transportation.

Interviewer: So, do you remember how much water do a hamburger have in total?
Ahmet: No, but | know that it has more water than direct use of water.

Interviewer: OK, when you think about the process of hamburger production, who are
responsible for the consumption of water?

Ahmet: The governments and the consumers. Consumers have lack of awareness on
the hidden use of water and government do nothing about it.

The analysis of the conversation revealed that Ahmet had correct declarative
knowledge about the term “hidden use of water”. However, when more elaborative
questions were asked about water consumption in a product, for example, he had the
ability to infer consumption of water at some level, but he failed to reveal his
procedural knowledge about the water for animals’ grain, hamburger’s packaging
process as well as wastewaters spent for the production. This indicated that he had
procedural knowledge partially about the processes during the production. Besides, he

stated that governments and consumers were responsible for the water consumption.
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5.3.3.3.2 Invisible Elements of Human System

In this section, the findings were given within the categories of beliefs about water use,
action strategies for efficient water use, emotional responses, motive concerns, and
motivational orientation for sustainable water use. The category of self-efficacy beliefs

towards efficient water use was not emerged in Ahmet’s responses.
5.3.3.3.2.1 Beliefs on Water Use
Beliefs on Self-use of Water

Self-use of water was traced in the interview part. The analysis of his responses
indicated that Ahmet had inferential belief that “I have no effect on the water system”.
To understand the rationale of his belief, I asked to him in which activities does he

consume water in a day. He stated that:

I am not seeing myself as an active agent on the water system. | do not have too much
dirty plates after meal, take a shower in an average compared to other people. Neither
I waste water too much, nor I use it sparingly. I think | am neutral.

... (the conversation continues after the excerpt) ...

I am a regular water user. | use it when | am taking shower, washing my hands and
face, flushing the toilet, brushing my teeth. I turn off the taps while I am brushing my
teeth. My hidden use of water in a day can be my food that | eat during the day and
the bottle water that [ buy...

Analysis of his responses revealed that he formed his beliefs based on daily
experiences related to his direct use of water. He stated that he was a regular user who
use the same amount of water compared to other people. As a result, he believed that
he had no effect on the water system.

Beliefs on Collective Use of Water

In this part, the role of people in water system was asked to trace Ahmet’s beliefs on
collective use of water. In terms of the role of people in the water system, he had two
inferential beliefs as “Older people have negative effects on the water system” and
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“Older people have more water consumption rate than me”. He explained his

inferences as following:

They have more water consumption rate than me. They wash their cars, for example.
Additionally, they have more hidden use of water consumption since they have more
clothes than me. Moreover, they travel more than me. This travel not only pollute the
air but also affect the water resources. Thus, they have negative effects on the water
system.

The analysis of this sample excerpt revealed that he formed his belief for the collective
use of water from his observations. He mentioned that older people’s hidden use of
water had negative effects on the water system, and he exemplified it based on his
direct experiences. Besides, he compared his activities in terms of hidden use of water

and inferred that older people have more water consumption rate.
5.3.3.3.2.2 Action Strategies for Sustainable Water Use

As Ahmet reported that he has heard about sustainability but not remember its scope
in detail, the interview was built based on his action strategies of efficient water use.
Correspondingly, | asked him to explain whether he set a goal related to sustainable
water use in his daily life. His response was following:

Ahmet: | do not have a goal to use water efficiently because | am not such a person
using water recklessly. I am not a water-saver person, either. I am just an ordinary
citizen.

Interviewer: What about your hidden use of water? Do you set a goal for it?

Ahmet: No. | have never been careful about it. After seeing that video (referring the
video of hidden use of water), however, | realized that | do not have so much hidden
use of water. So, watching that video did not change my behavior.

... (the conversation continues after the excerpt) ...

The sample excerpt revealed that he had no action strategies for efficient water use.
He reported that his water consumption was not too high, so no further action was
needed to monitor it. In short, Ahmet had no action related to efficient water use both

direct use and hidden use of water.
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5.3.3.3.2.3 Emotional Response

His emotions related to effects of people on the water system were asked. His response

was following:

Ahmet: For example, they have dishwasher at their house, but they wash the dishes by
hand before putting them into the dishwasher. The tap remains open while they are
doing this. These are bad behaviors, but | do not need to react them. | do not have any
emotional response

Interviewer: Could you please explain why you do not have emotional response for
that bad behavior?

Ahmet: | do not know. Maybe, it is because | do not see any negative effect of that
bad behavior directly. If the mayor of the town announces that, for instance, water
supply will be cut off for three days due to unconscious use of water in the previous
month, then a not only me but also the local people would react it. As we do not have
direct responsibility, we do not feel responsible. Moreover, since | have not ever seen
a negative effect of unconscious use of water in my life, | may lack an emotional
response for it.

The analysis of his responses indicated that apathy was his emotional response. He
explained the reason for being apathetic as having no direct experiences of the negative

effects of unconscious use of water.
5.3.3.3.2.4 Motive Concern

Motive concerns of the participants were examined by the interview questions.
Correspondingly, the responses of the interview questions were analyzed to portray
their motive concern. Even though Ahmet reported that he had no action strategies and
no emotional response related to the water system, he revealed his motive concerns
while he was talking about the importance of water system. The sample excerpt was
given (please see Figure 5.29) under the section of “Causalities and Feedback Loops”.

While Ahmet shared his ideas about maintenance of water system, he emphasized all
living organisms, who are possibly be affected from disruption in the water system.
This response was an indicator of his biospheric motive concern. However, he

emphasized mainly the importance of water system for people’s life in different
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instances during the interview. This was an indicator of dominance of social altruistic

motive concern.

During different instances in his interview, his social altruistic motive concern was
dominant compared to biospheric motive concern. In short, Ahmet hold different
motive concerns about the present state of water system, but social altruistic value

orientation was dominant in his responses.
5.3.3.3.2.5 Motivational Orientation

As presented in the previous sections, Ahmet reported that he did not have specific
goal for using water efficiently. He stated that he was an ordinary person who already
did not use the water recklessly. In terms of motivational aspect, it was asked to Ahmet
that the for not having specific goal to perform the action. His specific answer related

to that question was following:

Interviewer: Why do not you have specific goal for using water efficiently?

Ahmet: As | said earlier, | am already a regular water-user who do not waste it because
| believe that it is nonsense to open a tap and waste the water for nothing. Since | am
already doing it, | do not have further motivation to use water efficiently.

Interviewer: What if you realized that you use it recklessly? Would you change your
water consumption behavior?

Ahmet: No because everybody else would also use the same amount that | consume,
so it would be our average consumption rate. | would change my water consumption
behavior if and only if other people reduced their water use. If | saw my friend turned
off the tap while he was brushing his teeth, | would also turn it off, for example.

The analysis of his responses indicated that he had amotivation towards regulation of
his water consumption behavior. Amotivation refers to explain people’s unwillingness
to perform an action. Among the three types of amotivation, Ahmet’s amotivation was
classified as lack of competence because one believes that individual actions are not
effective itself (Ryan & Deci, 2017). In a similar manner, if he was a person that uses
water recklessly, then he would regulate his water use provided that everybody else

changed their water consumption behavior.
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5.3.3.3.3 Summary of Ahmet’s Critical Systems Literacy in Water Context

The analysis of Ahmet’s critical systems literacy in water context were given in two
themes. In terms of advance mechanisms of water system, Ahmet’s explanations were
categorized in four categories. In term of dynamic nature of water system, he reflected
her declarative knowledge on time delays and redistribution of water in water system.
However, he failed to elaborate the dynamical mismatches because of the time delays
and formed his response for redistribution of the water. On the other hand, he
exemplified causal dynamics by explaining them as two open loops with multiple
causalities, and two balancing loops. While he was explaining his notion on the
causalities, he mainly attributed these causalities to the greenhouse effect, global
warming, and climate change. In terms of evolutionary processes in the system, he
claimed that there would be a decaying bot in globally and locally, but countries would
react to make it steady state. Last, Ahmet’s reflections related to the real story and the
concept of hidden use of water were indicators of his notion on the complexity of the
water system. He detected climate change as a disruption in the water system and he
mentioned three different layers of complexity as economic, social and environmental
perspectives. In terms of hidden use of water, however, Ahmet had declarative
knowledge correctly about the term “hidden use of water” but was able to infer some
of the processes during the manufacturing of the products. Besides, he specified that
the consumers and the governments were responsible for the water consumption since

they bought it.

Under the theme of invisible elements of human system, Ahmet’s responses were given
by means of five categories. In terms of beliefs on water use, he reflected his beliefs
on self-use and collective use of water. He gave detailed information about the sources
of his beliefs. He had descriptive on his self-use of water as “I have no effect on the
water system”. While he was mentioning it, he gave his rationale from his direct
experiences. In terms of the role of people in the water system, In terms of the role of
people in the water system, he had a descriptive belief as “Older people have negative

effects on the water system” and an inferential belief that “Older people have more
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water consumption rate than me”. He formed these beliefs from direct experiences as
well as his descriptive beliefs. Ahmet had no specific action strategies for efficient
water use. He reported that his water consumption was not too high, so no further
action was needed to monitor it. In a similar manner, apathy was detected in his
emotional response. He explained the reason for being apathetic as having no direct
experiences of the negative effects of unconscious use of water. Albeit Ahmet reported
that he had no action strategies and no emotional response related to the water system,
he indicated his motive concerns while he was talking about the importance of water
system. Social altruistic and biospheric value orientations were observed and social
altruistic was dominant motive concern. Last, similar with action strategies and
emotional response, he had amotivation towards efficient water use. He stated that if
he was a person that uses water recklessly, then he would regulate his water use

provided that everybody else changed their water consumption behavior.

5.3.3.4 Mapping the Interactions of the Categories in Systems Literacy

To explore the interactions among the FSL, CUSL, and CRSL, in-depth analysis of
the written transcription was conducted. Based on the content analysis, an interaction
map was produced. Figure 6.33 revealed the map. The order of the interactions from
highest to the lowest among the elements of systems literacy was FSL-CRSL, FSL-
CUSL, and CUSL-CRSL.

The interactions among the elements of systems literacy of Ahmet in terms of water
system can be summarized based on the content analysis of this section as following:

e He had substantial amount of knowledge about the basic mechanisms of water
system (FSL) compared to basics of his local water system (CUSL).

e Figure 5.31 revealed that Functional Systems literacy had most interactive literacy
element among the others, whereas Cultural Systems Literacy was least interactive.

e The number of interactions between Functional Systems Literacy and Critical
Systems Literacy were higher than the other combinations of interactions (FSL —
CUSL; CUSL-CRSL).
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5.3.4 Case 4: Deniz

Deniz was born in 2005. She is a ninth-grader female student in a private high school
located in an inland city. She reported that she was one of the high achievers in her
school. Her school offers an extra class after the school for the high-achievers and she
was one of them. Her high school entrance exam score was 390 points which
corresponded to top %15 of the applicants in that year. Besides, she is a professional

volleyball player in a sport club in her city.

Deniz’s mother is an environmental educator working in a science museum; her father
is a banker. Their house is located one of the most crowded towns in the capital city.
There is no natural water resource such as lake and river around their house. In terms
of water context, she did not enroll any project, course, or seminars related to that
context. Moreover, she has not special interest in this content. In terms of the concept
of the sustainability, Deniz reported that she did not remember the context of
sustainability. In the ninth grade before I collected data from her, properties of water
such as evaporative cooling, adhesion and cohesion were taught in her biology class.
In chemistry, on the other hand, the properties of water as a universal solvent and water

as a polar molecule were given.

I worked with Deniz in two sessions. The responses of Deniz through the conception
test, first drawing task, and interview questions reflected some indicators related her
systems literacy. The analyses of her responses were given below under the sections

of functional systems literacy, critical systems literacy, and cultural systems literacy.

5.3.4.1 Deniz’s Functional Systems Literacy

The analysis of his responses in conception test, first drawing task and interview phase
1 revealed her functional systems literacy in five categories as (1) general
characteristics of water; (2) power sources of water cycle; (3) components of water
cycle; (4) processes of water cycle and (5) relationship between the Earth systems.
Table 5-16 indicated codes and categories for her functional systems literacy in water

context.
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Table 5-16

Themes, Categories and Codes: Deniz’s Functional Systems Literacy

Category 1: General Characteristics of Water

FGC11: Quantity of Water * FGC14: Water and Living Organisms
FGC12: Cyclic Nature *x
FGC13: Properties of Water

Category 2: Power Sources of Water Cycle

FPS21: Sun FPS23: Gravity

FPS22: Wind

Category 3: Components of Water System

FC31: Plant FC317: Cloud

FC32: Sun FC318: Rain

FC33: Water FC319: Snow

FC34: Animal FC320: Fog

FC35: Human

FC36: Ocean

FC37: Sea FC323: Ice

FC38: Water Vapor

FC39: River FC325: Lake

FC310: Glacier FC326: Stream
FC327. Dew

FC312: Soil

FC329: Creek

FC315: Groundwater FC331: Mountain

Category 4: Processes of Water System

FP41: Evaporation

FP42: Condensation FP411: Melting
FP412: Freezing

FP45: Respiration

FP46: Precipitation FP415: Transpiration

FP47: Penetration FP416: Capillarity
FP417: Photosynthesis

Category 5: Interactions among the Earth (Sub)Systems*
FRES51: Hydrosphere—atmosphere FRES55: Hydrosphere-anthroposphere
FRES52: Hydrosphere—geosphere

FRES57: Water cycle- oxygen cycle

FRES54: Hydrosphere—biosphere

*black codes: emerged from Deniz’s responses i not apparent in Deniz’s responses
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5.3.4.1.1 General Characteristics of Water

The first category in explaining Deniz’s functional systems literacy was general
characteristics of water. Deniz’s answers for the questions for this session were given
by means of quantity of water, its cyclic nature, properties of water, and water and

living organisms.
Quantity of Water

In the conception test, Deniz responded that most of the water on Earth is found in
oceans, but she also wrote an additional note that: <l think that there is also so much
water stored as groundwater.” Her response revealed that she was not sure about the
percentages of water in different resources. On the other hand, she revealed her
misconception in the conception test that “the amount of water on Earth increase and

decrease in time”. (please see ).

In the second session, on the other hand, while she was talking about human use of
water, she again emphasized the change in the total amount of water on Earth. At this

point, | asked to her “where does water go when it decreases?”” Her response was:

I don’t know how but water goes somewhere. Let’s assume that we drink water. Where
does the water go that | drink? It comes to my body, but what if | die? | would say it
stays in my body but there is no such logic (she laughed). Of course, it goes
somewhere... For example, where does water go when it evaporates? It goes into air,
but I don’t know if it goes away from the Earth or not. [ don’t think it occurs that way.
We would use it again.

... (the conversation continues after the excerpt) ...

I think the amount of water on Earth decreases day by day but also at the same time,
it may increase somewhere else by precipitation.

... (the conversation continues after the excerpt) ...

The analysis her answers in different forms of questions (conception test items,
interview questions) revealed that she failed to sort the proportions of water in different
water resources. Moreover, she failed to express that the amount of water is almost
constant on Earth. Instead, Deniz had a misconception and it was consistent and stable

in different context during data collection.
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Cyclic Nature

For acquiring information about her notion on the cyclic nature of water, the first
drawing task was analyzed. In her drawing, she used arrows to show how water cycles.
She indicated that rain or snow goes into either any water resource like lake, sea, or
river or into land where tree uses it. Then, the water goes back into atmosphere thanks

to the evaporation. The figure was given below.

Figure 5.32

Deniz’s Drawing of Water Cycle
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After the first drawing task ended, she explained how water cycle occurs as following:

Deniz: Water evaporates with the help of the heat and water vapor accumulates into
the clouds and... when water vapor meets the cold air, it condenses. By the time they
condense, their mass can’t stay up in the air, so they precipitate to the earth’s surface.
It may precipitate as snow or rain. The air should be too cold for snow so that it could
crystallize. After precipitation, water goes back again.

... (the conversation continues after the excerpt) ...
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Water do not have to fall into water resources every time; it also precipitates to land.
Moreover, it is used by trees via their roots.

One another point in her figure is that precipitation goes into soil and tree uses this
water. However, the journey of water has ended in this figure. No specific item was
drawn by Deniz about what happens to water after tree uses it. However, this part was
elaborated by her in the latter part of the interview as “The other plants can be also
elements of water system by performing respiration and transpiration. They need the
water of our local water system and, they also release water...When plants perform
transpiration, this also contributes to the water cycle”. The analysis of this response
revealed that even though she did not complete the cycle in her drawing from the land,
she was aware of water continues cycling after a tree used it. Still, she did not mention

the mechanism of how water continue cycling after a tree release it.
During the interview, she elaborated the cyclic nature as following:

... Since its name is water cycle, it starts where water is available, and it also finishes
within water because it returns to water due to its cycling property... There may be no
starting and ending point... I mean it depends on where we look to the cycle but to
me, it starts in a place where water accumulates such as lake... (she wanted to think
about it again) ... It starts with water in liquid state and ends where water is again in
liquid state...

In the latter parts of her interview, she again mentioned starting-ending point of water

cycle in different contexts. For instance, while we were talking about “where does

water go when we discharge 1t?” she stated that

... It doesn’t make any sense to me that the water that we use our homes could be used
again... this may not be the case.

... (the conversation continues after the excerpt) ...

... I mean I washed a dirty, oily thing with a detergent in the kitchen... and the water

... (the conversation continues after the excerpt) ...

From this sample excerpt, in can be observed that she had difficulties to imagine how
water cycles again after we discharge the wastewater. In another case, while she was

talking about the importance of the maintenance of water system, she stated that
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... (the conversation continues before the excerpt) ...

... there was a question at the beginning whether there is a starting point of water
cycle. I think, it has a starting point because unless there is no water accumulation or
water resources, water cycle couldn’t be start. But when it starts, it goes back where it
starts which is water...”

... (the conversation continues after the excerpt) ...

In her responses, it can be examined that she had some difficulties while explaining
the cyclic nature of the water. In the former case, she couldn’t imagine the cyclic nature
of water when she discharged the wastewater from her house. In the latter case,
however, she claimed that water comes back to the place where it starts. She couldn’t

explain that cycles do not have starting/ending points.

Overall, her answers in different forms of questions (conception test items, drawing
task, and interview questions), revealed that Deniz had declarative knowledge on the
mechanisms of cyclic nature of water. She used the term “cycle” in different instances.
Nonetheless, she had some difficulties to transfer her knowledge when she was talking
about water use of humans as well as other living things. This might be an indicator of

her lack of procedural knowledge on water cycles in different contexts.
Properties of Water

While Deniz was talking about the water system, she reflected her knowledge about
some of the chemical properties of water. For example, while she was talking about
cloud formation, she stated that “Chemical bonds between the water molecules break
down and they go up. What I'm trying to say is they start to go up to the atmosphere
because their weight become lighter...” She mentioned chemical bonds between water
molecules while explaining the process of evaporation. However, she failed to state
that intermolecular forces decrease in this phase change. Additionally, she also
revealed her misconceptions about density concept such as “heavier things sink” which
refers to a common confusion between density and weight. In short, she had naive
understanding about this specific physical property of water and had misconceptions

in explaining the mechanisms.
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Water and Living Organisms

Deniz mentioned some interactions between the water and the living organisms, which
are namely plant, animal, and specifically, the humanity. For example, while she was

explaining the importance of maintenance of water system, she stated that:

They (referring all living organisms) use water for maintaining their vital activities.
For example, we would die if we didn’t drink water. It’s same for the other living
organisms. Their homeostasis will disrupt if they didn’t take enough water. After all,
substantial amount of our body includes water.

The statement revealed that she had declarative knowledge on the importance of water
in terms of homeostasis as well as its amount in living organisms. that living organisms
use water for their survival purposes. On the other hand, she elaborated the processes
of survival functions such as transpiration and photosynthesis which will be given in
the subsequent sections. In terms of humanity, she explained that human is a factor
that depletes water resources for different purposes. Overall, she had declarative
knowledge on the interactions between the water and the living organisms. In terms of
procedural knowledge, she explained the processes in detail which will be given in the

subsequent sections.
5.3.4.1.2 Power Sources of Water Cycle

Deniz stated all the three power sources in different data sources She used no power
source while drawing water cycle. On the other hand, she mentioned sun, wind, and
gravity during her interview. She explained the power sources of water cycle in her

drawing as following:

It goes up thanks to the hotness. The temperature is the power source, | think. When
it precipitates, their own mass couldn’t fit the clouds anymore and then they fall...
(conversation continues) ... It couldn’t stay in the clouds because it becomes heavier
for a cloud. When it goes up (she meant evaporation), it is not a problem because it is
light. But when it condenses, it combines with other water droplets which makes it
heavier and it falls to the Earth’s surface.

Her explanation revealed that she implicitly was talking about the sun and gravity but

failed to name these power sources. In the latter part of the interview, she was talking
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about the wind and its functions as “...Then, clouds are pushed by the wind and it may
lead to another rain...”. Similar with the former case, she failed to name wind as a

power source but talking about its function in the water cycle.

In conception test, Deniz responded three questions related to the power sources. In
the first question, she selected correct answer (please see ). In the next question,
however, she failed to choose sun as a power source among the alternatives. Instead,
she chose “atmosphere” with the confidence rating of “I am not sure”. Additionally,
she selected that “Greenhouse gases warm the atmosphere and it affects as a power
source in water cycle” In the last question, she failed to select “gravity” among the
alternatives. She added an explanation to that question as “l think plants also affects
water cycle. They produce water via transpiration, but unless streams flow, there
would be no water cycle”. To sum up, she correctly responded one question out of
three which may be an indicator that she had some difficulties to identify consistently
the power sources of water cycle. Overall, her responses related to the power sources
revealed that she had naive understanding on the power sources of the water cycle, and

she failed to name them.
5.3.4.1.3 Components and Processes in Water System

Within the context of the components of water system, she mentioned 22 of 31
components in the conception test, her drawings as well as during the interview. In the
conception test, she identified ocean and groundwater as the biggest sources of water
on Earth. In her drawing (Figure 5.32), she used the components such as plant, water,
river, soil, clouds, rain, snow, water vapor, lake, and sea. On the other hand, she
mentioned animals, human beings, fog, mountain, stream, creek, dew, glacier, sun, and

ice during the interview in different occasions.

In terms of processes, she identified 10 processes of out 17. In her drawing (Figure
5.32), she indicated the processes of evaporation, condensation and precipitation. On
the other hand, she mentioned melting, freezing, transpiration, capillarity, penetration,

photosynthesis and respiration in different occasions during the interview.
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During the data collection, Deniz reflected different components and processes. For
example, she did not include all the processes and components that she identified in
the conception test within her drawing. In her interview, she exemplified other
components and processes. Overall, she exemplified 22 components of water system
during the interview. Additionally, she named 10 processes of water system. In terms
of procedural knowledge, she explained correctly some of the seven processes in the
water system which will be given in the subsequent sections. While explaining the
processes in evaporation and condensation, she revealed some misconceptions which

were summarized in the previous section of “Properties of Water”.
5.3.4.1.4 Interactions among the Earth Systems

The analysis of Deniz’s responses emerged five different relationships among the
Earth systems as (1) hydrosphere and atmosphere; (2) hydrosphere and biosphere; (3)
hydrosphere and geosphere; (4) hydrosphere and anthroposphere; and (5) water cycle-
oxygen cycle. Some of these relationships were mentioned by her through three or

more different combinations. Each combination was given below.

The analysis of her drawing, interview, and responses of the conception test had some
indicators about her understanding of the relationship between hydrosphere and
atmosphere. For example, she explained her notion about the relationships between
hydrosphere and atmosphere by indicating evaporation, cloud formation and
precipitation in her drawing. While explaining the interaction between the two
systems, | asked her to elaborate how clouds form in the interview. Her response was
“Frankly, I don’t know how clouds form. I have some knowledge about it, but they are
not clear... I think they are composed of water vapor.” She stated that she did not
know how clouds form. However, when her responses related to clouds were
examined, she stated that clouds are composed of water vapor which is partially
correct. Hence, she had partial understanding on the mechanism of cloud formation
such as evaporation, condensation and ingredients of the clouds. Unlike her vague

explanations at the beginning of the interview, Deniz selected correct answers and
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reasons for both questions (please see ). In short, she was able to reveal her declarative
knowledge on how clouds by choosing the correct alternative in the test. Nonetheless,
she had some difficulties to explain its processes which indicated that she had naive

understanding on how clouds form.

The relationships among hydrosphere, geosphere, and biosphere was detected in her
drawing and the interview. When I asked, “Is there any other system hidden in your
drawing that might have an interaction with the water system?” she emphasized the
relationship among the hydrosphere, biosphere, and geosphere by giving two

examples. First, she added a tree to her drawing and explained it as following:

Interviewer: How does water affects a tree?

Deniz: Okay... Water system affects, for example, two systems namely soil and tree.
Precipitation does not have to be fall into water resources, it may also precipitate on
the mountains or soil. Then, water penetrates the soil and absorbed by plants’ roots.
Then it is used by trees, for example. Tree uses water in photosynthesis to produce
food and other vital activities.

In addition to these, she also mentioned the interactions of hydrosphere — biosphere

from another perspective as following:
There is also life cycle in aquatic life, and it interacts with the water in continental
part. For instance, if the level of water in a sea or a lake decreases, aquatic life will be
affected. Some marine species’ natural habitat would be deteriorated, and they would

eventually die. Additionally, when the rate of evaporation increases, droughts may
emerge.”

To sum up, she gave two examples for hydrosphere, geosphere, and biosphere
relationships. She revealed both her declarative and procedural knowledge on this

category.

Deniz reflected her notion related to the association between the anthroposphere and
the hydrosphere in many instances. Instead of outlining all the instances, | only

exemplified one of her excerpts below.

Interviewer: What are the components of your local water system?
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Deniz: We are, for sure! We waste the water and we might influence other living
organisms in our local water system because of this. We also affect the marine life in
seas. If we throw our trashes to the sea, marine life will be affected badly. On the other
hand, our water sources are depleting, droughts are emerging due to climate change.
We do harm both living and nonliving things while we are using water recklessly...

In general, she exemplified the negative effects of people on the hydrosphere
throughout the data collection. On the other hand, she explained partially how

anthroposphere affects the hydrosphere negatively.

In addition to these, she also mentioned the oxygen cycle — water cycle interaction
during the interview. She stated that “We could plant trees to increase the amount of
oxygen. Correspondingly, they would perform transpiration more.” Deniz highlighted
declaratively that tree is an agent to provide interaction between water cycle and
oxygen cycle. In brief, when we examine Figure 5.32 as well as her responses in
different data collection instruments, we can summarize her functional systems
literacy as following table. reviewed her knowledge not only in terms of level of
correctness but also labeled that specific knowledge as declarative or procedural.
Additionally, table also elaborated the incorrect responses as either it is a consistent

and stable or it was produced in-situ which is inconsistent and unstable.

5.3.4.1.5 Mapping the Interactions of the Categories in Functional Systems

Literacy

To explore the interactions among the categories in FSL, in-depth analysis of the
written transcription was conducted. Based on the content analysis, an interaction map
was produced. Figure 5.33 revealed the map was given below. The details of the
mapping were given under the methodology chapter. Based on the content analysis of
this section, I can summarize Deniz’s functional systems literacy in water context as

following:

o revealed that Deniz have mainly declarative knowledge on the basic mechanisms

of the water system.
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e In terms of procedural knowledge, she had naive understandings on the working
principles of the water system. At some points while examining the procedural
knowledge, some misconceptions and incorrect in-situ answers were detected.

e Figure 5.33 revealed that Components of Water System had most interactive
categories among the others. In other words, while Deniz was talking about the
basics of water system, she mostly used components of the water system.

e Power Sources of the Water Cycle, on the other hand, was the most limited
category among the others. She integrated the power sources rarely into the other

categories of FSL to explain the basics of the water system.
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5.3.4.2 Deniz’s Cultural Systems Literacy

Cultural systems literacy of Deniz traced through the second drawing task and phase
2 interview questions on CUSL. Her responses related to the basics of LWS was
examined. Table 5-18 indicated the categories and codes of Deniz’s cultural systems

literacy in water context.

5.3.4.2.1 Components of Local Water System

Components of LWS was examined through the second drawing task as well as phase
2 interview questions. Within the context of the second drawing task, the researcher
expected Deniz to draw her local water system. However, her drawing was dominated
by water supply network. Her notion related to the other components of water system,
on the other hand, were traced during the interview. Her second drawing was given in
Figure 5.34.

In her drawing, precipitations such as rain, snow, and hail fill the dams and dams are
used to provide water to her home. Water supply network (WSN) is a component of
LWS which encompassed all icons within the drawing. There were also some icons
related to sewerage system. The sub-categories of WSN and sewerage system will be

variegated in the following sections.

During the interview, she also mentioned animals, plants, human beings, and some of
the local water resources as components of LWS. Some of the components of LWS

(LWR and WSN) were elaborated them in the following sections.
Local Water Resources

In terms of specific names and functions of LWR, Deniz identified that Lake Tuz and
Lake Mogan are two of the local water resources in Ankara. Deniz stated during the
interview that she does not know names of other local water resources such as rivers

and dams.
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Table 5-18

Categories and Codes — Deniz’s Cultural Literacy

Theme: Basics of Local Water System (LWS)

Category 1: Components of LWS

Animal Human being Local Water Resources Sewerage System
Plant Water Supply Network

Sub-Category 1.1: Local Water Resources

Sub-Category 1.1.1: Name of LWR

Lake Tuz

Lake Mogan

Sub-Category 1.1.2: Functions of LWR
Survival Recreational

Sub-Category 1.2: Water Supply Network (WSN)

Sub-Category 1.2.1: Components in WSN

Hail Pipe
Fountain

Rain Dam Home
Snow People
Sub-Category 1.2.2: Processes in WSN
Precipitation Water Distribution
Water Accumulation
Sub-Category 1.3: Sewerage System
Sub-Category 1.3.1: Components in Sewerage System
Pipe Receiving Environment

Sub-Category 1.3.2: Processes in Sewerage System

Wastewater Collection

Category 2: National Water Resources (NWR)

Sub-Category 2.1: Current State of NWR

Water Resources Potential Water Pollution
Mediterranean Sea  Lake Van Uzungol
Marmara Sea Lake Dipsiz
Category 3: Relationship among Local, National, and Global (Sub)systems
LWS -Biosphere LWS -Atmosphere
LWS -Hydrosphere LWS - Anthroposphere
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Figure 5.34

Deniz’s Local Water System
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She explained, on the other hand, functions of LWR as following:

Interviewer: ...What are the names of water resources located in your hometown?

Deniz: There are lots of water resources, some of them dried, though. There are Lake
Tuz, Lake Mogan...

Interviewer: So, who use these water resources in which purposes?

Deniz: In a simpler manner, there are living organisms in there, such as ducks (she
referred Lake Mogan). They use water for surviving. On the other hand, there is no
sea in Ankara. Hence, many people go around the lakes for recreational purposes by
riding on a pedalo on the lake.

(the conversation continues after the excerpt) ...

Deniz: Unlike other living organisms, we use water for many other purposes. We are
going around lakes for recreational purposes in Ankara because we do not have

287



seashore. But I don’t think we drink lake water. It cannot be purified and used for
drinking purposes, in my opinion.

In terms of local resources, she only named that she interacted with them for
recreational purposes. Besides, she also stated the functions of the local lake in a way
that living organisms in and around lake that depends on water. To sum up, Deniz only
identified LWR that she visited in her hometown, but she failed to list further LWR.
In terms of the functions of LWR, she explained they were used as survival and

recreational purposes and they were not drinkable.
Water Supply Network and Sewerage System

During the second drawing task, Deniz explained where water coming from to her

home as following:

Deniz: Water comes to my home from dams. But I don’t know exactly how water in
dams comes to my home... There are pipes, of course. But if there is another thing
between them, | have no idea! We use bottled water that we buy from the market
because we believe that we, the humanity, pollute the water resources. Thus, they are
not drinkable anymore. We use the bottle water for drinking and cooking. The tap
water, on the other hand, is used for other domestic purposes.

Interviewer: Okay then. So, where can be water coming from to dams? Could you
please share your ideas if you have?

Deniz: (thinks about a minute) ... Water comes from the rain, snow, or hail.

The analysis of Deniz’s responses indicated that she identified eight components and
three processes in WSN in her hometown. On the other hand, Deniz explained her

notion related to discharging of water as:

Deniz: After | use it, it goes to the sea via pipes. | saw it in a documentary, but | do
not remember which one. In this video, wastewater accumulated in the sea... But it
does not have to be discharged in every sea on the planet. For example, it could not be
discharged into Mediterranean Sea that we swim... It will not be healthy for us.
Wastewater, then, could be discharged to lakes or streams...

... (the conversation continues after the excerpt) ...
Interviewer: So, where does your home’s wastewater be discharged?

Deniz: Maybe they are bottled and sold to us again like recycling as we did in
plastics...But I have still doubt about it... It does not make any sense to me that the
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water that we use our homes could be used again... this may not be the case... Maybe
other dirty water except from our wastewater might be purified and sold us.

The analyses of her responses indicated two components and two processes in
sewerage system in his hometown. Overall, Deniz has lack of knowledge on processes
in dams, treatment systems at her hometown, and discharge process in Ankara. She
stated that dams are filled by accumulated water via precipitation. Although she
mentioned dams and pipes, she did not talk about treatment plants for both drinking
water and wastewater located in her hometown. She guessed that the wastewater in
Ankara discharged into a water resource without treatment which was not the case.
The analysis of her responses on WSN and sewerage system revealed that her
responses on this context was mainly in-situ answers which were inconsistent and
unstable. The sources of information were based on her observations as well as

secondary sources such as documentary.

5.3.4.2.2 National Water Resources

The responses related to national water resources (NWR) were classified into two
categories as Name of NWR and Current State of NWR. She listed Mediterranean Sea,
Marmara Sea, Lake Van, Lake Dipsiz, and Uzungol as some of the national resources.
She stated that she visited Marmara Sea and Uzungol and shared her observations
during her trip. On the other hand, she said that she saw Lake Dipsiz news on the
media. In terms of current state of NWR, Deniz claimed that Turkey is not one of the
water rich countries in the world. She explained it as even though we had so much
water in our country, but exploiting it drifts us from being a water-rich country. She
referenced her knowledge based on her experiences as well as news from the media.
To sum up, even though she recognized several water resources in Turkey, she only
identified NWR that she had trips around them, or media reported due to several
reasons as in the Lake Dipsiz case. In terms of current state of NWR, she thought that
Turkey is not one of the water-rich countries. In some instances, she talked about water

pollution during the interview which will be given under the section of ‘Deniz’s critical
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systems literacy’. She did not reveal her procedural knowledge on water pollution but

addressed macro-pollutants such as trashes in freshwater.
5.3.4.2.3 Relationship between Local and Global (Sub)systems

The analysis of Deniz’s responses emerged four different relationship among local and
global (sub)systems as (1) LWS-Hydrosphere, (2) LWS-Atmosphere, (3) LWS-
Anthroposphere; and (4) LWS- Biosphere perspectives. Some of these relationships
were mentioned by her through triple combinations and more. Each combination was

given in this section.

As | outlined in the WSN section, she thought that dams are filled by precipitation and
she imagined that the wastewater that they discharge from their home might end up in
a water resource which does not go back to her to be used again. She stated that it
makes no sense to her to use the same water that they used before. Besides, she saw in
a documentary that some wastewater discharges into the sea without treatment. All
these indicators reflected her incomplete mental model on the relationship between her

LWS in her hometown, atmosphere, and hydrosphere.

The second relationship that was the interactions between LWS and anthroposphere.

She gave different instances from different places in her country as following:

Deniz: We are not one of those water rich countries... I have been seen its reasons on
the news. They are reported that we use our water resources inefficiently. As an
example, there was a news weeks ago about Lake Dipsiz. We tried to refill its water
after we drained it for treasure hunt.

Interviewer: Hmm, I see... So, what about our national water potential?

Deniz: No... Even though our country is in the middle of three seas, we misuse them
too. For instance, swimming in Istanbul (referring Marmara Sea) is impossible
because sea trade leads to tremendous amount of water pollution in there...

(the conversation continues after the excerpt) ...

Another example is from the Black Sea Region. Uzungél has a natural beauty. The
shore is covered by the forest, but the tourists deteriorate the nature of the lake. They
throw their trashes into the lake.
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In these instances, given above, she was mainly talking about the negative effects of
people on local water resources. She also mentioned Lake Dipsiz which was one of
the popular news on the media. She complained about what happened to this lake. The
way people use Uzungdl park was another example of her. She stated that Uzungol
and its surroundings is deteriorated by human being. Apart from these excerpts, she
also addressed the effects of climate change and its interaction with the hydrosphere
in different context during the interview. All these examples were the indicators for
the relationship between LWS and Anthroposphere. The analysis revealed that even
though she had declarative knowledge correctly on the interactions between LWS and
Anthroposphere, her procedural knowledge was partially correct. She mentioned that
seas and lakes were polluted by human beings due to different human activities, but

she did not elaborate the mechanism of water pollution and its probable outcomes.

LWS, Biosphere and Anthroposphere relationships were also emerged from the
analysis of Deniz’s responses. While she was talking about functions of LWS, she
stated that plants, living organisms that use water in the lakes, and people which can
be considered as indicators for reflecting her declarative knowledge on the relationship
between her LWS and biosphere. However, she revealed her procedural knowledge
partially while she was mentioning the interactions between LWS and biosphere. She
did not fully explain the processes within those interactions. For example, she did not
explain how people waste the water and in what ways it influences the living
organisms. In brief, when we examine Table 5-18 as well as her responses in different
data collection instruments (see Figure 5.34), we can summarize her cultural systems

literacy in Table 5-19.

5.3.4.2.4 Mapping the Interactions of the Categories in Deniz’s Cultural

Systems Literacy

Figure 5.35 revealed the map. Cultural systems literacy of Deniz in terms of local water

system can be summarized based on the content analysis of this section as following:
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Table 5-19 revealed that Deniz have mainly declarative knowledge on the basic
mechanisms of her local water system. In terms of procedural knowledge, she had
naive understandings on the processes in WSN. At some points while exploring
her procedural knowledge on the basics of her LWS, some incorrect in-situ
answers were detected.

Figure 5.35 revealed that Relationship between Local and Global Systems had
most interactive categories among the others. In other words, while Deniz was
talking about the basics of local water system, she mostly used this category to
explain the basics of local water system. The remaining categories have nearly the

same number of interactions. She integrated them into other categories.
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Table 5-19

Summary of Deniz’s Cultural Systems Literacy in Water Context

* Not all
Categories / Codes* Declarative Fully Partially Incorrect Don’t
/ Correct Correct  Consistent Inconsistent ~ Know
Procedural Statements Statements
Components of LWS  Declarative v
Local Water Resources
Name of LWR Declarative v
Functions of Declarative v
LWR
Water Supply Network and Sewerage System
Components Declarative v
Processes
Water Declarative v
Accumulatio  Procedural v v
n (Dams)
Water Declarative v
Distribution Procedural v
Drinking Declarative v
Water Procedural 4
Treatment
Wastewater Declarative v
Collection Procedural v
Wastewater Declarative v
Treatment**  Procedural v

*

National Water Resources

Name of Declarative v

National Water

Resources

Water Declarative v

Resources Procedural v
Potential

Water Pollution Declarative v 4

Relationship between Local and Global Systems

LWS- Declarative v v

Atmosphere Procedural v

LWS - Declarative v v

Hydrosphere Procedural v

LWS - Declarative v

Biosphere Procedural v

LWS - Declarative v

Anthroposphere  Procedural v
TOTAL (n) 8 10 0 9 3
Declarative (D) (8D) (6D, 4P) (4D, 5P) (2D,
Procedural (P) 1P)

categories/codes were given in this table since some of them were not observed in all participants
***Some categories/codes may have more than one answer since participants have both partially correct answer
and accompanying misconception. OR they stated that they did not know the answer but tried to answer, though.
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5.3.4.3 Deniz’s Critical Systems Literacy

The findings in this section will be given under these two themes as well as their

categories. Themes and categories can be summarized as following in Table 5-20.

5.3.4.3.1 Advance Mechanisms of Water System

The theme of advance mechanisms of water system were given as following categories:
dynamic nature of water system, causal dynamics and feedback loops, evolution of the

system, and complexity of the water system.

5.3.4.3.1.1 Dynamic Nature of Water System

As stated in the section of Quantity of Water, Deniz was not aware of that the total volume
of the water is almost constant. This misconception was also emerged in this category. Her
response on the dynamic effects of unconscious use of water was constructed based on her

misconception were given below.

... Let’s assume that the level of water in the dams decreased due to not having
precipitation recently. If we used the water in dams recklessly, the level of water would
decrease. On the other hand, the amount of evaporation from that dam is also
decreasing. This would also lead to decrease the rate of precipitation. Since everything
decreases, others are affected proportionally.

The analysis of her responses indicated that Deniz imagined that the water precipitates where
it evaporates. She failed to consider precipitation and evaporation as dynamic concepts.
However, in another context, she mentioned the effects of wind, while she was talking about

redistribution patterns of the water as following:

... Let’s talk about Antalya. Summers in Antalya is very hot. Last summer, however, it
was raining when we went there. It is unexpected because the temperature is around 40°C
in every July. Now, if there is a precipitation in Antalya in July, this could be attributed to
the wind that pushes weather events. You know, when there are dark clouds on the horizon,
it is a sign of a rain. First, | assume, the direction of wind is important. Let there be a heavy
rain in Istanbul. Then, clouds are pushed by the wind and it may lead to another rain in
Antalya. But, on the other hand, there would be more heavy clouds coming from the Black
Sea Region due to its climate, geographical characteristics (she referred having sea or
lake) and rate of evaporation... (conversation continues) ... Ankara doesn’t have seashore
so as Konya. But thanks to the winds, we have precipitations since it pushes the clouds.
At once, we had heavy rain in Ankara and few days later, | saw on the news, there would
be flood in Istanbul too.
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Table 5-20

Categories and Codes — Deniz’s Critical Literacy

Theme 1: Advance Mechanisms in Water System

Category 1.1: Dynamic Nature of Water System

CRDN111: Time Delay CRDN112: Redistribution of Water

Category 1.2: Causal Dynamics and Feedback Loops

CRFL121: Simple Open Loop
CRFL122: Reinforcing Loop CRFL124: Open Loop with multiple causes

Category 1.3: Evolution of Water System

CREV131: Decaying

Category 1.4: Complexity of Water System

Sub-Category 1.4.1: Interruptions in the Water System

CRCO1411: Climate Change CRCO1412: Hidden Use of Water
Sub-Category 1.4.2: Layers of Complexities
CRCO1421: Environmental CRCO01424: Health

CRC01422: Economic
CRC01423: Social

Theme 2: Invisible Elements of Human System

Category 2.1: Beliefs on Water Use

CRBL211: Self-use of water CRBL213: Sources of Beliefs
CRBL212: Collective use of water

Category 2.2: Self-efficacy towards Efficient Water Use

CRSE221: High

Category 2.3: Motive Concern

CRMC231: Social Altruistic CRMC233: Biospheric

Category 2.4: Action Strategies for Efficient Water Use

CRAC?243: Reduce of water use

Category 2.5: Emotional response

CREMZ252: Sadness

Category 2.6: Motivational Orientation for Sustainable Use of Water

CRMO262: Extrinsic motivation
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Unlike the former case, she included the effects of wind on the dynamic nature of water
system. The analysis of her incoherent responses indicated that she produced in situ
answers and was not be able to transfer her knowledge from one context to another. In

another instance, she mentioned redistribution patterns of water as following:

To me, the total amount water on earth decreases and increases in time since the
number of people is increasing. This increase leads to more water consumption.

«..... (the conversation continues after the excerpt) ...

Different places on Earth experience different weather events. While some regions
experience floods, some other regions experience droughts.

The analysis of this sample excerpt revealed that she attributed time delays to
overpopulation and her misconception that “total amount of water decreases and
increases in time on Earth”. Overall, the analysis of her response revealed that Deniz
was aware of time delays and redistribution pattern of water in water system. However,
her explanations about how these dynamical mismatches was based on her alternative

conceptions.

5.3.4.3.1.2 Causal Dynamics and Feedback Loops

Causal dynamics were traced during the interview. During the interview, Deniz
mentioned implicitly one simple open loop, one open loop with multiple causalities,
and one simple reinforcing loop. Deniz reflected her notion of causality with an open
loop while she was explaining the importance of living organisms. Her statement was

following:

Actually, this water cycle... There is climate change though... droughts as an effect
of climate change influences living organisms. So, are living organisms affecting the
water cycle?... For example, if there is a severe drought, the amount of evaporation
increases, and the level of water decreases too. Eventually, living organisms are
affected...

Deniz’s statement can be classified as an open loop visualized as following:
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Figure 5.36

Deniz’s Open Loop on Causalities in Water System

Drought areas amount of evaporation amount of water
form due to increases decreases
climate change

Living organisms are /

affected

As given under the section of “Relationship with Other System” in FSL, Deniz
mentioned some chain events about what would happen when there is more

evaporation and decrease in amount of water.

There is also life cycle in aquatic life, and it interacts with the water in continental
part. For instance, if the level of water in a sea or a lake decreases, aquatic life will be
affected. Some marine species’ natural habitat would be deteriorated, and they would
eventually die. Additionally, when the rate of evaporation increases, droughts may
emerge.

Even though she did not explain these causalities in a feedback loop, she mentioned
series of events when a disruption occurs and will eventually have negative effects on

marine life. The visualization of these causal dynamics was given in Figure 5.37.

Figure 5.37

Deniz’s Open Loop with Multiple Causalities

amount of water > marine species
decreases may suffer

evaporation rate droughts may /
increases > emerge
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In terms of feedback loops, Deniz explained implicitly a simple reinforcing loop while
she was talking about the effects of unconscious use of water. This answer was as one

of the examples for reinforcing loops.

Let’s assume that the level of water in the dams decreased due to not having
precipitation recently. If we used the water in dams recklessly, the level of water would
decrease. Consecutively, the amount of evaporation from that dam is also decreasing.
Then, the rate of precipitation would also decrease again. Since everything decreases,
others are affected proportionally.

The visualization was given in the Figure 5.38.

Figure 5.38

Deniz’s Reinforcing Loop

+) Level of
Amount of Water in
precipitation Dam
(+)
+ (‘\
® \ Unconscious
Amount of use of water
Evaporation

In the figure, Deniz’s notion was summarized as when the amount of precipitation
decreases, then the level of water in a dam would also decrease. Unconscious use of
water of people would contribute to the decrease in the level of water in the same dam.
So, amount of evaporation in that dam decreases too as a result of decrease in the level
of water. These chain events, eventually, would also decrease the amount of the

precipitation itself and this creates a loop.

Overall, Deniz revealed her notion of causality in a system by explaining chain events

in open loops with multiple causalities, reinforcing loop, and simple open loop. While
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she was explaining her notion on the causalities, she mainly attributed to the effects on

living organisms.
5.3.4.3.1.3 Evolutionary Processes in Water System

Deniz addressed possible evolutionary scenarios for her national water system and the
global water system. The sample excerpt for her national water system context was

following:

I live in Turkey. I don’t want to be certain, but I think we suffer from water scarcity
substantially in the future... But it is going worse, | mean... What would be in the
future? Of course, the water cycles but with less precipitation or quite the opposite,
more precipitation and no drought. | think there is a bad future in front of us because
we consume water recklessly. We don’t think about what will happen in the future.
We only think about ourselves... Eventually, we are the ones who couldn’t live in this
way. We are the ones who kill ourselves.

Besides, while she was also talking about Turkey’s water potential in the former
sections, she exemplified from the mass media (Lake Dipsiz in page 290) which can
be another indicator for her notion of the evolution. Overall, her statements reveal that
she interpreted the evolution of her local water system as decaying. In terms of global

aspects, she remained undecided:

I think we are unconscious (referring people in Turkey) but | reckon that there are
conscious countries too in terms of water use... (the conversation continues) ... I think
the amount of water would decrease on Earth since it is an open system... (the
conversation continues) ... I don’t have any idea if sea level decreases or not, but I
think that we approach to be water poor in worldwide... the amount of water would
decrease, in my opinion. Yet, it needs to be explored whether it decreases or not.

She seemed that she was undecided about the future of the global water system. Even
though she was prone to decide decaying due to human use of water, she also assumed
that there are countries that are conscious in water use. Still, she suggested that this
could be explored if this is the case or not. To sum up, she predicted that her local
water system is decaying due to unconscious use of water, but she was neutral about

the future of the global system due to having conscious countries in terms of water use.
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5.3.4.3.1.4 Complexity of the Water System

Climate Change and the Water System

Content analysis of her responses related to the complexities of the water system
revealed that Deniz could be able to detect interruptions in the water system and layers
of its complexity. I asked to her “What happened to the water system in this story?”

Her rationale was following:

Deniz: The water system in there... I think it was disrupted because... Wait a
minute... Huh... It was disrupted because rain started suddenly, and it damaged the
flowers of the fruits. Actually, the rain should be slow in springs to let flowers bloom
and turn into fruits. But in this story, downpour was occurred, and it was not expected.
This unforeseen rain didn’t let ripen to fruits.

Interviewer: Okay, thank you. So, it was written that the seasons began earlier than
expected. What could be the reason for it?

Deniz: | could say climate change, global warming. Actually, we are also experiencing
the effects of them because we are in November and the weather is hotter than before.
The New Year’s Day is not snowy anymore in Ankara... (the conversation
continues) ... the snow can be observed in February and March which were not the
case before. The seasons were shifted. They change.

Deniz detected the failure of the water system within the case as climate change but
not give the detail on the reasons or mechanisms of the climate change. In terms of
layers of complexities, she mentioned the effects of climate change on the economic,

social, environmental, and health perspectives. Sample excerpts were given below.

Plants and people are being affected by the seasonal anomalies because the number of
illnesses is increasing in the mid-season. During the ripening period, the weather
becomes suddenly cold and fruits are wasted. Then, to overcome the loss of fruits and
increase efficiency, we produce GMOs (this was not in the story) which, in turn,
affects our health because we eat them. Hence climate change has effects on us, and
the plants.

... (the conversation continues after the excerpt) ...

I think we are the reason for it (referring climate change) and we are the ones who
are, in turn, suffered from it. Similarly, plants, animals, and insects are also suffered...
No, I don’t want to include insects (she laughed)

... (the conversation continues after the excerpt) ...
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If I were a farmer in that village, | would be disappointed over losing my crops. My
crops would be grown only in that season. | would have to harvest my fruits on time
so that | would sell them. I would need to live on and meet my needs. Farming would
be my economic source that | solely depend on.

In short, Deniz was able to identify the failure of the water system as climate change.
Moreover, she identified four different layers of complexity as economic, social,

environmental, and health perspectives.
Hidden Use of Water and The Water System

When | asked Deniz about the term “hidden use of water” during the interview, she
said she has never heard this term before. As she did not know the meaning, | asked
her to think about whether there would be water consumption in foods that we eat or

the clothes that we wear. Her inference process was given below.

... (the conversation continues before the excerpt) ...

Deniz: Yes, of course. For instance, while manufacturing the denim jeans, there are
lots of water consumed. | watched it in a video. They washed the jeans couple of times.
Then, denim grinding machine was also another source of water consumption during
the grinding process. Our water decreases due to clothing industry. | watched only this
video, but I think there would be also water consumption in other clothing processes.

... (the conversation continues after the excerpt) ...

| asked Deniz to think about possible water consumption in a hamburger. The inference

process of Deniz were given as following:

Interviewer: What about, for instance, a hamburger? Do we spend water for it?

Deniz: There is lettuce in hamburger. people consume water while they wash them.
It’s same for tomato. You should wash with plenty of water. Additionally, you should
also add some vinegar in the water to disinfect the vegetables. On the other hand, |
don’t think we spend water while producing the meat. However, we spend also water
while leavening the bread. In drinks, of course, there is water consumption.

... (the conversation continues after the excerpt) ...

Vegetables are grown by the farmers or in the soil and they are irrigated by them. On
the other hand, meat comes from animals and animals drink water for surviving.
Animals’ food like forage also needs water to be grown.

Interviewer: OK, when you think about the process of hamburger production, who are
responsible for the consumption of water?
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Deniz: We, the people. Farmers and choppers. They can be either good or bad people
according to their water consumption during irrigation or preparation.

The analysis of the conversation revealed that Deniz had no declarative knowledge
about the term “hidden use of water”. However, when more elaborative questions were
asked about water consumption in a product, for example, she had the ability to infer
consumption of water at some level, but she neglected the water for hamburger’s
packaging process as well as wastewaters spent for the production. This indicated that
she had procedural knowledge partially about the processes during the production.
Despite these inferences, she still believed that she is not responsible for the water
consumption in agricultural and industrial farming. She thought that the other people

were responsible for water consumption.

5.3.4.3.2 Invisible Elements of Human System

In this section, the findings were given within the categories of beliefs about water
consumption behavior, emotional responses, motive concerns, action strategies for
efficient water use, self-efficacy beliefs towards efficient water use, and motivational

orientation for sustainable water use.

5.3.4.3.2.1 Beliefs on Water Use

Beliefs about Self-use of Water

Self-use of water was traced in the interview part. The analysis of Deniz’s responses
indicated that she had inferential beliefs. These beliefs were summarized one by one

with their sources of the beliefs.

Deniz had inferential beliefs as (1) | am a conscious consumer of water; (2) | am more
conscious than other people in terms of efficient water use; and (3) 1 am not responsible
for the water consumption in agricultural and industrial farming. To explore the nature
of her water consumption behavior, I asked to her in which activities does she consume
water in a day. She stated that she uses water daily in bathroom, restroom and the

kitchen. Besides, she added that she turns off the tap while she was brushing her teeth
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and do not flush the toilet more than once. On the other hand, since she is a volleyball
player, she mentioned that she takes a bath almost every day. To decrease her water
consumption, however, she said she tries to take quick showers. She finished her

explanation as “l use water if and only if I need it.”

She shared another inferential belief as “Sometimes, | realize that the taps are
remained open in the school restroom. People may either forget to turn off or don’t
care about it. I think 1 am more conscious about it.” She believed that she is more
conscious than other people based on her beliefs that “I am a conscious consumer of
water. She made comparison and inferred that she was more conscious than other

people.

In terms of hidden use of water aspect, she mentioned before that she did not know the
meaning. However, she inferred some of the water consumption processes during
agricultural and industrial farming. Despite these inferences, she believed that people
working in these processes (i.e., farmers) were responsible for the water consumption.
This belief was classified as inferential belief since she attributed water consumption
based on the direct use of water. According to her, since she was not spending water
for the tomato in her hamburger since she was not there to irrigate it in the fields. This
rationale was based on the attribution to the direct use of water.

Analysis of her responses revealed that she had inferential beliefs inferred from her
daily experiences related to direct use of water. Since she did not know the concept of
hidden use of water, which was given in the previous section, she failed to consider
her hidden use of water.

Beliefs on Collective Use of Water

In this part, the role of people in water system was asked to trace Deniz’s beliefs on
collective use of water. She had inferential and informational beliefs related to the

collective use of water. Each of them was given below.
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She had two beliefs that (1) People are one of the factors affecting the water system
and (2) People have negative effect for this system. The sources of her beliefs were
based on not only her direct experiences but also some outside sources. Thus, these
beliefs were classified as both descriptive and informational belief. She also had an
inferential belief that “We are in the middle of the water system”. Each of them was

given in detail.

Deniz shared her beliefs on the collective use of water multiple times during her

interview. Some of the excerpts were given below.

... (the conversation continues before the excerpt) ...

Deniz: There is a balance on Earth, and we disturb this natural balance. Let me give
an example from today. There is a heavy fog in these days, and this is because of us.
We see extreme weather events in worldwide. For instance, the last summer was too
hot. This hotness led to an increase in the rate of evaporation... (the conversation
continues) ... This is because we disturbed the balance.

... (the conversation continues after the excerpt) ...

Every move we make change the nature. Different patterns can be form or things may
increase or decrease because of us. | believe nature get back its old days if human
being becomes extinct. I couldn’t imagine a living organism that its effect is worse
than ours. Yet, we seldom have positive effects such as planting trees to get increase
the oxygen level. But most of the time, we have negative effects. We don’t think about
nature since we use it for our self-interest.

In addition to these sample excerpts, she stated that people have negative effects of the
water system by sharing her direct experiences during her trips (i.e., the Marmara Sea,
Uzungol). Moreover, she also mentioned that she saw Lake Dipsiz case on the TV.
The analysis of her experiences summarized before and these sample excerpt revealed
that she formed her inferential beliefs based on these experiences.

In terms of the inferential belief that “We are in the middle of the water system”, she

explained sources of beliefs as following:

We are not the head of the system; we are in the middle of it. We influence its
evaporation rate. Water could evaporate itself without our help, but we exacerbate the
climate and the environmental condition. This affects the rate of evaporation directly
or inversely... (conversation continues) ... we have negative effects on the water
system. | do not think that we have positive effects on it.
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The analysis of her sample excerpts as well as her other responses during the interview
revealed that she formed inferential belief, and informational beliefs for the collective
use of water. Her sources for these beliefs were reported in different instances on the

interview such as direct experiences, school, and media.
5.3.4.3.2.2 Action Strategies for Efficient Water Use

In this section, participants’ explicit statements about their action strategies for
efficient or sustainable water use was given. As Deniz reported that she did not
remember the context of sustainability, the interview was built based on her action
strategies for efficient water use. Correspondingly, | asked her to explain whether she
set a goal related to efficient water use in her daily life. Her response was following:

Deniz: For example, I know it’s a cliché, I turn of the tap while I am brushing my test.
| avoid flushing the toilet many times. | drink only the amount of water that | need. In
general, I don’t use water more than | need.

The sample excerpt revealed that her action strategies were related to her direct use of
water. She did not share any action strategies related to her hidden use of water because
she already reported that she did not know the meaning of the term. Her action strategy

was classified as reduce of water use.
5.3.4.3.2.3 Self-Efficacy Beliefs towards Efficient Water Use

While she was talking about her action strategies given above, she believed that she
used water only when she needs it. She shared her strategies on how to use water
efficiently in terms of direct use of water. This was an indicator that she had relatively
high self-efficacy towards being efficient user of water. She did not give detailed
information about how she uses water efficiently in terms of hidden use of water. Thus,
it indicated that her self-efficacy belief toward efficient water use was not based on
her actual behavior.

306



5.3.4.3.2.4 Emotional Response

Her emotions related to effects of people on the water system were asked. She said she
was sad for the nature since she read on the news that we should look for another planet
to live by 2023. She stated that we pollute the water resources and we don’t consider
the rate of degradation of the pollutants in the nature. The analysis of her responses
indicated that sadness was her emotional responses that she had related to the water

system.
5.3.4.3.2.5 Motive Concern

To reveal the motive concerns of Deniz on the importance of water system, several
questions were asked during her interview. First, the importance of water system was

asked. She explained her view as following:

Let’s assume that there is no precipitation at all. Then, what about the nature and
natural resources? How our dams will be filled, how plants will perform
photosynthesis? Plants are very important because they produce oxygen. Water is also
important for them since plants do many things for the sake of humanity.

While Deniz shared her ideas about maintenance of water system, she emphasized
nature, plants, and human beings who are possibly be affected from disrupted water
cycle. This response was an indicator of his biospheric and social altruistic motive
concern. However, she emphasized that she considered plants significant due to their
importance for people’ life. Therefore, this was an indicator of her dominant motive
concern as social altruistic for this question. Nevertheless, she reflected her biospheric
motive concern in many instances during her interview. In short, Deniz hold different
motive concerns about the present state of water system, but no dominant motive

concern was detected in her responses.
5.3.4.3.2.6 Motivational Orientation

As presented in the previous sections, Deniz used water efficiently and shared her

strategies in terms of her direct use of water. In terms of motivational aspect, it was
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asked to Deniz that the sources of her motivation if any to use water efficiently. Her
specific answer related to that question was following:

If I didn’t use it efficiently, we would be affected badly. We need water as much as
the animals need. If we didn’t use it wisely, there would be no water in the future for
us. Plants and animals may survive since they use it only for survival needs. For
example, an animal can eat its food without cleaning it with water. But this is not the
case for us. I make provision against water scarcity because it’s my future. I motivate
myself that way. Nobody gets hurt due to my actions, not only me but also all the
others (she referred all the living organisms).

The analysis of her responses indicated that she had external motivation. In her case,
Deniz used water efficiently since water is important for all life on Earth. The

importance of performing behavior provided a basis for her actions.

5.3.4.3.3 Summary of Deniz’s Critical Systems Literacy in Water Context

The analysis of Deniz’s critical systems literacy in water context were given in two
themes. In terms of advance mechanisms of water system, Deniz’s explanations were
categorized in four categories. In term of dynamic nature of water system, she referred
dynamical mismatches through exemplifying time delays and redistribution of water.
Her procedural knowledge about how these dynamical mismatches occur based on her

alternative conceptions.

On the other hand, she exemplified causal dynamics by explaining them as one simple
open loop, one open loop with multiple causalities, and one simple reinforcing loop.
In terms of evolutionary processes in the system, she predicted that her local water
system is decaying due to unconscious use of water, but she was neutral about the
future of the global system. Last, Deniz’s reflections related to the real story can be an
indicator of her notion on the complexity of the water system. She detected climate
change as a disruption in the water system and she mentioned the layers of
complexities as economic, social, environmental, and health dimensions. In terms of
hidden use of water, however, she had no declarative knowledge, but was able to infer
some of the processes during the manufacturing of the products. Besides, she claimed

that she was not responsible for the water consumption in the products that she bought.
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Under the theme of invisible elements of human system, Deniz’s responses were
examined by means of six categories. In terms of beliefs on water consumption
behavior, she reflected her beliefs on self-use and collective use of water. She gave
detailed information about the sources of her beliefs. She had descriptive and
inferential beliefs related to self-use of water. Descriptive beliefs were based on her
daily life experiences. She attributed her inferential belief to her descriptive beliefs.
On the other hand, she had descriptive, inferential, and informational beliefs on the
collective use of water. Her sources for these beliefs were reported in different

instances on the interview such as direct experiences, school, and media.

Deniz’s action strategies were related to her direct use of water. She did not share any
action strategies related to her hidden use of water because she did not know the term.
Her action strategy was classified as reduce of water use. Her statements also revealed
that she had high self-efficacy while she mentioned her direct use of water. Sadness
and happiness were the two emotional responses that she had related to the water
system. While she was talking about the importance of water and water system,
biospheric and social altruistic value orientations were observed as motive concerns.
Deniz hold these different motive concerns about the present state of water system, but
no dominant value orientation was detected in her responses. Last, she attributed her
motivation about efficient use of water to consider the importance of water for living
organisms as well as humanity. Thus, she had extrinsic motivation since she exhibited

this behavior because of its perceived usefulness and importance.
5.3.4.4 Mapping the Interactions of the Categories in Systems Literacy

To explore the interactions among the FSL, CUSL, and CRSL, in-depth analysis of
the written transcription was conducted. Based on the content analysis, an interaction
map was produced. Figure 4.43 revealed the map. The order of the interactions from
highest to the lowest among the elements of systems literacy was FSL-CRSL, FSL-
CUSL, and CUSL-CRSL.
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The interactions among the elements of systems literacy of Deniz in terms of water

system can be summarized based on the content analysis of this section as following:

Figure 5.39 revealed that Functional Systems Literacy and Critical Systems
Literacy had similar number of interactions, whereas Cultural Systems Literacy
was least interactive.

The number of interactions between Functional Systems Literacy and Critical
Systems Literacy were higher than the other combinations of interactions (FSL —
CUSL; CUSL-CRSL).
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5.3.5 Comparative Analysis of Four Cases: The Findings of Cross-Case
Analysis

This section summarized the comparison of the findings across cases. In the first part,
the patterns of functional systems literacy across the cases were presented. Moreover,
alternative conceptions of cases were listed. Consecutively, the comparisons of
cultural systems literacy and critical systems literacy were given.

5.3.5.1 Comparison of Functional Systems Literacy across Cases

As stated in the previous section, the patterns of FSL were traced through the
conception test, first drawing task and interview questions of phase 1. In this part,
comparison of each category and interaction maps were summarized. While examining
the content of each category, the frequency of responses for each category was also
calculated (please see Table 5-22). To have a closer look, both declarative and
procedural knowledge were traced in case’s responses summarized in Table 5-21. In
terms of general characteristics of water, the frequency of statements that included
procedural knowledge were lower than declarative knowledge in all four cases.
Specifically, Eren and Ahmet had more fully correct statements in both declarative
and procedural knowledge than Deniz and Cansu. In terms of quantity of water, Eren
and Ahmet were aware of that the amount of water on Earth is almost constant,
whereas Cansu and Deniz had alternative conceptions (see Table 5-23). Cyclic nature
was mentioned by all cases except Deniz. Three cases stated that water cycles in
nature, but they failed to explain the entire process which was an indicator of lack of
procedural knowledge. The category of ‘properties of water’ was emerged in the
analysis of Ahmet and Deniz’s responses. They mentioned the mechanism of
evaporation as one of the physical properties of water. Whereas Ahmet had fully
correct statements about evaporation, Deniz had some alternative conceptions that

interfere with her notion of evaporation (see ).
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Table 5-21

Frequency Table of Categories in FSL

. Frequency Percentage
Categories of FSL Case () (p= n/N*100)
Power Sources of Water Cycle Eren 2 66.67%
(N=3) Cansu 3 100.00%
Ahmet 2 66.67%
Deniz 3 100.00%
Components of Water Cycle Eren 18 58.10%
(N = 31) Cansu 18 58.10%
Ahmet 20 64.52%
Deniz 22 70.97%
Processes of Water Cycle Eren 7 41.12%
(N - 17) Cansu 4 23.53%
Ahmet 6 35.29%
Deniz 10 58.82%
Relationship among the Earth Systems Eren 5 62.50%
(N=8) Cansu 4 50.00%
Ahmet 7 87.5%
Deniz 5 62.5%

Water and living organisms were mentioned by all cases. Whereas all cases had fully
correct declarative knowledge statements, only Eren and Deniz had fully correct
procedural knowledge statement. Last, relational responsiveness was emerged in all
cases’ responses except Deniz. Ahmet explained both living and non-living
subsystems’ reactions. Eren mentioned solely non-living reaction, whereas Cansu
explained the living subsystem’s reaction when a change occurs in the water system.
Table 5-21 and Table 5-22 revealed that Cansu and Deniz listed all three power sources
declaratively but Ahmet and Eren failed to state wind as a power source. The number
of components in water system were mostly higher in responses of Ahmet (64.52%)
and Deniz (58.82%). Among these 31 components, none of the cases mentioned rock,
aquifer, hail, and freshwater. The number of processes in water system was the highest
in Deniz’ responses. Deniz mentioned 10 processes out of 17 (58.82%). In terms of
procedural knowledge, only Eren had fully correct statements in this category, whereas

Cansu and Deniz had some alternative conceptions and in-situ answers.
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The last category was related to the relationships among the Earth (sub)systems. The
frequency of statements that included procedural knowledge were lower than
declarative knowledge in all four cases. Among the cases, Ahmet mentioned almost
all relationship between the systems available in the codebook except for water cycle-
oxygen cycle. Nevertheless, almost all of his statements were related to his declarative
knowledge. He failed to indicate his procedural knowledge on this category. Deniz had
fully correct statements in terms of both declarative and procedural knowledge. The
other two participants had partially correct statements in terms of procedural
knowledge. Lastly, all four cases revealed some alternative conceptions and in-situ
answers while they were talking about the relationships between the Earth systems.

Enumerative approach enabled to see the map of interactions among the categories of
FSL of a case. Figure 5.40 summarized the comparison of FSL interaction maps of

cases. The findings can be summarized as following:

e The number of interactions of Eren and Deniz were higher than their peers. Cansu
and Ahmet made weaker interactions while they were talking about the basics of
the water system.

e Components of Water System, Processes in Water System, and Relationship
between the Earth Systems had most interactive categories among the others.

e Power Sources of the Water Cycle was the most limited category among the others.
There was a weak integration of the power sources into the other categories of FSL
to explain the basics of the water system.

e The number of interactions between Components of Water System- Processes in
Water System were higher in Eren, Cansu and Deniz’s maps. Ahmet’s most
interactive categories were Relationship between Earth Systems and Components
of Water System.

e Deniz did not make connection between General Characteristics of Water and
Power Sources of Water Cycle while she was talking about the basics of the water

system.
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Figure 5.40

Comparison of Interactions among FSL of the Cases
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5.3.5.1.1 Comparison of Conception Test Results, Alternative Conceptions and

In-situ Answers

In this part, conception test results of the cases and their alternative conceptions were
summarized. Answer key is available in Appendix A. Ahmet and Eren had eight fully
correct responses, whereas Cansu had seven and Deniz had five fully correct
responses. The questions related to proportion of water (Question 1), power sources
(Question 2), and global warming (Question 9) were correctly selected by all four
cases. In terms of alternative conceptions, all cases except Ahmet had alternative
conceptions. In-situ responses, however, were detected in Eren and Deniz’ responses.
The list of alternative conceptions and in-situ responses were provided in Table 5.23.
The questions that participants had lack of knowledge were cloud formation (Question
4) and climate change (Question 10). Additionally, Deniz had difficulty in selecting
correct answers in Question 8 which was about gravity as a power source. provided

all responses of the cases.

Table 5-23

List of Alternative Conceptions and In-Situ Responses Emerged in FSL

Case Alternative Conception In-situ Response
Eren e Water evaporating from the earth’s e  The amount of water in the water
surface goes to the clouds cycle decreases because of water
pollution
Cansu e The amount of water on Earth No in-situ response was detected
decreases
e The hole in the ozone layer leads to
glacier melting and climate change
Ahmet  No alternative conception was detected No in-situ response was detected
Deniz e The amount of water on Earth e The largest amount of water could

increase and decrease in time
Water molecules start to go up to
the atmosphere when their weight
become lighter (heavier things
sink)

Precipitations are the starting point
of the water cycle

be groundwater resources
Atmosphere is one of the power
sources in the water cycle
Plants are one of the power
sources in the water cycle
Streams are one of the power
sources in the water cycle
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5.3.5.2 Comparison of Cultural Systems L.iteracy across Cases

As stated in the previous section, the patterns of CUSL were traced through the second
drawing task and interview questions of phase 2. The findings of within-case analyses
revealed three categories in FSL as (1) components of local water system; (2) national
water resources; and (3) relationships among local, national, and global systems. In
addition, enumerative approach indicated the interactions among the categories of
CUSL of a participant. In this part, comparison of each category and interaction maps

were presented.

While examining the content of each category, both declarative and procedural
knowledge were traced in case’s responses which were summarized in Table 5-25. In
this theme, all of the cases except Cansu had limited amount of declarative and
procedural knowledge compared to their FSL. Nevertheless, Cansu’s background
knowledge was mostly declarative, but still she had a richer understanding on her local

water system compared to others.

In terms of components of local water system, the frequency of statements that
included procedural knowledge were lower than declarative knowledge in all four
cases. Specifically, Cansu had more fully correct statements in both declarative and
procedural knowledge than the other three cases. Water supply network and sewerage
system were the categories that participants had difficulty to express their
understanding. All of the cases stated that they did not know the entire mechanism of
water supply network and sewerage system. Except Cansu, they guessed the possible
components and processes in WSN and sewerage system of their hometown. While
they are making guess, they formed in-situ answers which were not mostly compatible

with the actual situation.

Deniz was the cases talking about national water resources more than her local water
system. Ahmet, on the other hand, mentioned both his local and national water system.

Eren responded only the question about the status of water-richness of Turkey during
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the interview. Unlike them, Cansu did not talk about national water resources, but she
mentioned mostly the local water system in her hometown compared to her peers. In
terms of relationship among the local, national, and global (sub)systems, all cases had
more fully correct statements compared to other categories. Nevertheless, they had
also alternative conceptions and in-situ answers. Among the cases, Deniz had
difficulties to express the interactions among the local, national, and global

(sub)systems.

Enumerative approach enabled to see the map of interactions among the categories of
FSL of a case. Figure 5.41 summarized the comparison of CUSL interaction maps of

cases. The findings can be summarized as following:

e Interaction maps of CUSL were weaker than those of FSL. The number of interactions of
Cansu were higher than her peers. Eren’s responses produced weakest interaction map.

e Relationship between the Local, National and Global Systems had most interactive
categories among the others.

e Local Water Resources, National Water Resources, and Processes in WSN produced
relatively weaker interactions among the others. There was a weak integration of these
categories of CUSL to explain the basics of the local water system.

e The highest number of interactions between categories with respect to cases were
following:

o Cansu:

= (1) Relationship between the Local, National and Global Systems -
Components in WSN;

= (2) Relationship between the Local, National and Global Systems -
Components of Local Water System; and

= (3) Relationship between the Local, National and Global Systems —
Local Water Resources

o  Ahmet: Components of Local Water System- Local Water Resources

o Deniz: Components in WSN — Processes in WSN
e Cansu did not make connection between National Water resources and other categories

while she was talking about the basics of the water system.
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Figure 5.41

Comparison of Interactions among CUSL of the Cases
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5.3.5.2.1 List of In-situ Responses in Cultural Systems Literacy

In this part, in-situ responses of the cases were summarized. All cases except Cansu

had in-situ responses. The list of in-situ responses was given in

Table 5-26

List of In-Situ Responses Emerged in CUSL

Case In-situ Response
Eren e Water may be treated before the distribution to our homes if it is
hardwater

e Our tapwater is coming from the groundwater resource
e The expenditure of treating the wastewater would be so high that it
is not feasible to be provided by the governments.
Cansu  No in-situ response was detected

Ahmet e Rainwater accumulates the dams
e Wastewater could be discharged to another dam to retreat and reuse
it again
Deniz e Precipitations accumulate the dams
e Domestic wastewater might be recycled, bottled, and sold us again.

5.3.5.3 Comparison of Critical Systems Literacy across Cases

As stated in the previous section, the patterns of CRSL were traced through the
interview questions of phase 3 and phase 4. The findings of within-case analyses
revealed two themes in CRSL as (1) advance mechanisms of water system; and (2)
invisible elements of human systems. These two themes had several categories and

comparison of each category were presented in this section.

5.3.56.3.1 Advance Mechanisms of Water System

This theme had four categories as (1) Dynamic nature of the water system; (2) Causal
dynamics and feedback loops; (3) Evolutionary processes in water system; and (4)
Complexity of the water system. The comparison of the cases in each category was

summarized in this part.
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Dynamic Nature of the Water System

This category was traced through the concept of unconscious use of water and its
dynamic effects on the water system. All four cases were aware of the time delays in
the water system, however they failed to elaborate the possible reasons and dynamic
effects of time delays in water system. For instance, while Deniz and Ahmet attributed
time delays to overpopulation, Eren and Ahmet mentioned the effects of water
pollution on the time delays in the water system. Cansu only stated that it is required
a long time to recover the negative effects on the water system, but she failed to
elaborate these effects and recovery period. In terms of redistribution of the water,
Eren and Ahmet emphasized the role of global warming and climate change on
redistribution of water. On the other hand, Cansu and Deniz had statements that were
indicators of lack of dynamic conceptions. While Cansu mentioned that groundwater
resources remained below the surface and cannot be used, Deniz stated that water
precipitates where it evaporates. These statements were indicators that they failed to
consider groundwater, precipitation and evaporation as dynamic concepts, but rather
static. Additionally, all participants had some in-situ answers that they could not able
to transfer them into other context and alternative conceptions as well. Since Cansu
and Deniz did not know that the total volume of water is almost constant on Earth,

they tried to explain dynamical mismatches based on this alternative conception.
Casual Dynamics and Feedback Loops

Causal dynamics and feedback loops were emerged during the interviews. All four
cases mentioned a reinforcing loop in their responses in an implicit manner. In other
words, while they were talking about causalities, their responses formed a reinforcing
loop, but they did not name this loop as a reinforcing loop. Except Cansu, all three
cases revealed at least an open loop with multiple causalities. Among the cases, only

Ahmet’s responses indicated balancing loops.
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Evolutionary Processes in Water System

Evolutionary process in water system was asked in the interview part which was about
their predictions for the future scenarios of local, national, and global water system.
While Cansu and Deniz argued that the water system is a decaying state, Eren claimed
that the water system will be steady state in the near future. Ahmet, on the other hand,
gave different possible scenarios for the future scenarios for different countries. He
discussed that when the water system is decaying, evolutionary state of the countries
would compensate and it would differ according to their developmental state (i.e.,
underdeveloped, developed). Whereas some developed countries achieved to keep
their water system steady state, underdeveloped countries had possibility to be in a

decaying state.
Complexity of the Water System

Within the context of the water system, the issue of climate change and hidden use of
water were included as two of the interruptions in the water system and possess many
layers of complexity such as economic, social, environmental, educational, health, and
governmental layers. The comparison of cases’ responses revealed that all four cases
were able to detect interruptions as global warming and climate change given in the
real story in interview phase 4. While Eren and Ahmet provided procedural knowledge
on the mechanisms of global warming and climate change, Cansu and Deniz failed to
reveal their procedural knowledge on these interruptions. Additionally, Ahmet
revealed some misconceptions related to global warming and ozone layer depletion.
In terms of layers of complexities, all cases reported environmental and social layers
of complexities. Ahmet and Deniz mentioned also economic and health layers, while
Eren was talking about economic effects of interruptions in addition to environmental
and social effects. Eren and Deniz have never heard about the term “hidden use of
water”, whereas Ahmet and Cansu reported that they learned the term from
extracurricular activities. Even though Eren and Deniz were not familiar with the term,

they were able to infer some processes in which water is spent for a product, in our
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case, hamburger. Nevertheless, they failed to indicate packaging processes and
wastewater that spent to produce a hamburger. Cansu and Ahmet, on the other hand,
were aware of that too much water is spent to produce a hamburger compared to daily
direct use of water. Similar with Eren, they also failed to mention animal’s grain,
packaging processes and wastewater to produce a hamburger. Only Deniz were able
to state that water is spent to animal’s grains in hamburger’s water footprint. Last, all
the cases except Deniz reported that consumers were responsible for the water
consumption to produce a hamburger. Deniz argued that the people serving in the

production phases were responsible for the water consumption.

5.3.5.3.2 Invisible Elements of Human System

Invisible elements of human system as a second theme in critical systems literacy
involves the categories of beliefs about water use, action strategies for efficient water
use, self-efficacy beliefs towards efficient water use, emotional responses, motive

concerns, and motivational orientation for sustainable water use.
Beliefs on Self-Use and Collective Use of Water

All cases shared their beliefs on their self-use of water as well as collective use of
water. They reflected their descriptive, inferential, and informational beliefs on their
water consumption. summarized their belief statements with their type of

beliefs.
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Action Strategies for Efficient/Sustainable Water Use

Ahmet reported no specific action strategies related to his water consumption behavior.
The other three cases reported some action strategies related to their direct use of water.
Among them, only Cansu mentioned action strategies for monitoring her hidden use
of water. In terms of direct use of water, Cansu and Deniz provided detailed
information on how to reduce their water consumption in their daily life. Eren did not
prefer to explain them in detail but summarized his water efficiency behaviors as doing
the ‘cliché’. Moreover, Eren and Cansu also exemplified the role of persuasion of other

people to invite them use water efficiently.
Self-Efficacy Beliefs toward Efficient Water Use

This part was not observed in Ahmet and Eren’s responses. However, Cansu and Deniz
showed some indicators that can be considered as high self-efficacy. Both stated that

they use water efficiently most of the time and they know how to water use efficiently.
Emotional Responses, Motive Concerns and Motivational Orientation

Every case in this study revealed unique combinations of emotional responses related
to their self-water use and other people’s water consumption behavior. Eren explained
that he would be angry when he sees people wasting water and happy when people
tried to use water efficiently. Cansu reported that she would sad to see when the water
is used inefficiently. She also stated that she is proud of her family and herself because
they reduce their water use and do recycling whenever possible. Deniz shared her
sadness whenever she sees inefficient use of water. On the other hand, Ahmet reflected
his apathy to regulating and monitoring his water consumption behavior. All cases
reflected the two motive concerns as social altruistic and biospheric. However, the
dominant one in responses was social altruistic except Deniz’s responses. Deniz had
no dominant motive concern and she mentioned the importance of water for both living

organisms and human beings. In terms of motivational orientation, all cases except
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Ahmet revealed extrinsic motivational orientation towards efficient water use. Ahmet

had amotivation and did not have specific goal for using water efficiently.
5.3.5.3.3 Interaction Web among the Elements of Human System

In this part, an interaction web was produced based on the responses of the cases. The
direction of the arrows indicated the direction of the relationships. This interaction web
was not case-specific but represented the flow of their responses during the data
collection. For example, when they talked about their motivational orientation, they
attributed their water consumption behavior to their motive concern. For this
interaction, an arrow was put from motive concern to motivational orientation. These

interactions were provided in
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5.4 Possible Factors Interfering with Systems Literacy

Within the context of the study, several factors were examined whether they interact
with the three elements of systems literacy or not. These factors were as gender, daily
life experiences, cognitive differences, socioeconomic status indicators, residence

area, and parental interactions. In this part, they were reported in detail.

In terms of gender, several differences detected. When FSL of the cases were
compared in terms of gender, boys had richer understanding on the basics of the water
system in FSL. In terms of CUSL, however, no specific differences were detected
between genders. On the other hand, the interactions with critical systems literacy was
behaved differently in two themes. The first theme of CRSL was about the advance
mechanisms of water system and boys had richer understanding compared to girls even
if their understanding was limited. On the other hand, the findings of the second theme
were quite opposite compared with the first one. Even though girls had limited amount
of knowledge in FSL and Deniz further had limited amount of CUSL, girls were more
motivated than boys for using water efficiently; have more detailed action strategies
accompanied with high self-efficacy beliefs. Moreover, they were more concerned
about the water system and had more intensive emotional responses than boys.

Cognitive difference was another variable that interacted with systems literacy of the
cases. Within the context of the study, FSL covered natural science concepts, while
CUSL and CRSL included both natural science and social science concepts. When we
compare our findings in FSL, no clear distinction was observed in our cases. Except
Deniz, all three cases had similar number of correct responses in the conception test.
In frequency table of comparative analysis of FSL, Ahmet and Eren had more fully
correct statements than Deniz and Cansu. Both conception test and comparative
analysis formed a similar pattern with their national exam scores or their level of
achievement. From this perspective, their FSL and level of achievement were directly
proportional to each other. However, when we delve into the responses in terms of

declarative/procedural knowledge and alternative conceptions, all participants had
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more declarative knowledge than their procedural knowledge. Among the participants,
Cansu had the ones that had least fully correct declarative knowledge statements than
others. In terms of procedural knowledge, Cansu had no fully correct statements.
Nonetheless, Deniz had the ones that had more incorrect statements and alternative
conceptions than others in FSL. In CUSL, the situation was different. In this element
of SL, Cansu and Ahmet had more fully correct statements than Deniz and Eren.
Among the participants, Deniz had the ones that had least fully correct declarative
knowledge statements than others. In terms of procedural knowledge, Eren and Deniz
had no fully correct statements. In a similar manner, they were the ones that had more
incorrect statements and in-situ answers than others. In short, the premise of “cognitive
difference could be a factor that interact students’ conceptions on water” was only for

declarative knowledge in FSL.

Residence area in terms of including a body of water (e.g. seashore, riverside, inland)
was another factor to be explored. In this study, Ahmet and Cansu live in waterfront
areas, where Eren and Deniz were residences of metropolitan areas. In conception test,
Cansu, who lives in a rural area, did not bring up the rear. However, she had lower
scores than her peers in comparative analysis as well as in procedural knowledge in
FSL. Nonetheless, she performed better than her urban peers while she was explaining
the basics of her local system (CUSL). In a similar manner, Ahmet who lives in
seashore had richer understanding in terms of both FSL and CUSL. To recap, Ahmet
and Cansu had richer understanding on the basics of the water system and provided

more detail on water system in their hometown.

As provided in the methodology chapter, parental occupation is one of the indicators
for socioeconomic status of a family (Aare et al., 2009; Galobardes et al., 2006) and
socioeconomic status is positively correlated with child’s academic achievement in
Turkey (MoNE, 2018). The parental occupations of Ahmet and Eren, who are high
achievers, were one of the indicators for high socioeconomic status. Within the context
of the study, FSL is found to be compatible with students’ achievement scores since

FSL encompasses concepts that is taught in school context. The findings revealed that
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Eren and Ahmet had a richer understanding in FSL and advance mechanisms in CRSL

compared to other cases.

Parental interactions were found to interfered with participants’ CUSL and invisible
elements of human system in CRSL. For example, the analysis of responses revealed
that the interactions of Cansu and Deniz with their parents interfered with their CUSL
and CRSL. For example, Cansu had relatively richer CUSL compared to other cases.
When her responses were examined, she mentioned her activities in their garden done
with her father. Moreover, she also had more developed motivational orientation,
motive concerns, action strategies and self-efficacy beliefs than her peers in this study.
In a similar manner, Deniz, whose mother was an environmental educator, had
responses in CRSL that revealed her interactions with her mother such as in her

motivational orientation, motive concerns, action strategies, and self-efficacy beliefs.

Another variable, types of high school, was not detected as a factor that interact with
students’ systems literacy. Instead, participation of extracurricular activities offered by
the high school and daily life experiences were found to have interactions with
students’ systems literacy. For instance, Eren attended seminars of systems science
and sustainable development goals. His participation to extracurricular activities was
shown in his responses in FSL but no indicator was found in his responses in CUSL
and CRSL. On the other hand, Cansu attended waste collection event in her village
and a water footprint seminar offered by her high school. The instances from her
participation were apparent her declarative knowledge in FUSL, declarative and
procedural knowledge in CUSL. Ahmet, on the other hand, watched videos related to
water issues in Turkey and water footprint. These extracurricular media were apparent
in his declarative knowledge on FSL. Nonetheless, he stated that he did not integrate
this knowledge into his action strategies in his daily life. Deniz exemplified instances
from her vacations as well as popular news on the media while she was talking about

the basics of her local system.
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Even though all cases exemplified some of the instances from media and internet and
these variables interacted with their FSL, no specific instance was detected that reflect
in their CRSL. For example, Ahmet correctly explained the concept of hidden use of
water but his responses in CRSL revealed that he did not integrate this concept into
water consumption behavior. What is more, he was amotivated towards efficient water

use.

The analysis of the responses revealed that some of the in-situ answers and alternative
conceptions were based on cases’ observations and daily life observations. For
example, Cansu stated that the water is not used anymore after penetrating the soil.
This alternative conception was based on her daily life observation in her garden. She
exemplified discharged wastewater from her home to the garden penetrated to the soil
and it is not available anymore. On the other hand, daily life experiences were also
apparent in their responses related to CRSL. They constructed causalities and feedback
loops based on their experiences. Moreover, they formed beliefs on both individual
and collective use of water based on the observations of other people’s daily water
consumption behaviors. These responses and sample excerpts were given in within-
case analyses. The summary of these variables and their interactions with three

elements of systems literacy was visualized in Figure 5.43.
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CHAPTER 6

DISCUSSIONS, CONCLUSIONS AND IMPLICATIONS

The purposes of this study were to provide a conceptual model for the description of
‘systems literacy’; propose an alternative framework for the elements of systems
literacy in water system context; explore possible factors that might interfere with
systems literacy in water system context; and determine readiness of children
completing middle school degree in terms of systems literacy in water system context.
In this section, discussions, conclusions, and implications were made based on the

related literature as well as the findings of the present study.
6.1 What is Systems Literacy?

One of the aims of the present study was to suggest an alternative framework for
systems literacy. In the light of the evolution of systems, systems thinking, and systems
literacy contexts, the debates on literacy definitions, the effects of milestones and 21%
century global issues, and gaps in the literature, the researcher intended to offer an
alternative definition for systems literacy compatible with the literature on systems and
systems thinking as well as the definition of traditional literacy itself. By collecting
data in a specific system, the water system, the researcher tested and assessed her

definition for systems literacy.

Framing a definition for systems literacy was a challenging process since different
approaches for systems (e.g., Checkland, & Holwell, 1998), systems science (e.g.
Hieronymi, 2013), systems thinking (Henning & Chen, 2012), and systems literacy
(e.g. Reynolds, 2011; Sweeney, 2012) are available in different disciplines (e.g.
business management, computer engineering, education). Every description as well as
its scope brought its own valuable contribution as well as its limitation. Additionally,

there are a limited number of studies describing the notion of systems literacy (e.g.
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Reynolds, 2011; Sweeney; 2012; Tuddenham, 2017; Wood; 2012) and most of them
emphasized ‘what to know’ about the systems and determined some skills needed for
systems literacy. What is more, current systems thinking studies did not embrace all
of the general principles of systems science which might be considered as a drawback
since | believe that systems thinking should not be defined based on some of the
principles of systems science. Therefore, tailoring these concepts to delineate systems
literacy within the context of education and overcoming some of their limitations of
previous studies needed a certain amount of effort. Correspondingly, the researcher of

this study chose a path as follows:

e Select a theoretical framework for general principles for a ‘system’

e Take into account the common characteristics of ‘systems thinking’

e Consider keeping general characteristics of ‘literacy’

e Integrate these concepts to form ‘systems literacy’

e Test the notion of systems literacy within the context of water system
As an output of the theoretical research and analyzing them in a critical manner,
systems literacy is defined by the researcher intending to provide an insight to
reconsider the place of systems and systems thinking in science education as well as
in education for sustainability (ESD).

Adhering to the definition of literacy (Stables & Bishop, 2001) and general principles
of systems science (Mobus & Kalton, 2015), | constructed the notion of systems
literacy in three elements as functional, cultural, and critical systems literacy.
Currently available definitions for systems literacy was mainly dealt with necessary
knowledge and skills (e.g. Reynolds, 2011; Sweeney; 2012; Wood; 2012) of the
individuals which could be regarded under the section of functional systems literacy
or ‘advance mechanisms of the systems’ in critical systems literacy that defined within
the context of present study. One exception was the study of Wood (2012) focusing on
the cultural perspectives in a system. However, being systems literate should be
beyond the knowledge of the working principles of the systems and one could be able

to blend his/her knowledge on the basics of the system in both global and local scale
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to cultivate their critical systems literacy. As Stables (1998) emphasized, having
merely functional and cultural literacy makes no sense unless critical literacy is
present. In a similar manner, including these three elements to the definition of systems
literacy is indispensable since critical systems literacy have a critical role in enabling
individuals grasp the advance mechanisms of the systems as well as invisible elements

of human system.

I revised these three elements by adding unique characteristics which might be also
applicable to other future systems literacy studies. For instance, | tailored Marzano and
Kendall’s (2008) descriptions for different types of knowledge and Taber’s ‘The
Inclusive View” model (2008) to the functional systems literacy for two reasons. First,
based on my academic background, | would like to differentiate the types of
knowledge of the students as declarative and procedural knowledge to amplify their
FSL. There are different arguments available in the studies of systems thinking
regarding the place of declarative and procedural knowledge. While Ossimitz (2000)
claimed that procedural knowledge is essential for system thinking, Riess and Mischo
(2010) contended the idea that declarative knowledge is important in systems thinking
studies. On the other hand, after conducting a 6-years-later follow-up study, Ben-Zvi-
Assaraf and Orion (2010a) concluded that declarative and procedural knowledge were
inseparable constructs in systems thinking. Even though Ben-Zvi-Assaraf and Orion
did not provide definitions for declarative and procedural knowledge, | agree with
them with minor differences. Instead of inseparable constructs, declarative knowledge
could rather be considered as a prerequisite for procedural knowledge, as Marzano and
Kendall (2008) also highlighted. Thus, for being deemed to be a functionally systems
literate, | would like to place equal importance for both declarative and procedural
knowledge. Second, | also chose to delve into incorrect responses of the participants
by using Taber’s approach to discriminate them in terms of being stable or labile. This
enabled me to examine whether their incorrect responses were formed during the data
collection or based on stable and consistent alternative conceptions. As Taber (2008)

emphasized, differentiating these incorrect responses could guide us how to reorient
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our teaching to provide a fruitful learning to the students. Within the context of systems
literacy, determining the nature of students’ incorrect responses could be one of the
initial steps for removing the obstacles in becoming systems-literate. To recap,
differentiating the types of knowledge as well as examining incorrect responses in-
depth might be considered as two unique characteristics for exploring individuals’

functional systems literacy.

Cultural systems literacy was another section in the systems literacy which has also its
own characteristics. As stated in the previous chapters, systems have subsystems or
models within the systems itself. In a similar manner, systems have also subsystems
or model in local areas of the individuals. What is more, some systems might be
attributed to special meaning compared to others in a culture. Therefore, examining
individuals’ mental models on the basics of their local systems could provide us
another point of view within the context of systems literacy. Additionally, individuals’
CUSL has intersection set with one’s FSL at some points and CUSL provides also
basis for cultivating one’s critical systems literacy. The findings of the present study
revealed that individuals could not be able to transfer their FSL to CUSL context.
Moreover, their alternative conceptions and in-situ responses distorted their mental
models of their cultural context and this also hindered individuals’ critical systems
literacy. Based on the reasons given above, a special section for cultural systems
literacy might be useful within the systems literacy. Because of the same reasons that
| summarized for FSL, I integrated types of knowledge and Taber’ inclusive model for
incorrect responses into the notion of CUSL. Examining their declarative and
procedural knowledge as well as understanding the nature their incorrect responses in

cultural context might also pave the way for us to raise system-literate individuals.

Critical systems literacy could be considered as the tender spot of systems literacy
since it involves constructs to grasp advance mechanisms of the system and to develop
a personal and social response to maintain the mechanisms of the system. Functional
and cultural systems literacy and their interactions also provide a basis for cultivating

critical systems literacy. If individuals did not perceive the system and the role of
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individual and collective behavior in that system, it will not be possible to name them
as systems-literature individuals. Within the context of this study, | accommodated the
content of the CRSL based on the pilot study and previous works available in the
literature. I divided CRSL into two themes as ‘advance mechanism of the system’ and
‘invisible elements of human system’. The former theme was constructed based on the
studies of Mobus and Kalton (2015), Sweeney (2012), and Ben-Zvi-Assaraf (2005b).
I made several revisions and provided a discussion in the next sections of this chapter.
The latter theme was added several constructs based on the works of Henning and
Chen (2012) and Marzano and Kendall (2008).

The literature on systems literacy is growing since the beginning of 00’s. Even though
| tried to review them and provide a reconsolidated definition from the perspective of
a social scientist, whose research interest is science education, this area can be
considered as intact to be explored. Of course, there could be some additional
constructs in CRSL. Even more, some of the constructs might not be significant or
might have different portion of contributions in other contexts. Thus, future systems
literacy researchers should bear in mind these possibilities. to understand the nature of

systems literacy.
6.1.1 Systems Literacy in Water Context

The general principles of systems science were guided to describe systems literacy in
this study. Moreover, these principles were used to describe the notion of systems
literacy within the context of water system. As stated in the introduction chapter,
Turkish students do not also expose to a systems literacy embedded courses, it would
not be compatible to conduct an explicit study on systems and systems literacy. Also,
an explicit study whose aim is to understand students’ conceptions on systems may be
too general since every system has its own dynamics (Schaefer, 1989; Mobus &
Kalton, 2015). Besides, these principles were taken from a university textbook; thus,
asking them directly to middle school students may not be suitable to their grade level.

For these reasons, an implicit study choosing a familiar system was planned to be
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conducted in which students are actively involved. Accordingly, water system on Earth
was selected as a system since it is intended to explore middle school students’ level
of systems literacy by examining their water conception and water consumption

behaviors.

Before passing to the next section, | would like to mention the previous studies related
to water literacy. Even though there was no specific study for systems literacy in water
context in the accessible literature, there were some studies focusing on water literacy.
One of the first pronunciations of the term ‘water literacy’ in the functional literacy
context was traced in the works of Ewing and Mills (1994). Covitt and her colleagues
(2009), on the other hand, built a curricular framework for promoting water science
literacy and they specifically interested in ‘understandings necessary for reasoning
about water in natural and human-engineered water systems’ which might be
considered within the context of FSL and CUSL. Wood (2014) conducted a
dissertation on water literacy and citizenship within the context of ESD in UK. She
described being water literate as following: “I suggest that a water literate citizen is
someone who is informed and knowledgeable about water use and issues and is
applying this knowledge to their values and their actions, whether that is achieved
actively or subconsciously.” (Wood, 2014, p. 7). All these studies included valuable
indicators for functional, cultural, and critical systems literacy of the students in water
context. Among these studies, alternative version of systems literacy in this study was
compatible with the description of Wood (2014), although there are contextual
differences.

In the light of definition of systems literacy given in the previous section, the content
of the middle school curricula pertinent to water concepts and principles of systems
science, systems literacy of middle school students within the context of the water
system were described by the researcher. Based on this description, three elements of
systems literacy in water system context were elaborated. As stated in the previous
section, | am fully aware of the fact that there could be other different constructional

combinations for the notion of systems literacy. These reconsolidated definitions were
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derived from the outputs of a conceptual research and written from the perspective of
a social scientist; whose research interest is science education. Thus, future systems
literacy researchers should also provide their reflexivity statements in their studies to
improve the literature on systems literacy. In the next part, middle school students’

systems literacy in water context was discussed.
6.2 Middle School Students’ Systems Literacy in Water Context
6.2.1 Functional Systems Literacy

The findings of within-case analyses revealed five categories in FSL as (1) general
characteristics of water; (2) power sources of water cycle; (3) components of water
cycle; (4) processes of water cycle and (5) relationship between the Earth systems.
Students’ responses in these five categories were classified as fully correct statements,
partially correct statements, and incorrect statements. Correct statements were further
labelled as declarative and procedural knowledge, while incorrect statements were
elaborated as alternative conceptions and in-situ answers. Moreover, enumerative
approach enabled me to see the interactions among the categories of FSL. Cross-case
findings, on the other hand, invited us to see similarities and differences among the
cases. To be reader friendly, I firstly discussed the issues of declarative/procedural
knowledge and alternative conceptions/in-situ answers through providing the previous
findings in the literature. Then, | provided a discussion for each category and

interaction maps as well.

Knowledge is one of the mostly included components of the literacy studies. Extensive
number of studies in the literature (e.g., Ben-Zvi Assaraf & Orion, 2010; Dutton, 2015;
Schaffer, 2013) assessed the level of knowledge of the individuals and/or its
interrelationships with other components of the literacy contexts. When the
instruments with which the level of knowledge of the individuals was examined,
almost all the instruments (e.g., Dutton, 2015; Schaffer, 2013) were used the first three
levels of Bloom Taxonomy as knowledge, comprehension and application. For the

higher order level thinking levels, few studies dealt with assessing those (e.g.
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Marcinkowski et al., 2013). In short, these studies cover factual and/or conceptual
knowledge, which only require route memorization. These types of knowledge may
not reflect the actual level of knowledge of individuals since they discard procedural
knowledge which means that “how to do something, methods of inquiry, and criteria
focusing skills, algorithms, techniques, and methods” (Anderson et al., 2001, p. 29).
Thus, procedural knowledge was added to the context of this study.

The findings of this study revealed that all cases had more correct declarative
knowledge than procedural ones. This is not surprising because there are similar results
reported in the literature (e.g., Ben-Zvi-Assaraf & Orion, 2005a; 2005b; Dickerson &
Dawkins, 2004; Havu-Nuutinen, Kéarkkdinen, and Keinonen, 2018). They all agreed
the idea that majority of children do not learn the meanings of scientific terms in depth;
have naive conceptions; have lack of understanding about how water cycles; and they

are mostly declarative.

In terms of alternative conceptions, majority of K-12 studies on water reported
alternative conceptions/misconceptions (Bar, 1989; Havu-Nuutinen, Kérkkdinen, &
Keinonen, 2018; Henriques, 2002; Shepardson et al. 2011). Even though they did not
name some of them as “in-situ answers”, these types of responses were also diagnosed
in students’ responses (Covitt, et al., 2012). Henriques (2002) categorized alternative
conceptions on water in the literature as (1) properties of water; (2) phase changes; (3)
water cycle; (4) cloud formation and precipitation; (5) the atmosphere; (6) greenhouse
effect/global warming; and (7) differentiation of the terms weather and climate. In our
study, all cases except Ahmet revealed some of the categories while they were
explaining the basics of the water system (see Table 5.23). For example, Eren revealed
his alternative conception on cloud formation; Cansu had alternative conception on
greenhouse effect/global warming and water cycle; and Deniz had alternative

conceptions on water cycle and phase changes (evaporation).

The category of ‘general characteristics of water’ was composed of several

subcategories as (1) quantity of water; (2) cyclic nature; (3) properties of water; (4)
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water and living organisms; and (5) relational responsiveness. Quantity of water and
cyclic nature were two complementary concepts to understand how children visualize
the movement of water on Earth. According to Bar (1989) phase changes, free fall,
and conservation of mass are the key background knowledge for children to explain
water cycle. Similar with the Bar’s findings, pupils in the study of Ben-Zvi-Assaraf
and Orion (2005a) were aware of that the conservation of matter principle was
applicable to the cyclic nature of the water. In contrast, Covitt et al. (2009) reported
that the students in their study failed to integrate the law of conservation to natural
water system. In our study, these two contrasting arguments mentioned above were
found in our different cases. Eren and Ahmet were aware of that the amount of water
on Earth is almost constant, whereas Cansu and Deniz had alternative conceptions.
Among the participants, only Ahmet transferred his knowledge on the conservation of
water to the cyclic nature of the water. Despite of explicitly stating, Eren failed to
transfer his knowledge to the context of water pollution. He claimed that the amount
of water in the water cycle decreases because of water pollution. During the interview
phase 3, as he stated that he did not know the wastewater treatment techniques, he
formed an in-situ answers that polluted water has a slower rate of evaporation and
therefore, the amount of water in the water cycle would be affected. He presumed that
unless water evaporates, it could not be considered within the water cycle. In short, he
was not able to transfer his knowledge on conservation of matter to the cyclic nature
of water. Similarly, Cansu claimed the amount of water is decreasing because they
penetrated to the soil and not usable anymore. Based on our findings, we can conclude
that even though a student is able to aware of the conservation of matter principle as a
declarative knowledge, (s)he might not be able to use her/his knowledge to different
contexts in the water system because they might not have adequate procedural
knowledge to explain it. At this point, collecting multiple forms of data becomes
crucial to discern this nuance. Even though Eren correctly responded in conception
test and in the first phase of the interview, he could not be able to transfer his correct
knowledge in another context. In the case of singular data collection tools, it might not
be possible to acquire this information.
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The second concept, cyclic nature, was studied by Ben-Zvi-Assaraf and her colleagues
in their studies. For example, Ben-Zvi-Assaraf and Orion (2005a) reported that 62%
of the participants held the misconception that water cycle has a beginning/ending
point. In their another work, (Ben-Zvi Assaraf & Orion, 2005b), less than 10% of the
students mentioned a cyclic component in their definitions even though they were able
to identify different processes in water cycle. In our findings, all cases except Deniz
declaratively stated water cycles repeatedly in the water cycle and no starting/ending
point. Only Deniz consistently claimed that there is a starting/ending point of water
cycle even though she mentioned how water ‘cycle’. In terms of procedural
knowledge, however, all cases in this study had difficulty to explain the correct
mechanism of cycling nature of water. For instance, all cases except Deniz failed to
explain evaporation on land surfaces and explained cyclic nature based on the
evaporation from a water resource. Cansu claimed that the total amount of water is
decreasing in the water cycle day by day, whereas Eren argued that polluted water
decreases the amount of water in the water cycle. Overall, it can be deduced that even
though students use the word ‘cycle’, they might have still lack of knowledge on its

mechanism in water system context.

The third category ‘properties of water’ was formerly studied in the literature. For
example, Bar (1989) and Forbes et al. (2015) reported that in the case of not having a
necessary knowledge for phase change, children tended to explain a phenomenon in
which water appeared in liquid state. In a similar manner, the students in this study
explained water system mainly referring the liquid state of water unless it was asked
to explain solid and gaseous state of water. None of them stated that water is the only
matter that three states of water may coexist in the same temperature. Additionally, the
mechanism of evaporation as one of the physical properties of water were traced In

Ahmet and Deniz’s responses.

Water and living organisms were mentioned by all cases unlike some of the findings
in the literature. For example, Shepardson et al. (2007) reported that including

biospheric components to their watershed conceptions was not frequent. Ben-Zvi
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Assaraf and Orion (2005b) shared their result that less than 10% of the pupils included
living organisms in their conceptions. In our study, before starting the interview
phases, their drawing tasks were completed. Except Deniz, three cases did not include
biospheric component in their water cycle drawing. Then, we explicitly asked about
living organisms during the interview phases. Their statements related to water and
living organisms were mostly formed when we asked them explicitly during the
interview. In terms of types of knowledge, whereas all cases had fully correct
declarative knowledge statements on the water and living organisms, only Eren and
Deniz had fully correct procedural knowledge statement. Based on our findings, we
can conclude that students are able to talk about the of biospheric components in the
water system even if they did not include them in their drawing. In the second drawing
task, which was about their local water system, only Cansu has drawn biospheric
components. The reason for not including them in their drawing could be the fact that
they imitate what they see in visuals about water cycle in different sources. This claim
was also reported in the literature. Shepardson et al. (2007) highlighted that their
drawings did not reflect students’ hometown’s characteristics but duplication of
visuals in their science textbooks and other resources. In our study, the reason for not
including biospheric components to the local water system characteristics could be the

same with the same reason that Shepardson and his colleagues reported.

Last, the category of relational responsiveness was not found in the accessible
literature. This was emerged in all cases’ responses except Deniz. Ahmet explained
both living and non-living subsystems’ reactions. Eren mentioned solely non-living
reaction, whereas Cansu explained the living subsystem’s reaction when a change

occurs in the water system.

Power sources of the water cycle were reported in the study Forbes et al. (2015) in an
implicit manner. They worked with 3 grade pupils and found that students had
declarative knowledge on the role of gravity and temperature in the water cycle. They

failed to reveal their procedural knowledge on the power sources in the water cycle.
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Within the context of our study, the cases had partially correct statements in terms of
both declarative and procedural knowledge.

Components and processes in the water cycle were extensively examined in the
previous studies (Ben-Zvi-Assaraf & Orion, 2005a; 2005b; Derman & Yara, 2017;
Shepardson et al., 2007; Shepardson et al., 2009). In terms of readiness of the students,
they argued that most of the students had difficulties in basic aspects of identification
of the system components. According to the result of these studies, students failed to
include groundwater, runoff, and living organisms and mainly focusing on
atmospheric components of water cycle. In addition to these, Derman and Yara (2017)
stated that the most-frequently-mentioned concepts were water, cloud, rain, and
evaporation, whereas photosynthesis was one of the least-mentioned concepts in
Turkish context. In our findings, none of the cases mentioned rock, aquifer, hail, and
freshwater among the 31 components. On the other hand, 13 components namely plant,
sun, water, animal, human, ocean, sea, river, glacier, soil, groundwater, cloud and rain
were all stated by all cases. Among the cases, only three processes namely evaporation,
precipitation and melting were reported by all cases, whereas five of the 17 processes
evapotranspiration, infiltration, underground flow, frosting, and dissolution were not
traced in their responses. These results were partly compatible with the findings in the
literature. All four cases explained their notion of water cycle by emphasizing its
atmospheric components similar with the previous findings in the literature (Ben-Zvi-
Assaraf & Orion, 2005a; 2005b; Derman & Yara, 2017; Shepardson et al., 2007;
Shepardson et al., 2009). Different from the previous studies, all cases mentioned
groundwater but as declarative knowledge. They explicitly stated that they did not
know how groundwater forms. What is more, Cansu claimed that we could not use

groundwater and its water is not included in the water cycle.

Interaction among the Earth (Sub)systems was the last category of FSL. In the studies
of Ben-Zvi-Assaraf and Orion (2010a; 2010b), they examined students’ notions on the
interactions between the Earth systems through multiple data collection tools both as

pre-test and post-test. Their pre-test findings indicated that students were mostly
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talking about the interactions between “hydrosphere and atmosphere”, whereas
“hydrosphere and biosphere” and “human and geosphere” were least ones. In our
study, all cases mentioned some of the characteristics of the interactions between
“hydrosphere-atmosphere”, “hydrosphere-geosphere”, “hydrosphere-biosphere”, and
“hydrosphere-anthroposphere” either in their drawing or during the interview. The
reasons for emerging biosphere and anthroposphere are as following: (1) | asked
implicit questions like “Is there any other system hidden in your drawing that interact
with the water system?” and “Is there any other system that might have interactions
with the water system? or (2) | asked explicit questions on the interactions of biosphere
and anthroposphere if the participants did not mention them. However, in the case of
atmosphere and geosphere, they reflected their notion on the question occasionally.
Nevertheless, when we delved into their responses, most of the fully correct responses
were declarative knowledge. Procedural knowledge statements, however were mainly

partially correct.

To conclude, our cases had more declarative knowledge than procedural ones in terms
of functional systems literacy. When we explored their nature of incorrect statements,
more in-situ answers were diagnosed than the alternative conceptions. Their
interaction maps produced mainly similar patterns with the other analysis conducted
in FSL. Even though previous findings in the literature had similar results, the
contributions of the findings of this study in terms of FSL can be summarized in four
aspects. First, previous studies (Bar, 1989; Ben-Zvi-Assarf & Orion, 2005b; Derman
& Yaran, 2017) asked general questions to understand students’ conceptions on water
cycle. Based on the responses, they listed the most and the least frequently mentioned
components, processes, and interactions among the Earth systems. In addition to
general questions, | also added some specific questions related to biosphere and
anthroposphere since they were reported two of the subsystems that ignored most of
the K-12 students. Based on the analysis, it was determined that students had some
conceptions in their mind even if they are mostly declarative and based on their daily

life experiences. Second, I classified students’ knowledge as declarative and
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procedural. Previous studies in the literature already mentioned that K-12 students’
conceptions of water were naive and mostly declarative. | believe that adding this
classification enabled us to gain deeper understanding about their notions. Third,
making distinction between alternative conceptions and in-situ answers might have
another contribution that the present study made. Understanding the nature of incorrect
responses could guide the educators and curriculum developers about how to revise
existing teaching materials to diagnose and minimize those alternative conceptions and
in-situ answers. Last, individual interaction maps enabled us to see how the categories
of FSL were interrelated in students” mental models. Moreover, these interaction maps
also indicated limited understanding of FSL of the students by producing weak

interactions.
6.2.2 Cultural Systems Literacy

The findings of within-case analyses revealed three categories in CUSL as (1)
components of local water system; (2) national water resources; and (3) relationship
among the local, national, and global (sub)systems. Further, the first category
divaricated into subcategories as local water resources, water supply network and
sewerage system. Cases’ responses in these three categories were classified the same
as done in FSL part. Moreover, enumerative approach revealed the patterns of the
interactions among the categories of CUSL. Cross-case findings, on the other hand,
showed similarities and differences among the cases. To be reader friendly, 1 firstly
discussed the issues of declarative/procedural knowledge and alternative
conceptions/in-situ answers through providing the previous findings in the literature.

Then, | provided a discussion for each category and interaction maps as well.

The findings of this study revealed that even though Cansu and Ahmet performed
better than their peers at some points, all cases had limited amount of knowledge on
the basics of their local water system. In terms of types of knowledge, all four had
more correct declarative knowledge than procedural ones as in their FSL. What is

more, Eren and Deniz had no fully correct procedural knowledge statements on the

353



basics of their local water system. This is not surprising because there are similar
results reported in the literature (Ben-Zvi Assaraf, Eshach, Orion, & Alamour, 2012;
Covitt et al., 2009; Shepardson et al., 2007). They all reported that the idea that
majority of children do not associate water cycle and their residence areas; have naive

conceptions; have lack of understanding about the basics of their local water system.

As stated in the former section, Mills (1983) had a study to assess students’
achievement on water included both social and natural science concepts and reported
that students living an urban area had relatively higher scores than rural students. By
contrast, Shepardson et al. (2007) claimed that rural students could have more
sophisticated conception on the water cycle than their urban peers. Taiwo et al. (1999),
on the other hand, reported that rural students in Botswana had statistically significant
greater performance in their understanding of the water cycle in terms of socio-cultural
elements but the analysis of the interviews reflected that their understanding of the
water cycle was not clear in their minds. In our study, Cansu was living a rural area,
while Ahmet was an urban student living in a seaside, but he also has a house in a
village. In terms of CUSL, Cansu and Ahmet performed better than her peers while
they were explaining the basics of their local system. However, even though Eren was
one of the top-ranking students in Turkey in the national entrance exam and performed
better compared to other cases in FSL tasks, his notion of CUSL was very limited and
full of in-situ responses. Thus, within the context of our findings in terms of CUSL, it
would be hard to say that either urban students had relatively higher scores than their
rural peers or rural students have more sophisticated conceptions than their urban peers
in water context. Having more interactions with his/her local water system could
enhance the performance of the students in terms of socio-cultural elements as Taiwo
et al. (1999) emphasized.

In terms of alternative conceptions and in-situ answers, cases in this study produced
mostly in-situ answers that are inconsistent and varied from different context to
another. Their in-situ answers were compatible with the findings of Covitt and her

colleagues (2009), even though they did not name these statements as “in-situ”
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answers. They found that students failed to see the interaction of water supply network
with the other systems and they were not be able to differentiate different water
treatment plants. In the present study, all cases failed to see the interrelationships
between water supply network and the other systems on Earth. Except Ahmet, they
did know the differences between different water treatment plants. Even though Cansu
and Ahmet articulated drinking water treatment plant, they did not know how this plant
work in detail. Except Ahmet, no other cases had an idea about wastewater treatment
plant. Thus, they produced in-situ answers to the question “where does water go after

we use it in our homes?”

In their two drawing tasks, cases were asked to draw a water cycle and their local water
system. Shepardson et al. (2007) conducted a study related to watershed and they
reported that man-made storages were more visible among the urban students because
they saw them in their daily life, whereas rural students drew natural storages of water
more since they have possibility to see ‘farm ponds’ in their agricultural fields.
Although our cases did not pronounce the term ‘watershed’, they produced similar
icons in their drawing. Eren added some man-made storages in his first and second
drawing task; Deniz and Ahmet added man-made storages in their second drawing
task; Cansu added both natural and man-made storages in her second drawing task. In
addition to these, Shepardson and his coworkers emphasized that students imitated the
visuals available in the textbooks and the other resources and did not associate the
watershed with their residence areas. In a similar manner, all drawings related to the
first drawing task imitated the visuals given in national science textbook. Their second
drawings were not associated with their residence areas except Cansu and Ahmet even
though their drawing had minor drawbacks. They also did not include the concept of
watershed neither in their drawing nor to their responses during the interview. Yazici
and Samanci (2003) investigated 5" grade students’ understandings in a Turkish
context and their findings indicated that most of the pupils provided no answer related
to watershed concept. In this study, the cases did not use the term watershed. The

reason for this limitation could be attributed to the middle school curriculum since
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watershed is not a concept given in the middle school courses. Hence, students might
not have a proper understanding of their local water system since they did not meet the

term ‘watershed’.

Students’ conceptions on the components of local water systems were traced through
second drawing task and interview. All cases identified the components of local water
system as animals, plants, human beings, local water resources, water supply network,
and sewerage system. Additionally, Eren mentioned that microorganisms were also
one of the components of his local water system. Despite of identifying all the
components, all cases provided limited amount of information about the functions and

role of these components in their local water system.

The category of local water resources was one of the subcategories that cases had
difficulty to reveal their declarative and procedural knowledge. Except Cansu, the
other three cases did not know which freshwater resource(s) provide drinking water to
their home. Instead, they provided in-situ answers. While Eren stated that they used
groundwater in their local water system, Deniz and Ahmet claimed that rainwater
accumulated the dams and these dams provided drinking water to their homes. Cansu
and Eren, on the other hand, did not mention about the dams as an entity. Based on the
findings, it can be inferred that cases were not aware of how dams are built and how
they store water, even though rainwater and groundwater could be theoretically one of
the water resources of dams. What is more, they did not know the name of freshwater
resources in their hometown except Cansu. She stated that River Kizilirmak is located
near their village and she had multiple interactions with that river. Moreover, she
reported that she had heard about further information from their mayor. The other cases
in this study had no specific daily life experience with their freshwater resource(s).
Thus, it can be concluded that daily life observation and secondary resources could
help Cansu to visualize her local water system in her mind. This conclusion can be
supported with further evidences. Eren, Ahmet, and Deniz named the other local water
resources that are used for recreational and other purposes. Eren and Deniz who live

in the same city knew the name of the lakes that people go around for recreational
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purposes. They also stated these lakes are used for survival purposes for the organisms
living around the lakes. In the same manner, Ahmet mentioned the sea that is located
in his hometown and stated its function as recreational, economical and industrial
purposes. The functions of local water resources were also partly studied by Havu-
Nuutinen, Kéarkkdinen, and Keinonen (2011). Their reports that fourth and fifth graders
attributed the role of water to human beings by means of domestic and recreational
purposes even though these notions were limited. Within the context of the study, these
purposes were also mentioned by the cases. Eren and Deniz had limited understanding
on the functions of LWR based on their daily life experiences. Cansu and Ahmet
provided further information about the functions of their local water resources based
on their observations, interactions as well as information from secondary sources.
Thus, our findings were partly compatible with the study of Havu-Nuutinen,
Kérkkéinen, and Keinonen (2011).

In terms of water supply network and sewerage systems, all of the cases in this study
stated that they did not know the entire mechanism of water supply network and
sewerage system. Covitt et. al (2009) reported that majority of the students stated that
water in their taps is coming from a natural source and we had similar findings in our
study. They also reported that majority of the students presumed that both drinking
water and wastewater should be treated; however, a few of them indicated the
treatment plants. In our study, Cansu and Ahmet were aware of the drinking water
treatment plant as an entity. In terms of sewerage system, Covitt et. al (2009) found
that one fourth of middle school and nearly half of the high school students reflected
that water is also retreated somewhere like a treatment plant after they use it at home.
In our study, however, only Ahmet stated that there could be a wastewater treatment
plant. As a candidate of “in-situ” answer, the high school students in the sample of
Covitt and her colleagues (2009) claimed that treated wastewater is ‘recycled back’ to
the households and they failed to indicate discharging to a receiving environment. In

our study, Ahmet had similar “in-situ” answers.
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Even though we did not intend to elaborate, some of the cases talked about national
water resources more than the other cases. The only question related to national water
resources was about the status of water-richness of our country. Nevertheless, Deniz
was talking about national water resources more than her local water system. She gave
more examples from Turkey in her responses and mentioned the status of pollution as
a macroscopic and failed to mention microscopic level of pollution in the water
resources that she visited and heard from the media. Her notion related to pollution
was compatible with previous studies (e.g. Covitt et al., 2009; Endreny, 2010;
Osterlind & Haldén, 2007). Ahmet, on the other hand, mentioned both his local and
national water system. Eren responded only the question about the status of water-
richness of Turkey during the interview. Unlike them, Cansu did not talk about
national water resources, but she mentioned mostly the local water system in her
hometown compared to her peers. All cases shared their first-hand experiences as well
as information that they gained through media while they were expressing their notion.
Thus, these two sources might shape their mental models on their local/national water

system.

In terms of relationship among the local, national, and global (sub)systems, all cases
had more fully correct statements compared to other categories. Nevertheless, they had
also alternative conceptions and in-situ answers. All cases were able to see the
relationships “LWS- Hydrosphere”, “LWS-Biosphere”, “LWS-Anthroposphere”. All
cases except Cansu would not be able to relate local water system and water supply
network. Similarly, Covitt et al. (2009) reported that pupils had informal reasoning
about water systems and their notions are limited to underground pipes and they fail
to see the interaction of water supply network with the other systems. In our study, we
saw the similar patterns among the cases. They were not be able to identify interactions
among their water supply network, sewerage systems and the other systems. Cansu
was the only participant that would be able to relate her local water system and water
supply network even though she partly explained the nature of the relationship. In

terms of interactions of LWS to biosphere, hydrosphere, geosphere, and
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anthroposphere, she shared solely her first-hand experiences. This is not a surprising
finding too because she had limited amount of knowledge in terms of FSL. Therefore,
mentioning first-hand experiences for the interactions between local and global system
is an expected finding. On the other hand, Eren was not be able to transfer his notion
of cyclic nature in FSL to his local water system. The other relationships that he
referred seemed to be more theoretical rather than based on his first-hand experiences.
He explained the relationships among LWS, biosphere, anthroposphere, and geosphere
in terms of dissolved oxygen, evaporation, photosynthesis, microorganisms, and
aesthetic views of the lakes which were indicators of theoretical knowledge rather than
experiences. This is not a surprising finding too because he had limited amount of
knowledge in terms of CUSL. Therefore, selecting theoretical knowledge as baseline
to explain the interactions between water and the other systems is an expected finding.
Unlike Eren, Ahmet was able to transfer his understanding on the cyclic nature to his
local water system. The other relationships, on the other hand, were mentioned by him
in a superficial manner. He shared his first-hand experiences in his hometown to
explain interactions between the local and global systems. Among the cases, Deniz
had difficulties to express the interactions among the local, national, and global
(sub)systems. She mainly mentioned the interactions among the national and global
systems. This was also an expected finding because Deniz had difficulties in both
revealing her FSL and CUSL. In previous studies, some of similar findings were
reported. For example, Ben-Zvi Assaraf et al. (2012) indicated that more participants
from Bedouin community included items related to the geosphere such as penetration,
groundwater, and surface flow and included interactions between the Earth systems
and geosphere. In a similar manner, Cansu who was a rural student in this study
included similar items in her drawing compared to her peers. Besides Cansu, Eren and
Ahmet also included geosphere either in their drawing or in their responses during the
interview. Nevertheless, they had alternative conceptions and in-situ answers on this
interaction. Additionally, Ben-Zvi Assaraf et al. (2012) denoted that Bedouin students
included human aspect more than their urban peers in general. In the case of Cansu,

she also mentioned the interactions on LWS-Anthroposphere more than others. Last,
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individual interaction maps enabled us to see how the categories of CUSL were
interrelated in students’ mental models. Moreover, these interaction maps also
indicated limited understanding of CUSL of the students by producing weak

interactions or no interaction.

6.2.3 Critical Systems Literacy

The findings of within-case analyses revealed two themes in CRSL as (1) Advance
mechanisms of water system; and (2) Invisible elements of human system. Further,
these two themes divaricated into categories. Cross-case findings presented
similarities and differences among the cases. In this section, | provided a discussion

for each category.
Advance Mechanisms of the Water System

Advance mechanisms of water system were categorized as (1) dynamic nature; (2)
causalities and feedback loops; (3) evolutionary processes; and (4) complexity of the
water system. Dynamic nature was addressed in the previous studies (e.g. Ben-Zvi-
Assaraf & Orion, 2005a, Feriver-Gezer, 2018). For example, Ben-Zvi-Assaraf and
Orion (2005a) put dynamic relationships within the system as one of the characteristics
of systems thinking. They examined the dynamic nature of the water cycle within the
context of the groundwater movements as well as phase changes of the water. Besides,
they examined time dimension, thinking temporally, as another system thinking skills.
On the other hand, Feriver (2018) addressed dynamic thinking as one of the systems
thinking skills of young children. She operationally defined dynamic thinking as
ability to being aware of the dynamic changes in a system related to both visible and
hidden components and processes within that system. Within the context of the study,
| preferred to use the description of Mobus and Kalton (2015) for dynamic nature since
their description was not only included the definitions of previous studies that I
summarized above but also more comprehensive and compatible with the notion of

systems science.
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At the beginning of the study, I presumed that the term ‘dynamic’ could be unfamiliar
to the 9™ graders. Thus, | preferred to use a context in the water system where students
could be able to talk about dynamic nature of the water system without using any
unfamiliar term. | chose the context of unconscious use of water as a change in the
system and | asked indirectly its dynamic effects on that water system. All four cases
were aware of the possible reasons for time delays in the water system, however they
failed to elaborate their dynamic effects of time delays in water system. For instance,
while Deniz and Ahmet attributed time delays to overpopulation, Eren and Ahmet
mentioned the effects of water pollution on the time delays in the water system. These
issues were also reported in the study of DeLorme, Hagen, and Stout (2003). Adults’
list of the possible reasons for experiencing water issues included drought and
population growth, and residents’ misuse of water. In terms of redistribution of the
water, Eren and Ahmet emphasized the role of global warming and climate change on
redistribution of water. On the other hand, Cansu and Deniz had statements that were
indicators of lack of dynamic conceptions. While Cansu mentioned that groundwater
resources remained below the surface and cannot be used, Deniz stated that water
precipitates where it evaporates. These statements were indicators that they failed to
consider groundwater, precipitation and evaporation as dynamic concepts, but rather
static. Additionally, all participants had some in-situ answers that they could not able
to transfer them into other context and alternative conceptions as well. Since Cansu
and Deniz did not know that the total volume of water is almost constant on Earth,
they tried to explain dynamical mismatches based on this alternative conception. These
findings were also present in some studies. For example, Ben-Zvi-Assaraf and Orion
(2005a) reported that students had lack of understanding on dynamic relationships
within the system before intervention and some of them did not be able to improve
their skills after the learning process. Moreover, they denoted that thinking temporally
was one of the most difficult STS among the others to achieve. Feriver-Gezer (2018)
similarly addressed that young children tended to identify changes in a system where
gradual change was observed. However, they were not being able to perceive ‘circular

dynamic behavior pattern’. Within the context of our study, even though they were
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able to detect time delays in the water system, they failed to explain the processes in
detail. Moreover, their alternative conceptions distorted their understanding of
dynamic nature of the water system. Even though Covitt et al. (2009) did not explicitly
use the term ‘dynamic nature’, some of their results indicated dynamic nature of the
water system. They reported that students in all grade levels were able to aware the
human effects on the quality of water as well as its circulation in systems. Majority of
the students explain the water flow based on their observations, yet they failed to
follow the water and materials within between observable and hidden parts of system.

These results were also observed in our cases’ responses.

Causalities and feedback loops was another category of the advance mechanisms of
the water system. In educational context, previous studies included causalities and
feedback loops in several combinations. Ben-Zvi-Assaraf (2005a) and Karaarslan
(2016) included no feedback loops in systems thinking skills, while they traced
causality in some of the specific characteristics of system thinking. Feriver-Gezer
(2018) examined them as two different characteristics which are namely one-way
causality and feedback thinking. Sweeney (2001) defined feedback loops similar with
Mobus and Kalton’s notion as ‘circular cause-effect relationships’. Within the context
of the study, I prefer to use Mobus and Kalton’s description. Findings of this study
revealed that all four cases mentioned a simple reinforcing loop in an implicit manner.
Except Cansu, all three cases revealed at least an open loop with multiple causalities.
Among the cases, only Ahmet’s responses indicated balancing loops. According to
Mobus and Kalton (2015) these simple loops and open loops are rare in real world and
thus do not reflect the actual situations. In our study, none of the cases revealed
multiple closed-loop systems except Ahmet. To conclude, their causalities and

feedback loops of the cases were simple and are very rare in the real-world settings.

Evolutionary process of the systems was adopted the principles listed by Mobus and
Kalton (2015). According to their definition, systems have three evolutionary
tendencies as decaying, stead-state, and towards a higher organization. None of the

cases in this study mentioned about towards a higher organization. The tendency of
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the cases was about decaying state of the water system for local, national, and global
level. This finding was compatible with PISA 2015 results of Turkey (OECD, 2017).
Among the questions of scientific literacy, possible future scenarios of environmental
issues over next 20 years were asked to Turkish students. Water shortage and increase
of greenhouse gases in the atmosphere were the items related to the scope of this study.
Turkish students’ responses were pessimistic about them. More than two thirds of them
stated that these issues will get worse (65.3% for water shortages, 64.7% for
greenhouse gases emissions). The percentages of the students for claiming steady state
were 14.8% for water shortages, 17.3% for emissions of greenhouse gases. In our
findings, three cases talked about decaying of the water system, while two of them

expressed the conditions for staying steady state.

As in the dynamic nature of the water system, | preferred to use a context in the water
system where students could be able to talk about complexity of the water system
without using any unfamiliar term. | selected the issue of climate change and hidden
use of water as two of the interruptions in the water system and possess many layers
of complexity such as economic, social, environmental, educational, health, and
governmental layers. The comparison of cases’ responses revealed that all four cases
were able to detect interruptions as global warming and climate change, while only
Eren and Ahmet provided fully correct procedural knowledge on the mechanisms of
global warming and climate change. Additionally, Ahmet revealed some
misconceptions related to global warming and ozone layer depletion. In terms of layers
of complexities, all cases reported environmental and social layers of complexities.
Ahmet and Deniz mentioned also economic and health layers, while Eren was talking
about economic effects. To conclude, they were able to detect climate change as an
interruption and those who have more enriched FSL than their peers revealed correct
procedural knowledge on global warming and climate change. However, they need to

have in-depth information about layers of complexities in the water system.

Hidden use of water was another context for complexities in the water system which

is being hardly studied in K-12 literature. Moreover, the term ‘hidden” was used by
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the researchers in water education context in different meanings. For example, Ben-
Zvi-Assaraf (2005a) referred the concept of underground water, while Covitt et al.
(2009) encountered aquifers, water vapor, water in treatment systems as ‘invisible’
parts of water system. What is more, Covitt and her colleagues reflected that macro
components such as watersheds are also invisible to the students. Venckute et al.
(2017) and Benninghaus et al. (2018) used the term ‘hidden use of water’ or ‘virtual
use of water’ as water consumption while producing a product. Within the context of
the study, | preferred to use their description. The findings revealed that Eren and
Deniz have never heard about the term “hidden use of water”, whereas Ahmet and
Cansu reported that they learned the term from extracurricular activities. Even though
Eren and Deniz were not familiar with the term, they were able to infer some processes
in which water is spent for a product, in our case, hamburger. Nevertheless, they failed
to indicate all processes that spent during production. Cansu and Ahmet, on the other
hand, were aware of that too much water is spent to produce a hamburger compared to
daily direct use of water. All the cases except Deniz reported that consumers were
responsible for the water consumption to produce a hamburger. Deniz argued that the

people serving in the production phases were responsible for the water consumption.

If there is no intervention, some studies reported that young people could not be able
to aware of the hidden components in a system (Ben-Zvi-Assaraf & Orion, 2005a;
Benninghaus et al., 2018; Covitt et al., 2009; Forbes et al., 2015). Our findings were
compatible with these studies. Venckute et al. (2017) studied to make an
approximation for water footprint of pupils and they illuminated that pupils’ hidden
use of water is much higher than the direct use of water. Among the hidden use of
water, food (84.4%) and clothing (6.4%) were the first two elements. At this point, |
believed that it is crucial to teach pupils about the concepts of hidden use of water as
well as water footprint to enhance their systems literacy in water context. In our
findings, even though an individual is familiar with the term, (s)he could not be able
to aware all processes during the production and correspondingly, his/her water

footprint. Therefore, in my professional opinion, formal education could provide a
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baseline to the participants on this context. Additionally, Deniz stated that she was not
responsible for water consumption of a hamburger. In a similar manner, | believed that
teaching students the concept of water footprint could help change such

preconceptions.

To conclude, critical systems literacy of all the cases in this study was limited in terms
of advance mechanisms of the water system. While their CRSL were interacted with
their FSL and CUSL, it also obscured by their alternative conceptions and in-situ

answers.
Invisible Elements of Human System

Invisible elements of human system as a second theme in CRSL involves the
categories of beliefs about water use, action strategies for efficient/sustainable water
use, self-efficacy beliefs towards efficient/sustainable water use, emotional responses,
motive concerns, and motivational orientation for efficient/sustainable water use. The
findings of the study reflected that this theme could have multiple interactions and
interlinkages with individuals’ FSL and CUSL as well as the advance mechanisms of
the water system. In this part, each category was discussed, and their possible

relationships were summarized.

The literature on beliefs is too broad that makes it impossible to include them in this
study. Thus, I specifically chose to focus on beliefs on water consumption behaviors
to be more compatible with my operational definition for systems literacy. Deniz did
not know the term hidden use of water but believed that she used water efficiently
more than the other people. In contrast, Eren also did not know the same term but he
was more cautious than Deniz hoping that he was not wasting water too much. The
sources of their beliefs were based on daily life experiences with direct use of water as
well as inferences made from his/her observations. Ahmet, on the other hand, was
aware of hidden use of water, yet he believed that he did not consume water too much
compared to adults’ consumption patterns. Among them, Cansu seemed to have beliefs

compatible with her water consumption behaviors, although this assertion needs to be
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verified by her water footprint data. She explained her sources of her beliefs with her
daily life experiences as well as her knowledge on water consumption. At this point, |
agree with the idea that beliefs are essential constructs to be determined because beliefs
have potential to interfere with learning practices (Keys & Bryan, 2001) as well as
behavior (Corraliza & Berenguer, 2000) which could provide also baseline for critical
systems literacy. In this study, Deniz and Eren believed that their water consumption
behavior is efficient, but their responses was limited to saving tap water. This type of
belief was also apparent in the study of Wood (2014) and DeL.orme, Hagen, and Stout
(2003). However, an individual who does not have enough background knowledge
might develop a belief on his/her behavior which could not be compatible with the
actual situation. In water system context, if a person is not aware of his/her hidden use
of water, (s)he might develop a belief that (s)he is an efficient user which may not
reflect his/her actual water footprint. What is more, even if that person is willing to
reduce his/her water use, incompatible beliefs might hinder him/her to modify his/her

water consumption behavior.

Action strategies for efficient/sustainable use of water was another category in CRSL.
The reason | included the term sustainability is that systems literacy in water context
has potential to be include sustainable development goals since these goals have
multiple interactions with systems literacy. At the beginning of the study, | presumed
that students could be able to talk about sustainability and transfer their knowledge on
sustainable water use since they were supposed to learn the concept of sustainability
from their middle school curricula. However, only Eren had substantial amount of
knowledge on sustainability, whereas the other three cases did not know about it. Thus,
I preferred to talk with them about action strategies ‘efficient use of water’ and asked
the reason(s) for efficient use of water. Except Ahmet, three cases reported some action
strategies related to their direct use of water. Among them, only Cansu mentioned
action strategies for monitoring her hidden use of water. Ahmet reported no specific
action strategies related to his water consumption behavior neither direct nor hidden

use. In terms of direct use of water, Cansu and Deniz provided detailed information on
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how to reduce their water consumption in their daily life. Eren did not prefer to explain
them in detail but summarized his water efficiency behaviors as doing the ‘cliché’.
Some of our findings were compatible with the previous findings reported in the
literature. For example, Wood (2014) conducted a study on water literacy within the
context of ESD in UK and found that younger students’ perceptions on saving water
was limited to ‘water saving tips’ which were commonly included in the water contexts
in schools. The most frequently mentioned water saving was turning off the taps during
brushing their teeth. In a similar manner, our cases in this study reported the same
‘water saving tips’. Additionally, Wood (2014) listed the sources of these tips as
TV/radio, school, internet, family, newspapers/magazines, and post/leaflets. In this
study, cases reported their sources as school, internet, and family. Different from the
findings of Wood, Eren and Cansu also exemplified the role of persuasion of other
people to invite them use water efficiently as an action strategy for efficient water use.
In terms of sustainable water consumption strategies, Eren shared his theoretical
knowledge on action strategies included future generations, energy-efficiency, and
preventing water pollution which are related to some of the sustainable development
goals. Nevertheless, he listed them based on his hypothetical project, not a reflection
of his actual water consumption behavior. Hence, based on his data, it is not possible
to make inference about integration of his knowledge on sustainability into his action
strategies. Further data are needed to explore the nature of this interaction in our

national context.

Self-efficacy beliefs toward efficient/sustainable water use were not emerged in all
cases of this study. Female participants, Cansu and Deniz, showed some indicators that
can be considered as high self-efficacy. Both stated that they use water efficiently most
of the time and they know how to water use efficiently. However, Ahmet and Eren did
not have specific statements that could be indicators of high/low self-efficacy. There
could be possible reasons for this difference. First, females might tend to exhibit their
high self-efficacy beliefs than their male peers. This proposition was tested in some

studies which might be related to water system context. For example, Meinhold and

367



Malkus (2005) reported self-efficacy was a moderator variable for females. They
reported the correlation between environmental attitudes and behaviors were
statistically significant in favor of high self-efficacious females. However, this was not
the case among male participants. Based on the results, the researchers articulated that
self-efficacy beliefs could be considered as moderator variable for females, whereas it
could be an independent variable for males. Nevertheless, they recommended further
studies for this proposition. In the same manner, the findings of this present study
might be compatible with Meinhold and Malkus’s results. Deniz and Cansu provided
detailed information on how they consume water efficiently in their daily life. Based
on their self-reported water consumption behavior and high self-efficacy beliefs, one
can deduce that these two constructs might have same correlation pattern with certain
studies previously reported in the literature. However, as Meinhold and Malkus
denoted, further investigations are still needed to understand the interaction of these
constructs. Second, self-efficacy beliefs of male participants in this study might not be
developed yet due to several reasons. For instance, Eren’s self-efficacy beliefs might
not be emerged because of the very nature of the definition of self-efficacy. Self-
efficacy was defined by Bandura (1986) as following: “People’s judgements of their
capabilities to organize and execute courses of action required to attain designated
types of performances” (p.391). As discussed in the previous sections, even though
Eren had more sophisticated FSL compared to his peers, his procedural knowledge
was weak, and he also had limited amount of knowledge about his local water system.
What is more, he did not know the meaning of hidden use of water and therefore he
might not be able to aware of his water consumption pattern. All these limitations
might hinder his critical systems literacy. Hence, his self-efficacy beliefs toward
efficient use of water might not develop yet since he could not be able to judge his
capabilities to implement and monitor his actions in water consumption context. In
this scenario, it will not be a surprising finding. Ahmet, on the other hand, had similar
FSL with Eren. Furthermore, he had also considerable amount of knowledge on his
local water system as well as the meaning hidden water use compared to Eren. Despite

of these differences, no self-efficacy beliefs was detected in Ahmet’s responses. He
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reported that his direct and hidden use of water were not too high compared to adults,
so no further action was needed to monitor it. His beliefs on personal use and collective
use of water might impede him from developing self-efficacy beliefs toward efficient
water use. Venckute et al. (2017) made an approximation for water footprint of pupils
and the result illuminated that their hidden use of water is much higher than the direct
use of water. Based on the data they acquired, the researchers concluded that pupils
spent too much water and this needs to be regulated through the educational activities.
At this point, | agree with the study of Venckute et al. (2017) in a way that if do not
promote individuals’ learning on their actual water consumption behavior, one might
not be able to monitor accurately his/her water consumption behavior. Accordingly,
they might suppose that they already use water efficiently and this belief might be

developed based on their misperception on their water footprint.

Every case in this study revealed unique combinations of emotional responses related
to their self-water use and other people’s water consumption behavior. Eren explained
his feelings hypothetically whereas Cansu and Deniz shared their sadness whenever
they witnessed an inefficient use of water. On the other hand, Ahmet reflected his
apathy to regulating and monitoring his water consumption behavior. Eren’s
hypothetical explanation was not, again, surprising because he generally tended to
construct hypothetical propositions rather than sharing his own experience. Female
participants’ emotional responses were also expected findings since they share their
action strategies as well as motive concerns related to the presence of water. Last,
Ahmet’ apathy was also not surprising because he shared neither any action strategies
nor motivational orientation towards efficient water use. In addition to these, these
findings were also apparent in the previous studies as females tend to be more upset
than their male peers (Arcury & Christianson, 1993; Gambro & Switzky, 1999; Gifford
& Nilsson, 2014; Levine & Strube, 2012).
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Motive Concerns and Motivational Orientation

All cases reflected the two motive concerns as social altruistic and biospheric.
However, the dominant one in responses was social altruistic except Deniz’s
responses. Deniz had no dominant motive concern and she mentioned the importance
of water for both living organisms and human beings. Stern, Dietz, and Kalof (1993)
denoted that individuals could have more than one motive concerns for a context.
Within the context of the study, all cases had multiple motive concerns which was
compatible with the claim of Stern et al. (1995). In terms of motivational orientation,
all cases except Ahmet revealed extrinsic motivational orientation towards efficient
water use. Doing the right things, importance of performing behavior for the lives of
people and living organisms were the reasons that they provided a rationale to their
motivational orientation. Some researchers (e.g., Khachatryan et al., 2013, Thegersen,
2011) reported that altruism could be one of the indicators for pro-environmental
behavior. In a similar manner, the responses of this study revealed that social altruistic
motive concerns of the cases motivated them to use water efficiently. Nonetheless, as
Corral-Verdugo and his colleagues (2002) forewarned, social desirability could be
correlated with the responses related to motivation towards efficient water use. Thus,

more comprehensive studies are needed.

Ahmet, unlike from his peers, had amotivation and did not have specific goal for using
water efficiently. Among the three types of amotivation, Ahmet’s amotivation was
classified as lack of competence because one believes that individual actions are not
effective itself (Ryan & Deci, 2017). In a similar manner, if he was a person that uses
water recklessly, then he would regulate his water use provided that everybody else
changed their water consumption behavior. Wood (2014) reported that older students
articulated feelings of helplessness towards wide-ranging water issues. In a similar

vein, Ahmet’s amotivation could be related to that context.

Interaction map (see ) revealed some interactions among the elements of

human system. Cases mainly determined their action strategies based on their direct
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use of water, motivational orientation, and motive concerns. Then, their beliefs on their
water consumption behavior and self-efficacy beliefs contributed to monitor their
action strategies and this monitoring promote their beliefs and self-efficacy beliefs.
These types of sub-cycles were emerged from their responses and all these
interrelations were provided in the interaction map. Of course, these interactions do
not have to be factual statements and not suitable for generalizing. However, in-depth
interview and multiple data collection tools could provide to unveil these interactions.

This interaction map should be tested and verified by quantitative further studies.

To conclude, based on the previous studies and the findings of the present study, a
critically systems literature individuals who completed his/her middle school degree
could be defined as the one that would be able to (1) have accurate declarative and
procedural knowledge on the advance mechanisms of water system; (2) have less
alternative conceptions on the system; (3) grasp systems in its dynamic nature on
multiple time scale and be aware of potential effects of different time scales on system
dynamics; (4) explain different types and levels of complexity in a system which can
be the basis for disruption or failure within a system; (5) describe evolutionary
processes of systems; (6) draw or explain feedback loops which are for regulating
subsystems to provide maintenance; and (8) predict that different mental models of
humans may interfere with the interaction between man and nature; and (9) appreciate
that systems can be understood and improved. What is more, the elements of beliefs,
action strategies, self-efficacy beliefs, motive concerns, emotional response, and
motivational orientation for maintaining a system were also potential constructs to
indicate individuals’ critical systems literacy. At this point, in order to promote critical
systems literacy, nurturing both FSL and CUSL is essential. Moreover, to motivate
them for maintaining a system, determining individuals’ beliefs, action strategies,
motive concerns, self-efficacy beliefs, and emotional response could also be as
important as FSL and CUSL.

Stables (1998) argued that critical literacy demands both functional and cultural

literacy. In other words, critically systems literate students are expected to have
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adequate level of functional and cultural systems literacy. The overall findings of this
study provided some potential evidences to support Stables’s argument. Critical
systems literacy of all four cases seemed to be inhibited by inadequate functional or
cultural systems literacy. Even though Ahmet could be regarded as adequate level on
both functional and cultural systems literacy, his amotivation and apathy seemed to
make his critical systems literacy limited especially within the context of invisible
elements of human system. At this point, both adequate level of cultural and functional
literacy and motivational orientation could be the key points to cultivate critical
systems literacy. In the next section, possible factors interfering with systems literacy

in water context were discussed.
6.3 Possible Factors Interacted with Systems Literacy in Water Context

As Sweeney (2012) claimed, individuals could have ‘innate ability’ to be a system-
literate. In a similar manner, | believed that individuals could have innate ability to see
systems behavior without having formal training to learn how to do it. In addition to
these, | am also aware of that their perceptions related to systems behavior could be
distorted and also shaped by many factors some of which | hope to detect in my study.
In this study, several information was asked to each case to portray their profile as well
as to determine possible factors that might interact with their systems literacy in water
context. Their gender, percentile of their national exam score, types of high school,
location of the house, parent’s occupation, and participation to extracurricular
activities were the variables that | collected additional data to search for possible
factors interacted with systems literacy. | presented a discussion comparing the

literature’s findings and my analysis.

In terms of gender, several differences existed among the cases even though these
differences require further verifications. When FSL of the cases were compared in
terms of gender, boys seemed to have richer understanding on the basics of the water
system. In terms of CUSL, however, no specific differences were detected between

genders. On the other hand, the situation within the context of critical systems literacy
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was different. At the beginning of the study, | expected that individuals who had richer
understanding in FSL could have better CRSL in this context. However, findings of
the two themes were different from each other. The first theme of CRSL was about the
advance mechanisms of water system and boys had richer understanding compared to
girls even if their understanding was limited. On the other hand, the findings of the
second theme was quite opposite compared with the first one. Even though girls had
limited amount of knowledge in FSL and Deniz further had limited amount of CUSL,
girls seemed to be more motivated than boys for using water efficiently; have more
detailed action strategies accompanied with high self-efficacy beliefs. Moreover, they
seemed to be more concerned about the water system and have more intensive
emotional responses than boys. Gender differences was widely studied in educational
literature. Even though the context of water use was not one of them, the studies on
pro-environmental behavior had some converging points with the findings of the
present study. To be reader friendly, | reported here only the review of Gifford and
Nilsson (2014) related to the possible factors that interacted with pro-environmental
behavior. They reported that even though studies in 80s are inconclusive about the
gender differences, recent studies in 14 countries concluded that females revealed
more positive attitudes, more concerned than their male peers. Additionally, males
have richer knowledge than females in environmental subjects. The reasons for gender
difference were beyond the scope of this study so I will not go into the details. The
point here is that the girls revealed the same patterns as reported in pro-environmental
behavior studies. They tended to use water more efficiently than their male peers.

In the literature, level of achievement or cognitive differences (e.g. Ben-Zvi-Assaraf
& Orion, 2005a) were claimed to be a factor that interact students’ conceptions on
water. Ben-Zvi-Assaraf and Orion (2005a) reported that individual cognitive
differences is one of the variables that were interacted with the pupils’ individual
progress. In our study, FSL covered natural science concepts, while CUSL and CRSL
included both natural science and social science concepts. When we compare our

findings in FSL, no clear distinction was observed in our cases. Both conception test
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and comparative analysis formed a similar pattern with their national exam scores or
their level of achievement. From this perspective, it is seen that their FSL and level of
achievement could be directly proportional to each other. However, when we delve
into the responses in terms of declarative/procedural knowledge and alternative
conceptions, the lines are blurred. All participants had more declarative knowledge
than their procedural knowledge. Among the participants, Cansu had the ones that had
least fully correct declarative knowledge statements than others. In terms of procedural
knowledge, Cansu had no fully correct statements. Nonetheless, Deniz had the ones
that had more incorrect statements and alternative conceptions than others. In CUSL,
the situation was different. In this element of SL, Cansu and Ahmet had more fully
correct statements than Deniz and Eren. Among the participants, Deniz had the ones
that had least fully correct declarative knowledge statements than others. In terms of
procedural knowledge, Eren and Deniz had no fully correct statements. In a similar
manner, they were the ones that had more incorrect statements and in-situ answers than
others. In short, the premise of “cognitive difference could be a factor that interact
students’ conceptions on water” was verified only for declarative knowledge in FSL
in this study. If the findings are assessed as a whole, it would be hard to say that level
of achievement and cases’ systems literacy are positively correlated with each other.
Still, in the work of Ben-Zvi-Assaraf and Orion (2005a), cognitive difference is a
variable that has a role in students’ progress in systems thinking. Hence, further studies
are needed to see the role of cognitive differences in individual’s progress by means

of systems literacy.

Mills (1983) administered a test included both social and natural science concepts and
reported that students living an urban area had relatively higher scores than rural
students. In contrast, Shepardson et al. (2007) contended that rural students could have
more sophisticated conception on the water cycle than their urban peers. In our study,
these contrasting findings behaved differently in students’ FSL and CUSL. In
conception test, Cansu, who lives in a rural area, did not bring up the rear. However,

she had lower scores than her peers in comparative analysis as well as in procedural
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knowledge in FSL. Nonetheless, the winds have changed in terms of CUSL. She
performed better than her urban peers while she was explaining the basics of her local
system. Thus, if these findings were considered as a whole, it would be hard to say that
urban students had relatively higher scores than their rural peers. Rather than living in
urban or rural area, | presumed that living in a waterfront area could be a factor that
interact with participants’ systems literacy. In this study, Ahmet and Cansu live in
waterfront areas, where Eren and Deniz were residences of metropolitan areas.
Accordingly, Ahmet and Cansu had richer understanding on the basics of the water

system and provided more detail on water system in their hometown.

The possible effects of parental occupations remained open to discussion, even though
| provided some indicators for their interference. As provided in the methodology
chapter, parental occupation is one of the indicators for socioeconomic status of a
family (Aare et al.,, 2009; Galobardes et al., 2006) and socioeconomic status is
positively correlated with child’s academic achievement in Turkey (MoNE, 2018).
Within the context of the study, functional systems literacy can be compatible with
students’ achievement scores since FSL encompasses concepts that is taught in school
context. As stated previously, high socioeconomic status is positively correlated with
high achievement in Turkey. In a similar manner, Ahmet and Eren were high achiever
students and their parental occupations were as one of the indicators for higher
socioeconomic status. Thus, having an advanced FSL compared to other cases could
be partially explained by their parents’ occupations which was also compatible with
the previous reports in the literature (e.g. Aarg et al., 2009; Galobardes et al., 2006;
MoNE, 2018). On the other hand, it seemed that the interactions of Cansu and Deniz
with their parents interfered with their CUSL and CRSL and these interactions might
be related to parents’ occupations. For example, Cansu had relatively richer CUSL
compared to other cases. When her responses were examined, she mentioned her
activities in their garden done with her father as well as the effects of her activities on
her daily life and her mental model when she reflected her CUSL and CRSL. Thus, as

her father was a farmer, it can be inferred that father’s occupation interacted with her
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CUSL and CRSL. In other words, Cansu’s father might be one of the factors that
cultivate her cultural and critical systems literacy. Deniz, whose mother was an
environmental educator, had responses in CRSL that seemed to be affected by her
mother’s occupation, but she did not share any specific instance with her mother.
However, she revealed her motivational orientation, motive concerns, action
strategies, and self-efficacy beliefs more than her peers. Yet, this also needed to further

verification.

Another variable, types of high school, was not detected as a factor that interact with
students’ systems literacy. Instead, participation of extracurricular activities offered by
the high school seemed to have an interaction with students’ systems literacy which
might be classified as a weak interaction. Eren attended seminars of systems science
and sustainable development goals. His participation to extracurricular activities
seemed to enrich his mental model in terms of FSL. No indicator was found in his
responses in CUSL and CRSL regarding extracurricular activities. Cansu attended
waste collection event in her village and a water footprint seminar offered by her high
school. Her participation seemed to enrich her declarative knowledge in FUSL,
declarative and procedural knowledge in CUSL. Moreover, these extracurricular
activities seemed to interact with some of the components of CRSL. Ahmet, on the
other hand, watched videos related to water issues in Turkey and water footprint. These
extracurricular media seemed to enrich his declarative knowledge on FSL.
Nonetheless, he stated that he did not integrate this knowledge into his action strategies
in his daily life. Deniz exemplified instances from her vacations as well as popular
news on the media while she was talking about the basics of her local system. Instead
of talking about her residence area, she preferred to reveal her cultural systems literacy
at a national scale. Based on their self-reports, we might infer that extracurricular
activities remembered easily by the cases, but it seemed that they were not too effective

to reflect their behavior.

Apart from these variables, cases frequently mentioned their observations as well as

their daily life experiences. This finding could support my initial hypothesis as
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children have innate ability for being systems literate. Nevertheless, the analysis of the
responses revealed that some of the in-situ answers and alternative conceptions were
based on cases’ observations and daily life observations. There were also similar
findings in the previous studies emphasizing that students have still alternative
conceptions derived from observations and daily life experiences (Brody, 1993; Covitt
et al., 2009; Gunckel et al., 2012; Osborne and Cosgrove; 1983). Recently, Havu-
Nuutinen, Kéarkkdinen, and Keinonen (2018) also reported that had already some
background knowledge and alternative conceptions which were based on daily life
experiences. At this point, it is important to emphasize that their observations and daily
life experiences are, of course, important variables but we should be able to trace and
monitor their learning based on real life experiences. If their observations and daily
life experiences is not monitored, their alternative conceptions and in-situ responses

would possibly, in turn, hinder their systems literacy.

Some of the previous studies also highlighted the role of popular media in students’
conceptions. For example, Brody (1993) found that students tended to explain the
phenomena related to water based on popular media. In a similar vein, Wood (2014)
reported that media is one of the sources reported by the students regarding ‘water
saving tips’. Within the context of the study, all cases exemplified some of the
instances from media and internet. However, no specific instance was detected that
reflect to their water consumption behavior. For example, Ahmet correctly explained
the concept of hidden use of water but his responses in CRSL revealed that he did not
integrate this concept into water consumption behavior. What is more, he was
amotivated towards efficient water use. Thus, it can be concluded that the role of media

could be explored in further studies.

To recap, the definition of systems literacy, its operational definition within the context
of the water and potential factors that might interfere with systems literacy were
discussed with previous studies in the literature. The summary of this part was
visualized in Figure 6.1. In the next section, assumptions and limitations were

portrayed.
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6.4 Assumptions and Limitations

The assumptions are listed as following:

| assume that water system is one of the systems that human beings are familiar
with from their daily life. Therefore, mental models of the individuals related to
water system can be acquired even if they are not familiar with the term “system”.
The concept of water is taught from 3™ to 8" grade level in schools. In elementary
science, social science, life science, and even some cases in mathematics classes,
students learn about different features of water. Therefore, | reckon that students
have inherently a potential to be a systems literate in water context. However, the
levels of systems literacy can vary person to person.

Water is one of the entities that individuals are engaged in every day in many
activities. Hence, daily life experiences with water might be a factor that shape

students’ systems literacy in water context.

On the other hand, limitations of the study can be following:

Multiple case studies include inherently exhaustive amount of data to be reported.
This characteristic might interact with researcher’s decision on determining sample
size. Even though 1 tried to include cases with maximum variations, more cases
could be added to explore the nature of system literacy in water context.

This study explores the readiness of the students’ systems literacy in water context.
In different contexts, the elements of systems literacy may change. Hence, further
studies should consider this aspect.

In this study, | proposed a map that indicated the interactions among the elements
of human system as well as elements of systems literacy. This map was constructed
based on the qualitative findings of the study. To propose a model, further
quantitative analyses will be required.

This study was based on students’ self-reported responses. To acquire more
accurate data, participants’ water footprint or the amount of water that they use in

their daily life water consumption are also needed.
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e Even though K-12 studies on water are available in educational literature,
comparing the findings of the study based on the notion of systems literacy was a
challenging process for me there was no specific study on systems literacy in water

context.
6.5 Implications and Recommendations

This study aimed to provide an alternative definition for systems literacy and to
explore the readiness of the students completing middle school degree regarding
systems literacy in water context. Their systems literacy was examined in three
elements as functional, cultural, and critical systems literacy. For the future studies, it
can be recommended that these three elements should be included since they are
complementary to each other. The combination of the themes and categories within
each element can vary in different system contexts as well as in different population

characteristics.

Functional and cultural systems literacy were examined through different types of
knowledge as well as the nature of the incorrect responses. Elaborating students’
factual statements enabled the researcher to gain deeper understanding on their FSL
and CUSL. In this sense, determining the nature of FSL and CUSL could provide data
for the researchers/educators to reorient their programs or designing interventions to
nurture systems literacy of the individuals. Within the context of the study, most of the
cases’ FSL and CUSL were composed of declarative knowledge. When questions were
asked to reveal their procedural knowledge, in-situ responses and alternative
conceptions appeared in their responses. Declarative knowledge is also an important
element for systems literacy because (1) it encompasses basic knowledge for a system
(Ben-Zvi-Assaraf 2010a); and (2) procedural knowledge naturally begins with
declarative knowledge (Marzano & Kendall, 2008). However, in order to have an
advanced level of systems literacy, individuals should have both declarative and
procedural knowledge required to be known for a system. To promote FSL and CUSL
of individuals, integrating media (Ferreira da Luz Culpi & Pereira Alves, 2015),
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physical models (Duffy, 2012), graphics and diagrams (McTigue & Flowers, 2011)
into instruction could be promising. Moreover, as Ben-Zvi Assaraf et al. (2012)
denoted, outdoor learning as well as cultural exchange opportunities could provide

basis for understanding the water system as a whole.

In addition to types of knowledge, individuals’ alternative conceptions an in-Situ
answers should also be determined to have an accurate systems literacy. Alternative
conceptions or misconceptions were detected through the conception test and
interview questions in this study. As Bar (189) denoted in the concept of evaporation,
the proportion of selecting the correct answer increased as pupils grow older; however,
their alternative conceptions become apparent when students explain the processes
occurred in those concepts during the interview. Thus, using more than one data
collection tool could have a critical role to detect alternative conceptions or in-situ
answers. In the case of administered four-tiered conception test, the findings of this
study would be limited. For the further studies, | recommended to use multiple data
collection tools to detect alternative conceptions/in-situ answers of the participants.
Both quantitative (e.g. multi-tiered conception test) and qualitative data collection
tools (e.g. semi-structured interviews) could provide rich information about
participants’ conceptions. At this point, it is essential to note that alternative
conceptions were not disappeared completely (Bar, 1989) even after exposure to
teaching (Osborne and Cosgrove,1983). Nevertheless, diagnosing them lead the
researchers, policy makers and educators to find starting point(s) to adjust teaching,
teaching materials, programs and also school curricula to meet students’ needs. Within
the context of water system, | agree with the recommendation of Shepardson and his
colleagues (2009) that school curricula should consider the limitations of the students’
conceptions and make necessary revisions by means of water cycle, human effect,

climate, and climate change as a system rather than including these concepts as ‘silos’.

Critical systems literacy could be considered as vital point of systems literacy since it
contains not only constructs for advance mechanisms of the system but also developing

an individual and public response to sustain the mechanisms of a system. Functional
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and cultural systems literacy as well as their interactions also scaffold critical systems
literacy. Thus, if individuals did not develop a proper critical systems literacy, it will
not be possible be accurate systems-literature individuals. Cases in this study had
limited CRSL based on their either their limited CUSL or FSL. The possible reasons
for having limited CRSL, although they are speculative, could be listed as following:
(1) cases’ alternative conceptions could hinder their potential; (2) our national science
curriculum might not provide opportunities to cultivate students’ critical systems
literacy; or (3) as none of the participant had richer understanding in both CUSL and
FSL, cases might not be able to improve their critical systems literacy. The third reason
given above requires an additional note. Within the context of the study, the cases had
richer understanding either in FSL or CUSL. To be able to have an advanced level of
critical systems literacy in water context, one might need both FSL and CUSL. This
study revealed that extracurricular activities remembered easily by the cases, but it
seemed that they were not too effective to reflect their behavior. At this point, | believe
that formal education could nurture students’ systems literacy provided that necessary
revisions are made to accommodate the notion of systems literacy in curricula.
Conventional methods and revisions might not be sufficient to raise systems-literature

individuals since they were mainly designed for lectures taught as separate disciplines.
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A. CONCEPTION TEST AND ANSWER KEY
(Instructions were given verbally before the test)
KAVRAM TESTI
1.1 Diinya’daki suyun biiyiik bir kismi nerede bulunmaktadir?

a. Buzullarda €. Yeralti sularinda
b. Biyiik gol ve akarsularda d. Okyanuslarda

1.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?
a. Kesinlikle eminim b. Eminim c. Emin degilim. d. Kesinlikle emin degilim
1.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?

Su, Diinya’da en ¢ok okyanuslarda bulunmaktadir.

Suyun biiytik bir miktari, yerkabugunun altinda bulunmaktadir.

Su, en fazla donmus miktarda kutuplarda ve yiiksek rakimlarda bulunmaktadir.
Yiizey akis sulari biitiin tatli su kaynaklarini toplamaktadir.

Diger (Liitfen belirtiniz).........ccoveies viir e

® 000w

1.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a. Kesinlikle eminim b. Eminim c. Emin degilim. d. Kesinlikle emin degilim
2.1 Su dongiisiindeki suyun hareketinin sebebi asagidakilerden hangisidir?

a. Giinesten gelen 1s1 d. Diinya’daki canlilar

b. Yergekimi e. aveb

C. Ay’ yer¢ekimi
2.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a. Kesinlikle eminim b. Eminim c. Emin degilim. d. Kesinlikle emin degilim
2.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?

a. Diinya’daki herhangi bir hareket, Diinya’nin yer ¢ekiminden kaynaklanmaktadir.

b. Giines enerjisi, suyun buharlagarak atmosfere ¢ikmasini saglar ve Diinya’nin

yergekimi ise suyu yagislar sirasinda asagiya dogru geri ¢eker.
€. Hem okyanus dalgalari hem de Ay, su dongiisiiniin hareketinden sorumludur.

d. Sadece Giines, suyun Diinya’daki hareketini kontrol eder.

e. Gokyiiziinden yagis seklinde diisen su, yeryliziindeki canlilarin kullanimindan sonra

atmosfere geri donmektedir.
f. Diger (Liitfen belirtiniz)..........oouiis voniii e
2.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a. Kaesinlikle eminim b. Eminim c. Emin degilim. d. Kesinlikle emin degilim
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3.1 Diinya’daki suyun (kati, sivi ve gaz) toplam miktari

a.

b.

neredeyse sabittir. C. slirekli azalmaktadir.
siirekli artmaktadir. d. zaman i¢inde artip azalmaktadir.

3.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a. Kesinlikle eminim b. Eminim c. Emin degilim. d. Kesinlikle emin degilim

3.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?

a.
b.

f.

Su dongiisii kapali bir sistem oldugu i¢in herhangi bir su kazanci veya kayb1 olmaz.

Su dongiisii acik bir sistem oldugu ic¢in suyun toplam miktar1 siirekli artip
azalmaktadir.

Su dongiisii agik bir sistem oldugu i¢in suyun bir miktarinin yeraltina girmesine olanak
tanir.

Su dongiisii agik bir sistem oldugu i¢in suyun belli bir miktari, su buhari olarak
atmosferden uzaya cikar.

Su dongiisii acik bir sistem oldugu i¢in suyun belli bir miktari, su buhar olarak
uzaydan atmosferimize girer.

Diger (Liitfen belirtiniz)...........coooi viiiii e

3.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a.

Kesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin degilim

4.1 Bulut olusumu icin asagidakilerden hangisi gereklidir?

a.
b.
C.
d.

Su buhar1 ve atmosferdeki tozlar
Ozon, su buhari ve azot
Alcak hava basinci ve algak bagil nem

Oksijen ve hidrojen

4.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a. Kesinlikle eminim b. Eminim c. Emin degilim. d. Kesinlikle emin degilim

4.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?

a.
b.

C.
d.

€.

Suyun olusumu i¢in gereken elementler olduklar1 i¢in

Su damlaciklari, atmosferdeki tozlar1 bir c¢ekirdek gibi kullanarak -etrafinda
yogunlasirlar.

Atmosferde bulunan degisik gazlarinin etkisi ile olusur.
Atmosferdeki bazi sartlarin bulut olusumu igin gerekli olmasi

Diger (Liitfen belirtiniz)...........cooee v

4.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

Kesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin degili
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5.1 Su dongiisiiniin gerceklesmesi icin gerekli olan enerjinin biiyiik bir kisminin kaynag:
asa@idakilerden hangisidir?

a. Okyanuslardan c. Atmosferden
b. Giinesten d. Dinya’nin ¢ekirdeginden
5.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?
a. Kesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin
degilim
5.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?
a. Atmosferde, sera gazlarindan kaynaklanan 1sinma siireci su dongiisiine enerji verir.
b. Diinya’min ¢ekirdegindeki 1s1 enerjisi su donglisiine enerji saglar.
c. Diinya’daki okyanus akintilar1 ve dalgalar su dongiisiine enerji saglar.
d. Su dongiisii i¢in gerekli olan enerjinin neredeyse tamami Giines’ten gelir.
e. Diger (Liitfen belirtiniz).................
5.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?
a. Kesinlikle eminim b. Eminim C. Emin degilim. d. Kesinlikle emin
degilim
6.1 Hangi siire¢, bulut olusumunu en iyi aciklar?
a. Buharlasma
b. Yogusma
c. aveb
6.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?
a. Kesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin
degilim
6.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?
a. Yeryiiziinden buharlasan su buhari, bulutlara dogru ¢ikar.

b. Yerylizinden buharlasan su buhari, atmosferde soguk hava ile karsilastiginda
yogusarak bulutlari olusturur.

€. Yeryiiziinden buharlagan su buhari, riizgar yardimiyla bulutlara taginir.

d. Yeryiiziindeki su buharlagarak bulutlar1 olusturur.

e. Diger (Liitfen belirtiniz).........c.oviiii v
6.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a. Kesinlikle eminim b. Eminim C. Emin degilim. d. Kesinlikle emin
degilim
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7.1 Su déngiisiiniin bir baslangic noktasi
a. vardir. b. yoktur.

7.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?
a. Kaesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin degilim

7.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?
a. Bulutlar su dongiisiiniin baslangi¢ noktasidir.

b. Su dongiisii, yagislarla baslayip buharlasma ile devam eden bir dongiidiir.
c. Ddngiilerin bir baglangi¢ veya bitis noktas1 yoktur.
d. Diger (Litfen belirtiniz)..........coovviit veriiiie e
7.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?
a. Kaesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin degilim
8.1 Asagidakilerden hangisini ¢cikarirsak su dongiisii durur?
a. Yergekimi c. Akarsular
b. Insan d. Bitkiler

8.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a. Kesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin degilim

8.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?
a. Giunes enerjisi ile buharlasan su, yergekimi sayesinde yagis olarak yeryiiziine geri doner.
b. Insanlar olmasaydi, su déngiisii diye bir sey olmazdi.
C. Yagislarla beslenen akarsular, suyu okyanuslara tagiyarak suyun donmesini saglarlar.
d. Bitkiler terleme, fotosentez ve solunum yoluyla su dongiisiiniin devamliligini saglarlar.
e. Diger (Liitfen belirtiniz).........ccoviiiis v e

8.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a. Kesinlikle eminim b. Eminim . Emin degilim d. Kesinlikle emin degilim
9.1 Kiiresel 1sinma su dongiisiinii nasil etkilemektedir?

a. Olumlu etkilemektedir.

b. Olumsuz etkilemektedir.

C. Herhangi bir etkisi yoktur.

9.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?
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a. Kesinlikle eminim b. Eminim . Emin degilim d. Kesinlikle emin degilim

9.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?

a. Kiiresel 1sinma ile buharlagsma artacagi i¢in sular Diinya’dan gider.

b. Kiiresel 1sinma, iklim degisikliginin sebeplerinden biri oldugu igin su dongiisii de
olumsuz etkilenir.

€. Buzullar eridigi i¢in Diinya’daki su miktar1 artar.

d. Kiiresel 1sinma sonucu olusan asit yagmurlari, su dongiistinii kirletmektedir.

e. Kiiresel 1sinma sebebiyle yagislar artacagi i¢in temiz su kaynaklar: artacaktir.

f.  Su doéngiisii ve kiiresel 1sinma birbirinden farkli kavramlardir.

g. Diger (Liitfen belirtiniz) ...........cooieiiiiiiiiiiiiia
9.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?
a. Kesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin degilim
10.1 Su dongiisii ve iklim degisikligi arasinda nasil bir iliski vardir?

a. Herhangi bir iligki yoktur. C. Aralarinda dogrusal bir iligki
b. iklim degisiklii, su dongiisiiniin vardur.

hizin1 ve siddetini degistirir.

10.2 Yukaridaki soruya verdiginiz cevaptan emin misiniz?
a. Kesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin degilim
10.3 Yukaridaki soruya verdiginiz cevabin sebebi nedir?

a. Iklim degistikce buharlasma hiz1 degisir. Mesela kis aylarinda buharlasma daha az
olur.

b. iklim degisikligi, su dongiisiinii durdurur.
c. Iklim degistikge Diinya’daki su artip azalir. Mesela, yazin su azalirken kisin artar.
d. ikisi birbirinden farkli kavramlardur.

e. Iklim degisikligi su déngiisii hizlandirir. Bu sebeple, bazi yerlerde sel bazi yerlerde
ise kuraklik meydana gelir.

f.  Diger (Liitfen belirtiniz) ...........coovviiiiiiiiiiiiiiiineennns
10.4 Yukaridaki soruya verdiginiz cevaptan emin misiniz?

a. Kesinlikle eminim b. Eminim . Emin degilim. d. Kesinlikle emin degilim
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ANSWER KEY

Sub-
uestion
1 2 3 4 Status of Response
Main
question
! d| abcd a| ab,cd |Correct
1 a ab c ab Alternative Conception
1 b ab d ab Alternative Conception
1 o ab b ab Alternative Conception

3 a ab,cd a a b, cd | Correct

3 b ab e ab Alternative Conception
3 c ab c,d a b Alternative Conception
3 d ab b ab Alternative Conception

5 b a,b,cd d ab,c d | Correct

5 a ab c ab Alternative Conception
5 c a, b a ab Alternative Conception
5 d ab b ab Alternative Conception

7 b a,b,cd c ab,c,d | Correct
7 a ab ab a b Alternative Conception
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B. READING TASK

Gercek bir hikaye: Havada bir tuhaflik

Gecen ilkbaharda dallar1 bembeyaz ¢iceklerle dolu kiraz agaclarinda, yaz
basinda sadece sayili meyve olmasi sasirticiydi. Cigeklerin ¢ogu meyveye donerken
yanmistt. Don vurmadigi halde kiiciiciik meyvelerin yanmasina bir anlam veremedik.
Nedenini, yillardir kiraz agaglarinin bakimini yapan yash bir ¢ift¢iden, tesadiif eseri
ogrendik. “Cicekler tam meyveye donerken aniden saganak yagmur bastirdi. Hemen
ardindan da kizgin giines ¢ikti. Yagmur damlalari mercek oldu, giines vurunca minicik
meyveleri yakti...”

[zmir'in giiney dogusunda yasadigim dag kdyiiniin ¢evresinde tarimla
ugrasanlar, bu y1l meyve ve sebzelerin ¢ogunun erken olgunlasip dalinda ¢iiriidiigiinii
anlatiyorlar giinliik sohbetlerimizde. Sonra da ekliyorlar: “Bu y1l havada bir sey var...”

Bu yil elma da ceviz de {liziim de 15-20 giin erken oldu, Kiiciik Menderes
Havzasi’nda. Hem Kiiciik Menderes Ovasi’nda hem de ¢evresindeki daglarda, topraga
dayali iiretimle ilgilenen kimle konustuysam, mevsimlerin 20 giin ild 1 ay erken
geldigini soyliiyor. Koyliilerin Hidirellez’e, Zemheri’ye gore diizenledigi ekim-dikim
takvimi de sasmis durumda. Ornegin, yiizyillardir Anadolu halk takvimine gore,
insanlar Hidirellez’de gilin dogarken yapraklarda olusan ¢iyi toplayarak yogurt
mayalayabiliyordu. Ancak son iki yildir Hidrellez zamani yapraklarda ciy
bulamiyoruz. Yaz boyunca hi¢ yagmur yagmadi. Kasim ayina kadar iki saatten fazla
yagmur gormedik. O da saganak degil, usul usul... Sulamada kullandigimiz, dort
metre derinlikteki yagmur suyu goletimiz kurumak iizere. Kiigiik Menderes Ovasi’nda
tarimla ugrasan arkadaslarim yer alti suyunun asir1 kullanilmasi sonucu olusan
bosluklar nedeniyle, derinligi {ic metreye varan devasa cokmelerle/obruklarla

karsilastiklarini anlatiyorlar. Yeralt1 suyu seviyesi giderek diisiiyor.

(retrieved from https://350turkiye.org/gercek-bir-hikaye-havada-bir-tuhaflik/)
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C. CODEBOOK

Categories and Codes of Functional Systems Literacy in Water Context

Category 1: General Characteristics of Water

FGC11: Quantity of Water FGC14: Water and Living Organisms
FGC12: Cyclic Nature FGC15: Relational Responsiveness
FGC13: Properties of Water

Category 2: Power Sources of Water Cycle

FPS21: Sun FPS23: Gravity
FPS22: Wind

Category 3: Components of Water System

FC31: Plant FC317: Cloud
FC32: Sun FC318: Rain
FC33: Water FC319: Snow
FC34: Animal FC320: Fog
FC35: Human FC321: Hail
FC36: Ocean FC322: Freshwater
FC37: Sea FC323: Ice
FC38: Water Vapor FC324: Well
FC39: River FC325: Lake
FC310: Glacier FC326: Stream
FC311: Spring FC327: Dew
FC312: Soil FC328: Algae
FC313: Wetland FC329: Creek
FC314: Rock FC330: Puddle
FC315: Groundwater FC331: Mountain

FC316: Aquifer
Category 4: Processes of Water System

FP41: Evaporation FP410: Surface flow
FP42: Condensation FP411: Melting

FP43: Sublimation FP412: Freezing
FP44: Evapotranspiration FP413: Frosting
FP45: Respiration FP414: Dissolution
FP46: Precipitation FP415: Transpiration
FP47: Penetration FP416: Capillarity
FP48: Infiltration FP417: Photosynthesis

FP49: Underground flow
Category 5: Relationship between the Earth (Sub)Systems*

FRES51: Hydrosphere—atmosphere FRES55: Hydrosphere-anthroposphere
FRES52: Hydrosphere—geosphere FRES56: Water cycle- nitrogen cycle
FRES53: Hydro. (continental)- (marine) FRES57: Water cycle- oxygen cycle
FRES54: Hydrosphere—biosphere FRES58: Water cycle — carbon cycle

*Any of the triple or more combinations between hydrosphere and the other systems might be observed during
data collection
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Categories and Codes of Cultural Systems Literacy in Water Context

Theme: Basics of Local Water System (LWS)

CULWS11: Animal CULWS14: Microorganisms CULWSL17: Sewerage System
CULWS12: Plant CULWSL15: Local Water Resources

CULWS13: Human CULWS16: Water Suiili Network

Sub-Category 1.1.1: Name of LWR

CUNL1121: Lake Tuz CUNLI1124: Kurtbogazi Dam CUNLI1127: River Kizilirmak
CUNL1122: Lake Mogan CUNLI1125: Cubuk Dam
CUNL1123: Lake Eymir CUNL1126: Aegean Sea

Sub-Category 1.1.2: Functions of LWR

CUFL1131: Survival CUFL1134: Recreational CUFL1137: Energy source
CUFL1132: Domestic CUFL1135: Economical CUFL1138: Religious
CUFL1133: Agricultural CUFL1136: Industrial

Sub-Category 1.2.1: Components in WSN

CUWSNC1211: River CUWSNC1218: Dam CUWSNC12115: Home

CUWSNC1212: Cloud CUWSNC1219: Lake CUWSNC12116: People

CUWSNC1213: Freshwater CUWSNC12110: Groundwater CUWSNC12117: Sea

CUWSNC1214: Rain CUWSNC12111: Water Storage Facilities CUWSNC12118: Drinking Water Treatment
CUWSNC1215: Snow CUWSNC12112: Pipe zlar\]ItVSNClZlm: Well

CUWSNC1216: Hail CUWSNC12113: Engineers CUWSNC12120: Fountain

CUWSNC1217: Water Puddle CUWSNC12114: Water ATM

Sub-Category 1.2.2: Processes in WSN

CUWSNP1221: Precipitation CUWSNP1223: Water Distribution
CUWSNP1222: Water Accumulation CUWSNP1224: Water Treatment

Sub-Category 1.3.1: Components in Sewerage System

CUSSC1231: Pipe CUSSC1233: Receiving Environment
CUSSC1232: Wastewater Treatment Plant

Sub-Category 1.3.2: Processes in Sewerage System

CUWSNP1321: Wastewater Collection CUWSNP1323: Wastewater Disposal
CUWSNP1322: Wastewater Treatment

Sub-Category 2.1: Current State of NWR

CUCSN1311: Water Resources Potential CUCSN1312: Water Pollution

Sub-Category 2.2: Name of NWR

CUNL1321: Aegean Sea CUNL1324: Mediterranean Sea CUNL1327: Lake Van
CUNL1322: Black Sea CUNL1325: Lake Dipsiz

CUNL1323: Marmara Sea CUNL1326: Uzungol

CURBS21: LWS- WSN CURBS24: LWS -Biosphere

CURBS22: LWS -Hydrosphere CURBS25: LWS -Geosphere

CURBS23: LWS -Atmosphere CURBS26: LWS - Anthroposphere
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Themes, Categories and Codes of Critical Systems Literacy in Water Context

Theme 1: Advance Mechanisms in Water System

Category 1.1: Dynamic Nature of Water System

CRDN111: Time Delay CRDN112: Redistribution of Water

Category 1.2: Causal Dynamics and Feedback Loops

CRFL121: Simple Open Loop CRFL123: Balancing Loop

CRFL122: Reinforcing Loop CRFL124: Open Loop with multiple causes
Category 1.3: Evolution of Water System
CREV131: Decaying CREV133: Toward higher organization

CREV132: Steady state

Category 1.4: Complexity of Water System

Sub-Category 1.4.1: Interruptions in the Water System

CRCO1411: Climate Change CRCO1412: Hidden Use of Water
Sub-Category 1.4.2: Layers of Complexities

CRCO01421: Environmental CRCO01424: Health

CRC01422: Economic CRCO01425: Educational
CRC01423: Social CRCO01426: Governmental

Theme 2: Invisible Elements of Human System

Category 2.1: Beliefs on Water Use

CRBL211: Self-use of water CRBL213: Sources of Beliefs
CRBL212: Collective use of water

Category 2.2: Self-efficacy towards Efficient Water Use

CRSE221: High CRSE222: Low
Category 2.3: Motive Concern
CRMC231: Social Altruistic CRMC233: Biospheric

CRMC232: Egoistic

Category 2.4: Action Strategies for Efficient Water Use

CRAC?241: Persuasion CRAC244: Reuse of water
CRAC242: Water loss prevention CRAC245: Recycle of water
CRAC?243: Reduce of water use CRAC246: No action

Category 2.5: Emotional response

CREM251: Anger CREM253: Happiness CREM255: Apathy
CREM252: Sadness CREMZ254: Proud

Category 2.6: Motivational Orientation for Sustainable Use of Water
CRMO261: Intrinsic motivation Amotivation

CRMO262: Extrinsic motivation
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E. SAMPLE PARENT PERMISSION FORM

Veli Onay Formu

Sevgili Anne/Baba,

Bu calisma Orta Dogu Teknik Universitesi doktora égrencisi Sinem DEMIRCI
tarafindan yliriitiilmektedir.

Bu cahismanin amaci nedir? Calisma, ortaokul ve lise dgrencilerinin su sistemi
konusundaki sistemsel okuryazarliklarini belirlemeyi amaglamaktadir.

Cocugunuzun katihhmei olarak ne yapmasini istiyoruz? : Bu ama¢ dogrultusunda,
cocugunuzdan verilen kavram testi, ¢izim etkinligini ve yar1 yapilandirilmig goriisme
sorularini cevaplamasini isteyecegiz ve cevaplarint yazili ve sozli olarak toplayacagiz.
Goriisme esnasinda ses kaydi yapilacaktir. Sizden ¢ocugunuzun katilimc1 olmasiyla ilgili izin
istedigimiz gibi, ¢calismaya baslamadan ¢ocugunuzdan da sozlii olarak katilimiyla ilgili rizasi
mutlaka alinacaktir.

Cocugunuzdan alinan bilgiler ne amacla ve nasil kullamlacak?: Cocugunuzdan
alacagimiz cevaplar tamamen gizli tutulacak ve sadece aragtirmacilar tarafindan
degerlendirilecektir. Elde edilecek bilgiler sadece bilimsel amagla kullanilacak, ¢ocugunuzun
ya da sizin ismi ve kimlik bilgileriniz, hi¢bir sekilde kimseyle paylasilmayacaktir.

Cocugunuz ya da siz calismayr yarida kesmek isterseniz ne yapmalisimz?:
Katilim sirasinda sorulan sorulardan ya da herhangi bir uygulama ile ilgili bagka bir nedenden
otiirli cocugunuz kendisini rahatsiz hissettigini belirtirse, ya da kendi belirtmese de arastirmaci
cocugun rahatsiz oldugunu Ongdriirse, ¢aligmaya sorular tamamlanmadan ve derhal son
verilecektir.

Bu cahsmayla ilgili daha fazla bilgi almak isterseniz: Calismaya katiliminizin
sonrasinda, bu caligmayla ilgili sorulariniz yazili bigimde cevaplandirilacaktir. Caligma
hakkinda daha fazla bilgi almak i¢in icin Matematik ve Fen Bilimleri Egitimi Boliimii 6gretim
elemanlarindan Arastirma Gorevlisi Sinem DEMIRCI (E-posta: cosinem@metu.edu.tr) ile
iletisim kurabilirsiniz. Bu ¢aligmaya katiliminiz i¢in simdiden tesekkiir ederiz.

Yukaridaki bilgileri okudum ve cocugumun bu ¢alismada yer almasint onayliyorum
(Litfen alttaki iki secenekten birini isaretleyiniz.

Evet onayliyorum__ Hayir, onaylamiyorum___

Annenin adi-soyadi: Bugiiniin Tarihi:

Cocugun ad1 soyadi ve dogum tarihi:

(Formu doldurup imzaladiktan sonra arastirmaciya ulastiriniz).
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2017
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Publications

Bursary Winner
for ECER 2020
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Demirci, S. & Sahin, E. (2018). An analysis of Turkish middle school science
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2(1), 13-21.

Demirci, S. (2018). The context of sustainable development in Turkish elementary
science curriculum. International Journal of Quality in Education, 1(1), 54-61.

Demirci, S. & Teksoz, G. (2017). Self-Efficacy beliefs on integrating sustainability
into profession and daily life: in the words of university students. International
Electronic Journal of Environmental Education, 7(2), 116-133.

Demirci, S., Yilmaz, A., & Sahin, E. (2016). Lise ve tiniversite 6grencilerinin atomun
yapist ile ilgili zihinsel modellerine genel bir bakis. Turkiye Kimya Dernegi
Dergisi, Kisim C: Kimya Egitimi, 1(1), 87-106.

National and International Conference Presentations

Demirci, S., Sahin E. & Teksoz, G. Eight-Graders’ Understanding of Hidden Use of
Water and Their Action Strategies for Sustainable Use of Water. Paper will be
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presented at European Conference on Educational Research, Geneva,
Switzerland (2021, September)

Demirci, S., Sahin E. & Teksoz, G. Middle School Students’ Perceptions on the
Interactions among Water Cycle, Global Warming, and Climate Change. Paper
will be presented at European Conference on Educational Research, Geneva,
Switzerland (2021, September)

Demirci, S., Sahin E. & Teksoz, G. Redefining Urbanization: in the views of university
students. Paper presented online at 5" International Symposium on
Environment and Morals, Turkey (2020, September)

Demirci, S. & Teksoz, G. Pre-service Teachers’ Perceptions on the Interactions
between COVID-19 Pandemic and the Environment. Paper presented online at
5™ International Symposium on Environment and Morals, Turkey (2020,
September)

Demirci, S. & Teksoz, G. (2018). Pre-service Science Teachers’ Skills on
Problem/Issue Analysis in Environmental Education. Paper presented at ERPA
International Congresses on Education, Istanbul, Turkey (2018, June)

Demirci, S. Middle School Students’ Mental Models of the Water Cycle. Paper
presented at ERPA International Congresses on Education, Istanbul, Turkey
(2018, June)

Teksoz, G. & Demirci, S. About the Context of Climate Change Education for
Sustainability: In the Words of University Students. Paper presented at 12"
Biannual Conference of the European Science Research Association (ESERA),
Dublin, Republic of Ireland. (2017, August)

Demirci, S., Kaplan, G., Cengizoglu, S., & Sen, M. (2017). Pre-service teachers’
Understandings of sustainability based on ontological entities. Paper presented
at 26" International Conference on Educational Sciences, Antalya, Tiirkiye.
(2017 April).

Cengizoglu, S & Demirci, S. Tiirkiye'de Yasayan Cocuklar ve Cevre-Insan Iliskisi:
Bir I¢erik Analizi Calismasi. Paper presented at UFBMEK 2016, Trabzon,
Tiirkiye. (2016, September)

Demirci, S. & Cengizoglu, S. Tiirkiye’de Okul Oncesi Dénemde Fen Egitimi nde
Yapilan Calismalarin Bolgelere, Degiskenlere ve Orneklem Gruplarina Gére
Icerik Analizi. Poster presented at UFBMEK 2016, Trabzon, Tiirkiye. (2016,
September)
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Demirci, S. & Sahin E. An Analysis of Turkish Middle School Science Education
Program Placing Climate Change Issues in The Context of Education for
Sustainable Development. Paper presented at the 14" International
JTEFS/BBCC Conference Sustainable Development, Culture, Education:
Innovations and Challenges of Teacher Education for Sustainable
Development, Konya, Turkey. (2016, May)

Demirci, S. The Context of Sustainable Development in Turkish Elementary Science
Curriculum. Paper presented at the 14" International JTEFS/BBCC
Conference Sustainable Development, Culture, Education: Innovations and
Challenges of Teacher Education for Sustainable Development, Konya,
Turkey. (2016, May)

Demirci, S.& Sen, M. Pre-Service Science Teachers' Misconceptions About Density
and Buoyancy. Paper presented at the annual meeting of NARST International
Conference toward Equity and Justice: Many Different Voices, Cultures, and
Languages in Science Education Research for Quality Science Learning and
Teaching, Baltimore, Maryland, U.S.A. (2016, April)

Demirci, S., Sahin E. & Teksoz, G. Is the Carrying Capacity Exceeded? Preservice
Teachers’ Beliefs on Human Population Growth. Paper presented at the annual
meeting of North American Association in Environmental Education, San
Diego, California, U.S.A. (2015, October)

Demirci, S., Sahin, E. & Yilmaz. A. The Effects of History of Science on Students’
Mental Models Regarding Atomic Models. 11" biannual Conference of the
European Science Research Association (ESERA), Helsinki, Finland. (2015,
September)

Yilmaz, A., Sahin, E. & Demirci, S. Lise ve Universite Ogrencilerinin Atomun Yapist
ile Ilgili Zihinsel Modellerine Genel Bir Bakis. 4. Ulusal Kimya Egitimi
Kongresi, Balikesir, Turkey. (2015, September)

Demirci, S. & Sen, M. Fen Bilgisi Ogretmen Adaylarimin Yogunluk Konusunda
Kavram Yanilgilarimin Belirlenmesi. 2. Ulusal Fizik Egitimi Kongresi, Ankara,
Turkey. (2015, September)

Demirci, S., Sahin E. & Teks6z, G. An Exploration of University Students’ Beliefs on
the Sustainable Growth of Human Population. Paper presented at the 8" World
Environmental Education Congress (WEEC), Gothenburg, Sweden. (June,
2015)

Demirci, S. & Teksoz, G. ESD in Higher Education: University students’ perceptions
of sustainability and its relation to their self-efficacy beliefs to integrate
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sustainability into their profession and daily lives. Poster presented at the
Pathways to the Future: Education for Sustainable Development, Tallinn,
Estonia. (2015, April).

Sahin, E., Yilmaz. A & Demirci, S. A Review of Elementary Students’ Conceptual
Understandings of ‘Atom. Paper presented at the International Organization for
Science and Technology Education (IOSTE), Istanbul, Turkey. (2015, April)

Demirci, S. & Teksodz, G. Universite Ogrencilerinin Siirdiiriilebilir Kalkinma
Kavramint Gelecekteki Meslekleri Ve Giinliik Yasamlarina Birlestirmek
Konusundaki Oz-yeterlik Inanislari. Paper presented at the UFBMEK 2014,
Adana, Tiirkiye. (2014, September)

Demirci, S., Sahin E. & Teksoz, G. What does a Survey Study on Beliefs towards
Human Population Growth Imply for Teacher Education? Paper presented at
the EJER 2014 Congress, Istanbul, Tiirkiye. (2014, April)

Demirci, S., Sahin E. & Teksoz, G. Determining Pre-service Teachers’ Beliefs
towards Human Population Growth. Paper presented at the annual meeting of
North American Association in Environmental Education, Baltimore,
Maryland, U.S.A. (2013, October)

Cokoglu, S. & Sahin, E. Beliefs toward Population Growth in Turkey. Paper presented
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May).
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G. TURKISH SUMMARY / TURKCE OZET

1. Giris

Egitim alanindaki herhangi bir siiregte rol alan bireyler, egitimin asil amacinin ne
oldugunu siirekli sorgularlar. ilk bakista bu soru kulaga tuhaf gelmektedir, zira egitim
siireclerinde rol alan bireylerin buna bir cevap verebilecegi varsayilir. Ancak, soru ¢ok

basit, yalin ve anlasilir gériinmesine ragmen cevabi/cevaplari olduk¢a karmasiktir.

Egitimin amaci ile ilgili birgok dalda kapsayici cevaplar mevcut olsa da okuryazariik
(6r. Dillon, 2009; Orr, 1994) ve davranis degistirme (6r. Hungerford &Volk, 1990)
kavramlar1 en sik kullanilan terimler arasindadir. Egitimin her kademesinde mevcut
olan amaglardan bir tanesi okuryazarlik seviyesini yiikseltmektir (UNESCO, 2000;
UNESCO, 2006). Okuryazarlik en temel olarak, yazi dilinin iptidai seviyede
¢Oziimlenme ve algilanma becerisi olarak tanimlanmaktadir (Kaestle, 1985). Bagka bir
deyisle, yazili kelimelere bakarak sesli sdyleme ve anlama becerisidir. Ancak, zaman
ierisinde okuryazarlik tanimi evrimlesmekte ve farkli kollara ayrilmaktadir. Ornegin,
William ve Sniper (1990) okuryazarlik kavramini incelemis ve bu kavrami ii¢ ana
unsur ¢ercevesinde yeniden yorumlamistir. Bu unsurlar islevsel okuryazarlik, kiiltiirel
okuryazarlik ve elestirel okuryazarlik olarak siralanmistir. Bu sekilde yeniden
yorumlanan okuryazarlik kavramlari, egitimin amaclar1 arasinda tamamlayici rol

oynayarak alan yazini igerisinde yerini almistir (6r. DeBoer; 2000; Dillon, 2009).

Egitimin temel amacimi kesfetme cabalari, tarih igerisinde konu ile ilgili bilgi
birikiminin artmas1 ve okuryazarlik tanimlari ile ilgili tartigmalar okuryazarlik alan
yazininin gelismesinde ciddi katkilar saglamistir. Geleneksel olarak tanimlanmasinin
yani sira, okuryazarlik kavrami baska baglamlar igerisinde kullanilarak bir¢ok alanda
yeniden yorumlanmustir (Kaestle, 1985). Dolayisiyla, zaman igerisinde bilimsel

okuryazarlik (6r. Mun vd., 2015; Roberts, 2007b), ¢evre okuryazarligi (6r. Hollweg
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vd., 2011; Stables & Bishop, 2001), sirdiiriilebilirlik okuryazarligi (6r. Nolet, 2009;
Winter & Cotton, 2012) gibi baglamsal okuryazarlik tanimlari ortaya konmus ve teorik
cergeveleri olusturulmustur. Ek olarak, diger sosyal bilimler branslarinda oldugu gibi,
bu tanimlar tizerine bir goris birligine varilamamistir. Mevcut ¢alisma kapsaminda ise,

bir egitim arastirmacist goziinden sistem okuryazarligr kavrami ele alinmistir.

1.1. Sistem, Sistem Bilimleri, Sistemsel Diisiinme ve Sistem Okuryazarhgi

Kavramlarina Genel Bir Bakis

Sistem kavramiin ortaya ¢ikist 18. yiizylla dayanmaktadir (Reynolds, 2011).
Immanuel Kant, o yillarda sistem fikrini Saf Aklin Elestirisi adl1 kitabinda ilk olarak
tanitmistir.  Sistem bilimleri kavraminin temelleri ise 20. yiizyilin baslarinda
(Hammond, 2003), bilimin indirgemeci yaklasimlar1 sorgulanmaya basladiginda
atilmistir (Mobus ve Kalton, 2015). 1920’1i yillarda, von Bertalanffy genel sistemler
teorisi ger¢evesinde yasayan organizmalarin elemanlarinin, sadece mekanik
etkilesimleri ile agiklanamayacak yapilar oldugu fikri ile ortaya ¢ikmistir (Mobus ve
Kalton, 2015). Ozellikle ikinci Diinya Savasi sonrasinda, sistem teorisi evrimlesmeye
ve farkli disiplinlerin i¢ine (ekoloji, sosyal bilimler, isletme vb.) dahil edilmeye
baglanmistir. Eszamanli olarak da sistemsel diisiinme kavrami, sistem ve sistem
bilimleri ile gelismeye baslamistir. Sistemsel diisiinme kavrami, farkli disiplinlerdeki
bilim insanlarinin sistemlerin ¢alisma prensiplerini inceleme ihtiyacinin olugmasi ve
sistem kavrami ile yeni bir sdylem gelismesi iizerine sekillenen bir kavram olmustur

(Hieronymi, 2013).

Sistem bilimleri ve sistemsel diisiinme kavramlarinin giincel tanimlamalari, birgok
farkl1 akademik disiplinin Ozellikle son ylizyilda katki sagladigi ciktilar olarak
diistintilebilir (Mobus ve Kalton, 2015). Bu kapsamda, egitim alaninda yapilan
sistemsel diistinme calismalarinda bazi sistem bilimleri prensiplerine rastlamak
miimkiindiir (6r. Ben-Zvi Assaraf & Orion, 2005a; Feriver, Olgan & Teksoz, 2019;
Nolet, 2009). Sistem bilimcilerden farkli olarak egitim alaninda galisan aragtirmacilar

farkli diizeylerdeki bireylerin sistemleri nasil algiladiklarini; bu algilar tizerinden
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onlarin sistemlerle olan iligkilerinin nasil sekillendigini (Henning & Chen, 2012) ve
sistemsel diisiinme kavramini bu baglamda egitim alaninda nasil kullanilabilecegini

anlamaya ¢alismaktadirlar.

Sistemsel diisiinme kavrami, ayni zamanda fen egitiminde bilimsel okuryazarlik
baslig1 altinda bir eleman olarak (Mun vd., 2015) ve siirdiiriilebilir kalkinma i¢in
egitim kapsaminda bir yeterlik olarak (UNECE, 2011; Wiek vd., 2011) ve
stirdiiriilebilirlik okuryazarlik kavraminin bir elementi olarak ele alinmaktadir. Bunun
Otesinde, 21. ylizyildaki meselelerin nedenlerini ve sonuglarin1 anlamak ve gezegenin
strdiiriilebilirligini  saglamak i¢in sistemsel diislinme yaklasimina ihtiyag
duyulmaktadir (Richmond, 1993). Bu sebeple sistemsel diisiinme kavrami egitim
baglaminda 6nemli bir yere sahiptir. Ancak, sistemsel diisiinme kavraminin elemanlari
ve sistem bilimlerinin dogast incelendiginde, bu calismay1 yiiriiten arastirmaci
sistemsel diistinme kavramimin disiinme siirecinin ¢ok oOtesinde yer aldigini
savunmaktadir. Bu kavram, sistemler hakkinda diislinmenin yani sira birtakim
becerilere ve yeterlikler de igermektedir ve bu durum sistemsel diisiinmeyi “diistinme”
eyleminin Otesine tasimaktadir. Ayrica sistemsel diisiinme, inanislar, amaglar ve
degerler gibi goriinmez unsurlara sahip olan insan sistemleri ile kesigsmektedir
(Henning & Chen, 2012). Buna bagli olarak, sistemsel diisiinme kavramini sistem
okuryazarlig1 cergevesinde yeniden yorumlamak bize egitim baglaminda 21. yiizyil
meseleleri ile nasil basa ¢ikacagimiz konusunda yeni rotalar ¢izme imkéani saglama

potansiyeli bulunmaktadir.

Sistem bilimleri alan yazinindaki mevcut calismalarin biiylik bir kismi sistemsel
diistinme kavramini igerse de sistem okuryazarligi kavrami 2000’li yillarin bagindan
itibaren telaffuz edilmeye baglanmistir. Bu kavram ile ilgili ortaya atilan ilk diisiince
ise 90’1 yillarda Ingiltere’de ortaya ¢ikmistir (Reynolds, 2011). O yillarda sistem
okuryazarlig1 su sekilde ifade edilmistir: “Sistemsel diisiinme, modern diinyanin en
temel okuryazarliklarindan bir tanesidir.” (Reynolds, 2011, p.40). Wood (2011) ise
sistem okuryazarligin1 soyle tanimlamistir: “Sistem okuryazarligi, sosyal tarih ve

kiltiirel sdylem ¢alismlar1 ile ekosistem siirecglerini teknik olarak anlama becerisini
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birlestiren bir kavramdir” (s.4-5). Sweeney (2012) ise sistem okuryazarligi nosyonunu
egitim baglaminda inceleyen Onciilerden bir tanesidir. Sweeney sistem okuryazarligi
kavramini1 ‘karmasik iliskiler hakkindaki bilgi seviyesi’ olarak ifade etmistir. Sistem
okuryazarligir kapsaminda sistem okuryazari olarak tanimlanan bireyler bir olay veya
olgudaki ¢oklu nedenselliklerini gérme becerisine sahiptir. Ayrica sistem okuryazari
bireyler su, hava ve toprak gibi kamusal miilkiyetlerin 6nemini kavrama becerisine
sahiptirler. Sweeney’e gore bir¢cok cocuk sistem davraniglarini formal bir egitim
almadan gorme becerisine dogustan sahiptir. Dolayisiyla, c¢ocuklarin sistem
okuryazarligini gelistirmek adina giinliik hayat baglamini kullanmak oldukga basit bir

yontemdir.

Ozetle, sistem kavramimnin ortaya ¢ikisi beraberinde yeni alanlarin da ortaya ¢ikmasina
sebep olmustur (sistem teorileri, sistemsel diisiinme, sistem okuyazarligi vb.). Sistem
okuryazarligr kavramlar1 arasinda, sadece Wood’un calismasi (2011) kiiltiirel
elementleri icermektedir. Diger tanimlar ise genel olarak bireylerin biligsel
diizeylerine odaklanmaktadirlar. Halbuki, Stables ve Bishop’un da ifade ettigi gibi
(2001), okuryazarlik tanimlar1 isevuruk olarak yapilmakta ve bir¢ogu okuryazarlikla
ilgili 6nemli argiimanlar1 icermemektedir. Bu sebeple bu tanimlarin, okuryazarlik
teorik cercevesi felsefi agidan eksik yonleri bulunmaktadir. Bu eksiklikler de ilgili alan
yazininda gelismeyi ve ilerlemeyi sinirlandirmaktadir. O nedenle, mevcut ¢alismanin
arastirmacisi bu elestirileri dikkate alarak sistem okuryazarligi kavramina alternatif bir

model olusturmay1 hedeflemistir.
1.2.Globallesmenin Mihenk Taslari, Egitim ve Sistem Okuryazarhg:

Sistem okuryazarligina duyulan ihtiyaci anlamak igin, insanlik tarihinde o6zellikle
sanayi devrimi sonrasinda bilim ve teknoloji alanindaki mihenk taslarini incelemek
yararli olabilir. Bu mihenk taglar1 bir yandan politika, ekonomi ve sosyal hem olumlu
hem de olumsuz etkilere sebep olurken (Al-Rodhan & Stoudmann, 2006) diger taraftan
da fen egitimine (DeBoer, 2000) ve diger egitim alanlarmma yeni bakis agisi

kazandirmislardir (Merriman & Nicoletti, 2007; Orr, 2004). Ek olarak, mihenk
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taglarinin ¢evreye verdigi olumsuz etkiler de (Alagiri & Kumar, 2012; Al-Rodhan &
Stoudmann, 2006) egitim giindemini sekillendirmede énemli bir rol oynamstir (Orr,

2004; Tilbury, 1995; United Nations, 1992).

Giliniimiizde, 6grenciler indirgemeci yaklasimi destekleyen ve tekil disiplinlerde
uzmanlagmay1 destekleyen bir anlayisla yetistirilmektedir (Strachan, 2009). Halbuki
icinde yasadigimiz gezegen bir sistemdir ve bu sistemin devamlilifint siirdiiren
dongiilerle calismaktadir. Bu baglamda, fen egitimi ve okuryazarlik baglamlari bu
mekanizmalar1 kismen igerse de 21. yiizyilda yasadigimiz kiiresel problemlerin
etkisini hala tecriibe etmekte olmamiz aslinda sistemlerin ¢alisma prensiplerini etkili
bir sekilde egitim yoluyla aktaramadigimiz olasiligini 6niimiize ¢ikarmaktadir. Bu
sebeple, egitimin amaci ile ilgili yapilan tartismalar (DeBoer; 2000; Dewey, 1934;
Dillon, 2009; Hungerford &Volk, 1990), mihenk taglarinin g¢evreye, ekonomiye,
topluma ve gelismeye olan etkileri (Al-Rodhan & Stoudmann, 2006), baglam temelli
okuryazarlik tanimlar1 (McBeth et al., 2006; Mun et al., 2015; Parkin et al., 2004), 21.
ylizyilda kiiresel olarak karsilagilan problemler (Poulopoulos, 2016; Rieuwerts, 2015;
Wilson & Stevenson, 2016) ve sistem bilimleri ve sistemsel diisiinme bakis agilar
(Ben-Zvi Assaraf & Orion, 2005a; Mobus & Kalton, 2015) biitiinciil olarak ele
alindiginda, bireylerin i¢inde bulunduklar1 diinyay1 bir sistem olarak algilama ve 21.
ylizy1l kiiresel problemlerine uzun vadeli ¢6ziimler sunabilme becerilerine sahip

olmalar1 gerektigi sonucuna varilabilir.

Dogal kaynaklarin yok edilmesi, insan niifus artis1 ile birlikte artan kirlilik problemleri,
asir1 tiiketim davranis kaliplar1 ve temel ¢evre felaketleri, insanligi bu konular 6nlem
almaya tesvik etmis ve bunlarin sonucunda etkileri azaltmak ve uyum saglamak adina
birtakim girisimlerde bulunulmustur (Alagiri & Kumar, 2012). Bu girigsimle ayni
zamanda egitim ve baglam temelli okuryazarlik kavramlari iizerinde hem direkt hem
de dolayli yoldan birtakim etkiler birakmistir. Uzun vadeli sistemlerle ilgili aray1s hala
stirse de egitim sistemi bu etkileri dnlemek veya yavaslatmak yolunda kritik bir unsur
olarak goriilmektedir. Fakat mevcut egitim sistemi, sistemleri parcalarina ayirarak

analiz etmeye ve sistem mekanizmasini parcalar1 inceleyerek anlamaya calisan bir
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anlayis sistemine sahiptir (Orr, 2004). Ancak, Capra’nin da ifade ettigi gibi (Capra,
1996) biitiin pargalarin toplamindan daha fazlasidir ve sistemleri parcalarina ayirarak
anlamaya c¢alismak o sistemlerin bazi 6zelliklerinin anlagilmamasina sebebiyet verme
potansiyeline sahiptir. Dolayisiyla, egitimdeki indirgemeci yaklasimin hegemonyasi,

sistemleri anlama yolculugunda bizi sekteye ugratmaktadir.

Ison ve Shelley (2016) sistem okuryazarligi ve sistemsel diisiinme kavramlarinin
egitim giindeminde olmamasinin sistem okuryazari bireyler yetistirme konusunda
siirliliga yol actigina vurgu yapmaktadir. Bu sebeple, egitimciler ve sosyal bilimciler
olarak odak noktamizi pargalara ayrilmigs sistemlerden biitlinciil olarak
irdeleyecegimiz sistem anlayislarina ¢evirmemiz gerektigi aciktir. Bu noktada, alan
yazinindaki sistem okuryazarlik kavramlarini incelemek ve kavramsal bir model
olusturup alternatif bir sistem okuryazarligi tanimi yapmak bir baslangi¢c noktasi

olarak belirlenebilir.
1.3.Cahsmanin Amaclari, Arastirma Sorulari ve Onemi

Yukaridaki bilgiler ve tartismalar gz oOniinde bulundurularak mevcut ¢alismanin
amaglart (1) ‘sistem okuryazarlig1’ tanimina kavramsal bir model olusturmak; (2)
sistem okuryazarligi kavramina su sistemi baglaminda bir alternatif ¢erceve dnermek;
(3) su sistemi kapsaminda tanimlanan sistem okuryazarligi ile etkilesen olasi faktorleri
belirlemek ve (4) ortaokulu bitirmis 6grencilerin su sistemi kapsaminda sistem
okuryazarliklar1 ile 1ilgili hazirbulunusluk seviyelerini tespit etmek olarak

belirlenmistir. Bu kapsamda arastirma sorular1 asagidaki gibi belirlenmistir:

1) Sistem okuryazarligi nedir?
a. Sistem okuryazarliinin unsurlar1 nelerdir?
2) Ortaokul derecesini tamamlamig Ogrenciler igin sistem okuryazarligi

kavraminin su sistemi baglaminda alternatif ¢ergevesi nedir?
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a. Ortaokul derecesini tamamlamis Ogrenciler igin islevsel sistem
okuryazarligr kavraminin su sistemi baglaminda alternatif gercevesi
nedir?

b. Ortaokul derecesini tamamlamis Ogrenciler i¢in Kkiiltiirel sistem
okuryazarlig1r kavraminin su sistemi baglaminda alternatif gercevesi
nedir?

C. Ortaokul derecesini tamamlamis Ogrenciler igin elestirel sistem
okuryazarligi kavraminin su sistemi baglaminda alternatif ¢ergevesi
nedir?

d. Ortaokul derecesini tamamlamig 6grencilerin su sistemi baglamindaki
sistem okuryazarliklarinin unsurlar1 arasindaki etkilesim oOriintiileri
nelerdir?

3) Ortaokul derecesini tamamlamis dgrencilerin su sistemi baglamindaki sistem
okuryazarligi ile ilgili hazirbulunusluk seviyeleri nelerdir?

a. Ortaokul derecesini tamamlamis 6grencilerin su sistemi baglamindaki
islevsel sistem okuryazarligi ile ilgili hazirbulunusluk seviyeleri
nelerdir?

b. Ortaokul derecesini tamamlamis 6grencilerin su sistemi baglamindaki
kiiltiirel sistem okuryazarligi ile ilgili hazirbulunusluk seviyeleri
nelerdir?

€. Ortaokul derecesini tamamlamis 6grencilerin su sistemi baglamindaki
elestirel sistem okuryazarligi ile ilgili hazirbulunusluk seviyeleri
nelerdir?

d. Ogrencilerin alternatif kavramlari su sistemi baglamindaki sistem
okuryazarlik seviyeleri ile nasil etkilesmektedir?

4) Ortaokul derecesini tamamlamis 6grencilerin su sistemi baglamindaki sistem
okuryazarlig1 hazirbulunusluklari ile iligkisi bulunan olasi etkenler nelerdir?

a. Susistemi baglaminda ele alinan sistem okuryazarligi kavrami cinsiyet,
basar1 seviyesi, yasanilan yer, ebeveyn meslegi ve lise tiirleri

degiskenleri ile nasil bir degisim gdstermektedir?
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b. Ortaokul derecesini tamamlamis 6grencilerin su sistemi baglamindaki

sistem okuryazarliklarin etkileyen diger etkenler nelerdir?

Ilgili alan yazini ve arastirma sorular1 ¢ercevesinde mevcut ¢alismanin énemi birkag
noktada dzetlenebilir. Oncelikle yasadigimiz evren bir sistemdir ve bu sistemin i¢inde
cok fazla sayida sistem olarak da nitelendirebilecegimiz alt sistemler bulunmaktadir
(Mobus & Kalton, 2015). Ancak, fen egitiminin giincel durumu, bu sistemleri
parcalarina ayirarak pargalar1 inceleme seklinde egitim programlarina entegre etme
egilimindedir (Colucci-Gray, 2019; Orr, 2004). Bu bakis agis1 ile yetistirilen 6grenciler
indirgemeci bir yaklagimi benimseyerek sistemlerin igindeki veya arasindaki
etkilesimleri ve karmasik yapiy1 anlayacak beceriye sahip olamayabilir. Ote yandan,
sistem teorileri ve sistem bilimleri bilimin bir¢cok farkli dalina entegre edilerek ilgili
bilim dallarina oldukg¢a kullanishi ¢ikarimlar saglamaktadir. Bu noktada fen egitimini
sistem ve sistem bilimleri bakis agisi ile kalibre etmek, 21. yiizyilda tecriibe ettigimiz
kiiresel problemleri anlayan ve onlara ¢0ziim {iireten sistem okuryazari bireyler
yetistirme hususunda imkan taniyabilir. Ote yandan sistem okuryazarlig ile ilgili alan
yazininda sistem okuryazarligi caligmalarimi gelistirmek ve katki saglamak adina
bilimsel ¢aligmalar yiiriitme ¢agrist yapilmaktadir (6r. Dubberly, 2015; Tuddenham,
2017). Bu noktada, sistem okuryazarligi kavramini fen egitimi baglaminda yeniden
tanimlamak ve dgrencilerin mevcut hazirbulunusluk seviyelerini belirlemek egitim
alaninda katki saglama potansiyeline sahiptir. Dolayisiyla, mevcut ¢alisma
arastirmacilara, egitimcilere ve egitim politikacilarina mevcut fen egitimi giindemini

nasil revize edilecegi hususunda bir bakis a¢is1 kazandirabilir.

Fen egitiminin yani sira, sistem bilimleri yap1 ve igerik bakiminda siirdiiriilebilir
kalkinma i¢in egitim alani ile de uyumlu bir yapiya sahiptir. Mobus ve Kalton (2015)
bu durumu s6yle 6zetlemektedir: “Sistem bilimleri; geleneksel olarak ayri akademik
disiplinler olarak nitelendirilen doga bilimleri ve beseri bilimler arasindaki kesisimi
birlestirme potansiyeline sahiptir. Bu akademik disiplinler, 21. yiizyilin en temel
sorusu ve engeli olan siirdiiriilebilirlik anlayisinin ortaya cikmasi ile ivedilikle bir

araya gelmistir” (p.10). Bu sebeple, insanlhiin siirdiirtilebilirlik kavramini sistem
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prensipleri ¢ergevesinde anlayip yorumlayan ve 21. yiizy1l sorunlarina adaptasyon ve
¢ozlim stireclerini gelistiren bireylere ihtiyaci oldugu agiktir. Fen egitiminin yan1 sira,
stirdiiriilebilir kalkinma i¢in egitim de bireylerin bu yolda ihtiya¢ duyduklar bilgi,
beceri, tutum ve degerleri kazandirabilen bir yapiya sahiptir (UNESCO, 2015). Ek
olarak, siirdiiriilebilir kalkinma i¢in egitim ¢aligmalar1 dogas geregi siirdiiriilebilirlik
okuryazarlig1 (Nolet, 2009) ve sistemsel diisiinme (Sterling, 2003) baglamlarini igeren
bir yapiya sahiptir. Bu sebeple, mevcut calismanin amaci stirdiiriilebilir kalkinma i¢in
egitim caligmalarina da katki sunma potansiyeline sahiptir. Sistem okuryazarlig
kavramini siirdiirtilebilir kalkinma i¢in egitim baglamina entegre etmek siirdiiriilebilir

kalkinma nosyonuna baska bir bakis acis1 kazandirabilir.

Icinde yasadigimiz gezegendeki su sistemi, bu ¢aligmanin baglami olarak bircok
sebepten 6tiirii secilmistir. Oncelikle su kavrami fen bilgisi, sosyal bilgiler, yabanci dil
ve hatta matematik gibi farkli ortaokul derslerinin i¢inde yer almaktadir (MoNE,
2020). Ote yandan, revize edilmis fen egitimi miifredat: siirdiiriilebilir kalkinma igin
egitim nosyonunu hem direkt hem de dolayli yoldan su ile ilgili olan {initelerin i¢inde
yer vermektedir. Dolayisiyla, ortaokul derecesini bitirmis Tirk 6grencilerden fen
egitimi ve sirdirilebilir kalkinma icin egitim baglamlarinda su ile ilgili belirli
anlayislar1 gelistirmeleri beklenmektedir. Bu 6zellikler, su sistemini &grencilerin
sistem okuryazarliklarmi kesfetme hususunda uygun bir baglam yapmaktadir. Bir
diger husus ise su kavraminin iklim ve hava durumu Sadler, Nguyen, & Lankford,
2017), dogal dongiilerin arasindaki kompleks yap1 ve baglantilar (Brody, 1993), su
kullaniminin gevreye (Osterlind & Haldén, 2007), ekonomiye (Wood, 2014;
DeLorme, Hagen, & Stout, 2003) ve topluma (Wood, 2014)etkileri gibi iist diizey
kavramlara temel olusturmasidir. Fakat, farkli iilkelerde yiiriitiilen alan yazini
calismalar1 6grencilerin su ve su kavramu ile ilgili konularda iptidai bir anlayis
sergilediklerini gostermektedir (Ben-Zvi-Assaraf & Orion, 2005a; Covitt, Gunckel, &
Anderson, 2009). Dolayistyla, 6grencilerin su baglamindaki sistem okuryazarliklarini
kesfetmek onlarin su ile ilgili zihinsel modellerini nasil olugturduklarina ve bu zihinsel

modellerin nasil etkilestigine dair bilgi saglayarak alan yazinina katkida bulunabilir.
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UNESCO’nun raporuna gore (2015), ¢ogu iilkede su egitimi ile ilgili durumun yetersiz
oldugunu ortaya koymaktadir. UNESCO bu durumun sebebinin 6grencilerin basari
seviyelerine odaklanilmasi oldugunu savunmaktadir. Schaap ve van Steenbergen’in de
iddia ettigi gibi (2001), su ile ilgili meselelerde bilgi seviyesi disinda tutum, beceri ve
davraniglarin da hesaba katilmasi ve incelenmesi gerekmektedir. Bu sayede 6grenciler
hem yerel hem de kiiresel 6lgekteki su krizlerini anlama ve teorik bilgilerini giinliik
hayatlarina transfer etme hususunda kendilerini gelistirme imkani bulabilirler. Bu
noktada, ortaokul 6grencilerinin hazirbulunusluklarini belirlemek i¢in su sistemini
segcmek yukarida bahsedilen yapilarla ilgili ¢alismalara da katki saglayabilir ¢linkii
ogrencilerin halihazirda su, su dongiisii, kiiresel ve yerel 6l¢ekte insan su kullaniminin
etkileri, su tliketimi ile ilgili tutum ve davranig kaliplar ile ilgili kavrayislara sahip
olduklari diistiniilmektedir. Ogrencilerin su sistemi baglamindaki
hazirbulunugluklarini belirlemek, tilkelerin su egitimi ile ilgili programlarini gézden
gecirme noktasinda yolu acabilir. Bu sayede, bilgi seviyesine ek olarak hangi yapilari

entegre etmemiz gerektigi konusunda da bizlere yol gdsterebilir.

Sistem okuryazarligi ile etkilesime giren olasi faktorleri belirlemek, sistem
okuryazarligt kavramini anlamak ve derinlestirmek konusundaki anlayisi
yukseltebilir. Su ile ilgili yapilan gecmis calismalarda bazi faktorler arastirmacilar
tarafindan raporlanmistir. Bu faktorlerden bazilari biligsel farkliliklar (Ben-Zvi-
Assaraf & Orion, 2005a), kitle iletisim araglari (Wood, 2014), aile (Aarg et al., 2009)
ve giinliik yasam tecriibeleri (Havu-Nuutinen, Kérkkdinen & Keinonen, 2018) olarak
belirlenmistir. Listelenen bu faktdrleri mevcut calismanin kapsamina almak ve sistem
okuryazarligi kapsaminda yeniden incelemek su sistemi baglamindaki sistem

okuryazarlig1 yapis1 hakkinda fikir edinmemizi saglayabilir.

Calismanin hedefi ortaokulu bitirmis 6grencilerin sistem okuryazarligi iizerine oldugu
i¢in katilimci olarak 9. smiflar olarak belirlenmistir. Bu sinif seviyesinin secilmesinin
sebebi su kavraminin ortaokul fen egitimi programinda 8. sinif ikinci déneminin
sonuna kadar devam ediyor olmasidir. 9. sinifin ilk doneminde ise 6grenciler ortaokul

egitim programini tamamladiklar1 i¢in verdikleri bilgiler ortaokul egitim
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programindaki su kavramin ele alis bigiminin sistem okuryazarligini nasil
sekillendirdigi konusunda yol gdsterici olacaktir. Ote yandan, su sistemi, su dongiisii
konusu diginda, farkli derslerde birbirinden ayrik olarak islenmektedir. Bu indirgemeci
yaklasimin sistem okuryazarligi iizerindeki etkisini gérmemize olanak saglayacaktir.
Uzun vadede, bu c¢alismanin arastirmacilara ve program gelistirmecilere ortaokul
Ogrencilerinin sistem okuryazarlig ile ilgili hazirbulunusluklar1 konusunda 6nemli

ipuclar1 saglama potansiyeline sahiptir.
2. Yontem

Bu baglamda hem kavramsal hem de deneysel arastirma basamaklarini igeren bir
arastirma dongilisii tasarlanmigtir. Kavramsal arastirma ¢ercevesinde, ‘felsefi
kavramsallastirma’ ve ‘kavramsal sistemler’ metodolojileri kullanilmistir. Olusturan
kavramsal model ve teorik ¢ergeveleri test etmek ve detayli bilgi elde etmek adina nitel
bir arastirma yontemi olan ¢oklu durum c¢alismasi segilmistir. Arastirmaya dokuzuncu
smif seviyesinde dort lise 6grencisi katilmistir. Calismanin verileri dort asamali
kavram testi, iki adet ¢izim etkinligi ve yar1 yapilandirilmis goriisme sorular ile

toplanmustir.

Meredith’e gore (1993), arastirma yapma dongiisii tanimlayici modellerin teori olarak
adlandirilana kadar dogrulanmasi, gozden gecirilmesi veya yanlislanmasi gereken
kavramsal ¢ercevelere doniistiigli, siirekli olarak tekerriir eden bir olgudur. Bu
dongiide, kavramsal arastirma metodu tanimlama ve agiklamalara dayali olan bir
yontem olarak arastirma dongiisii icerisinde yerini almaktadir. Bu kismin arastirma
dongiisiine dahil edilmemesi ¢alismalarin digsal gecerliliklerini azaltan bir durum

olarak nitelendirilmektedir.

Mevcut calismada, felsefi kavramsallastirma metodolojisi sistem okuryazarligi
kavramma (1) baglam temelli okuryazarliklar1 karsilastirarak; (2) ilave kavramlar,

yapilar ve iliskiler ekleyerek mevcut sistem okuryazarligi tanimlarina alternatif bir
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cergeve sunmak amaciyla kullanilmistir. Bu adimlar takip ederek aragtirmaci, sistem

okuryazarlig1 i¢in bir kavramsal model olusturmustur.

Kavramsal modeller farkli iliskileri iceren kavramlar ve yapilardan olusuyorsa,
kavramsal g¢erceve olarak isimlendirilirler (Meredith, 1993). Kavramsal ¢ergeveler,
teorilere temel olusturma potansiyeline sahip Onteoriler olarak anilmaktadirlar. Bu
cergeveler, arastirmacilara yapilar arasindaki iligkileri kavrama ve kurulan hipotezleri
test etme adina 6nemli bilgiler saglamaktadirlar. Mevcut ¢alismadaki kavramsal
modelin aciklama kapasitesini arttirmak adina bir kavramsal ¢ergeve metodolojisi olan
kavramsal sistemler yontemi de ¢alismaya dahil edilmistir. Olusturulan kavramsal

cergeve bulgular boliimiinde verilecektir.

Olusturulan bu model ve gerceveleri test etmek ve gecerli teoriler olusturmak icin
arastirma dongiisiinde deneysel arastirma kismina ihtiya¢ vardir (Meredith, 1993). Bu
argiimandan yola ¢ikarak mevcut ¢calisma deneysel bir arastirma yontemi olan nitel
arastirma desenini ¢alismaya dahil etmistir. Deneysel bulgulara dayanarak, su sistemi
baglamindaki sistem okuryazarligi i¢in olusturulan alternatif ¢erceve arastirma

dongiisii kapsaminda yeniden yorumlanmustir.
2.1.Cahismanin Orneklemi

Merriam (2009), amaclh 6rnekleme yonteminin nitel ¢aligmalarda genel olarak yer
verildigini rapor etmistir. Patton (2015) tarafindan da ifade edildigi iizere, kiigiik
orneklemlerde genelleme miimkiin olmasa da amagli 6rneklem yontemi ile olusturulan
orneklemlerden elde edilen bilgiler gelecekteki calismalara ¢cok detayli bilgi sunmasi
sebebiyle bir bakis acis1 kazandirma potansiyeline sahiptir. Bu tip katilimcilar bilgi
bakimindan zengin olan katilimcilar olarak adlandirilmaktadir (Merriam & Tisdell,
2016; Patton, 2015). Mevcut ¢alismanin baglaminda, nitel amagh 6rnekleme yontemi
yukarida belirtilen sebepler nedeniyle kullanilmistir. Calismanin baglami kapsaminda
secilen katilimcilardan sistem okuryazarlig ile ilgili detayl bilgi elde etmek ve olasi

bilesenlerini belirlemek amaclanmistir. Bu sebeple, katilimcilart segmeden 6nce
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almacak bilgileri maksimize etmek ic¢in birtakim se¢me kriterleri arastirmaci
tarafindan listelenmistir. Bu kriterler (1) 9. Simif 6grencisi olma; (2) farkli lise
tiirlerinde Ogrenim gorme ve (3) lise Oncesi yasadiklari yerin herhangi bir su

kaynaginin yakininda/uzaginda yer alma olarak belirlenmistir.

Calismanin amacinda ortaokulu bitirmis 6grencilerin sistem okuryazarliklari oldugu
icin, katilmecilarin 9. smifin ilk doneminde olmasma dikkat edilmistir. Bu simif
seviyesinin secilmesinin sebepleri pilot ¢alismada ifade edilmistir. Okul se¢imi
hususunda hem 6zel hem de devlet lisesi 6grencilerini dahil edilirken ayn1 zamanda
fen lisesi, sosyal bilimler lisesi gibi farkli okul tiirlerinin de olmasina dikkat edilerek
katilimcilar arasindaki degiskenligin farkli olmasina dikkat edilmistir. Uciincii kriter
olan lise 6ncesi ikamet edilen yer 6grencilerin su kaynaklari ile giinliik hayatlarindaki
etkilesimin su sistemi baglamindaki sistem okuryazarliklarini nasil sekillendirdigi ile
ilgili bilgi toplama amacglanmistir. Bu kritere paralel olarak degisik yerlerde yasayan
ogrenciler (deniz kiy1si, nehir kenari, su kenarinda olmayan i¢ kesimler vb.) ¢calismaya
dahil edilmistir. Kisaca, ti¢ farkli se¢im kriteri veri toplama 6ncesinde belirlenmistir.
Sonug olarak, dort farkli katilimei ¢alismanin 6rneklemini olusturmustur. Katilimcilar

ile lgili genel bilgiler Tablo 1’de 6zetlenmistir.
2.2.Veri Toplama Araglar

Calisma kapsaminda bes adet Olglim araci arastirmaci tarafindan gelistirilmistir.
Gelistirilen 6l¢iim araglart hem uzman goriisiine sunulmus hem de pilot ¢alismada test
edilmistir. Ol¢iim araglarindan ilki 4 asamali kavram testidir. Kavram testi ile
katilmecilarin islevsel sistem okuryazarliklarinin 6lciilmesi hedeflenmistir. Ote
yandan, iki adet ¢izim etkinligi olusturulmustur. Bunlardan ilki ile islevsel sistem
okuryazarlik seviyeleri Olciiliirken ikinci ¢izme etkinligi ile kiiltlirel okuryazarliklar
hakkinda gostergeler elde edilmesi planlanmistir. Yar1 yapilandirilmig goriismeler de
dort asamada gergeklestirilmis olup sistem okuryazarligimin i¢ elementi de

irdelenmistir. Ger¢ek bir hikayeye dayanan hikaye etkinligi ile de elestirel sistem
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okuryazarlik hakkinda veri toplama amaclanmigstir. Tablo 2°de 6l¢lim araglart ve

sistem okuryazarlik bilesenleri listelenmektedir.

Tablo 1.

Katilimcilar ile ilgili Genel Bilgiler

Katihmci
ve Persentil Okul Evin Ebeveyn Miifredat
Dogum Tiirii Konumu  Meslekleri Dis1
Tarihi Etkinliklere
Katilim
Eren Baba: Doktor -Sistem
(2005) 1. Fen Su Anne: Mihendis  Bilimleri
Lisesi kiyisinda Semineri
olmayan - SK
bir kent Amaglari
Semineri
- Fizik
Projesi
- Bilim
Olimpiyatlari
Cansu Baba: Isci -Kizilirmak
(2003) 18. Sosyal Nehir Anne: Asct Cop
Bilimler  kiyisinda Toplama
Lisesi bir gol Etkinligi
- Su Ayakizi
Semineri
Ahmet Baba: - Su Ayakizi
(2005) 6. Ozel Deniz Akademisyen ileilgili
Okul kenarinda  Anne: Avukat Videolar
bir sehir
Deniz Baba: Bankact -Okul
(2005) 15. Ozel Su Anne: Cevre Sonrasi
Okul kiyisinda  Egitimcisi Basarili
olmayan Ogrenciler
bir kent icin Agilan
Ek Derslere
Katilim
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Tablo 2

Veri Toplama Araclart ve Ilgili Sistem Okuryazarlik Kategorileri

Veri Toplama Sistem Sistem Okuryazarhgi Kategorileri
Araci Okuryazarhg
Elementi
Kavram Testi Islevsel Sistem  Suyun Genel Ozellikleri
Okuryazarlig1

1. Cizim Etkinligi

2. Cizim Etkinligi

Gergek bir
Hikayeye Dayanan
Okuma Etkinligi

Yari yapilandirilmis
goriigmeler

Islevsel Sistem
Okuryazarligi

Kiiltiirel Sistem
Okuryazarligi

Elestirel Sistem
Okuryazarlig

Islevsel Sistem
Okuryazarlig

Kiiltiirel Sistem
Okuryazarlig

Elestirel Sistem
Okuryazarligi

Su Dongiisiiniin Gii¢ Kaynaklari
Gezegendeki Sistemler Arasindaki Iliskiler

Suyun Genel Ozellikleri

Su Déngiisiiniin Gii¢ Kaynaklari
Su Déngiisiiniin Elementleri ve Stiregleri
Gezegendeki Sistemler Arasindaki Iliskiler

Yerel Su Sisteminin Bilesenleri
Yerel Su Sisteminin Etkilesimleri

Su Sisteminin Dinamik Dogas1
Nedensel Dinamikler ve Geri Besleme Dongiileri
Su Sisteminin Karmagik Yapisi

Suyun Genel Ozellikleri

Su Dongiistiniin Gii¢ Kaynaklari

Su Dongiisiiniin Elementleri ve Siiregleri
Gezegendeki Sistemler Arasindaki Iliskiler

Yerel Su Sisteminin Bilesenleri
Ulusal Su Kaynaklar1
Yerel Su Sisteminin Etkilesimleri

Su Sisteminin Dinamik Dogas1

Nedensel Dinamikler ve Geri Besleme Dongiileri
Su Sisteminin Evrimsel Durumu

Su Sisteminin Karmagik Yapisi

Su Kullanimu ile ilgili inanislar

Verimli Su Kullanimma Yénelik Ozyeterlik Inaniglari
Endise Gerekgeleri

Verimli Su Kullanimu ile ilgili Eylem Planlar
Duygusal Tepkiler

Stirdiirilebilir Su Kullanimu ile ilgili Motivasyon
Yonelimleri
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2.3.Veri Toplama Siireci

Veri toplama siireci 2019-2020 akademik yilinin giiz déneminde gergeklesmistir.
Universitenin etik kurulundan gerekli izinler alindiktan sonra ayrica Milli egitim
Bakanligi’ndan etik izni alinmistir. Daha sonra, katilimcilari belirlemek i¢in okullarla
ve ailelerle goriisiilmiistiir. Devlet okulundan secilen katilimcilarin belirlenmesinde
okul yonetimi de rehberlik etmistir. Okul yonetimine se¢cme kriterleri belirtilerek
uygun dgrenci se¢imi konusunda &neride bulunmalar istenmistir. Ote yandan, 6zel
okulda 6grenim goren katilimcilar arastirmacinin iletisim agindan belirlenmistir.
Se¢me kriterleri baz almarak katilimci segildigi icin amagli 6rneklem yoOntemi
kullanilmistir.  Biitiin - katilimeilar ve ebeveynleri calismanin amaci ile ilgili

bilgilendirilmis ve bunun sonucunda ¢alismaya goniillii olanlardan veri toplanmastir.

Her bir katilimct ile iki oturum yapilarak veri toplanmistir. Biitiin gériismeler yiiz ylize
arastirmact tarafindan yapilmistir ve arastirmaci goriismeleri tek basina
gergeklestirmistir. Tk oturumda, biitiin katilimeilar ilk olarak su dongiisii ¢izdikleri 1.
cizim etkinligini tamamlamiglardir. Daha sonrasinda arastirmaci, katilimcilardan
cizdikleri sekli agiklamalarini istemistir. Ag¢iklamalar esnasinda ilgili noktalarda ek
sorular sorulmustur. Bu etkinlik tamamlandiktan sonra kavram testine gecilmistir. Ilk
oturumun siralamasi biitiin katilimcilarda, kavram testinin ¢izim etkinligine etki
etmemesi adina ayni sekilde izlenmistir. Kavram testinin ardindan, katilimcilarin yerel
sus sistemi ile ilgili olan 2. ¢izim etkinligi yapilarak ilk oturum sonlanmustir. 1. ¢izim
etkinliginin aksine, 2. ¢izim etkinligi bazi1 noktalarda soru-cevap seklinde ilerlemis ve
katilimcilar oturum boyunca ¢izimleri ile ilgili giincelleme yapabilme erisimine sahip

olmuslardir. Ik oturum ortalama 50 dakika siirmiistiir.

Ikinci oturumdan dnce, arastirmaci kavram testi cevaplarini ve ¢izimleri inceleyerek
anlagilmayan kisimlar i¢in ek sorular hazirlamistir. Ayrica, goriisme kayitlarini yazili
olarak transkript ederek ikinci oturuma hazirlanmistir. ikinci oturumda, katilimcilarin
zihinsel semalarin1 ortaya koymak ve katilimcilarin su tliketim davraniglarim
belirlemek i¢in yar1 yapilandirilmig goriisme yapmistir. Goriismelerin iigiincii fazi

tamamlandiktan sonra gercek bir hikdyeye dayanan okuma etkinligi yapilmistir.
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Ogrenciler hikdyeyi okuduktan sonra hikayedeki olay orgiisii {izerin yari
yapilandirilmis  goriismelerin  dordiincii asamas1 gerceklesmistir. Ikinci oturum

ortalama 45 dakika stirmiistiir.

Veri toplama esnasinda 6grencilerden demografik bilgiler de toplanmistir. Her iki
oturum da ayni kosullar altinda gerceklestirilmis olup Oncesinde cevresel sartlarin
uygunlugu (1s1k, havalandirma, sicaklik vb.) kontrol edilmistir. Tiim veri toplama

stireci katilimcilarin bilgisi dahilinde sesli olarak kayit altina alinmistir.

2.4.Veri Analizi

Arastirma dongiisii icerisinde hem kavramsal arastirma hem de deneysel arastirmanin
verileri analiz edilmistir. Bu boliimde, her iki kisimda da veri analizinde izlenen

yontemler 6zetlenmistir.
2.4.1. Kavramsal Arastirma Veri Analizi

Icerik analizi yazili belgelerin analiz edilmesi olarak basitce tanimlanabilir (Patton,
2002). Bu ¢alismada, igerik analizi Onceki baglam temelli ¢aligsmalarin Snemli
noktalarini 6zetlemen adina kullanilmstir. Icinde sistem kavramini barindiran bilimsel
okuryazarlik, g¢evresel okuryazarlik, siirdiiriilebilirlik  okuryazarligi, sistem
okuryazarlig1 ve sistemsel diislinme ¢alismalar1 analiz etme siirecine dahil edilmistir.
Bu kapsamda, ortak 6zellikler ve farkliliklar listelenmis, olas1 kavram veya yapilarin
eklenip eklenmemesi hususunda gerekli ¢ikarimlar alan yazinina dayanarak elestirel
olarak yapilmistir. Bu calismalarin 6zeti ve olasi eklemeler tezin ikinci boliimiinde
ayrmtili olarak ele alinmistir. Ote yandan, onerilen kavramsal gergeve bulgular

kisminda belirtilmistir.
2.4.2. Deneysel Arastirma Veri Analizi

4 asamal1 kavram testi, ¢cizim etkinlikleri ve yar1 yapilandirilmig goriisme sorular1 bu
calisma baglaminda cok veri kaynagi olarak nitelendirilmistir. Kavram testinin

cevaplari, (1) dogru cevap; (2) yanlis sebepli dogru cevap; (3) dogru sebepli yanhs

444



cevap; (4) alternatif kavram ve (5) bilmiyor seklinde kodlanmistir. Bu kombinasyonlar
ve cevap anahtar1 Appendix A’da verilmistir. Diger taraftan, nitel veriler arastirma
siiresi boyunca tekrar ederek analiz edilmistir. Ornegin, ilk oturum yapilirken ilgili
yerlere notlar alinmis, ikinci oturumu gerceklestirmeden 6nce ilk oturumun transkripti
yapilmisg, kavram testi okunmus ve anlagilmayan noktalar i¢in yeni goriigme sorulari
eklenmistir. Transkriptler ve notlar alinirken, iptidai analizler yapilmustir. Ikinci
oturum sonrasi transkriptler tamamlanmis, verilerin tamaminin bir kopyas: yazil
olarak ¢ikt1 alinmis diger kopyasi bulut programlarindan birine yiiklenmistir. Biitiin bu

stire¢ her katilimet i¢in tekrarlanmaistir.

Ozetle, birden fazla analiz yontemi mevcut calisma igin kullanilmistir. Veri analiz

cesitleri ve amaclar1 asagidaki figiirde 6zetlenmistir.

Figiir 1.

Calismada Kullanilan Veri Analizi Cesitleri

[« Vakalar ile ilgili
detayl1 bilgi almak

* Vakalar arasindaki
degiskenlikleri
kesfetme

Obekler
Arasi
Analiz

\ Obek I¢i
Analiz

iceri Birer Birer
SIS Sayim
r Analizi Sl o w
+Oceki caligmalardaki *sistem okuryazarlig1
sonuglar1 bulgulari kategorileri arasindaki
listelemek coklu iligkileri gbsteren
« Kodlama rehberi bir etkilesim haritasi
\_olusturmak ¢ikarmak y,
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2.5.Calismanin Gecerligi ve Giivenilirligi

Mevcut c¢alismanin gegerligi ve giivenilirligini saglamak adina inandiricilik,
aktarilabilirlik ve tutarlilik Olgiitleri ile ilgili gostergeler toplanmistir. Calismanin
inandiriciligr ile ilgili uzun siireli etkilesim, veri ¢esitlemesi, uzman incelemesi ve
arastirmacimin diisiinlimselligi yontemleri kullanilarak birtakim gostergeler elde
edilmistir. Calismanin aktarilabilirligini saglamak adina ayrintili betimleme ve amagh
ornekleme yontemleri uygulanmistir. Calismanin tutarligimi saglamak adina tutarlilik

incelemesi hem arastirmacinin i¢ tutarliligi hem de uzman incelemesi uygulanmstir.
3. Bulgular

Kavramsal arastirmanin sonuglarina dayanarak sistem okuryazarligi kavrami tanimi
yapilmistir. Ardindan su sistemi baglaminda sistem okuryazarligi kavramu ile ilgili bir

teorik ¢ergeve sunulmustur.
3.1. Sistem Okuryazarhgi Nedir?
Sistem okuryazarlig1 tanimi aragtirmaci tarafindan su sekilde tanimlanmistir:

Sistem okuryazarlig1 etkilesimde bulundugumuz sistemleri ve o sistemleri etkileyen
eylemlerimizi algilama bigimi ile ilgilidir. Bu algi sadece genel sistem prensipleri ile
ilgili bilgi diizeyini kapsamaz, aym1 zamanda kiiltiirel etmenleri ve sistem
davraniglarini anlamaya ve sistem okuryazar1 olmaya iliskin diger yapilar da igerir.
Tipik bir sistem okuryazari bireyden, yeterli diizeyde islevsel ve kiiltiirel sistem
okuryazarligina dayanan bir elestirel sistem okuryazarligi seviyesine sahip olmasi
beklenir. Bunun da 6tesinde, sistem okuryazari bireyler, insanlarin birer sistem olarak
hem sistem mekanizmalarini hem de bireysel ve kolektif davranislari etkileme
konusunda potansiyele sahip olduklarinin bilincine varmis bireylerdir.

Stables’in (1998) teorik ¢ercevesiyle uyumlu olarak, sistem okuryazarligi kavrami islevsel
sistem okuryazarligi, kiiltiirel sistem okuryazarligi ve elestirel sistem okuryazarligi olarak ii¢
bilesen altinda tanmimlanmis ve detaylandirilmstir. ileriki kisimlarda bu bilesenlerin tanimlari

verilmektedir.

3.1.1. Islevsel Sistem Okuryazarhg
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Yukaridaki tanima paralel olarak, arastirmaci islevsel sistem okuryazarligi tanimini su
sekilde yapmustir: islevsel sistem okuryazarliina sahip bireylerden sadece bir sistemi
direkt ya da dolayli yoldan tanimlamasi degil, ayn1 zamanda i¢inde yasadig1 ve bir
parcasi oldugu sistemi ya da sistemleri tanilamas1 beklenmektedir. Bu bireyler ayni
zamanda sistemlerin diger kiiglik alt sistemlerden olustugu ¢ikarimini yapma ve bu
sistemler tarafindan organize edilen ve calistirilan bilesenleri, siirecleri ve iliskilerini
aciklama becerisine sahip olmalidir. Ek olarak, islevsel sistem okuryazari olan bireyler
sistem i¢indeki iligkiler agini ¢izerek gosterebilmeli veya bununla ilgili bir gorseli
yorumlayarak iliskileri aciklayabilmelidir. Ayn1 zamanda, sistemlerin siirekli bir
evrim gegirme halinde bulundugu bilgiyi isleme, alma ve gonderme 6zelliklerine sahip
olduklarin1 ifade etmelidirler. Biitiin bunlar1 yaparken, bireylerden sistemin
devamliligi veya sistem evrim siiregleri i¢in herhangi bir ¢ikarim yapmalari

beklenmemektedir.
3.1.2. Kiiltiirel Sistem Okuryazarligi

Mevcut caligma kapsaminda, arastirmaci kiiltiirel sistem okuryazarligini soyle
tanimlamustir: kiiltlirel sistem okuryazarligina sahip bireylerden i¢inde yasadiklari
yerel sadece bir sistemi direkt ya da dolayli yoldan tanimlamasi degil, ayn1 zamanda
icinde o sistemi ya da sistemleri tanilamas1 beklenmektedir. Bu bireyler ayn1 zamanda
yerel baglamdaki sistemlerin diger kiiciik alt sistemlerden olustugu ¢ikarimini yapma
ve bu sistemler tarafindan organize edilen ve calistirilan bilesenleri, siirecleri ve
iliskilerini agiklama becerisine sahip olmalidir. Ek olarak, kiiltiirel sistem okuryazari
olan bireyler sistem i¢indeki iliskiler agim ¢izerek gosterebilmeli veya bununla ilgili
bir gorseli yorumlayarak iligkileri aciklayabilmelidir. Biitiin bunlar1 yaparken,
bireylerden yerel sistemin devamliligi veya sistem evrim siiregleri ile ilgili herhangi

bir ¢gikarim yapmalar1 beklenmemektedir.
3.1.3.  Elestirel Sistem Okuryazarhgi

Stables (1998), elestirel sistem okuryazarliginin hem islevsel hem de kiiltiirel sistem

okuryazarligr dayanarak olustugunu savunmaktadir. Benzer sekilde, arastirmaci
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elestire sistem okuryazarligin1 Stables’in argiimanina dayanarak kurgulamistir.
Mevcut ¢alisma kapsaminda, bireylerin elestirel sistem okuryazarligina sahip olmasi
icin hem islevsel hem de kiiltiirel sistem okuryazarliklar1 seviyelerinin yeterli diizeyde
olmast gerekmektedir. Bu oOnkosulun disinda, yeterli diizeyde elestirel sistem
okuryazari olan bireylerin (1) sistem dinamiklerini ¢oklu zaman diizeyinde algilamasi;
(2) farklt zaman o6lgeklerinin sistem dinamiklerine olan olasi etkilerinin farkinda
olmast; (3) farkl tiir ve seviyelerdeki karmasiklik diizeylerinin sistemlerde aksamalara
ve hatalara sebep olacagini agiklamasi; (4) sistemlerdeki evrim mekanizmalariin ileri,
geri veya sabit olarak ¢alistigini aciklamasi; (5) geri besleme dongiilerini agiklamasi
veya c¢izmesi; (6) sistemlerin diger sistemlere ait modelleri igerdigi ¢ikarimini
yapmast; (7) herhangi bir karmasik uyarlanabilir sistemin kendi modelini igerme
potansiyelini kavramasi ve farkli zihinsel modellerin insan-doga iligkisine miidahale
edebilecegini tahmin etmesi ve (8) sistemlerin anlasilabilir ve gelistirilebilir yapilar
oldugunu kavramasi beklenmektedir. Bunlarin 6tesinde, insan sisteminin gériinmeyen
bilesenlerinin bireylerin sistem okuryazarliklarina potansiyel etkilerinin oldugu bazi
ozellikler bulunmaktadir. Bunun sonucunda, inanig, eylem stratejileri, 6z-yeterlik
inaniglari, endise gerekgeleri, duygusal tepkileri ve motivasyon yonelimleri de olasi
yapilar olarak elestirel sistem okuryazarlig1 baslig1 altinda yer almaktadir. Yukarida
bahsedilen sistem okuryazarligi ile ilgili kavramsal model Figiir 2’de

gorsellestirilmistir.

3.2.0rtaokul Derecesini Tamamlamis Ogrenciler icin Su Sistemi Baglaminda

Sistem Okuryazarhk Alternatif Cercevesi Nedir?

Mevcut caligmanin ikinci aragtirma sorusu kapsaminda ortaokul derecesini
tamamlamig 6grenciler igin su sistemi baglamindaki sistem okuryazarlik kavram ile
ilgili bir tanim daha yapilmis ve alternatif ¢cer¢eve sunulmustur. Sistem okuryazarligi
ve u¢ bileseni ile ilgili bir 6nceki bolimdeki tanimlara uygun olarak su sistemi
baglaminda tanimlar yapilmistir. Ayrica sistem genel prensipleri ile ilgili ilgili

aciklamalar su sistemi i¢in de yapilmistir. Figilir 3 bu tanimlamalar1 6zetlemektedir.
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Mobus ve Kalton (2015) tarafindan 12 adet genel prensip tanimlanmistir. Bu prensipler

sOyledir:

9.

10.

11.
12.

Prensip: Sistemsellik

Prensip: Sistemler Yapisal ve Islevsel Hiyerarsilerle Organize Olmus
Stireglerdir

Prensip: Sistemler Bilesenleri Arasindaki iliskiler Agindan Olusmaktadir ve
Iliski Ag1 Soyut Olarak Gosterilebilir

Prensip: Sistemler Coklu Zaman ve Mekan Olgeklerinde Dinamik Bir Yapiya
Sahiptir

Prensip: Sistemler Farkli Tiir ve Seviyelerde Karmagik Bir Yapi
Sergileyebilirler

Prensip: Sistemler Evrimlesir

Prensip: Sistemler Bilgiyi Sifreler, Alir ve Gonderir

Prensip: Sistemlerin Duraganliga Ulagmasi i¢in Diizenleme Mekanizmalari
Vardir

Prensip: Sistemler, Diger Sistemlerin Modellerini Igerir

Prensip: Yeterince Karmasik ve Uyarlanabilir Sistemler Kendi Modellerini de
Icerir.

Prensip: Sistemler Anlasilabilir

Prensip: Sistemler Gelistirilebilir

3.3.0rtaokul Derecesini Almis Ogrencilerin ~ Sistemsel Okuryazarhk

Hazirbulunusluk Seviyeleri Nedir?

Mevcut caligma kapsaminda ortaokulu bitirmis dort 9. simmif Ggrencisinden veri

toplanmistir. Obekler arasi analiz sonuglar1 islevsel, kiiltiirel ve elestirel sistem

okuryazarliklar altinda raporlanmistir.

3.3.1. Islevsel Sistem Okuryazarlik Hazirbulunusluk Seviyeleri
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Islevsel sistem okuryazarlik seviyeleri kavram testi, 1. ¢izim etkinligi ve yar
yapilandirilmig goriisme sorular1 ile OSlgiilmiistiir. Analiz sonucunda elde edilen
bulgular bes kategori altinda toplanmistir: (1) Suyun Genel Ozellikleri; (2) Su
Dongiisiiniin Gli¢ Kaynaklari; (3) Su Dongiisiiniin Elementleri; (4) Su Donglistiniin
Siiregleri ve (5) Gezegendeki Sistemler Arasindaki iliskiler. Suyun genel 6zellikleri
kapsaminda katilimcilarin bildirime dayali bilgileri siirece dayali bilgilerinden daha
yuksektir. Suyun diinya {izerindeki toplam su miktar1 bakimindan o6grencilerin
cevaplar incelendiginde, Ahmet ve Eren su miktarinin neredeyse hi¢ degismedigini
belirtirken, Cansu ve Deniz’in alternatif kavramlari teshis edilmistir. Suyun dongiisel
dogas1 bakimindan ise Deniz disinda biitiin katilimcilar bu yapidan bahsetmistir. Fakat
suyun dongtisel dogasi ile ilgili siirece dayal1 bilgileri oldukga kisitlidir. Su ve yasayan
organizmalardan biitiin katilimcilar bahsetmistir. Tiim katilimeilarin bildirime dayali
bilgi seviyeleri yiiksekken siirece dayali bilgi birikimlerinin yine kisitli oldugu
belirlenmistir. Iliskisel tepki kavramina iliskin olarak Deniz hari¢ tiim katilimcilarin
birtakim bilgileri mevcuttur. Ahmet hem canli ve cansiz varliklarin tepkilerinden
bahsederken Cansu canli varliklardan, Eren cansiz varliklarin tepkilerinden

bahsetmisgtir.
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Su sisteminin gii¢ kaynaklarinin hepsinden Cansu ve Deniz bahsederken Ahmet ve
Eren riizgardan bir giic kaynagi olarak bahsetmemistir. Bahsedilen bilesen sayis1 en
c¢ok Ahmet ve Deniz’in cevaplarinda gozlenirken higbir katilimci kaya, akiifer, dolu
ve tatli sudan bahsetmemistir. Bahsedilen siire¢ sayis1 ise en ¢cok Deniz’in cevaplarinda
mevcut iken siirece dayali bilgi derecesinde dogru cevaplar Eren’in cevaplari
olmustur. Gezegendeki sistemler arasindaki iligkiler kategorisinde diger kategorilerde
oldugu gibi bildirime dayali dayali bilgi siirece dayal1 bilgiden daha fazladir. En ¢ok
iliski say1s1 Ahmet’in cevaplarinda mevcut iken Deniz’in siirece dayali bilgi seviyesi
Ahmet’ten yliksektir. Son olarak tiim katilimecilarin bazi konularda alternatif
kavramlar1 ve tutarsiz o sirada olusturulmus yanitlari mevcuttur. Katilimcilarin
etkilesim haritalar1 incelendiginde ise Eren ve Deniz’de etkilesim sayilar1 digerlerine
gore daha yliksektir. En ¢ok etkilesim i¢inde olan iki kategori ise bilesenler ve siirecler

kategorileridir.
3.3.2. Kiiltiirel Sistem Okuryazarlik Hazirbulunusluk Seviyeleri

Kiiltiirel sistem okuryazarlik seviyeleri 2. ¢izim etkinligi ve yar1 yapilandirilmig
goriisme sorulari ile 6l¢iilmiistiir. Analiz sonucunda elde edilen bulgular {i¢ kategori
altinda toplanmistir: (1) Yerel Su Sisteminin Bilesenleri; (2) Ulusal Su Kaynaklar ve
(3) Yerel, Ulusal ve Kiiresel Sistemler Arasindaki Iliskiler. Ayrica kategoriler
arasindaki etkilesim ag1 iretilerek kiiltiirel sistem okuryazarlik kavramindaki
kategoriler arasindaki iligkiler ortaya konmustur. Kiiltiirel sistem okuryazarlik
konusundaki katilimcilarin hazirbulunusluklart bakilmis ve Cansu’nun bir¢ok bilgisi
bildirime dayali olsa da diger katilimcilar ile karsilastirildiginda daha zengin bir yapiya
sahiptir. Yerel su sisteminin bilesenleri ile ilgili analiz sonucunda elde edilen bulgular
katilimcilarin siirece dayali bilgilerinin kisitli oldugunu ortaya koymustur. Su dagitim
sebekesi ve kanalizasyon sistemi ile ilgili katilimeilarin hepsinde bilgi eksiklikleri
gozlenmistir. Katilimcilar ayn1 zamanda tutarsiz ve degisken yanitlar vermislerdir.
Biitiin katilimcilar bu sistemleri ¢ok iyi bilmediklerini ifade etmislerdir. Ulusal su
kaynaklar1 kategorisinde sadece Deniz bilgi saglamistir. Diger katilimcilar yasadiklar

yerlerdeki su etkilesimleri ile ilgili yanit vermislerdir. Yerel, ulusal ve kiiresel
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sistemlerin iligkisi ile ilgili katilimcilar genel olarak nispeten daha fazla dogru
cevaplari vardir. Bu cevaplarin biiylik kismi bildirime dayali bilgi icermektedir. Deniz
bu kategoride diger katilimcilara oranla daha sinirli yanitlar vermistir. Etkilesim
haritasinda ise en ¢ok etkilesimde olan kategori yerel, ulusal ve kiiresel sistemlerin
iliskisi olurken, yerel ve ulusal su kaynaklar1 ve su dagitim sebekesindeki siirecler en

siirli bilgi alinan kategoriler olmustur.
3.3.3. Elestirel Sistem Okuryazarlik Hazirbulunusluk Seviyeleri

Elestirel sistem okuryazarlik seviyeleri yari yapilandirilmis goriisme sorulari ile
gercek hikayeye dayanan okuma etkinligi ile dl¢lilmiistiir. Analiz sonucunda elde
edilen bulgular iki tema ve 8 kategori altinda toplanmistir. Su sisteminin gelismis
mekanizmalari ile ilgili olan tema dort kategori altinda incelenmistir. Suyun dinamik
dogas1 kategorisinde bilingsiz su kullaniminin su sistemine etkisi lizerinden bilgi
toplanmistir. Biitiin katilimcilar zaman ertelemesi ve dinamik etkileri kavraminin
farkinda olsalar da olas1 sebepleri ve sonuglari ile ilgili siirece dayali bilgileri kisithidir.
Nedensellik mekanizmalar1 ve geribesleme dongiileri kategorisinde her katilimci
pozitif geribesleme dongiisii konusunda dolayli olarak bilgi akisi saglasa da
nedensellik mekanizmalarinin biiyiik bir ¢ogunlugu ac¢ik uglu dongiiye sahip olup
coklu nedensellige dayanmaktadir. Sistemlerin evrimlesmesine dair ise Cansu ve
Deniz su sisteminin geriledigini digiiniitken Ahmet farkli senaryolara gore
degerlendirme yapmis, Eren ise su sisteminin kisa vadede sabit kalacagim
savunmustur. Sistemlerin karmagik yapisi ise iklim degisikligi ve gizli su kullanim
tizerinden Ogrencilere sorulmustur. Elde edilen verilere gore, biitiin katilimcilar
sistemin ¢aligmasin1 sekteye ugratan olaylar teshis edebilmis ancak Cansu ve Deniz
bu konu hakkindaki siirece dayali bilgilerini gosterememislerdir. Karmasiklik
tabakalar1 incelendiginde ise tiim katilimcilar ¢evre ve sosyal etkilerden bahsetmistir.
Gizli su kullanimi1 kisminda ise Eren ve Deniz bu terimi daha 6nce hi¢ duymadiklarim

ifade etmislerdir.
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Insan sisteminin gériinmez elementleri ile ilgili de veri toplama siireci esnasinda
birtakim bilgiler elde etmek amaglanmistir. Ogrencilerin su kullanimi ile ilgili
inaniglar1 incelendiginde, Cansu ve Deniz verimli su kullandiklarin1 iddia ederken
Ahmet dyle bir motivasyon yoneliminin olmadigini belirtti. Eylem stratejileri iginse
Ahmet higbir strateji raporlamamis ve bunu yapmanin anlamli olmayacagini
vurgulamis. Eren ve Cansu ise gizli su kullanimi kavramini duymamalarina ragmen
kendileri suyu verimli kullandiklarini ifade etmislerdir. Erkeklerde 6z-yeterlik inanisi
ile ilgili veri elde edilemese de kizlarin 06z-yeterlik inanisi erkeklerden yiiksek
cikmigtir. Duygusal tepkiler kategorisinde her katilimcinin kendine 6zgii bir duygu
kombinasyonlar1 olugsmustur. Motivasyon yonelimleri ile ilgili de Ahmet hari¢ tim
katilimcilar digsal motivasyon yonelimlerini ortaya koymuslardir. Ahmet ise bu konu

hakkinda amotive oldugunu belirtmistir.
3.4.Su Sistemi Baglaminda Sistem Okuryazarh@im Etkileyen olas1 Faktorler

Calisma kapsaminda birka¢ tane degiskenin sistem okuryazarligi bilesenleri ile
etkilesime girdigi verisine ulasilmistir. Bu degiskenler cinsiyet, giinliik hayat
tecriibeleri, biligsel farkliliklar, sosyoekonomik statii gostergeleri, yasadiklar1 yer ve

aile ile etkilesim olarak gdzlenmistir.

Ozet olarak, deneysel arastirma analizleri sonucunda &grencilerin elestirel sistem
okuryazarlik seviyelerinin islevsel veya kiiltiirel okuryazarlik seviyesindeki eksiklikler
sebebiyle yetersiz oldugu gozlenmistir. Elestirel sistem okuryazarliklart hem islevsel
ve kiiltiirel okuryazarliklar1 ile hem de 6grencilerin alternatif kavramlar1 ve degisken
yanlis cevaplar1 sebebiyle etkilesmektedir. Ek olarak, bazi olasi faktorlerin de

bireylerin sistem okuryazarliklari ile iligkili oldugu gozlemlenmistir.
4, Tartisma ve Sonug¢

Elestirel sistem okuryazarliklar1 hem islevsel ve kiiltiirel okuryazarliklar1 ile hem de
ogrencilerin  alternatif kavramlar1 ve degisken yanlis cevaplart sebebiyle

etkilegsmektedir. Bu etkilesimler, elestirel okuryazarligin gelismesinde bir engel olarak
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nitelendirilebilir. Caligmanin bulgular1 fen egitimi ve siirdiiriilebilir kalkinma i¢in
egitim programlarina sistem bilimlerini entegre etmek icin sistem okuryazarligi
kavramimin Onemini ortaya c¢ikarmistir. Sonug¢ olarak, egitimcilere ve program
gelistirme uzmanlarina, sistemsel okuryazarlik kapsaminda bir entegrasyon dncesinde,

bireylerin hazirbulunusluk seviyelerini belirlemeleri 6nerilmektedir.

Sistem okuryazarhigi ile ilgili alan yazin1 2000li yillarin basindan beri farkli
disiplinlerde gelismeye devam etmektedir. Ulasilabilir alan yazinindaki tanimlar ve
kavramsal ¢erceveleri incelemis ve fen egitimi alaninda calisan bir sosyal bilimci
gbzlinden alternatif bir tanim ve ¢ergeve ortaya atmis olsam da bu alanin hala ¢ok yeni
oldugunu ve gelismeye ¢ok agik oldugunu sdyleyebilirim. Ote yandan, elestirel sistem
okuryazarligt kavraminin igerisinde baska muhtemel yapilarin olabileceginin
farkindayim. Bunun da o6tesinde, bu calismada sunulan bazi yapilarin farkh
baglamlarda farkl sekilde katkida bulunabilecegini diisiiniiyorum. Bu sebeple, sonraki
sistem okuryazarlig1 ¢aligmalar1 yapacak olan aragtirmacilarin bu olasiliklar dikkate

almasini 6neriyorum.

Islevsel ve kiiltiirel sistem okuryazarliklar1 énemli bilesenler olmasina ragmen tek
basina yeterli olmamaktadirlar (Stables, 1998). Ote yandan, elestirel sistem
okuryazarligi hem islevsel hem de kiiltiirel sistem okuryazarliklarindan beslendigi i¢in
onemli bir noktada yer almaktadir. Calismanin bulgulari incelendiginde, elestirel
sistem okuryazarlig1 igerisindeki ileri diizeydeki sistem mekanizmalar1 agisindan
mevcut calismada katilimeilar arasinda sinirli oldugu sonucuna varilmistir. Ileri diizey
sistem mekanizmalart hem islevsel hem de kiiltiirel okuryazarliklarla etkilesime
girerken, ayni zamanda katilimcilarin alternatif kavramlar1 ve tutarsiz agiklamalari
tarafindan gelisememektedir. Biitiin bunlara ek olarak, Ahmet’in diger katilimcilara
oranla daha yeterli islevsel ve kiiltiirel sistem okuryazarlik seviyesi olmasina ragmen,
amotive olusu ve ilgisiz davrandigin1 ifade etmesinden yola ¢ikilarak Ahmet’in
elestirel okuryazarligini insan sisteminin goriinmez elementleri temas1 kapsaminda
siirli hale getirmekte olduguna kanaat getirilmektedir. Bu noktada, bireylerin elestirel

sistem okuryazarliklarin1 gelistirmek icin islevsel ve kiiltiirel okuryazarliklarinm
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gelistirmenin yani sira motivasyon yoOnelimlerine yonelik birtakim adimlarin

atilmasiin 6nemli oldugu sonucu ¢ikmaktadir.

Ileriki ¢alismalar icin sistem okuryazarligmin birbirini tamamlayan ii¢ bileseni olan
islevsel, kiiltiirel ve elestirel sistem okuryazarliklarin1 dahil etmek oneri olarak
sunulabilir. Diger taraftan, bilesenlerin altindaki temalar ve kategoriler secilen
sistemin baglamina ve veri toplanacak popiilasyonun karakteristigine gore

degisiklikler gosterebilir.

Bilgi seviyesinin tiplerine ek olarak, alternatif kavramlar ve goriisme aninda séylenen
tutarsiz agiklamalar (in-situ answers) da bireylerin sistem okuryazarliklari konusunda
dogru bilgi edinmede 6nemli bir nokta olabilir ¢iinkii bu yapilar bireylerin islevsel,
kiiltiire ve elestirel sistem okuryazarliklarinin gelistirilmesi 6niinde bir engel olarak
karsimiza ¢ikmaktadir. Biitiin bunlar tespit etmek i¢in, ¢oklu veri toplama araglari
kullanmak &nemli bir noktadir. Ornegin, bu ¢alismada sadece dort asamali kavram
testi kullanilsa idi bazi alternatif kavramlar ve tutarsiz aciklamalar1 tespit etmek
miimkiin olmayacakti. Kullanilan ¢izim etkinlikleri ve yar1 yapilandirilmis goriisme

sorulari ile beraber mevcut calismada listelenen bulgulara ulasilmistir.

Katilimcilarin sinirhi diizeyde elestirel sistem okuryazarligina sahip olmalarn elestirel
veya kiiltiirel sistem okuryazarliklarindaki smirliktan kaynaklandigi sonucuna
varilmistir ve benzer bulgular alan yazininda bulunmaktadir (Stables, 1998). Bunlarin
disinda, spekiilatif olsa da katilimcilarin elestirel sistem okuryazarliklarindaki
smirlhiliklarinin ek sebepleri olabilir. Bu ek sebepler (1) katilimcilarin alternatif
kavramlariin onlarin potansiyellerini kisitlamasi; (2) ulusal fen egitimi miifredatinin
ogrencilerin sistem okuryazarliklarmi gelistirmek ic¢in uygun firsatlari sunamamasi
veya (3) katilimcilarin hem islevsel hem de kiiltiirel sistem okuryazarliklarinin ayni

anda ayni1 diizeyde gelismis olmamasi olarak listelenebilir.

Bu ¢alismada baz1 degiskenlerin sistem okuryazarlig: ile etkilestigi gézlemlenmistir.
Bunlarin arasinda miifredat dis1 katilan aktiviteler géze carpmaktadir. Bu etkinliklerde

anlatilanlar veya uygulanan 6grenciler tarafindan kolaylikla hatirlanmaktadir. Ancak,
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davraniga yansima konusunda etkili olmadiklar1 goriilmektedir. Bu noktada, 6rgiin
egitimin sistem okuryazarligim1 desteklemesi ve gelistirmesi anlamindaki
potansiyelinin 6nemi bir kez daha ortaya ¢ikmaktadir. Gerekli diizenlemeler yapildigi
takdirde sistem okuryazarligini destekleyen bir oOrglin egitim bireylerin sistem

okuryazari olmas1 hususunda 6nemli katkilar saglayacaktir.
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