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ABSTRACT

This study is based on a Delphi study on environmental literacy which is related to both teachers professional development and
environmental science, technology, engineering, and mathematics (|*STEM ) literacy. In the light of the expert opinions, the goal is to
determine what teachers should do to develop their experiences and qualifications as E“"STEM literate individuals. In this study, a “mixed
method” research design, in which both qualitative and quantitative methods are involved, is used to reveal the expert opinions. The
exploratory sequential design, which is one type of mixed method research, is used. In the first step of the Delphi study, qualitative data
are collected about teachers’ professional development. After analyses of data in the first step of Delphi study, the quantitative form is
developed for second step of the Delphi study. Finally, after analyses of the data in the second step, the final quantitative form (3 step) is
prepared again. It is performed in three consecutive steps in Delphi study. The sample consists of the 45 experts who initially accepted to
participate in the study. 20 of the 45 experts participated in the first step Delphi. The number of participants in the second and third Delphi
study, respectively, is 44 and 26, respectively. It is concluded that there is a consensus about “having and updating content knowledge
about environmental issues,” “following the development of environmental technologies, and applying them in class.” There is additional
agreement about “having and developing pedagogical competencies for the development of teachers” experiences and qualifications
as E'STEM literate individuals. It is suggested that the concept of “environment™ should be integrated into the framework of “STEM
pedagogical content knowledge (PCK)” for teacher’s professional development. By this means, a new educational and environmental
concept, “"STEM-PCK, would be incorporated in teacher education.

KEY WORDS: environmental science, technology, engineering, and mathematics literacy; Delphi study; mixed-methods;
professional development; pedagogical content knowledge; stem education; science education

INTRODUCTION

n the 1990s, the National Science Foundation (NSF) began
Iusing “SMET” as shorthand for “science, mathematics,

engineering, and technology;” however, this abbreviation
has been changed to science, technology, engineering, and
mathematics (STEM) since it causes conceptual confusion
(Sanders, 2009). It is seen that the STEM concept, which
is increasing in popularity in Europe nowadays, emerged
as MINT in Germany. The term “MINT” is an acronym
for “mathematics, information technology, science, and
technology” (Wood, 2011). While STEM education has been
around for a long time, it is the importance of this concept
that has been emerged recently for legislators and educational
administrators (White, 2014).

Importance of STEM Education in Science Education

STEM education is increasing in its importance as one of the
main concepts in science education. STEM is an ever-growing
part of our life. When it is examined the events and things that
occur in our daily lives, it is seen that these are related to STEM.
Therefore, some educators believe that individuals might be
better for jobs in STEM fields with STEM education (Brown
etal.,2011). STEM education has the opportunity to integrate
four disciplines into coherent teaching and learning paradigm,
as well as, providing students with the best opportunities to
make sense of the world holistically (Lantz, 2009). STEM
education is also important for the development of individuals.
STEM education offers students the opportunity to realize their
own potential, improve and strengthen self-efficacy, and STEM
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education supports them through their social and academic

integration (Elster, 2014). Moreover, STEM education focuses

on students’ development of the following abilities (Flanders

State of Art, 2018):

1. Awareness of each component in STEM,

2. Problem-solving activities,

3. Researching and designing in a skilled and creative
manner,

4. Thinking and reasoning, modeling, and abstracting,

5. Strategically using and developing technology,

6. Acquiring an insight into the relevance of STEM,

7. Obtaining and interpreting information and
communicating about STEM,

8. Cooperative learning and teamwork,

9. Acquiring 21* century skills,

10. Developing innovation skill.

Today, many countries continue to make reforms both in industry
and education to address the needs of the world. In the area of
science education, one of the reforms is to STEM education.
Policymakers believe that STEM education is one of the
concepts that are important for the industrial sector to improve
the quality of the workforce. While the quality of the workforce
is enhanced with STEM education, we should also pay attention
to environmental literacy to help conserve natural resources.

Environmental Literacy as a Core Concept in Science
Education

Throughout its development, environmental literacy has been a
key concept in science education. Studies on an environmental
literacy framework have increased in recent years. In the
Belgrade Charter (1975), environmental education had six
components including awareness, knowledge, attitude, skills,
evaluation ability, and participation. According to the Tbilisi
Declaration (UNESCO, 1977), environmental education
included: Knowledge, attitude, skills, and participation. With
the development of environmental education, the concept of
environmental literacy was clarified, and it had four major
components knowledge, skills, affects (sensitive and attitudes),
and behavior (personal investment, responsibility, and actions).
Whereas in the light of PISA data, Kaya and Elster (2017a;
2017b) proposed that the concept of environmental literacy
involves awareness and responsibility toward the environment
and the development of environmental behaviors.

Based on the historical development of environmental literacy,
environmental literacy is “basically the capacity to perceive
and interpret the relative health of environmental systems and
take appropriate action to maintain, restore, or improve the
health of those systems” (Roth, 1992. p. 10). According to
Minner and Klein (2016), environmental literate individuals
are able to understand ecosystems and how they function,
able to think critically about effects of humans on ecological
function and environmental problems, aware of the importance
of natural phenomena and biodiversity in natural settings, and
able to participate in action planning for themselves and their
community to tackle environmental issues.

In another definition, environmental literacy is described
as “the ability to make informed decisions about issues
affecting shared natural resources while balancing cultural
perspectives, the economy, public health, and the environment”
(North Carolina Department of Environmental Quality,
2017. p. 7). Moreover, environmental literacy “involves an
awareness and knowledge of the interrelationships among
life forms and natural systems; understanding of ecological,
social, economic, and cultural processes, and issues; and
knowledge and skills needed to make informed decisions and
to become environmental stewards” (Tennessee Department
of Environment and Conservation, 2012. p. 1). In a similar
definition, environmental literacy is seen as “an individual’s
understanding, skills, and motivation to make responsible
decisions that consider his or her relationships to natural
systems, communities, and future generations” (Oregon
Environmental Literacy Plan, 2010, p. 4).

Consequently, the literature review shows there is no
universally accepted definition of environmental literacy
(Loubser et al., 2001; Morrone et al., 2001; Gayford, 2002).
Even though the concept of environmental literacy has
been used for many years, it is difficult to explain due to its
complexity (Kaya and Elster, 2017b). Nevertheless, there is
a need for further research on the framework of the concept
and its application in the curriculum to meet present and
future expectations. Therefore, it is necessary to reveal
the framework of environmental literacy based on expert
opinions.

Significance of “Environmental STEM (¢+STEM) Literacy”
in Science Education
Asunda (2012) argue that there is a need for a high-quality
STEM-educated workforce for our 21 century economies.
These developing economies create pathways for a wide
range of interesting and exciting career opportunities. The
aim of STEM is to have knowledge in science, technology,
mathematics, and engineering to achieve STEM literacy.
STEM literacy is important for individuals who will enter
the labor market, as it is one of the core competencies of
21 century workers (Techakosit, 2018). Therefore, STEM
literacy first requirement is to have an interest and basic
understanding of STEM-related fields (Sutter, 2014). The
purpose of STEM is as follows (Zollman, 2012):
* To resolve societal needs for new technological and
scientific advances;
*  Toresolve the economic needs for national security; and
* To resolve personal needs to become a fulfilled,
productive, and knowledgeable citizen.

To meet these goals, STEM-literate individuals are able
to describe, explain, and predict the outcome of natural
phenomena, comprehend scientific articles and pieces
presented in popular press and media, as well as have the ability
to form their own opinion about the validity of scientific claims
being made in the press and media (Sutter, 2014).
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Nowadays, the content of STEM is continuously widening.
Therefore, STEM includes not only STEM but also the
environment, economics, and medicine (Zollman, 2012). In
this study, "®*STEM literacy” concept is used to emphasize
the importance of the relationship between environment and
STEM literacy. ®*STEM literacy is as follows:

»  To have basic knowledge on environmental issues and
STEM-related fields,

*  To understand the integration of environmental into
STEM fields,

»  To deal with environmental issues or problems with an
interdisciplinary (STEM) point of view and try to find
solutions in the matter,

»  To have the skills to evaluate data and draw conclusions
to form one’s own opinion.

Addressing the needs for a high-quality STEM workforce in
future industries might be based not only on STEM literacy
but also on environmental literacy. Therefore, environmental
literacy should be integrated into STEM fields, as well as into
STEM education.

Why Do We Need the Concept of “Environment” in the
Stem Education?

It is predictable that technology will develop faster with
the industry 4.0 revolution. This means, unfortunately, that
existing natural resources may be exhausted. Therefore, future
generations should be aware of the necessity of environmental
protection while developing and using technology. This
awareness may contribute to the reduction of daily waste
as well as commercial waste especially industrial waste
(such as waste batteries, electrical, and electric materials).
For example, in Germany, it has been reported that the total
amount of waste is increasing continuously especially since
2012 (Federal Ministry for the Environment, 2018). Preventing
the continuous increase of waste means the protection of
existing resources. We have the obligation to educate future
generation as environmentally conscious individuals, taking
into consideration the harms that science and technology
have on the environment (Aydeniz, 2017). For this reason, the
importance of “environment” in STEM education should be
revealed. Teachers and researchers have a great responsibility
in this regard because, during STEM education, it is necessary
for practitioners to reveal the importance of the environment

and how to integrate the environmental issues into STEM
education.

The Effect of Pedagogical Content Knowledge (PCK) and
Teachers’ Professional Development

Teachers’ professional experience, teaching skills, and
disposition influence the training of qualified environmentally
literate individuals (Kaya and Elster, 2018). In general, teachers
gain their professional experience in a process that begins with
pre-service training and continues with in-service training
(Kaya and Godek, 2016). Educators should focus on teacher
training and professional development so that teachers can
comfortably teach and integrate environmental subjects in
their classes (National Environmental Education Advisory
Council, 2015). It may not be possible to educate individuals
with 21* century skills without the contribution of a qualified
teacher (Pacific Policy Research Center, 2010). Moreover,
professional development needs a multi-level approach to
educate effectively students for environmental literacy (Ever,
2012). Institutions with responsibilities for teacher training
and professional development should support the development
of teachers’ environmental content knowledge, pedagogical
skills, interdisciplinary work, teaching approaches, effective
assessment practices, and ability to use innovative technology.
Therefore, the concept of PCK introduced by Shulman (1986)
remains important (Table 1 and Figure 1). In the view of
Shulman (1986), PCK:

Goes beyond knowledge of subject matter per se to the
dimension of subject matter knowledge for teaching....
PCK also includes an understanding of what makes
the learning of specific topics easy or difficult: The
conceptions and preconceptions that students of different
ages and backgrounds bring with them to the learning of
those most frequently taught topics and lessons (p. 9).

PCK is influenced by three different component knowledge
areas: Subject matter knowledge, pedagogical knowledge, and
knowledge of context (Abell, 2007).

The development and change of PCK and its framework
continue to meet the expectations of the 21 century and
beyond. One of the most concrete examples is technological
PCK (TPCK) introduced by Mishra and Koehler in 2006,
which integrated technology with PCK and recognized the

Table 1: Components of environmental education and literacy (Adapted from Kaya and Elster, 2017hb)

Thilisi declaration
for environmental
education (UNESCO, 1977)

Environmental education
objectives (Charter, 1975)

Environmental
literacy (Kaya and Elster,
2017a; 2017b)

Environmental
literacy (Roth, 1992)

Awareness knowledge Knowledge
Attitude Attitude
Skills evaluation ability Skills
Participation Participation

Knowledge Environmental awareness

Sensitivity, attitudes Environmental responsibility
and values, personal
investment and
responsibility

Skills

Active involvement

Development of environmental
behavior
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importance of technology in education (Figure 2) (Koehler and
Mishra, 2009). TPCK is a structure formed by combining three
different knowledge components: Technological knowledge,
pedagogical knowledge, and content knowledge, in the view
of Mishra and Koehler (2006), TPCK:

Is the basis of good teaching with technology and requires
an understanding of the representation of concepts using
technologies; pedagogical techniques that use technologies
in constructive ways to teach content; knowledge of
what makes concepts difficult or easy to learn and how
technology can help redress some of the problems that
students face; knowledge of students’ prior knowledge
and theories of epistemology; and knowledge of how

technologies can be used to build on existing knowledge
and to develop new epistemologies or strengthen old ones
(p. 1029).

The development of TPCK by teachers is critical to effective
teaching with technology (Koehler et al., 2017). This is because
TPCK is a beneficial concept for thinking about the integration
of technology into teaching and how teachers might then
develop this knowledge (Schmidt et al., 2009).

Nowadays, stakeholders of education should think critically
about how to integrate STEM education into science teaching
with the concept of STEM starting to take place in the
current science curriculum. For this reason, the importance

Pedagogical 'l

Knowledge

Subject Matter

Knowledge

PCK

NS

Knowledge

of Content

Figure 1: The model of teacher knowledge. In this model, pedagogical content knowledge is presented as a unique knowledge domain (van Dijk and

Kattmann, 2007)
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Figure 2: Technological pedagogical content knowledge (Koehler and Mishra, 2009)
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of the relationship between STEM and PCK has emerged for
fostering teachers’ professional development.

WHY DO WE NEED THE INTEGRATION OF
THE STEM CONCEPT INTO THE PCK?

Pedagogical knowledge is used to facilitate effective teaching
practices in ways that aim to make learning more accessible
to students (Hudson et al., 2015). When pedagogy is most
successful, teachers and students work together toward
the shared purpose of learning (Association of American
Universities, 2018).

One of the things to be aware of for the quality of STEM
education is teacher education. The quality of the teacher
education directly affects the teaching process. Teacher
content knowledge is one of the paramount elements for the
improvement of teaching and learning (Ball et al., 2008).
However, teacher education programs rarely connect content
instruction with pedagogy; furthermore, if a teacher candidate
is not specializing in a STEM-related field, STEM content
preparation in pre-service training tends to be inadequate
(York, 2018). Therefore, teachers should be supported to
increase their experience in STEM teaching and learning not
only in pre-service but also in in-service training. Therefore,
governments support educators’/teachers’ knowledge
and expertise in STEM disciplines through recruitment,
preparation, support, and retention strategies (United States
Department of Education, 2017).

First, to increase the knowledge and experience of teachers
and educators in STEM teaching, STEM concept should be
integrated into the PCK. Saxton et al. (2014) offer the concept
of “STEM PCK,” and they mention that the purpose of STEM

PCK is to focus on student thinking about and useful strategies
for teaching related to STEM topics. The term “STEM-
PCK,” an acronym for science, technology, engineering, and
mathematic PCK (Figure 3).

A good structure of STEM PCK ensures that teachers have the
necessary knowledge to identify and measure their students’
development of concepts related to STEM, inquiry-based
processes, and real-world connections to alter intentionally
their instruction in productive ways (Allen et al., 2016).

RESEARCH QUESTION

In this study, the main goal of the research is to determine
teachers’ experiences and qualifications as E+STEM literate
individuals for the development of environmental literacy in
accordance with expert opinions.

Q1: What should be done to promote the development of
E+STEM literate individuals?

RESEARCH METHODS AND DESIGN

In this study, a mixed method research design was used
to reveal expert opinions about the concept of E+STEM
literacy. This type of research design combines qualitative
and quantitative data (Creswell, 2014), which provides more
comprehensive coverage of the research topic (Conti, 2012).
The exploratory sequential design, a type of mixed method
research, was used. Through the exploratory sequential design,
the results of qualitative research are the basis for subsequent
quantitative research (Creswell et al., 2011).

Based on expert opinions, the Delphi technique was utilized to
determine the concept of environmental literacy and to develop the
competencies of the environment literate individual. The Delphi
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Figure 3: STEM Pedagogical Content Knowledge (Adopted from: Koehler and Mishra, 2009)
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technique is used for the collection of views on a specific topic
(Villiers et al., 2005). It is a research technique used to obtain a
common result using expert opinions to solve a complex problem
(Aydin, 1999). This technique usually involves consecutive
questionnaires directed to experts (Gencturk and Akbas, 2013)
and allows them to explain their opinions freely without being
influenced by the views of others (Ashmore et al., 2016). In the
Delphi technique, qualitative, quantitative, or mixed method
research can be utilized (Skulmoski et al., 2007). Therefore, the
combined use of both the mixed method and the Delphi study
techniques helps to uncover, define, and reach consensus on the best
practices and specific situations for the research topic (Conti, 2012).

Process of the Delphi Study

The Delphi technique prevents participants’ direct discussion
with each other, and through interviews or questionnaires,
participants can question the situation repeatedly (Dalkey and
Halmer, 1963). It is used as a means of providing consensus
among experts in situations where there are differences of
opinion (Sahin, 2001). In this study, the Delphi study was
carried out in three steps as seen in Figure 4. Each round
contained the data collection tool, the collection of data, and
the analysis of the collected data.

In this study, the Delphi study was performed in three

Research Literature

v

]

<
y I

A

Determination of the Research Question

Selection of

A

Experts

v

\4
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for Qualitative Data v Questionnaire
* II. Step Delphi t
Application Il Step Delohi
. - oStep Delpni
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Application & Application
(Interview and |
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Questionnaire)

A

Evaluation of the Results

Figure 4: Process of the Delphi study

Table 2: How teachers should develop their experiences and qualifications as E+STEM literate individuals

ltem Round X SD Med DBQ Responses (%) Cons Cons.
57 4 13 Ol

Teachers should have content knowledge about environmental 2.R. 6.56  0.63  7.00 1.00 100 - - Yes 0.0

issues 3.R. 6.77 050  7.00 0.00 100 - - Yes

Teachers should constantly update their knowledge about 2.R. 6.63 0.66 7.00 1.00  97.6 24 - Yes 2.4

environmental issues 3R. 677 050 7.00 0.00 100 - - Yes

Teachers should follow the development of environmental 2.R. 634 0.88 7.00 .00 97.6 - 24 Yes 2.4

technologies 3R. 645 077 7.00 100 100 - - Yes

Teachers should apply technology related to the 2.R. 6.12  1.15  7.00 1.50 918 49 49  Yes -1.8

environment (nanotechnology, environmental technologies, 3.R. 6.13 1.01 6.00 1.25 90.0 10.0 - Yes

etc.)

Teachers should have pedagogical competencies to teach about 2.R. 6.54 0.75 7.00 1.00  97.6 2.4 - Yes -0.6

environmental issues 3R. 6.68 070 7.00 000 968 3.2 - Yes

Teachers should consistently develop their competencies for 2.R. 6.61 0.63 7.00 1.00 100 - - Yes 0.0

teaching environmental topics 3.R. 671 059 7.00 0.00 100 - - Yes

X : Mean, SD: Standard deviation, Med: Median, DBQ: Difference between quarters, Cons: Consensus, Cons. Dif.: Consensus difference between the
second and third round analysis, responses: 5—7: Weakly to strongly agree, 4: Neutral, 1-3 strongly to weakly disagree. **STEM: Environmental science,

technology, engineering, and mathematics
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consecutive steps. First, the qualitative data were collected.
After the analyses of the data, the quantitative form was
developed for the second step of the Delphi study. After the
analyses of the data collected in the second step, the final
quantitative form (for the third step) was prepared.

The development of questionnaire forms and data analysis
methods are structured according to the three steps (Schulte,
2017). However, in the Delphi method, qualitative data from
the first round are obtained, and then this data provide the basis
for the quantitative data in both the second and third rounds
(Cartwright, 2014).

Sample

It is performed in three consecutive steps in Delphi study. The
sample consisted of 45 experts who volunteered to participate
in the study. These 45 experts have PhD degrees related to
environmental education and were selected using purposive
sample method. These experts work as a scientist/an educator/a
teacher in the European Union (40), the United States, and
Africa (5). The numbers of the participants in the first, second,
and third Delphi study steps were 20, 44, and 31, respectively.

Data Analysis

To understand whether consensus had been reached
statistically, the mean, standard deviation, median, difference
between quarters, responses %, consensus (cons), and
consensus difference (cons. dif.) were recorded. These results
are presented in the Results’ Table 2.

RESULTS

The results obtained at the end of the first round were used
in both the 2™ and 3" rounds. Each question represents each
theme and each item represents each code.

In the interviews and questionnaires, some questions were
asked to determine the experts’ views on how teachers
develop their experiences and qualifications as E+STEM
literate individuals. The majority of experts believed that
“Teachers should have content knowledge about environmental
issues and have pedagogical competencies to teach about the
environmental issue” (Table 3).

As seen in Table 3, at the end of the Delphi study, there was
a consensus on six items about how teachers should develop
their experiences and qualifications as E+STEM literate

individuals. When second and the third Delphi results were
compared, the percentage of “teachers should constantly
update their knowledge about environmental issues and follow
the development of environmental technologies” increased,
however, the percentage of “teachers should apply technology
related to the environment” decreased.

DISCUSSION

Teaching skills and a teacher’s disposition are important for the
development of qualified environmentally literate individuals
(Kaya and Elster, 2018). Therefore, it is necessary to focus
on teacher training and professional development (National
Environmental Education Advisory Council, 2015). It was
concluded that there was a consensus about “having and
updating content knowledge about environmental issues,”
“following the development of environmental technologies,
and applying them in class.” There was additional agreement
about “having and developing pedagogical competencies for
the development of teachers” experiences and qualifications as
E*STEM literate individuals. Experts believe in the importance
of teachers’ having knowledge about the pedagogical
knowledge as well as environmental knowledge and updating
them. In particular, science teachers should update their PCK
and their experiences in light of the increasing importance of

Pedagogical Content Knowledge
(PCK)

STEM-PCK

Figure 5: Integration of environmental into the science, technology,
engineering, and mathematics pedagogical content knowledge

Table 3: Views on how teachers develop their experiences and qualifications as ®+STEM literate individuals (Qual.)

Themaa Code

Responsible of teacher as
environmental literate individuals

To update their knowledge about environmental issues

To apply the technology related to environment (nanotechnology and environmental technologies etc.)
To follow the development of the environmental technologies

To develop their competencies for teaching environmental topics.

To have content knowledge about environmental issues
To have pedagogical competencies to teach about the environmental issues.

_— = N W W3

E*STEM: Environmental science, technology, engineering, and mathematics
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E+STEM-PCK

Figure 6: Components of environmental science, technology, engineering, and mathematics pedagogical content knowledge for science teaching.
Note: When colors of blue, green, and yellow are mixed, the white color occurs

E*STEM-PCK

includes includes
includes
Pedagogical
Environmental
Knowledge
STEM Content
Knowledge
including including
including including
/ ~ / N\

Science Content

curricula Content specific General specific

knowledge (environment and pedagogical (science

STEM) knowledge knowledge teaching)
pedagogical
A knowledge

Environmental
STEM Knowledge
Teaching
environment-related
including ) ) STEM activities
/ including
Disciplinary \
knowledge Knowledge of the relationship between the

environment and the subjects to be taught about STEM

Figure 7: Environmental science, technology, engineering, and mathematics

STEM education. A robust STEM PCK ensures that teachers
have the necessary knowledge to identify and measure their
students’ development of concepts related to STEM (Allen
et al., 2016). With STEM-PCK, teachers have knowledge
of both the environment and STEM and gain experience in

pedagogical content knowledge and its components

how to integrate these two concepts into each other. By this
means, science education might meet expectations of present
and future generations.

On the other hand, it is thought that the concept of STEM
education will be more specifically addressed for more
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qualified and specific STEM education. The framework of
‘Science’ in STEM is very broad for this reason, it may be
predicted that new nomenclature related to STEM will increase
to develop the applications that reveal the specific relation
of the different branches of science. Else, adding different
and new dimensions (such as in art) to STEM education, it is
possible to try to reveal the importance of new dimension added
in STEM education (such as Science-Technology-Engineering-
Art-Mathematics [STEAM)]), as well as its framework widened
(STEAM education).

For instance, between 2011 and 2015, The Korean government
decided to include STEAM education in education policy
(The Korean Ministry of Education, Science and Technology,
2011, as cited Hong, 2017). Another example, the NSF has an
integrated the concept of computing into the STEM education
(STEM+C) (NSF, 2018). The other example is the attempt
to integrate the concept of the environment into both the
framework of the STEM-PCK in this study (Figure 5).

CONCLUSION AND RECOMMENDATIONS

The results show that teachers’ professional development is a
key factor that promotes the development of ®*STEM literate
individuals. Thus, qualified ®*STEM literate individuals
require qualified F*STEM literate teachers. Additional
environmental education should become part of the academic
teacher training programs in universities. In particular,
the concept of “environment” should be integrated into
the framework of STEM-PCK for teacher’s professional
development (Figure 6). The determination of ®*STEM
PCK (®*STEM-PCK) includes three different knowledge
components: *STEM-Content knowledge (knowledge on
STEM and Environment), pedagogical knowledge (knowledge
on how to teach environment-related STEM activities), and
FSTEM-Knowledge (disciplinary knowledge required for the
integration of STEM as environmentally-friendly, in additional
knowledge of the relationship between the environment and
the subjects to be taught about STEM).

In this Figure 6, teachers’ knowledge, which is equally
important, has three core components. Shulman (1986)
described the combination knowledge of pedagogy and
content as PCK. In this paper, it is described the combination
knowledge of pedagogy, content (not only fields of STEM
but also environment), and associating disciplines with each
other (Figure 7).

By this means, a new educational and environmental concept,
E*'STEM-PCK, would be incorporated into teacher education.
Then, future research might determine the scope of ®*STEM-
PCK in the light of the framework of PCK and STEM-PCK and
how it can be taught to teachers, thereby increasing the quality
of STEM education. In addition, the concept of “environment”
should be integrated into the framework of STEM education
allowing evolution to environment conscious STEM education
(**STEM) in science classes and curricula.

REFERENCES

Abell, S.K. (2007). Research on Science Teacher Knowledge. In: Abell, S.K.,
Lederman, N.G., (Eds), Handbook of Research on Science Education.
London: Lawrence Erlbaum Associates, Publishers. p. 1105-1149.

Allen, M., Webb, A.W., & Matthews, C.E. (2016). Adaptive teaching in
STEM: Characteristics for effectiveness. Theory Into Practice, 55(3),
217-224.

Ashmore, R., Flanagan, T., Mclnnes, D., & Banks, D. (2016). The Delphi
method: Methodological issues arising from a study examining factors
influencing the publication or non-publication of mental health nursing
research. Mental Health Review Journal, 21(2), 85-94.

Association of American Universities. (2018). Framework for Systemic
Change. In Undergraduate Stem Teaching and Learning. Available
from: https://www.aau.edu/sites/default/files/STEM%20 Scholarship/
AAU_Framework.pdf. [Last retrieved 2018 Aug 03].

Asunda, P.A. (2012). Standards for technological literacy and STEM
education delivery through career and technical education programs.
Journal of Technology Education, 23(2), 1-15.

Aydeniz, M. (2017). Egitim Sistemimiz Ve 21. Yiizyil Hayalimiz: 2045
Hedeflerine Ilerlerken, Tiirkiye icin STEM Odakli Ekonomik Bir Yol
Haritasi. Knoxville: University of Tennessee.

Aydin, C.H. (1999). Implementation of Delphi technique in educational
communication. Journal of Kurgu, 16, 225-241.

Ball, D.L, Thames, M.H., & Phelps, G. (2008). Content knowledge for
teaching: What makes it special? Journal of Teacher Education, 59(5),
389-407.

Belgrade Charter. (1975). 4 Global Framework for Environmental
Education. Available from: http://unesdoc.unesco.org/
images/0001/000177/017772¢eb.pdf. [Last retrieved 2017 Mar 14].

Brown, R., Brown, J., Reardon, K., & Merrill, C. (2011). Understanding
STEM: Current perceptions. Technology and Engineering Teacher,
70(6), 5-9.

Cartwright, J.B. (2014). Best Practices for Online Theological Ministry
Preparation: A Delphi Method Study. (Doctor of Education, The
Southern Baptist Theological Seminary, Louisville, Kentucky).
ProQuest LLC.

Conti, MJ. (2012). The Online Teaching Skills and Best Practices of
Virtual Classroom Teachers: A Mixed Method Delphi Study. (Doctor of
Education in Educational Leadership, University of Phoenix, Tucson,
Arizona). ProQuest LLC.

Creswell, J.W. (2014). Research Design: Qualitative, Quantitative and
Mixed Methods Approaches. 4" ed. London, United Kingdom: SAGE
Publications.

Creswell, J.W., Klassen, A., Plano Clark, V.L., & Clegg, S.C. (2011). Best
practices for Mixed Methods Research in the Health Sciences. Bethesda,
MD: Office of Behavioral and Social Sciences Research, National
Institutes of Health.

Dalkey, N., & Helmer, O. (1963). An experimental application of the Delphi
method to the use of experts. Management Science, 9(3), 458-467.
Elster, D. (2014). First-year students’ priorities and choices in STEM
studies — IRIS findings from Germany and Austria. Science Education

International, 25(1), 52-59.

Ever, T. (2012). Wisconsin's Plan to Advance Education for Environmental
Literacy and Sustainability in PK-12 Schools, Wisconsin Department of
Public Instruction. Available from: http://www.eeinwisconsin.org/Files/
eewi/2012/env-literacy-plan.pdf. [Last retrieved 2018 Aug 08].

Federal Ministry for the Environment. (2018). Waste Management in
Germany 2018 Facts, Data, Diagrams. Rostock: Publikationsversand
der Bundesregierung.

Flanders State of Art. (2018). STEM Framework for Flemish Schools
Principles and Objectives. Available from: https://www.onderwijs.
vlaanderen.be/sites/default/files/atoms/files/STEM-kader%20%
28Engels %29.pdf. [Last retrieved 2018 Aug 02].

Gayford, C.G. (2002). Environmental literacy: Towards a shared
understanding for science teachers. Research in Science and
Technological Education, 20(1), 99-110.

Gencturk, E., & Akbas, Y. (2013). Defining social studies teacher education
geography standards: An implication of Delphi technique. Gazi
University Journal of Gazi Educational Faculty, 33(2), 335-353.

-Science Education International | Volume 30 | Issue 1




Kaya and Elster: ®*STEM-PCK: Teacher’s Professional Development as **STEM Literacy

Hong, O. (2017). STEAM education in Korea: Current policies and future
directions. Science and Technology Trends Policy Trajectories and
Initiatives in STEM Education, 8(2), 92-102.

Hudson, P., English, L., Dawes, L., King, D., & Baker, S. (2015). Exploring
links between pedagogical knowledge practices and student outcomes
in STEM education for primary schools. Australian Journal of Teacher
Education, 40(6), 134-151.

Kaya, V.H., & Elster, D. (2017a). German Students’ Environmental Literacy
as a Starting Point for Science Teacher Education. Istanbul, Turkey:
Paper presented at the International Teacher Education and Accreditation
Congress.

Kaya, V.H., & Elster, D. (2017b). Change in the Environmental Literacy of
German Students in Science Education between 2006 and 2015. The
Turkish Online Journal of Educational Technology, Special Issue for
INTE 2017, 505-524.

Kaya, V.H., & Elster, D. (2018). Comparison of the Main Determinants
Affecting Environmental Literacy Between Singapore, Estonia and
Germany. Florence, Italy: Paper presented at the New Perspectives in
Science Education International Conference.

Kaya, V.H., & Godek, Y. (2016). Perspectives in regard to factors affecting
the professional development of science teachers. Journal of Human
Sciences, 13(2),2625-2641.

Koehler, M.J., & Mishra, P. (2009). What is technological pedagogical
content knowledge? Contemporary Issues in Technology and Teacher
Education, 9(1), 60-70.

Koehler, M.J., Mishra, P., & Cain, W. (2017). What is technological
pedagogical content knowledge (TPACK)? Journal of Education,
193(3), 13-19.

Lantz, H.B. (2009). Science, Technology, Engineering, and Mathematics
(STEM) Education What Form? What Function? Available from: https:/
www.dornsife.usc.edu/assets/sites/1/docs/jep/STEMEducationArticle.
pdf. [Last retrieved 2018 Aug 02].

Loubser, C.P., Swanepoel, C.H., & Chacko, C.P.C. (2001). Concept
formulation for environmental literacy. South African Journal of
Education, 21(4), 317-323.

Minner, D., Klein, J. (2016). A Case for Advancing an Environmental
Literacy Plan in Massachusetts: Phase I—a Summary of the
Commonwealth’s Environment and Education Landscape. Report by
Massachusetts Environmental Education Society. Available from: http://
www.massmees.org/wp-content/uploads/2016/10/MassELP-Phase-I-
Summary-FINAL.pdf. [Last retrieved 2018 Aug 08].

Mishra, P., & Koehler, M.J. (2006). Technological pedagogical content
knowledge: A framework for teacher knowledge. Teachers College
Record, 108(6), 1017-1054.

Morrone, M., Mancl, K., & Carr, K. (2001) Development of a metric to
test group differences in ecological knowledge as one component of
environmental literacy. The Journal of Environmental Education, 32(4),
33-42.

National Environmental Education Advisory Council. (2015). 2015 Report
to the U.S. Environmental Protection Agency Administrator. Available
from: https://www.epa.gov/sites/production/files/2015-10/documents/
final2015neeacreport-08 7 2015 2.pdf. [Last retrieved 2018 Apr 05].

National Science Foundation. (2018). STEM + Computing K-12 Education
(STEM+C). Available from: https://www.nsf.gov/funding/pgm_summ.
jsp?pims_id=505006. [Last retrieved 2018 Aug 08].

North Carolina Department of Environmental Quality. (2017). Smart Minds
Greener Future North Carolina Environmental Literacy Plan, Olffice
of Environmental Education and Public Affairs. Available from: http://
www.eenorthcarolina.org/Documents/ELP %20Plan %202017 _ Printer.
pdf. [Last retrieved 2018 Aug 08].

Oregon Environmental Literacy Plan. (2010). Oregon Environmental
Literacy Plan: Toward a Sustainable Future. Available from: https://
www.ode.state.or.us/gradelevel/hs/oregon-environmental-literacy-plan.
pdf. [Last retrieved 2018 Aug 05].

Pacific Policy Research Center. (2010). 27*" Century Skills for Students and
Teachers, Kamehameha Schools. Honolulu: Research and Evaluation

Division.

Roth, C.E. (1992). Environmental Literacy: Its Roots, Evolution and
Directions in the 1990s. ERIC Clearinghouse for Science, Mathematics
and Environmental Education (ED348235).

Sahin, A.E. (2001). Delphi technique and its uses in educational research.
Hacettepe University Journal of Education Faculty, 20, 215-220.

Sanders, M. (2009). STEM, STEM education, STEM mania. Technology
Teacher, 68(4), 20-26.

Saxton, E., Burns, R., Holveck, S., Kelley, S., Prince, D., Rigelman, N.,
& Skinner, E.A. (2014). A common measurement system for K— 12
STEM education: Adopting an educational evaluation methodology
that elevates theoretical foundations and systems thinking. Studies in
Educational Evaluation, 40, 18-35.

Schmidt, D.A., Baran, E., Thompson, A.D., Mishra, P., Koehler, M.J., &
Shin, T.S. (2009). Technological pedagogical content knowledge
(TPACK): The development and validation of an assessment instrument
for preservice teachers. Journal of Research on Technology in Education,
42(2), 123-149.

Schulte, T. (2017). Desirable Science Education Findings from a Curricular
Delphi Study on Scientific Literacy in Germany. Wiesbaden: Springer
Spektrum.

Shulman, L. (1986). Those who understand: Knowledge growth in teaching.
Educational Researcher, 15(2), 4-14.

Skulmoski, G.J., Hartman, F.T., & Krahn, J. (2007). The Delphi method
for graduate research. Journal of Information Technology Education,
6, 1-21.

Sutter, J.A. (2014). The Effect of Exposure to Scientific Documents on STEM
Literacy in High School Students. (Master Thesis, Ohio University,
Athens, Ohio). Available from: https://www.ohio.edu/education/
academic-programs/upload/JSutter-MRP-8-15-14.pdf. [Last retrieved
2018 Oct 23].

Techakosit, S. (2018). The development of STEM literacy using the learning
process of scientific imagineering through AR. International Journal of
Emerging Technologies in Learning, 13(1), 230-238.

Tennessee Department of Environment and Conservation. (2012).
Tennessee Environmental Literacy Plan: Explore, Learn, Engage.
Available from: http://www.eeintennessee.org/Files/eetn/2012/
TennesseeEnvironmentalLiteracyPlan(2columncw).pdf. [Last retrieved
2018 Aug 08].

UNESCO. (1977). Intergovernmental Conference on Environmental
Education Final Report. Tbilisi: UNESCO.

United States Department of Education. (2017). Resources for STEM
Education.  Available  from:  http:/www.static.nsta.org/pdfs/ED-
ResourcesForSTEMEducation.pdf. [Last retrieved 2018 Aug 03].

van Dijk, E.M., & Kattmann, U. (2007). A research model for the study of
science teachers’ PCK and improving teacher education. Teaching and
Teacher Education, 23, 885-897.

Villiers, M.R., Villiers, PJ.T., & Kent, A.P. (2005). Delphi technique in
health sciences education research. Medical Teacher, 27(7), 639-643.

White, D. W. (2014). What Is STEM Education and Why Is It Important?
Florida Association of Teacher Educators Journal, 1(14), 1-9.

Wood, C. (2011). In America, STEM education; in Germany, its MINT.

Available  from:  https:/www.businessroundtable.org/media/blog/
in-america-stem-education-in-germany-its-mint. [Last retrieved
2018 Aug 02].

York, M.K. (2018). STEM Content and Pedagogy are not Integrated.
Available from: https://www.grandchallenges.100kin10.org/
assets/downloads/stem-content-and-pedagogy-are-not-integrated/
GrandChallenges WhitePapers _York.pdf. [Last retrieved 2018 Aug 04].

Zollman, A. (2012). Learning for STEM literacy: STEM literacy for learning.
School Science and Mathematics, 112(1), 12-19.

Science Education International | Volume 30 | Issue 1 -




