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ABSTRACT
THE INTERACTION OF MICHIGAN ENVIRONMENTAL EDUCATION
CURRICULUM, SCIENCE TEACHERS' PEDAGOGICAL CONTENT
KNOWLEDGE, AND ENVIRONMENTAL ACTION COMPETENCE
By

Angelita P. Alvarado

One of the main goals of Environmental Education (EE) is to develop
people’s environmental stewardship, which includes people’s capacity to take
environmental action — their action competence (AC). The purposes of my study
were to characterize the interactions found in an EE curriculum, science
teachers’ pedagogical content knowledge (PCK), and their use of AC, and to
identify factors that appear to be associated with the use of AC in curriculum and
instruction.

My study was divided into three parts: (1) content analysis of the Water
Quality Unit of the Michigan Environmental Education Curriculum Support
(MEECS, nine lessons); (2) a survey of MEECS training participants (N=131
[28.4% response rate]); and (3) an in-depth examination of pedagogical content
strategies and use of AC of four science teachers using class observations
(December 2007 — April 2008: N=38), semi-structured interviews (October 2007
— April 2008: N=20), Content Representations (CoRes: N=6), and surveys (N=4).

The extent that individual elements of AC occurred in each data source
was variable; that is, some elements were more prevalent in one data source

than another. Of the five elements of AC, knowledge/insight, planning and action



experiences, and critical thinking and reflection were more prevalent than
commitment and visions in two of the three data sources, namely, the Water
Quality Unit (EE curriculum) and the four teachers. Visions was consistently the
least prevalent element of AC in each of the three data sources.

In general, the types of and/or extent that goals and beliefs, pedagogical
approaches, instructional methods, student skills foci, and manifestations of PCK
occurred helped explain the prevalence of individual elements of AC across the
data sources. For example, use of activity-driven, project-based, and process-
oriented pedagogical approaches appeared important for engaging students in
real world planning and action experiences. Other factors that appeared to be
associated with the use of AC include content taught, personal conviction of
teachers, barriers or constraints in teaching context, characteristics of students,
and teacher education and professional development experiences. To strengthen
use of AC in EE curricula and by teachers, some recommendations include:

1) changing standards and assessments to include the use, development and
measurement of AC; 2) emphasizing equally all the elements of AC in curriculum
development and instruction; and 3) training teachers on the use of multiple
approaches and methods for applying AC in and outside of the classroom, as
well as the importance of being intentional and reflective about one’s teaching, to

help build one’s PCK for teaching EE and fostering students’ AC.
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CHAPTER 1
INTRODUCTION AND DISSERTATION ORGANIZATION

1.1 VALUE OF ENVIRONMENTAL EDUCATION AND NEEDS AND ISSUES
WITHIN THE FIELD

Environmental Education (EE) increasingly plays a crucial role in finding
solutions to environmental and developmental issues. This is seen in the
proliferation of EE programs in the last twenty to thirty years (Athman & Monroe,
2001; McClaren, 1997; Monroe, 1999; Orr, 1995; Palmer, 1998; Tilbury, 1995;
UNDESD, 2005a). In general, these programs are aimed at improving
awareness, knowledge, attitudes, skills, and participation of all age groups inside
and outside the school system, as well as in local and international settings and
contexts (Athman & Monroe, 2001; Palmer, 1998; UNESCO, 1977). Many
believe these outcomes (e.g., awareness, knowledge, attitudes) resultin a
heightened concern of people about their environments, change in personal
lifestyles and behaviors, participation in finding solutions to environmental
problems or issues, and eventual support for the increasing global agenda to
reconcile environment with development (Hungerford & Volk, 1990; Tilbury,
1995; UNDESD, 2005b).

However, despite this recognition of the value of EE, the field is confronted
with several contentions, arguments, or questions. First, debates about “What
works in EE?” and “Does EE matter?” emerged, and have increased (Jensen,
2002; Jensen & Schnack, 1997; Lee & Williams, 2001; Palmer, 1998; Payne,

2006). An abundance of EE studies have ensued.



Although there is a large increase in the number of EE studies, a quick
survey of the literature reveals that studies conducted in the past thirty years
focused predominantly on examining the impact of EE programs on students’
knowledge, attitudes, skills, and behaviors (Dimopoulos & Pantis, 2003;
Hungerford & Volk, 1990; Leeming et al., 1997; Roth, 1992). These types of
outcomes are characteristically the focus of behaviorist theories, one of which is
the environmental citizenship behavior model of Hungerford & Volk (1990). This
model suggests that “the ultimate goal of education is to shape human behavior”
(p. 8). Some of the behaviorist researchers have suggested that environmental
issues are a result of personal lifestyle choices, and therefore, to solve these
problems or issues, education needs to focus on changing individual behaviors
(Jensen & Schnack, 1997; Lee & Williams, 2001). Behaviorist theories such as
the environmental citizenship model have shaped recent EE research and
practice.

| would argue that answering “What works in EE?” or “Does EE matter?”
should go beyond measuring changes in knowledge, attitudes, skills, and
behaviors. This is not to say that these types of outcomes do not count; they do
(Dimopoulos & Pantis, 2003; Hockett et al., 2004; Hsu, 2004; Orams, 1997). But |
would argue that more important than change in behaviors is building capacity for
taking action, or the capacity to change living conditions. This is a different
direction - a different way of viewing, practicing, and studying EE — that some
researchers urge EE practitioners and researchers to consider (Jensen, 2000a;

Jensen & Schnack, 1997; Wals, 1994).



One alternative EE theory that was proposed in the early 1990s is the
action competence (AC) theory. According to this theory, the ultimate goal of
education is to develop students’ capacity to take action or to change their living
condition (Jensen, 2000a, 2000b; Jensen & Schnack, 1997). This theory also
suggests that environmental issues are a result of both personal lifestyle choices
and living conditions (social forces), and therefore, solutions have to be
addressed both at the personal and structural (societal) levels (Jensen, 2002;
Jensen & Schnack, 1997; Mogensen, 1997).

My dissertation research was grounded in AC theory, and | conducted this
research in response to the persistent concerns about the processes, materials,
outcomes, and efficacy of EE, and to respond to the call for viewing, practicing,
and studying EE differently. In particular, | undertook this research to examine
and characterize the interactions found in an EE curriculum and science
teachers’ focus on AC, and to identify factors that appear to be associated with
focus on AC in curriculum and instruction.

The focus on developing students’ capacity to take action is accompanied
by another need, and that is to identify the styles and content of teaching that
help to develop this capacity. This need was expressed by two of the leading
proponents of the AC theory — Jensen & Schnack (1997). To date, there is only
one other study besides my dissertation research that investigated the kinds of
pedagogical approaches that promote AC (Eames et al., 2006).

A second issue is that EE research has given more attention to student

outcomes than to studies focusing on teachers and their teaching practices. | see



this prevalence of studies looking only at student outcomes as resulting in a huge
gap in our understanding of what effective EE involves and if we are making an
impact. How do we know what student outcomes to measure if we don’t know
what, how, and why teachers teach EE? In response, my research did not
measure student outcomes. Rather, my research focused on the teachers and
asked whether they fostered students’ capacity to find solutions or to take action.
Through this research, | asked whether teachers encouraged students’
willingness to participate in finding solutions to environmental issues, or whether
teachers integrated students’ ideas about their future into the process of finding
alternatives and solutions. These questions go beyond easily observable or
verifiable variables (Marcinkowski, 1990 cited in Palmer, 1998) such as
knowledge, attitudes, skills, or behaviors.

Third, in many parts of the United States, EE is not required in the K-12
curriculum, and many schools do not offer it. EE is not a mandated component of
Michigan’s K-12 curriculum (DEQ, 2002). In schools where EE is taught, it is
often incorporated into science education (Littledyke, 2008; Ross, et al., 2005;
Roth & Lee, 2004; Slingsby & Barker, 2003). This connection between EE and
science education has prompted me to use the pedagogical content knowledge
(PCK) framework to examine how teachers teach EE and their focus on AC in
the classroom. PCK, a widely accepted framework in science education research
and practice, refers to the type of teacher knowledge that enables the teacher to
find the most useful forms of representation of topics, analogies, examples,

illustrations, explanations, and demonstrations to teach a particular content to a



particular group of students in a particular context (Shulman, 1986). PCK's focus
on how teachers teach a particular content and why fits perfectly with the

purpose of my study.

1.2 ENVIRONMENTAL EDUCATION (EE) CURRICULUM IN MICHIGAN:
MICHIGAN ENVIRONMENTAL EDUCATION CURRICULUM SUPPORT
(MEECS)

In November 1998, Michigan citizens approved a $665 million Clean
Michigan Initiative (CMI) Bond, which would be used for various environmental
improvements in the state. The Budget Appropriations Committee set aside $1
million of the CMI funds for EE curriculum development and tasked the
Department of Environmental Quality to lead the project. Consequently, a
Technical Advisory Group was formed to guide the curriculum development
project. This group consisted of the Department of Environmental Quality,
Department of Education, and a team of scientists and educators having
technical expertise and practical experience relevant to developing and using a
science-based environmental curriculum. The advisory group intended the EE
curriculum to provide supplementary materials to science and other subject areas
(DEQ, 2002, 2006).

The curriculum development project was based on the assumption that
today's youths play a big role in the future of Michigan's environment and natural
resources (DEQ, 2002). Consequently, the goal of the project was to help

students make data-based choices through improved knowledge of basic science

principles associated with the environment, role of government, economic and



ecological sustainability, stewardship and pollution prevention, and impacts of
individual decisions (DEQ, 2002; Vail, 2006). Thus, each of the five MEECS
Units (Energy and Resources, Ecosystem and Biodiversity, Land Use, Air
Quality, and Water Quality) aimed to provide students with science-based,
accurate, data-based, balanced, and Michigan-specific lessons that are aligned
with state benchmarks and standards and Grade Level Content Expectations
(GLCESs). The curriculum development project started in 2003 and underwent a
series of pilot tests and reviews before it was completed in 2006.

Despite a large funding allpcation from the state and the support of many
state agencies and partners, the MEECS has received little research attention.
One study consisted of an evaluation of the components of the curriculum
development project, including educator workshops and a preliminary impact
study that examined (1) differences in lesson quality between teachers who
taught MEECS and those who taught other materials and (2) student learning as
a result of studying the units (SAMPI, 2007). But more studies are needed to
assess curriculum content and characteristics of MEECS users. My study

contributes in these two areas.



1.3 RESEARCH QUESTIONS
The needs and issues which | described above have led me to explore the
following questions in my research:

1) To what extent do the science and environmental education curricula and
content materials used by science teachers represent elements of action
competence?

2) To what extent does teachers’ pedagogical content knowledge in using
science and environmental education curricula and content matérials

represent elements of action competence?

In my study, “extent” simply means the prevalence of individual elements
of AC and the prevalence of elements and manifestations of PCK. To address
these questions, my research was divided into three parts: (1) analysis of the
Water Quality Unit of the MEECS (DEQ, 2005); (2) a survey of MEECS training
participants; and (3) an in-depth examination of pedagogical content strategies

and use of AC by four science teachers in Michigan.

1.4 THEORETICAL CONTRIBUTIONS

My research offers alternative theories or frameworks to view, practice,
and study EE by combining two theories — AC and PCK. A quick search in the
literature reveals that, to date, a large number of EE programs focus on
increasing people’s knowledge or changing their attitudes and behaviors. In

terms of EE research, a similar trend is observed — a large number of studies



haye been based upon behavior modification models. In the United States more
specifically, EE studies consisted largely of investigating impacts of EE on
people’s knowledge, attitudes, and behaviors; use of AC as a framework for
viewing, practicing, and studying EE is almost absent (Agyeman, 2006 and Wals,
1994 are exceptions).

My research will, therefore, advance the theory of AC as an alternative EE
theory — to go beyond shaping human behavior into developing a person’s
capacity to take action or to change his or her living condition — both in research
and practice. Furthermore, the exact extent of the AC literature is difficult to
define due to the difficulty of finding related references. | found only a few studies
that have attempted to measure AC empirically (Breiting & Mogensen, 1999;
Eames et al., 2006; Fien & Skoien, 2002). Most published references are limited
only to the operationalization of the AC concept. Therefore, my reéearch will add
to the current body of literature. My research also will advance PCK by testing its
utility in evaluating EE. | adopted PCK to examine teachers’ goals and beliefs
about teaching science, pedagogical approaches, instructional methods, and

other possible factors that influence their use of AC.

1.5 PRACTICAL CONTRIBUTIONS

This study provides insights into teachers’ use of EE in the classroom and
their use of AC by conducting an in-depth examination of how teachers teach a
particular content and why. Specifically, this study identifies the pedagogical

approaches, instructional methods, content or subject matter taught, and other



possible factors that may have contributed to teachers’ use of AC in the
classroom. This research can help inform and improve teacher training and/or
professional development programs (EE and/or Science) by including a strong
focus on pedagogical strategies for EE in general, and for AC in particular. This
research also identifies possible relationships between elements of AC and
content or subjects in a curriculum, which is an unexplored area for future
research.

This study can inform us about the nature of the integration of EE with
science education, including the barriers or challenges associated with this
process. This study also can guide future development of environmental
education or science curricula for K-12 schools in Michigan that aim to develop
AC, or improve or align existing curricula with AC by assessing an EE curriculum
in terms of how it matches characteristics of AC and the types of pedagogical
strategies that promote use of AC. Finally, this study also serves as an example
for using alternative theories or frameworks in conducting EE research and

provides suggestions and recommendations for future research.

1.6 DISSERTATION ORGANIZATION
My dissertation consists of six chapters, beginning with this introductory
chapter that describes the needs and issues within EE that helped frame my

research.



In Chapter 2, | review related literature on EE, PCK, and AC. | also
discuss theories of research and practice within EE and my theoretical
perspective in conducting this study. My discussions on EE research and
practice include a comparison of two theories — the environmental citizenship
behavior model of Hungerford & Volk (1990) and the AC theory of Jensen &
Schnack (1997). | also present one commonly cited PCK framework and
describe how | utilize it in my dissertation.

In Chapter 3, | address my research question #1: “To what extent do the
science and environmental education curricula and content materials used by
science teachers represent elements of action competence?” | also report on the
extent to which the Water Quality Unit of the MEECS matches characteristics of
AC and the types of pedagogical strategies that promote teachers’ focus on AC. |
use content analysis to examine the Water Quality Unit.

In Chapter 4, | partly address research question #2: “To what extent does
teachers’ pedagogical content knowledge in using science and environmental
education curricula and content materials represent elements of action
competence?” | report on characteristics of MEECS participants, including their
demographics and curriculum use. | also examine presence of PCK and AC from
participants’ responses to self-administered mail and web surveys. Finally, |
discuss PCK patterns that are more prevalent and seem associated with certain
elements of AC.

In Chapter 5, | also address research question #2 and report on four

teachers’ PCK and use of AC. | used class observations, semi-structured
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interviews, Content Representations (CoRes), and a self-administered mail
survey to examine PCK and AC. | compare the four teachers in terms of goals
and beliefs about teaching science, pedagogical approaches, instructional
methods, student skills emphasized in the classroom, and manifestations of
PCK, and discuss possible relationships between their PCK and use of AC.

In Chapter 6, | summarize and integrate results from previous chapters

and discuss implications for EE research and practice.
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CHAPTER 2
ENVIRONMENTAL EDUCATION, ACTION COMPETENCE AND
PEDAGOGICAL CONTENT KNOWLEDGE: REVIEW OF RELATED
LITERATURE

In this chapter, | review related literature in Environmental Education,
Action Competence, and Pedagogical Content Knowledge. | present the issues
and concerns within EE that helped frame my dissertation research and illustrate
how my research will build upon existing knowledge. | also detail my theoretical

perspective, and describe how it guided the conduct of my research.

2.1 ENVIRONMENTAL EDUCATION (EE)
2.1.1 Historical Background

Much of what has occurred in the field of Environmental Education since
1978 has evolved from two founding documents, the Belgrade Charter and the
Tbilisi Declaration (NEEAC, 2005; Palmer, 1998). The Belgrade Charter was
produced by the International Environmental Education Programme (IEEP) in
1975, as the first inter-governmental statement on EE, listing its aims, objectives,
key concepts, and guiding principles (Palmer, 1998). The objectives for EE
stated within the Belgrade Charter are summarized as follows:

1. to foster clear awareness of and concern about economic, social,
political, and ecological inter-dependence in urban and rural areas;
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2. to provide every person with opportunities to acquire the knowledge,
values, attitudes, commitment and skills needed to protect and
improve the environment, and

3. to create new patterns of behavior of individuals, groups, and society
as a whole towards the environment.

(UNESCO, 1975)

The Tbilisi Declaration in 1977 was built on the Belgrade Charter and
called on EE for the improvement of awareness, knowledge, attitudes, skills, and
participation for all age groups, both inside and outside the school system, and in
local and international settings and contexts (Athman & Monroe, 2001; Palmer,
1998; UNESCO, 1977). Ten years later, the Brundtland Report proposed the
reconciliation of development with environment in the global agenda. This
proposal was embraced during the Earth Summit in 1992, and the resulting
document, Agenda 21, called for a reorientation of EE toward “education for
sustainability” to bring about changes toward sustainable lifestyles (UNDESD,
2005a). This transformed EE into a multidisciplinary approach that integrates
development education and EE through acknowledgement of social, cultural,
economic, and environmental dimensions (Eames et al., 2006; UNDESD, 2005a;
UNESCO, 1992).

Since the Belgrade Charter and the Tbilisi Declaration, EE played an
increasingly crucial role in finding solutions to environmental and developmental
problems. This is seen in the proliferation of EE programs in the last thirty years
(Athman & Monroe, 2001; McClaren, 1997; Monroe, 1999; Orr, 1995; Palmer,
1998; Tilbury, 1995; UNDESD, 2005a). Many practitioners believe EE programs

help promote people’s concern about their environments, change in personal
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lifestyles and behaviors, participation in finding solutions to environmental
problems, and eventual support for the increasing global agenda to reconcile
environment with development (Hungerford & Volk, 1990; Tilbury, 1995;
UNDESD, 2005b).

More recently, EE is facing a process of continuous conceptual
reconstruction as a consequence of the complexity of the social and political
changes occurring throughout the world, in turn because of the environmental
crises and the different perspectives through which they are understood in
different contexts (Payne, 2006). In this conceptual reconstruction, debates about
“What works in EE?” and “Does EE matter?” emerged (Jensen, 2002; Jensen &

Schnack, 1997; Palmer, 1998).

2.1.2 Review of EE Research
My review of EE research revealed some trends:

¢ Quantitative studies remain dominant in the field (Hart & Nolan, 1999;
Lee & Williams, 2001; Palmer, 1998; Rickinson, 2001). Many of these
studies focus on impacts of EE on students.

e There is a considerable increase in the number of qualitative studies,
although there remains a need to strengthen constructivist and critical
approaches to research (Ballantyne & Packer, 1996).

o There are persistent concerns about the processes, materials,
outcomes, and efficacy of EE (Lee & Williams, 2001; Palmer, 1998;

Payne, 2006).

18



There is a widening range of themes pursued by EE researchers.
Emphasis is placed primarily on EE implementation across the
curriculum, development of curriculum resources, influence of EE, and
student assessments. Teaching about the environment through the
science curriculum and effectiveness of teaching styles gained
momentum in the research field (Lee & Williams, 2001; Palmer, 1998).
Global efforts in EE appear to be dominated by teacher education
models and development of responsible environmental behavior, in
addition to integrating EE across the curriculum and development of
curriculum resources (Palmer, 1998).

Recurring issues and concerns within EE include conflicts between
different paradigms of research and practice (rhetoric-reality gaps),
developmentally inappropriate curricula, structural issues or barriers,
and dynamics of schooling, which make it difficult to integrate EE into
the curriculum (Barrett, 2006; Connell, 2006; Fridgen, 2005; Payne,
2006; Stevenson, 2007).

There has been a call for the use of multiple paradigms to enhance EE
research, because some authors believe that different paradigms are
complementary and can enhance understanding of EE theory and
practice better than any one paradigm can alone (Haggerson, 1986;

Marcinkowski, 1993).
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Studies conducted in the past thirty years focused predominantly on
examining the impact of EE programs on students’ knowledge, attitudes, skills,
and behaviors (Dimopoulos & Pantis, 2003; Hungerford & Volk, 1990; Leeming,
et al.,, 1997; Roth, 1992). These types of outcomes are characteristically the
focus of the environmental citizenship behavior (ECB) model of Hungerford &
Volk (1990). This model suggests that “the ultimate goal of education is to shape
human behavior” (p. 8). The ECB model has largely shaped EE research and
practice since its inception.

In addition to the focus on measuring knowledge, attitudes, skills, and
behaviors, EE research has given more attention to student outcomes than to
studies focusing on teachers or educators and their teaching practices. | see the
prevalence of studies looking only at student outcomes as resulting in a huge
gap in our understanding. How do we know what student outcomes to measure if

we don't know what, how, and why teachers teach EE?

2.1.3 Theoretical Perspectives in EE Research

Reviews of EE research also found three leading paradigms, or what | call
theoretical perspectives, in EE research — positivism, interpretivism, and socially
critical theory. Although recent analyses of the field of EE research found a rapid
increase in the number and diversity of research studies (Hart & Nolan, 1999),
and an encouraging attempt to use different theories and perspectives other than
the positivist-objectivist paradigm, this perspective is still the dominant approach

to EE research (Rickinson, 2001).
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Marcinkowski (1990) described the positivist-objectivist perspective in
research as reflecting the tradition of scientific inquiry. Those who adhere to this
perspective seek to describe, predict, and explain, and are generally required to
remain detached from the research setting (including the subjects or participants)
to maintain objectivity (Marcincowski, 1990 cited in Palmer, 1998). The majority
of positivist-objectivist-oriented research studies in the 1970s and 1980s are
characterized by a focus on matching outcomes with assumed goals, making
generalizations from empirical observations, and on identifying, measuring, or
controlling variables that were believed to influence responsible environmental
behavior (Robottom & Hart, 1993 cited in Palmer, 1998). In addition, positivist-
objectivist oriented studies are predominantly quantitative (lozzi, 1981;
Rickinson, 2001).

Calls for interpretivism (or constructivism, as synonymously used by some
researchers) in EE research first emerged in a 1994 report by Robertson who
wrote about the dire lack of constructivist-oriented studies at that time (Palmer,
1998). Robertson (1994 cited in Palmer, 1998) argued that constructivist
approaches to research are important because these can provide a coherent
framework through which to understand learning, subjective experiences of
individuals, perspectives of participants, and socially constructed meanings,
categories and issues. Several years after Robertson’s call, there was an
upsurge in support for and interest in interpretivist research and for a more

broadly based view of EE (Palmer, 1998). Rickinson (2001) saw a similar
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increase in support in his literature review on learners and learning in primary
and secondary education.

Interpretivists do not believe that research is value free, as is the claim of
positivists. Thus, instead of being detached from their subjects or from the
phenomena being investigated, researchers are actively and directly involved
(Cohen & Manion, 1989). Interpretivists also do not believe that human behavior
theories can be abstracted and generalized; rather, they believe that human
behavior is situation-specific (Fien & Hillcoat, 1996 cited in Palmer, 1998).

In contrast to positivists, interpretivists attempt for transferability of findings
(Palmer, 1998). Constructivist-oriented research studies also tend to be
qualitative and include the use of case studies, participant observation, semi-
structured interviews, and discourse analysis (Green, 1990). For an example of a
constructivist mode of research, see Palmer's study (1993, 1995).

The critical tradition in EE research emerged at about the same time that
calls for interpretivism surfaced. Like interpretivism, socially critical theory
emerged in response to critiques of the positivist paradigm. Critical researchers
agree with interpretivist researchers that their methods provide understanding
and meaningful dialogue (Palmer, 1998). Where there is a difference, however, is
in the belief regarding how subjective views are constructed. Interpretivists argue
that these views are internally constructed (constructivist); critical theorists, on
the other hand, argue that they are internally constructed and are influenced by

social forces; hence they cannot be separated from their social context (Fien &
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Hillcoat, 1996 cited in Palmer, 1998). The identifying characteristic of socially
critical theory is captured by Robottom & Hart (1993) below:

“...becoming critical means exposing one’s ideological bases, penetrating

one’s ideological assumptions through critique...developing an analytic

posture towards arguments, procedures, and language using a lens
related to issues of power and control in relationships, and developing an

action-oriented commitment to common welfare...” (p. 11).

According to Robottom & Hart (1993 cited in Palmer, 1998), a socially
critical perspective to EE is participatory and collaborative in nature, so ideally it
should involve students, teachers, and the community in framing and
investigating a real environmental issue in their local environment. The
participants should seek to uncover and make explicit the values and vested
interests of the individuals and groups who adopt positions with respect to the
issue. This supports the belief of critical researchers that subjective views are
influenced by individual (internal) constructs as well as outside social forces. Key
approaches for data collection and analysis that are being used in the critical
tradition of EE research are discourse analysis, ethnography, and action
research. An example of project using a socially critical approach is the

Organization for Economic Cooperation and Development (OECD) Environment

and School Initiatives Project (see Elliot, 1991; Posch, 1993).

2.2 MY UNIQUE RESEARCH FOCUS AND THEORETICAL PERSPECTIVE
My dissertation research is an attempt to address various aspects of EE
trends described above. First, this dissertation research was conducted in

response to the persistent concerns about the processes, materials, outcomes,
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and efficacy of EE. In particular, | undertook my dissertation research to examine
and characterize the interactions found in an EE curriculum and science
teachers’ focus on action competence (henceforth referred to as AC), and to
identify factors that appear to be associated with use of AC in curriculum and
instruction.

Second, in response to the lack of focus on studying teachers’ teaching
practices, my research did not attempt to measure outcomes on students.
Rather, my research focused on teachers, and | asked whether they fostered
students’ capacity to find solutions, to change a situation, or to take action. My
research also focused on whether teachers encouraged students’ willingness to
participate (commitment) in finding solutions to environmental problems, and
whether they integrated students’ ideas about their future (developing visions)
into the process of finding alternatives and solutions. These questions go beyond
easily observable or verifiable variables (Marcinkowski, 1990 cited in Palmer,
1998) such as knowledge, attitudes, skills, or behaviors.

Third, although the integration of EE into science education is not a
primary area of inquiry in this study, this research enhances our knowledge about
how these two fields can be integrated. This area of research is gaining interest
especially because science education receives considerably higher curriculum
status compared to EE (Littledyke, 2008; Slingsby & Barker, 2003), although
relatively less compared to math and language arts. Some researchers believe
that because of this higher curriculum status, science education has tremendous

opportunity to support EE in various ways, e.g., help students apply science
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concepts to socially relevant questions (Slingsby & Barker, 2003), equip students
with skills that enable them to participate in discussions or debates related to
lifestyle sacrifices or political changes (Slingsby & Barker, 2003), develop their
sense of relationship with the environment (Littledyke, 2008), develop
environmental awareness (Ross et al., 2005), and allow students to participate in
community life (Roth & Lee, 2004).

In many parts of the United States, however, EE is not included in the
formal K-12 curriculum, and despite the benefits of teaching EE (Athman &
Monroe, 2004; Ernst, 2005; Pennock, 1994), incorporating it into the classroom
has never been easy for teachers (Kim & Fortner, 2006). Thus, my research will
contribute to our knowledge about the structural issues or barriers, dynamics of
schooling, and other factors that make it difficult to integrate EE into the science
curriculum.

This connection between EE and science education has prompted me to
use the PCK framework to examine teachers’ use of AC. PCK, a widely accepted
framework in science education research and practice, refers to the type of
teacher knowledge that enables him/her to find the most useful forms of
representation of topics, analogies, examples, illustrations, explanations, and
demonstrations to teach a particular content to a particular group of students in a
particular context (Shulman, 1986). PCK's focus on how teachers teach a
particular content and why fits perfectly with the purpose of my study to examine

teachers’ use of AC.
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Fourth, and more importantly, | would argue that we should go beyond
measuring changes in knowledge, attitudes, skills, and behaviors when
answering “What works in EE?” or “Does EE matter?” This is not to say that
these types of outcomes do not count; they do (Dimopoulos & Pantis, 2003;
Hockett, McClafferty, & McMullin, 2004; Hsu, 2004; Orams, 1997). | would argue
that more important than change in behaviors is building capabity for taking
action or the capacity to change a complex situation, and | suggest EE research
and practice ought to look in this direction. One perspective that examines this
(other) direction is the theory of action competence (AC). In this theory, the
ultimate goal of EE is to develop students’ capacity to take action or to change a
situation (Jensen, 2000a, 2000b; Jensen & Schnack, 1997).

The need to focus on developing students’ capacity to take action is
accompanied by a need to identify the styles and content of teaching that help to
develop this capacity. This need was expressed by two of the leading proponents
of the action competence theory — Jensen and Schnack (1997). To date, | found
only one previous study that investigated the kinds of pedagogical approaches
that promote AC (Eames et al., 2006).

While the three major research theoretical perspectives | have described
above have clearly shaped the way EE research has been conducted in the past
four decades, | agree with Scott & Oulton (1999) that adopting only one
perspective would limit our views and understanding of environmentally-related
situations, thereby isolating and reducing EE instead of broadening its theory,

research, and practice. If | embrace only the positivist perspective, | will prevent
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myself from obtaining a profound and holistic understanding of the nature of
environmental problems (Jensen, 2002; Jensen & Schnack, 1997; Wals &
Bawden, 2000). In this case, this perspective would be limiting my understanding
of how teachers teach EE and their use of AC in the classroom.

If | embrace only the subjective interpretivist paradigm, | will overlook the
importance of technical and applied knowledge that could contribute to my
understanding of EE teaching, and use of this perspective can add richness to
my work. Thus, an interpretivist view alone is not complete either.

Furthermore, if the socially critical theory is to be accepted as the sole
representation of EE, then there is a tendency to perceive EE as a tool to attack
society, the government, and ourselves. This is because socially critical theory is
grounded on critique of any forms of oppression and power structures (Robottom
& Hart, 1993). Although this perspective may be useful in understanding many
contexts related to EE, it may not be appropriate for other contexts, and it may be
unacceptable to members of society who view the role of education as providing
only fundamental knowledge and skills.

Thus, in this research, | assume a critical pluralist perspective. This is in
response to suggestions made by some researchers on the need to be open to
multiple perspectives (Scott & Oulton, 1999). | also agree with other authors that,
because of the highly complex nature of the content that EE needs to address
and the different ideologies in which EE is embedded (Palmer, 1998), as well as

the multiple ways that EE is theorized and practiced, adopting only one research
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theoretical perspective will be limiting and unjustified. This is certainly true for my
investigation of teachers’ use of AC in the classroom.

As a critical pluralist, | value the reliability and generalizability of findings
that a positivist theoretical perspective can generate, but | also appreciate the
beauty of a subjective approach (e.g., interpretivist or socially critical) because it
adds richness to my work. This perspective fit my research because the goal of
my research was not primarily to predict and generalize my results, but to
examine and characterize use of AC in an EE curriculum and how teachers teach
EE and use AC in the classroom. Adopting a critical pluralist perspective allowed
me, the researcher, to adopt different but complementary perspectives (Scott &

Oulton, 1999).

2.3 THEORETICAL FRAMEWORK

I will now describe the theories that frame my research. First, | will discuss
the theory of AC and compare it with another theory — the environmental
citizenship behavior model. | believe these two theories are fundamentally
different and therefore worthy of comparison and further discussion. Second, |

will discuss PCK and illustrate how it is used in my research.

2.3.1 Theories of Environmental Education
2.3.1.1 Environmental Citizenship Behavior (ECB)
Many environmental educators believe that behavior change results from

making people more knowledgeable about the environment and its associated
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issues and that the “ultimate aim of education is shaping human behavior”
(Hungerford & Volk, 1990, p. 8). The earliest assumption was that increased
knowledge and awareness about environmental problems will result in
responsible environmental behaviors' (REBs) (Hungerford & Volk, 1990),
implying a linear relationship between variables. It was also believed that
influencing learners’ attitudes toward the environment will develop REBs.
Research has found, however, that there are no strong direct causal
relationships between knowledge and REBS, or attitudes and REBs (Gardner &
Stern, 1996; Orr, 1992; Stern, 2000; Volk et al., 1984). Instead, the relationships
among these variables are complex (McKenzie-Mohr et al., 1995; Stern, 2000).
From the earlier models of behavior modification, Hungerford & Volk's
(1990) Environmental Citizenship Behavior’ model evolved (see Figure 2.1),
henceforth referred to as ECB. In their model, Hungerford & Volk (1990), through
meta-analyses, demonstrated that entry level variables, ownership variables, and
empowerment variables contribute to behavior and that these variable categories
“act in more or less of a linear fashion, albeit a complex one” (Hungerford and
Volk, 1990, p. 10). They also noted that “while the categories of variables
probably operate in a linear fashion, the variables within each category do not
necessarily operate in a similar manner” (p. 11), and that the variables probably

function synergistically. Subsequent research has further developed our

! Earlier researchers (e.g., Hines et al., 1986/87) refemred to the “desired” behavior as
“responsible environmental behavior.”

2 Hungerford & Volk (1990) called their model Environmental Citizenship Behavior but used
“responsible citizenship behavior” when referring to behavior throughout their paper.
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understanding of the relationship between these variables and behavior. Table

2.1 provides short descriptions for each variable.

Entry level —»| Ownership »| Empowerment C
variables variables variables
|
Major variable Major variables Major variables T
|
Environmental In-depth knowledge Knowledge of and skill
Sensitivity about issues in using environmental ¥4
action strategies
E
Personal investment Locus of control
in issues and the (Expectancy of N
environment reinforcement) s
Intention to act H
. : . : , |
Minor variables Minor variables Minor variable
P
Knowledge of Knowledge of the In-depth knowledge
ecology consequences of about issues B
behavior — both
positive and E
Androgyny negative y
A personal
commitment to issue A
resolution
Attitudes toward \'
pollution,
technology and |
economics
(o)

Figure 2.1. Environmental Citizenship Behavior Model
(Hungerford & Volk, 1990, p. 11)
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Table 2.1. Environmental Citizenship Behavior Model: Entry Level,
Ownership Level, and Empowerment Variables (Hungerford & Volk, 1990,
pp. 11-13)

Entry-level variables: good predictors of behavior, or appear to be related to responsible
citizenship behavior

Environmental sensitivity — defined as an empathetic perspective toward the
environment; has shown dramatic relationship to behavior

Androgyny [in a psychological sense] — refers to human beings who tend to reflect non-
traditional sex-role characteristics (example: an androgynous male may be a very
sympathetic individual and able to cry in a sad situation — a traditional female
characteristic); not as strong a predictor for behavior as environmental sensitivity

Knowledge of ecology — refers to an ecological conceptual basis for decision making,
e.g., concepts associated with population dynamics, nutrient cycling, succession,
homeostasis, etc; does not in itself produce environmental behavior but is considered
almost always a prerequisite for decision making

Attitudes toward pollution, technology, and economics — they did not provide definition for
attitudes, but noted that some research found that these attitudes appeared to be related
to behavior although the extent of their involvement is still unknown

Ownership variables: those that make environmental issues very personal, as in the
individual “owns” the issue, i.e., the issues are extremely important at a personal level to
him/her

In-depth knowledge (understanding) of issues — understanding the nature of the issue
and its ecological and human implications, appears crucial before individuals can engage
in responsible citizenship behavior

Personal investment (in an issue or an action) — much like “ownership” itself in that the
individual identifies strongly with the issue because he/she has a proprietary interest in it;
hypothesized as a major factor in ownership

Empowerment variables: give human beings a sense that they can make changes and help
resolve important environmental issues

Perceived skill in using environmental strategies — human beings believing that they
have the “power” to use citizenship strategies to help resolve issues; probably dependent
on the knowledge of environmental action strategies variable to a great extent

Knowledge of environmental action strategies — was not defined but was considered an
important part of the perceived skills in using environmental strategies

Internal locus of control —an individual’s belief in being reinforced or will experience
success for a certain behavior

Intention to act - intention of a person to take some sort of action increases the chances
of that action occurring
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The focus of the ECB model on knowledge, attitudes, skills, and behaviors
stems from the positivist's assumption that environmental problems are external
to individuals and are a consequence of individual lifestyle choices (Mogensen,
2000; Palmer, 1998). This implies that solutions to environmental problems can
be attained by changing individual behaviors. It is also clear that this model
upheld a behaviorist learning theory, because it deemed that shaping behavior is
the ultimate aim of education.

Mogensen (1997) claimed that ECB model’s assumption about the
existence of environmental problems or issues® has influenced EE’s focus of
teaching on gathering information, developing knowledge, and increasing
awareness about environmental problems. He further contends that learners
need to be taught about behaviors or actions that can improve the state of the
environment. Critics say that the ECB model, therefore, is moralistic and
engenders an expert-driven teaching and learning model, i.e., the teacher is the
expert who first judges and then delivers information to the students; students
are passive recipients of knowledge or “repositories” who collect and use the
information (Greenall Gough & Robottom, 1993; Jensen, 2000a; Robottom &
Hart, 1993; Tilbury, 1994). Freire calls this the “banking” model of education
(Freire, 2000).

% Hungerford & Volk (1990) distinguished between “problems” and “issues.” They believed
““problems” exist when something is at risk, for example, an animal being endangered. An
environmental “issue” exists when human beings have differing beliefs and values conceming
what should be done about the problem; for example, people may differ in their beliefs about what
should be done to manage the endangered animal” (p. 17).
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2.3.1.2 Action Competence (AC)

AC theory is the most notable alternative perspective to the ECB model
found in the literature. AC played a central role in the pedagogical discussion of
EE in Denmark in the 1990s and consequently shifted the overall objective of EE
in this country (Breiting & Mogensen, 1999). Outside of the United States, AC
has been adopted in New Zealand, Australia, the United Kingdom, Canada, and
Scotland (Barrett, 2006; Eames et al., 2006; Fien & Skoien, 2002; Laing, 1998;
Palmer, 1998). Early proponents advanced the concept of AC as a response to
the increasing preponderance of behavior modification models in EE, one of
which is the ECB model. AC researchers are critical of focusing on changing
behaviors in our attempts to solve environmental problems. For them, focusing
on individuals alone does not and will not solve environmental problems (Bishop
& Scott, 1998).

Action competence is referred to as a person’s ability to act on an
environmental problem or issue, and or his/her ability to influence or change
his/her living conditions (Jensen, 2000a, 2000b; Jensen & Schnack, 1997). The
focus, therefore, is developing capacity for action. AC is grounded in socially
critical theory and suggests that environmental problems or issues are a result of
both lifestyle choices and living conditions (social forces). Thus, for proponents of
AC, the purpose of education is to question and understand how individuals’
choices and social structures contribute to environmental problems or issues to
attain solutions (Jensen, 2002; Jensen & Schnack, 1997; Mogensen, 1997).

Finding solutions requires a reconstructivist learning framework, which views
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education as an avenue for or agent of change and social reform by emphasizing
creativeness, nonconformity, self-actualization, and providing learners with
“direct experience in democratic living and political or social action which
prepares students for freedom” (Ornstein, 1991, p. 7).

Critics of the AC theory, however, regard this focus on social contexts as
too ambitious and believe it is daunting to place the responsibility on schools and
students to change society (Bishop & Scott, 1998). Opponents of AC argue that,
often, there is a mismatch between the problem at hand and the educational
intervention, i.e., “the environmental problem chosen was insoluble by students’
action, in some cases, insoluble simply because the problem was too large”
(Walker, 1997 cited by Bishop & Scott, 1998, p. 227). Proponents of AC counter
the argument by saying that AC does not place the responsibility of social
change on students. Instead, what AC emphasizes are students’ critical thinking
skills (Mogensen, 1997).

Jensen & Schnack (1997) differentiated between action, behavior, and
activity. They stressed that, in order for something to be considered an ‘action,’ it
has to be performed consciously and purposively. In other words, actions are
intentionél, considered, and must be targeted to a solution of a problem (Jensen,
2002; Jensen & Schnack, 1997). This implies that AC equips an individual with
an ability to act in whatever way he or she chooses; it is democratic, not
prescriptive (Bishop & Scott, 1998; Jensen & Schnack, 1997). In contrast,
Jensen & Schnack (1997) argue that behavior may be manifested with or without

an intention or personal worth to the person exhibiting it. For example, students
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may display a certain behavior because the teacher asked them to do so. Thus,
the observed behavior is not a result of personal choice; it is predetermined or
prescribed (Jensen & Schnack, 1997). Schnack (1994) also suggests that a
behavior may be just a habit, i.e., something performed or acquired by an
individual without thinking about it.

‘Action’ is also differentiated from ‘activity.” An ‘action’ is focused on the
resolution of a problem that an individual regards as important (Jensen, 1994).
Action is also targeted to addressing the causes, not the effects or symptoms of
a problem (Bishop & Scott, 1998). In contrast, an ‘activity’ is being actively
engaged in a limited task; activity is ‘doing something’ (Jensen, 1994). Jensen &
Schnack (1997) further contend that an activity is not part of something bigger or
a more substantial goal (e.g., to resolve an environmental problem).
Furthermore, Jensen & Schnack (1997) assert that only actions that are directed
toward solving an environmental problem can be characterized as environmental
actions. Table 2.2 summarizes the “action” component of AC according to

Jensen & Schnack (1997).

Table 2.2. Summary of Jensen & Schnack’s (1997) Conception of
Environmental Action

An action...

e is conscious/intentional: it involves making up of one’s mind before it is conducted
has to be purposive/targeted
is more than activity (i.e., something being done)
must be focused on the resolution of a problem which the actor sees as important
has to be addressed to causes rather than effects or symptoms

Adapted from Jensen (2000a) and Bishop & Scott (1998, p. 229)
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Researchers who have used the AC theory in EE and health education
suggest the following elements that comprise AC: knowledge/insight, visions,
commitment, action experiences, critical thinking and reflection, trust in one’s
power to act, social skills, investigative skills, communication skills, participation,
and emotional response (Bishop & Scott, 1998; Breiting & Mogensen, 1999;
Eames et al., 2006; Fien & Skoien, 2002; Jensen, 2000a, 2002; Jensen &
Schnack, 1997,1994; Laing, 1998; Otero & Mira, 2003). As might be expected,
the relationships among these components are largely unknown, although there
seems to be a consensus that knowledge/insight and critical thinking and
reflection are central to AC (Breiting & Mogensen, 1999; Jensen, 2000a; Jensen
& Schnack, 1997; Mogensen, 1997; Uzzell, 1994). Consequently, it cannot be
assumed that a linear relationship exists among the variables (Uzzell, 1994). My
study is in part a response to the call for further research into how these
elements are constructed and interconnected (Jensen & Schnack, 1997).

Furthermore, much of what is found in the literature consists of the
operationalization of AC, and structural and theoretical arguments. There are two
exceptions. One is the Roxbury Environmental Empowerment Project in Boston’s
Roxbury District in the United States, which uses an AC framework to build
capacity and power of communities to attain environmental justice (see
Agyeman, 2006). The other is the AR & CPS (Action Research — Community
Problem Solving) model of EE used in the Piston Middle School Project in

Detroit, Michigan (United States), which followed AC-oriented steps to help
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middle school students identify an issue in their school community and take
action to alleviate it (Wals, 1994).

Only a few attempts have been made to measure AC empirically; studies
have included investigations on selected aspects of this concept (e.g., trust in
their own act, knowledge of conflicting interests, action possibilities, types of
action experiences) (Breiting & Mogensen, 1999); documentation of emergence
of AC in community groups (Fien & Skoien, 2002); examination of the types of
methods to engage students in learning about health (Simovska, 2007); and
investigation of teachers’ pedagogical approaches in EE that promote students’
AC (Eames et al., 2006). Below are descriptions of the AC elements that |
examined in my study. These elements are limited to those suggested as central

to the development of AC, or those that have been used by other researchers in

the past.

1) Knowledge/Insight

Proponents of AC strongly suggest that four types of knowledge must be
present in any EE curricula to develop AC (see below). These types of
knowledge are characterized as integrative and are crucial to giving students a
holistic perspective of a particular environmental issue or problem in which they
are interested (Jensen, 2000a, 2000b; Uzzell, 1994).

a) Knowledge of Effects: What kind of a problem is it? This knowledge is

about the existence and spread of environmental problems. This form of

knowledge is mainly scientific in nature and does not give any explanation
why a problem exists or how people can contribute to solving them.

b) Knowledge of Causes: Why do we have the problems that we have?
These root causes include associated social factors behind environmental
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problems. This knowledge belongs mainly to the sociological, cultural, and
economic areas.

c) Knowledge about Change Strategies: How do we change things? This
knowledge deals with both knowledge about how to control one’s own life
and how to contribute to changing living conditions in society. Who do we
turn to, and with whom could we ally ourselves? This type of knowledge
also includes knowing how to encourage cooperation and how to analyze
power relations. It is often to be found within psychological, political, and
sociological studies and is central to an action-oriented education.

d) Knowledge about Alternatives and Visions: Where do we want to go?

This knowledge deals with the necessity of developing one’s own visions —
one’s dreams and ideas for the future in relation to one’s own life, work,
family, and society. One way to help develop visions is to know about how
people go about things in other cultures and other places.

2) Visions

Jensen & Schnack (1997) argue that developing students’ visions is
important because it allows students to think about the kinds of lifestyles or
environment they want, what they think will happen in their future and the effects
of environmental problems at hand on their future. Developing visions also lets
students ponder what alternative ways of development are available; thus, it is
closely tied with the ‘alternatives and visions’ component of knowledge. Jensen
(2000a) maintains that students should be given opportunities to build their
visions as they dialogue with other students. Having a vision facilitates taking
actions, because students will then have a target, a purpose for the skills and

knowledge that they need to seek.

3) Commitment

Commitment ensures that any efforts that students make (e.g.,

deveIOpment of skills, knowledge, and action) are directed toward achieving their

38



visions (Jensen & Schnack, 1997). To foster commitment, students should be
encouraged to identify their own position regarding an environmental issue or
problem (Mogensen, 1997; Wals & Bawden, 2000), and should be given
opportunities to work in groups because commitment is often developed within a
social context (Jensen, 2000a, p. 149).

Students also should be encouraged to think about their feelings regarding
the issue or problem at hand. This will go hand in hand with examining their
positions. Some researchers suggest that motivations go hand in hand with
commitment, such that students should be encouraged to reflect on their
motivations, i.e., the things that underpin their desire to learn the skills and
knowledge needed to help solve environmental problems or issues (Fien &
Skoien, 2002). Students’ commitment is also believed to influence their intention

or wish to act (Jensen & Schnack, 1997).

4) Planning and Action Experiences

Students need real life experiences for acting individually and collectively
(Jensen, 2000a). Jensen & Schnack (1997) only referred to this element as
“action experiences,” but | added “planning” and refer to it as “planning and
action experiences” because | believe planning experiences are an important
piece before taking action. As Mogensen (2000) pointed out, the role of the
teacher in creating opportunities that allow students to take part in problem
identification, planning, investigation, presentations of findings, and decision
making is paramount. This will teach students the value of co-influence (how their

thoughts, decisions, or actions affect other students) and co-responsibility
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(assuming group responsibility to participating in the action to (re)solve a problem
or an issue), as well as how to identify difficulties or barriers to change, action
possibilities, or priorities for action. More importantly, students will be given the

opportunity to decide on what actions to take (Jensen, 1994, 2000a).

5) Critical Thinking and Reflection

Proponents of AC called this element “critical thinking skills,” and because
they highlighted the importance of reflection in thinking critically, | refer to this
element as “critical thinking and reflection.” Critical thinking skills are referred to
as the students’ ability to recognize different points of view, work with conflicts of
interest through self-reflection, question values, perceptions, and opinions,
challenge current practices, and examine and analyze a problem or an issue
both at the structural level of society and the scientific and personal level and the
connections between them (Mogensen, 1997; Wals, 1994). Furthermore,
Mogensen (2000) and Wals (1994) suggest that critical thinking and reflection
generates knowledge that presents concrete possibilities for empowering

students to transform an intention to act into actual action.

2.3.1.3 Comparing Environmental Citizenship Behavior (ECB) and Action
Competence (AC)

It is difficult to compare and contrast ECB with AC because of differences
in the names of variables, and some of the variables in ECB were not defined.
For example, in ECB, in-depth knowledge of issues included understanding of

“the nature of the issue and its ecological and human implications” (Hungerford &

40



Volk, 1990, p. 12). This may embody both knowledge of effects and knowledge
of causes (AC). Hungerford & Volk (1990) did not elaborate on the knowledge of
consequences of behavior (both positive and negative) variable, but this could be
represented in AC’s knowledge of effects. Hungerford & Volk (1990) combined
knowledge of environmental action strategies with perceived skill in using
environmental action strategies, which they referred to as people believing they
have the “power” to use citizenship strategies to help resolve issues” (p. 12).
Action or citizenship strategies may be similar to AC’s knowledge of change
strategies. ECB'’s knowledge of ecology is included in AC’s knowledge of effects,
through which a scientific emphasis of a problem or issue is emphasized.
Knowledge about alternatives and visions is not found in the ECB model.

The critical thinking and reflection variable is central to the development of
AC. In ECB, critical thinking is not articulated explicitly, but it may be embodied in
the in-depth knowledge about issues (major ownership variable) or in the
knowledge of and skill in using environmental action strategies (major
empowerment variable). In addition, reflection is absent in ECB. Development of
visions in AC is also absent in the ECB model. Commitment is present in both,
although it is a minor variable in ECB. Both theories consider that participation in
resolving issues or problems is important, although the nature of participation is
probably different.

Hungerford & Volk (1990) did not make a distinction between action,
behavior, and activity. They used behavior and action synonymously (e.g.,

citizenship action and citizenship behavior) as clarified later by Hungerford that
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he referred to “behavior as a series of actions” or as “a pattern of actions”

(Simmons & Volk, 2002, p. 8).

In summary, although there are some similarities between ECB and AC,

their differences are substantial and fundamental. Key differences include the

following:

1)
2)

3)

4)

absence of visions in ECB;

ECB's lack of recognition of other factors that may influence behavior,
for example social structures, cultures, and beliefs and personal
experiences (Hockett et al., 2004);

ECB does not take into account demographic, social contextual, and
external and internal factors that are also strong influences on pro-
environmental behaviors* (Kolimuss & Agyeman, 2002); and

ECB'’s focus on behavior change versus AC’s focus on capacity to take
action or change a situation. This is a result of both theories’ difference
in assumptions about the reality of environmental issues. ECB
assumes that environmental problems or issues are primarily a result
of individual lifestyle choices, whereas AC assumes that environmental
problems are a result of both individual lifestyle choices and social

structures.

This last difference between the two theories is crucial because

assumptions about the nature of environmental problems have significant

4 Hungerford later acknowledged that he would include more ‘cultural’ values into the structure
now that we know ecological considerations are not the only ones that need to be addressed
(Simmons & Volk, 2002).
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implications on curriculum theorizing, learning theories, and roles of teachers and
students. For example, the primary purpose of ECB is to increase knowledge and
awareness and to develop skills (vocational/technical) necessary to enact
responsible citizenship behavior. As this theory’s critics say, the end goal is still
behavior change. Critics also believe that, in the ECB model, students are
prescribed with predetermined behaviors® (behaviorist); hence, the teacher is
more of an expert or authority (Jensen & Schnack, 1997). The purpose of AC, on
the other hand, is ideological critique through critical thinking and reflection
(socially critical) and empowerment of individuals to change their situation
(emancipatory). Additionally, students decide for themselves what they want to
do and how they want to respond to an environmental issue or problem
(reconstructivist/emancipatory). | summarize the differences between ECB and

AC in Table 2.3.

Table 2.3. Comparing ECB and AC

ECB AC

Theoretical perspective Positivist Socially critical

Goal of EE Shape environmental Develop action
citizenship behavior competence

Learning theory Behaviorist Reconstructivist

Action focus Direct actions, individual, Direct and indirect actions,
collective individual and collective,

action capacity

Dominant curriculum Course or subject content Critical pedagogy or

concern action-orientation

Role of the teacher Expert and authority Collaborative participant

® Hungerford responded to his critics regarding the ECB model's focus on behavior by clarifying
that there is a difference between behavior and behaviorist tactics (Simmons & Volk, 2002). The
latter, he said, are strategies that “evoke manipulative instructional ploys designed to bring about
specific targeted behaviors” (p. 8). He strongly disagreed that the ECB model uses or refers to
behaviorist tactics.
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Table 2.3 Continued:

Assumption Environmental problems Environmental problems
or issues are a result of or issues are a result of
lifestyle choices both lifestyle choices and

social conditions

Target solutions Primarily at the individual Individual and
level societal/collective

Major elements Entry level: environmental Knowledge, visions,

sensitivity

Ownership: in-depth
knowledge about issues,
personal investment in
issues and the
environment

Empowerment: knowledge
of and skill in using
environmental action
strategies, internal locus
of control, intention to act

commitment, planning and
action experiences, critical
thinking and reflection

(Extracted from Breiting & Mogensen, 1999; Eames et al., 2006; Fien & Skoien, 2002; Hungerford
& Volk, 1990; Jensen, 2000a, 2000b; Jensen & Schnack, 1997, 1994; Lee & Williams, 2001)

2.3.2 Pedagogical Content Knowledge (PCK)

Lee Shulman (1986) first coined the term pedagogical content knowledge

and identified it as a specific form of knowledge for teaching — different from

other domains of content knowledge such as subject matter knowledge,

pedagogical knowledge, or curricular knowledge. Shulman defined PCK as the

transformation of subject matter knowledge per se into subject matter knowledge

for teaching. He still spoke of PCK as content knowledge, but of particularly the

form that “embodies the aspects of content that is most germane to its

teachability” (p. 9).
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PCK is widely embraced in the research community, especially in science
education, both for the improvement of science teaching and learning as well as
teacher education (Bransford et al., 2000; Cochran, 1997; Lee, et al., 2007;
Magnusson et al., 1999). In the field of science, PCK has been used most often
in research and publications to refer to the knowledge that teachers must have to
teach science (Magnusson et al., 1994; NRC, 1996). Despite this vast support,
however, there are few science topic-specific examples in the literature to
iluminate PCK (Loughran et al., 2004).

Many researchers have attempted to redefine, reconceptualize, expand,
or elaborate on PCK. Researchers, however, differ in their conceptualizations.
Many believe that PCK is that knowledge that resulted from the transformation of
subject matter® knowledge, pedagogical knowledge, and context knowledge
(Magnusson et al., 1999; Shulman, 1986). Others prefer to use the term
“integrated” or “integration”, that is, PCK is the integration of the individual
knowledge domains, including knowledge of student learning, curricular
knowledge, goals, and orientations (Cochran, 1997; Femandgz-Balvoa & Stiehl,
1995; Gess-Newsome, 1999; Loughran et al., 2001; Loughran et al., 2004;
Marks, 1990). Still others suggest that individual teacher knowledge domains
contribute to the development of PCK (Morine-Dershimer & Kent, 1999).

Whether it is the integration, transformation, or contribution of individual

teacher knowledge domains, many researchers seem to be in agreement that

® Shulman (1987) and others refer to “subject matter knowledge” as content knowledge (per se).
To avoid confusion, | am using subject matter knowledge as knowledge of a particular
subject/topic, and | am using the term “content knowledge” to refer to the overarching “teacher
knowledge,” of which subject matter knowledge is one type.
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PCK is a unique domain of content knowledge, and that it is highly concept-
specific, that is, it varies from topic to topic or discipline to discipline (Bransford et
al., 2000; Cochran, 1997; Van Dijk & Kattmann, 2007; Van Driel et al., 1998).

Researchers also differ in their characterizations of the relationships
between various domains (and sub-domains) of teacher knowledge, and in the
elements that comprise PCK. For example, readers will notice that some of the
elements that are believed to contribute to the development of or that are
transformed into PCK are, in fact, the same names as the domains of teacher
knowledge itself. To illustrate, subject matter knowledge is considered by many
authors as one of the domains of teacher knowledge. But others also suggest
that subject matter knowledge is an element of PCK. The same is true for context
knowledge, curriculum knowledge, knowledge of instructional strategies (part of
pedagogical knowledge), and a few others. This means that the elements that
comprise PCK depend on how PCK is viewed or conceptualized.

It is important to remember, however, that, although the names of the
domains of content knowledge (teacher knowledge) and the elements of PCK are
the same, their focus is different. One can think of this in two parts. First, there is
content knowledge, or what other researchers call “teacher knowledge,” and PCK
is one type of teachers’ content knowledge. Subject matter knowledge and
pedagogical knowledge are other types of content knowledge. Within PCK, one
will also find subject matter knowledge, pedagogical knowledge, and context
knowledge, but these elements are specific to a particular topic because, as

mentioned earlier, PCK is concept- or topic-specific. In other words, only the
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subject matter knowledge, pedagogical knowledge, and context knowledge that
are relevant to a particular topic is included in PCK.

In addition, there are also differences in how the PCK elements are
described or defined (Van Driel et al., 1998). | tend to view PCK from an
integrative perspective, and the elements below are drawn from research with
this view of PCK. It is believed that the different elements contribute to teachers’
PCK in varying degrees based upon their expertise; that is, all teachers have
many, if not all, of the suggested elements, but the emphasis of each component

varies as a teacher makes instructional decisions (Lee et al., 2007).

PCK elements suggested in the literature include:

1) Knowledge of science/subject matter knowledge - includes knowledge
of the nature of science, scientific processes, and relationships among
various areas in science or making connections among scientific
concepts, units, and even other subjects’ (Lee et al., 2007); includes
knowledge of how concepts and principles of science are organized as
well as the ways in which accepted truths are validated or legitimated
(Shulman, 1986).

2) Orientations toward teaching science — knowledge and beliefs about
the purposes and goals for teaching science at a particular grade level
(Magnusson et al., 1999, p. 97); overall conceptions of teaching a
particular subject (Grossman, 1990), or a general way of viewing or

conceptualizing science teaching (Magnusson et al., 1999); serve as a

7
Lee et al, 2007 placed the “making connections among scientific concepts, and units, and even
other Subijects” in “Knowledge of science curriculum organization.”
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3)

4)

5)

conceptual map that guides instructional decisions (Borko & Putnam,
1996 cited in Magnusson et al., 1999, p.97). Magnusson et al. (1999,
pp. 100-101) characterized teaching orientations based on two
elements — goals and nature of instruction. Schwarz & Gwekwerere
(2007, pp. 181-184) did not distinguish between orientations and
pedagogical approaches.

Knowledge of student learning or understanding of science — this
includes knowledge about preconceptions or conceptions that students
bring (Shulman, 1986); knowledge of abilities, skills, and prerequisite
knowledge that students need to learn specific concepts; knowledge
about students’ learning styles or preferences related to learning a
concept or topic; and knowledge of areas or concepts that students
find difficult to learn (Lee et al., 2007; Magnusson et al., 1999).
Knowledge of assessment — knowledge of aspects of student learning
that are important to assess within a particular unit of study (WHAT to
assess) and knowledge of methods that might be used to assess
specific aspects of learning (HOW to assess) (Magnusson et al.,
1999).

Knowledge of instructional representations or strategies — knowledge
of subject-specific or topic-specific strategies (Magnusson et al., 1999);
knowledge of the most useful forms of representation of topics,
analogies, examples, illustrations, explanations, and demonstrations

(Shulman, 1986).
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6)

7)

8)

Context knowledge — knowledge of specific or general educational
contexts (community, school, district, students) (Grossman, 1990;
Magnusson et al., 1999; Morine-Dershimer & Kent, 1999); teachers’
understanding of the social, political, cultural and physical
environments in which students’ learning is embedded (Cochran, 1997;
Grossman, 1990).

Classroom reality/management — ways of organizing a class and
resources so that teaching and learning can proceed in an efficient and
safe manner (Carlsen, 1999).

Knowledge of science curriculum — knowledge about mandated goals
and objectives for students in the subjects taught, including what
students have learned in previous years and what they are expected to
learn in the coming years as well as knowledge of specific curriculum
programs and materials relevant to a particular science topic® (Lee et

al., 2007; Magnusson et al., 1999; Shulman, 1986).

2.3.2.1 Issues with PCK

There are three main issues related to the problem of PCK

conceptualization. First, there is no universally accepted conceptualization of
PCK (Hashweh, 2005; Van Driel et al., 1998). Researchers suggest different
definitions and structures of PCK, what it looks like, or what comprises it

(Fernandez-Balvoa & Stiehl, 1995; Gess-Newsome, 1999; Lee et al., 2007,

® Lee et al., 2007 placed “knowledge of resources and materials” under “Knowledge of
Resources.”
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Loughran et al., 2001; Loughran et al., 2004; Magnusson et al., 1999; Marks,
1990; Morine-Dershimer & Kent, 1999; Shulman, 1986; Van Dijk & Kattmann,
2007; Van Driel et al., 1998).

Figure 2.2 shows Magnusson et al.’s (1999) transformation
conceptualization of PCK specific for science teaching. Note that this model does
not show all the elements that | listed earlier as suggested by other researchers
as comprising PCK. In particular, it is interesting that subject matter knowledge is
not represented in this model for science teaching when it is supposed to be a
prerequisite for the development of and transformation of other knowledge
domains into PCK (Van Driel et al., 1998). Magnusson et al. (1999) considers
subject matter knowledge as one of the domains of teacher knowledge and that
PCK is a result of transformation of subject matter knowledge, pedagogical
knowledge and context knowledge, but that, in turn, these individual domains are

also influenced by PCK.
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Figure 2.2. Components of Pedagogical Content Knowledge for Science
Teaching Adapted from Magnusson et al. (1999)
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A second issue is the lack of clarity on how PCK develops, although there
seems to be an agreement that PCK is developed through an integrative process
rooted in classroom and professional development experiences (Baxter &
Lederman, 1999; Bransford et al., 2000; Gess-Newsome, 1999; Grossman,
1990; Lee et al., 2007; Magnusson et al., 1999; Van Driel & De Jong, 2001). A
third issue is the difficulty in studying PCK because its boundaries are blurry
(Loughran et al., 2000), and what exactly comprises it is not always clear and
consistent (Lee et al., 2007; Van Dijk & Kattman, 2007).

Much of the research that has been done in education explored individual
facets of PCK rather than the whole of a teacher's PCK about a particular topic.
Examples of research studies conducted include exploring what teachers know
and do not know about some aspect of teaching a particular topic; comparisons
of teacher knowledge between different teachers (Magnusson & Krajcik, 1993)
and between novice and experienced teachers (Clermont et al., 1994);
evaluation of some type of interventions (e.g., workshops, pre-service course)
(Smith & Neal, 1989; Van Driel et al., 1998; Veal et al., 1999); and relationship
between teachers’ subject matter knowledge and PCK about é particular topic
(Ebert, 1993; Geddis et al., 1993; Parker & Heywood, 2000 cited in Loughran et
al., 2004).

Attempts to study PCK have used methods such as convergent and

inferential techniques®, concept mapping and card sorting'®, and mixed methods

® Likert-type self-report scales, multiple choices, short answers (Baxter & Lederman, 1999)

19 A teacher is provided with a set of cards; each card has a particular concept, idea, or principle.
The teacher is then asked to arrange the cards based on what best illustrates the relationship
among the items on the cards (Baxter & Lederman, 1999).
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(Haciomeroglu, 2006; Monet, 2006; Van Driel & De Jong, 2001). Mixed methods
seem to be most commonly used by researchers because of the inherently
complex nature of the PCK construct (Van Driel & De Jong, 2001). Examples of
methods used are pre- and post-tests, journals, classroom observations, semi-
structured interviews, questionnaires, lesson plan analyses, video-recorded
teaching, artifacts, case studies, and cognitive tasks (Dawkins et al., 2003,
Haciomeroglu, 2006; Loughran et al., 2001; Mitchell & Mitchell, 1997; Monet,
2006; Shannon, 2006; Shulman, 1992; Woodrow, 2007). Recently, Loughran et
al. (2001) developed CoRe (Content Representations) and PaPeR (Pedagogical
and Professional Experience Repertoire) in an attempt to both study and
represent PCK.

Additionally, the number of teachers observed or classrooms studied,
duration of observations or study as a whole, and methods of analysis or models
or theories used varied greatly. For example, Haciomeroglu (2006) worked with
two high school math teachers compared to twenty-four beginning secondary
science teachers used by Lee et al. (2007). One study lasted for six weeks
(Haciomeroglu, 2006) and another lasted for two years (Dawkins et al., 2003). In
terms of the analysis, content analysis of curricula, interviews, and observations

seem widely adopted (Lee et al., 2007; Woodrow, 2007).

2.3.2.2 My Unique Focus and Contribution to PCK
In my study, | did not measure the teachers’ individual knowledge domains

per se (e.g., “What or how much do teachers know about an approach, method,
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or skills?”). Rather, | identified (1) the elements of PCK (goals and beliefs about
teaching science, pedagogical approaches, instructional methods and student
skills) and (2) manifestations of PCK (see Table D.3) that were used and/or cited
to characterize the teachers’ overall PCK.

| used the elements of PCK identified in the literature as a guide in
examining elements of PCK and manifestations of PCK of my teachers (see
Table 2.4). | did not examine teachers’ knowledge of science per se. Instead, |
identified the student skills on which the teachers focused and examined whether
those skills aligned with the content that they taught. In contrast to Magnusson et
al. (1999) and Schwarz & Gwekwerere (2007), | distinguished between goals and
beliefs and pedagogical approaches and examined these both as elements of
PCK (Friedrichsen & Dana, 2005, p. 228) and for manifestations of PCK. |
referred to knowledge of instructional representations or strategies as
instructional methods and examined it as both a PCK element and for PCK
manifestations. | examined context knowledge, knowledge of student
understanding, and knowledge of curriculum for PCK manifestations. | did not
examine teachers’ knowledge of assessment and classroom management.
Following from past studies, | used mixed methods (class observations, semi-
structured interviews, Content Representations [CoRes], and survey) to study
PCK.

In my study, | used PCK to examine how science teachers taught EE and
used AC in the classroom. PCK is important because it guides teaching and it

provides an opportunity for teachers to be more effective in the classroom
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(Bransford et al., 2000), i.e., to successfully achieve the goals that are set out

" both for the students and for the teacher. Using PCK as my investigative lens
allowed me to examine whether teachers’ goals and beliefs about teaching
science, pedagogical approaches, instructional methods, and their student skills
as well as knowledge of student learning, knowledge of curriculum, context
knowledge, and other topic-specific knowledge were associated with their use of
AC. As with the use of PCK in science education, my study’s use of the PCK
framework provides insights into science teachers’ use of EE and AC in the
classroom, and contributes to developing or improving EE and Science curricula
in Michigan, especially those aimed at developing students’ AC. My study
contributes to teacher training programs for EE in Michigan in terms of
suggesting ways to strengthen teachers’ PCK and how to integrate AC into the

science curriculum and practice.
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CHAPTER 3
MICHIGAN ENVIRONMENTAL EDUCATION CURRICULUM SUPPORT
(MEECS): PEDAGOGICAL APPROACHES, INSTRUCTIONAL METHODS,
STUDENT SKILLS, AND ACTION COMPETENCE
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ABSTRACT

The Water Quality Unit of the MEECS, an environmental education
curriculum officially sanctioned by the state of Michigan, was examined to identify
occurrence of pedagogical approaches, instructional methods, student skills, and
action competence. Content analysis of all lessons revealed activity-driven
(38.5%), didactic-with-application (18.3%), didactic (14.4%), conceptual change
(13.5%) and process-oriented (12.5%) pedagogical approaches were the most
prevalent across the curriculum. The most prevalent instructional methods were
didactic questions (32%) and definitions (15%). The majority of the student skills
were process skills, but critical thinking/think on their own/analytical/evaluation
skills (24.8%) and inferring/interpreting (11.5%) weré the most prevalent.

Findings showed the curriculum focused more on the knowledge/insight
AC element (50.4%) and to a lesser extent on critical thinking and reflection
(20.7%) and planning and action experiences (17%). There was lack of attention
on two other AC elements — commitment and visions. Knowledge of causes
(12.7%), knowledge of effects (11.8%), and general awareness of environmental
issues or problems (11.2%) were the most prevalent types of knowledge/insight,
but social structures and cultural practices were weakly addressed. Although
planning and action experiences was present, much of the experiences
suggested was for adults, not for students to do real planning and taking action
as part of their learning. Although knowledge/insight is considered a prerequisite
to developing students’ capacity for action, the literature says it is not enough.

The overwhelming focus of the curriculum on knowledge/insight and the lack of
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attention on commitment and visions may eventually affect the ability of teachers
to foster AC in students.

Findings suggest that knowledge/insight, critical thinking and reflection,
and planning and action experiences elements of AC may be associated more
with activity-driven, didactic-with-application and didactic pedagogical
approaches than others. This may suggest that, to increase occurrence of
commitment and visions, the curriculum needs to strengthen its use of
approaches other than the top five listed above. Moreover, didactic questions
and definitions (instructional methods) seemed congruent with didactic and
didactic-with-application pedagogical approaches. These findings also possibly
suggest that the curriculum needs to expand the range of methods and
approaches it suggests for teachers to use. Although most of the student skills
were congruent with the process-oriented approach, these may also be fostered
by activity-driven, didactic-with-application, and didactic approaches. Finally,
findings showed the extent of use of individual elements of AC varied across
lessons in the curriculum, which possibly suggests that, to increase teachers’
likelihood of developing AC in students using the curriculum, they (teachers)

would need to teach all of its lessons.
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3.1 INTRODUCTION

In the last two decades we have seen an increase in various types of
Environmental Education (EE) programs in different education settings, including
schools (Athman & Monroe, 2001; Hammond, 1997; Palmer, 1998; Tilbury,
1995). Along with the increase of EE programs are the recurrent questions: How
do teachers go about teaching EE? What does effective EE involve? Are we
making an impact? (Hart, 2003; Jensen, 2002; Jensen & Schnack, 1997; Paimer,
1998) Indeed, there is a growing research base in investigating the impacts of EE
on students, particularly their knowledge, attitudes, behaviors, and/or skills
(Dimopoulos & Pantis, 2003; Hungerford & Volk, 1990; Leeming et al., 1997;
Roth, 1992). But another question begs to be answered: What are the
characteristics of an effective curriculum? What are its objectives, content, focus,
pedagogical approaches, instructional methods, or what student skills are
fostered? As Hart (2003) observed, only a few studies have looked directly at EE
curricula and what their use in classrooms entails. My study is an attempt to fill
this gap.

In this chapter | address my first research question: “To what extent do the
science and environmental education curricula used by science teachers
represent elements of action competence?” | examine the pedagogical
approaches, instructional methods, student skills, and elements of action
competence (AC) that were included in the Water Quality Unit of the Michigan
Environmental Education Curriculum Support (MEECS) and identify possible

associations among the variables. | also discuss implications for future
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development of EE curricula, teacher education, professional development, and

future research.

3.1.1 Michigan Environmental Education Curriculum Support (MEECS)

“MEECS is a set of EE curriculum lessons and support materials, carefully
designed to help teachers integrate environmental materials into their classrooms
— materials that are Michigan-specific, balanced, science-based, and critically
correlated to the Michigan science and social studies’ curriculum framework
standards and benchmarks” (Michigan Department of Environmental Quality,
2005, p. i) for 4th through 9th grade established by the Michigan Department of
Education. In July 2008, the Units also were aligned to the Grade Level Content
Expectations (GLCEs) for 4th through 8th grade and high school science and
social studies. The materials were developed with broad-based technical and
teacher review and teacher-tested in at least 200 Michigan classrooms (web
description of the MEECS, accessed 4/4/2010; MEECS brochure).

The five curriculum Units are Ecosystems & Biodiversity, Land Use, Water
Quality, Energy Resources, and Air Quality. The Ecosystems and Land Use
Units were designed for 4th and 5th grade, the Water Quality Unit was targeted
for 6th through 8th grade, and both Air Quality and Energy Resources were
targeted for 7th through 9th grade. These Units may be taught separately, or may
be used together as an entire EE curriculum for a school or school district. The
Request for Proposal issued in 2002, and later the brochure that was

disseminated to users of the curriculum described MEECS as consisting of
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hands-on, inquiry-oriented, and data-based lessons, designed (1) to help
students gain a basic understanding about Michigan’s economy, how the
environment functions, and how humans affect the environment, and (2) to help
students use science concepts, principles, and data to make informed decisions
about “how harmony between human activity and the natural environment can be
achieved” (p. 2 of the RFP). The Units were designed also to increase student
achievement in the Michigan Education Assessment Program (MEAP)
assessment (MEECS brochure, 2006; RFP issued in 2002). The curriculum was
designed based on the belief that “a greater understanding of our environment
will lead to greater care and stewardship” (vision statement, accessed online on
4/4/2010).

| chose to examine the Water Quality Unit because, according to the
survey of MEECS participants which | conducted prior to curriculum analysis (see
Chapter 4), this Unit was the most often used by teachers and it had the largest
percentage of Unit-trained individuals of all the survey respondents who were
trained in the use of MEECS.

The MEECS Water Quality Unit’s primary goal is to provide students with
a solid understanding of the critical importance of having adequate and clean
freshwater supplies for the environment, Michigan’s economy, and our quality of
life. “The Unit provides a national and international perspective on water
availability, an appreciation for Michigan’s “dirty” water history, and an
understanding of the challenges that Michigan faces in addressing water quality

and quantity issues related to groundwater, streams and rivers, wetlands, inland
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lakes, and the Great Lakes” (Michigan Department of Environmental Quality,
2005, p. 1). The Water Quality Unit consists of nine core lessons and five
extension lessons, which are all correlated to the Michigan middle and high

school benchmarks and GLCEs for science and social studies (see Table 3.1).
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Table 3.2. “Big Ideas or Enduring Understandings” of the MEECS Water
Quality Unit

The Water Quality Unit addresses the following “Big Ideas” or “Enduring
Understandings:” Upon completion of the Unit, students will understand

that:

1.

(Awareness) Good quality water and an adequate supply of water
are essential to Michigan’s communities and to our quality of life.

(Connections) All Michigan residents live in a watershed that is part
of the Great Lakes watershed, a unique global resource of
unprecedented importance to Michigan, the United States and the
world.

(Concern) Our activities have past, present, and future impacts on
Michigan’s water resources.

(Knowledge) Water quality standards have been established to
protect the many uses of Michigan’s water.

(Knowledge) We can assess the health and water quality of
Michigan’s streams, rivers, lakes, and groundwater by collecting and
analyzing appropriate data.

(Knowledge) We need to know where our drinking water comes from
and where our wastewater goes.

(Decision-making) We need data to make decisions about protecting
and restoring Michigan’s water resources.

(Stewardship and sustainability) It is up to every citizen to be a
steward of Michigan’s water resources.

Source: MEECS Water Quality Unit Introduction, p. 13
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3.2 METHODS
3.2.1 Data Sources and Data Analysis
Each lesson in the Unit has the following main components or sections:

Lesson Overview, Objectives, Michigan Curriculum Framework Content
Standards and Benchmarks, Advanced Preparation, Background Information,
Procedure, Assessment Option, Extensions, and Additional Resources. Each
lesson also is accompanied with transparency masters of activity sheets, visuals,
answer keys, and other supplemental class materials. On the first pégé of each
lesson is information on the target subjects and grade levels, expected duration
of the lesson, and materials needed to complete the lesson. For purposes of this
study, | analyzed only five sections of each lesson: (1) Objectives, (2) Standards
and Benchmarks, (3) Background Information, (4) Procedures, and (5)
Assessment Option, because these comprise the core of a lesson. | also
included as data sources any activity sheets, visuals, or other supplemental
materials that comprised each of the five sections.

| used Atlas.ti version 5.2 for the coding and analysis of the texts of the
five sections of all nine lessons. | analyzed the Unit one lesson at a time. | coded
any occurrences of the four variables of interest — pedagogical approaches,
instructional methods, student skills, and elements of action competence —in
each of the five sections of each lesson into categories under each variable of
interest. Before coding the lessons, | read each lesson without doing any coding
to identify the organization of each lesson and the topics or concepts covered in

each lesson. During the second reading, | started coding.
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3.2.1.1 Coding for Pedagogical Approaches

Approaches encompass the general structure, organization, and process
of instruction that a teacher takes when teaching a lesson, including the purpose
of employing such approaches and what the teacher wants students to achieve
at the end of class (Eames et al., 2006; Magnusson et al., 1999). In this study, |
adapted nine pedagogical approaches from Magnusson et al. (1999, pp. 100-
101) and Schwarz & Gwekwerere (2007, pp. 182-184). | added didactic-with-
application, which emerged from the data, as a tenth category. Descriptions of
the approaches are below. These approaches comprised the rubric that | used
for analyzing the Water Quality Unit of MEECS.

1) Academic Rigor — Students are challenged with difficult problems or
activities. The teacher uses laboratory work and demonstrations to verify
science concepts by demonstrating the relationship between particular
concepts and phenomena. The activity often poses a challenge to
students. Students may try to solve the problems after they have seen an
example from the teacher or using their previous knowledge or
experience.

2) Activity-Driven — Students participate in a hands-on activity or, if not, are
given a task to work individually or in groups to help them verify or
discover a concept. Hands-on activities require students to be actively
involved and engaged with objects, materials, technology, or laboratory
equipment/tools and manipulate these for the purpose of learning through

experience instead of being passive learners (Flick, 1993; Meinhard,
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3)

4)

5)

1992). The teacher gives students equipment/materials and directions/
procedures to complete an activity. In most cases, the teacher tells
students what they are supposed to see or leamn. It must be noted here
that Schwarz & Gwekwerere (2007) and Magnusson et al. (1999) only
included “hands-on” activities in their activity-driven category, but |
included non-hands-on activities (e.g., the whole class classifying a list of
items found in kitchen cupboard; a pre-reading activity) in this category as
well.

Conceptual Change — Students are pressed for their views about the
world and consider the adequacy of alternative explanations. The teacher
facilitates dialogue, discussion, or debate necessary to establish valid
knowledge claims. The teacher draws out and assesses prior knowledge
of students before presenting a new concept. An activity is then used to
help students change their naive conceptions. The teacher compares
students’ ideas before and after the activity or lesson.

Didactic — The teacher presents information generally through lecture,
discussion, demonstration, or films. Scientific models may be used for
demonstration, illustration, or verification. Questions are directed to
students to hold them accountable for knowing facts. The focus is on
delivery/transmission of content/facts.

Discovery/Exploration — This approach is student-centered. Students
explore the world following their own interests and discover patterns of

how the world works during their explorations. A teacher might scaffold
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6)

7)

8)

students’ explorations depending on students’ abilities (or lack thereof),
and might ask students to share their “discoveries” later in class.

Guided Inquiry — This learning is community-centered. Teacher and
students work together in defining and investigating problems, determining
patterns, inventing and testing explanations, and evaluating the utility and
validity of their data and the adequacy of their conclusions. The teacher
scaffolds students’ efforts to use the material and intellectual tools of
science toward their independent use of them.

Inquiry — This approach is investigation-centered. The teacher supports
students in defining and investigating problems, drawing conclusions, and
assessing the validity of knowledge from their conclusions. Questions or
problems for investigation come either from the teacher or students.
Students do most of the thinking and figure out how to investigate the
problem with the teacher’s support and help with correcting explanations
or applications. Usually, students follow the traditional scientific method
when attempting to solve a problem (ask a question, do background
research, make a hypothesis, create an experiment to test a hypothesis,
collect and analyze data, draw conclusions, and report findings).
Project-Based — This approach is project-centered. Teacher and student
activity centers on a “driving question” that organizes concepts and
principles and drives activities within a topic of 'study. Students then do a
project (their choice or from a selection of ideas/options from the teacher)

individually or collectively in which they need to do an investigation or
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research/collect information and develop artifacts or products (e.g.,
brochures, reference books, posters, or dioramas) that demonstrate their
emerging understanding. Students might present their product to the class
or their work might get posted on the wall.

9) Process-Oriented — The teacher introduces students to the thinking
processes adopted by scientists to acquire new knowledge. Students
engage in activities (e.g., laboratory experiments, problem solving) to
develop integrated thinking skills. Examples of these process skills include
observing, classifying, measuring, inferring, and predicting.

10) Didactic-With-Application — | considered this approach differently from a
didactic approach. In addition to the features of a didactic approach, the
teacher provides real world examples or applications of a concept or asks
students to identify real world scenarios in which they could apply what

they learn.

Following the descriptions of each approach outlined above, | counted

each time an approach occurred in the five sections of each lesson in all nine
lessons. If the same approach occurred in the same section more than once, |

counted it separately if used for a different purpose, activity, or topic. In some

cases, | assigned multiple codes to groups of words, phrases, or sentences when

they encompassed multiple approaches, as shown below.

“Working in small groups, ask students to brainstorm a list of products
made in Michigan that require water to grow, process, or manufacture.
Compare students’ lists to those products shown on the overhead
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transparencies Made in Michigan Wood Products and Grown in Michigan
Products, as well as those described in the Background Information. Who
has the most Michigan products cbrrectly listed?” was coded as
ACTIVITY-DRIVEN (not hands-on) and CONCEPTUAL CHANGE [From
Lesson 2, p. 22]

3.2.1.2 Coding for Instructional Methods

Instructional methods are specific ways or means that teachers use to
create learning environments and to specify the nature of a lesson or an activity
in which the teacher and the students will be involved during class. Particular
methods often are associated with certain pedagogical approaches or strategies;
many are found within a variety of approaches or strategies (Saskatchewan
Education, 1991; Lang & Evans, 2006). Examples of instructional methods
include compare and contrast, discussion, hands-on activity, and cooperative
learning.

Unlike coding for pedagogical approaches, | did not use a pre-determined
list of instructional methods for coding because | anticipated seeing a broad array
of methods used in the curriculum. Consequently, | let the categories emerge
from the data. | counted each time an instructional method occurred in the five
sections of each lesson. For example, in the Objectives component of Lesson 1
(Where is all the water in the world?), one of the objectives was to “Discuss the
importance of living next to the Great Lakes” (see Figure 3.1). Then in the
Procedures section, discussion occurred four times (see highlighted text in yellow

in Figure 3.1). If the same method occurred in the same section more than once,
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| counted it separately if used for a different purpose, activity, or topic. Thus, in
lesson 1, | counted “discussion” five times total because this instructional method
occurred once in the Objectives and four times in the Procedures section. As in
coding for pedagogical approaches, some texts received multiple codes for
instructional methods, as shown below.

“Think of your bathtub as a watershed. Imagine a stream flowing down the
middle of the tub. The drain is the mouth of the stream as it empties into a
river, lake, or the ocean. The rim of the tub is the drainage divide. Water
that falls on the outside of the tub does not flow down the drain. The water
that falls on the inside of the tub runs into the drain (mouth) at the bottom
of the tub.” was coded as USE IMAGINATION and GIVE/USE REAL
WORLD EXAMPLES [From Lesson 3, p. 44]
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Pt tete———————————————————————————————————— e ———————————————————————

; Lesson 1 Objectives [p. 1]

1. Define basic terms and processes associated with the hydrologic
cycle. |

2. Describe the distribution and availability of freshwater and saltwater
on Earth.

3. Discuss the importance and responsibility of living next to the Great |
Lakes.

| PROCEDURE

| 1. Anticipatory set [p. 3]
As students enter the room, tell them to answer the question, “Where

| would you most like to take a family vacation?” by placing 10 ml of water

| into a 100-ml graduated cylinder representing their destination choice of

| ocean, lake or snow/ice. Discuss students’ responses after doing the
activity Where Is Water On Earth? Compare where students would like to
go on vacation to the percentage of water found in that location on the
Earth.

1 5. How is water distributed on Earth and how much water is available
for human use? [p. 5-6]

| The teacher may ask student groups to report on their predicted
distributions of water on Earth, or have each group record their predictions
on the board or on an overhead transparency. Discuss the similarities and

| differences between the groups’ predictions.

Display the overhead transparency of the student activity page Where Is
Water on Earth? with the correct percentages and quantities. Have the

| class compare the actual percentages with their predictions. While the

| correct quantities are displayed, ask students to answer the questions at
the bottom of the student activity page. Discuss their responses.

6. Tying it all together [p. 6]
| Discuss these difficult questions that have yet to be answered:
| How might water shortages in the United States or the world affect the
| Great Lakes? [Many people, businesses, states, and countries will want to
| divert some of the Great Lakes freshwater.]

Figure 3.1. Coding of Five Instances of “discussion” as an Instructional
Method in Lesson 1 of the Water Quality Unit
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3.2.1.3 Coding for Student Skills

A skill is procedural knowledge, that is, knowledge and ability to do
something. In other words, it is a learned ability to carry out or perform a task.
Skills can be cognitive, affective, or psychomotor, or a combination of these
(Lang & Evans, 2006). Examples of skills include reading, writing,
communicating, interpersonal skills, using the computer, problem solving, and
critical thinking.

As in coding for instructional methods, | let the data direct the coding
process; that is, categories of student skills emerged from the data. | counted
each time a skill occurred in the five sections of each lesson in all nine lessons. If
the same skill occurred in the same section more than once, | counted it
separately if it occurred in a different activity or topic. As in coding for
pedagogical approaches and instructional methods, | assigned multiple codes to

some texts that encompassed multiple skills.

3.2.1.4 Coding for Action Competence (AC)

Studies in the past 30 years predominantly focused on the impacts of EE
curricula on students’ knowledge, attitudes, and behaviors as indicators of
environmental stewardship, environmental literacy, or responsible environmental
behaviors. My study, however, moved beyond these behavioral indicators and
examined the extent that an EE curriculum shows characteristics of action
competence. My study used AC as an alternative framework because | believe

there is a need to go beyond behavioral indicators when assessing an EE
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curriculum, although | agree with others (Dimopoulos & Pantis, 2003; Hockett, et
al., 2004; Hsu, 2004; Orams, 1997) that these are important outcomes.

Action competence describes a person'’s ability to act on an environmental
problem or issue, or a person’s ability to change his/her living condition (Jensen
& Schnack, 1997). According to researchers, multiple aspects contribute to
developing AC, but they agree that (1) knowledge/insight, (2) commitment, (3)
critical thinking and reflection, (4) visions, and (5) planning and action
experiences are central to AC’s development (Breiting & Mogensen, 1999;
Eames et al., 2006; Jensen, 2000a; Jensen & Schnack, 1997). The descriptions
of each element below emerge from Jensen and Schnack, (1997), Jensen
(2000a), Mogensen (1997), Eames et al., (2006), and Breiting & Mogensen
(1999).

1) Knowledge/Insight — the literature suggested four types, but | added an
emergent type (see item “e” below).

a) Effects — what kind of problem is it?

b) Causes — why do we have this problem?

c) Change Strategies — how can we change things (personal, societal
levels)?

d) Alternatives and Visions — what can be done about the problem and
where do we want to go?

e) General Awareness of Environmental Problems or Issues, or
Importance of Environmental Resources — | referred to this is as

simply knowing that an environmental problem or issue exists, but
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not knowing more (the causes, effects, the depth and range of a
problem or issue, etc.)

2) Commitment — relates to promoting students’ motivation, commitment, and
drive to get involved in solving environmental problems; extent that
students are ready to act to realize their vision; includes understanding
their own and others’ attitudes and values toward issues.

3) Critical Thinking and Reflection — includes thinking about and assessing
complex and multiple causes of problems; social and political contexts of a
problem, and possible solutions; weighing pros and cons of an
environmental issue; recognizing different points of view and challenging
current practices and beliefs; and questioning values, perceptions,
conditions, and opinions (also by Kyburz-Graber, 1999, p. 416).

4) Visions — developing students’ ideas, dreams, and/or perceptions about
how they can improve their future lives and society.

5) Planning and Action Experiences — providing students with concrete, real-
life experiences in planning and acting on environmental issues or
problems; giving students opportunities to develop skills and confidence to
identify and solve problems, set goals, gather information, communicate,

and manage time and logistics to take action.

Using a rubric adapted from the works of Jensen & Schnack (1997)

Jensen (2000a, 2000b), Mogensen (1997), Eames et al. (2006), and Breiting &

Mogensen (1999) and the guiding question “Which elements of AC are in the
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curriculum and to what degree?,” | coded for any occurrences of the five
elements of AC (knowledge/insight, commitment, critical thinking and reflection,
visions, and planning and action experiences) in the five sections of each lesson
in all nine lessons. As in previous coding processes described above, | assigned
multiple codes to some texts when they encompassed more than one AC
element. As well, | counted any occurrence of a similar AC element in the same
section separately if it occurred in a different part/item, activity, or topic.

After the first round of coding for pedagogical approaches, instructional
methods, student skills, and elements of AC, | reread each lesson and coded
again to check for errors or inconsistencies from the first round of coding. At the
end of the second round of coding, | found six inconsistencies (unmatched
coding) of 104 coded occurrences of pedagogical approaches, 10
inconsistencies of 707 coded occurrences of instructional methods, nine
inconsistencies of 226 coded occurrences of student skills, and 19
inconsistencies of 552 coded occurrences of AC in all nine lessons. | reread the
texts where | found the inconsistencies and recoded until the first and second
round of codes matched. After coding, | calculated total frequencies and percent
occurrences per lesson and across nine lessons for each approach, method,

skills, and individual elements of AC.
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3.3 RESULTS
3.3.1 Pedagogical Approaches

Of the 104 instances of pedagogical approaches found across all lessons
in the Unit, the most prevalent were activity-driven (38.5%), didactic-with-
application (18.3%), didactic (14.4%), conceptual change (13.5%), and process-
oriented (12.5%) approaches (see Table 3.3). Activity-driven was consistently the
most prevalent approach in each lesson, except in Lesson 2 where it tied with
conceptual change (44.4%), Lesson 3 where it tied with didactic (25%) and
didactic-with-application (25%), and Lesson 4 where it tied with didactic-with-
application (33.3%). | did not find evidence for use of academic rigor,
discovery/exploration, guided inquiry, and inquiry approaches in any lessons in

the Unit.

3.3.2 Instructional Methods and Student Skills

Fifty different instructional methods were found in the Unit, and of the 707
instances of all these methods, the most prevalent were didactic questions (32%)
and definitions (15%) (see Table 3.3). In-class activity comprised 10% and
hands-on activity comprised only 2% of all the methods used. Twenty different
student skills were found in the Unit and 12 of those were science process skills.
Of the 226 instances of all the student skills found across all lessons, the most
prevalent were critical thinking/think on their own/analytical/evaluation skills

(24.8%) and inferring/interpreting (11.5%), which also represent process skills.
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3.3.3 Action Competence (AC)

Of the 552 total instances of AC across all lessons in the Unit, 50.4%,
20.7%, and 17% represented knowledge/insight, critical thinking and reflection,
and planning and action experiences, respectively. Commitment and visions
each occurred less than 10% of the overall occurrence of AC in the Unit.
Knowledge/Insight was the most prevalent AC element in all lessons, except in
lesson 1, in which percent of knowledge/insight tied with percent of critical
thinking and reflection at 32.1% (see Table 3.3). Knowledge/Insight also was the
most prevalent in all five sections of each lesson (see Table 3.4). Of the 50.4%
knowledge/insight characteristics, 12.7% represented knowledge of causes,
11.8% identified knowledge of effects, and 11.2% fostered general awareness of
environmental issues/problems (see Table 3.3). Of all the AC occurrences found
in the Unit, 15.9% occurred in Lesson 8 (How can we stop storm water?), 13.9%
in lesson 5 (Why care about groundwater?), 13.8% in lesson 7 (How healthy is
this stream?), and 13.8% in lesson 9 (Bioaccumulation and the Great Lakes
ecosystem) (see Table 3.3). Lessons 1 and 3 had the lowest occurrence of AC

across nine lessons.
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Table 3.4. Action Competence Occurrences in the MEECS Water Quality
Unit by Lesson Section
PERCENT OCCURRENCE OF AC IN
EACH SECTION OF THE LESSON
Elements of Action TOTAL %
Competence =] P AO (o) SB OCCURRENCE
A) Knowledge/Insight 76.6 42.3 38.0 | 46.3 55.5 50.4 (n=278)
1. Change Strategies 234 | 10.7 8.0 4.9 1.6 9.2
2. Awareness of
Environmental
Issues/Problems,
Importance of
Resources 13.0 6.0 80 | 159 | 17.2 11.2
3. Alternatives and Visions - 7.0 12.0 6.1 3.1 5.4
4. Effects 20.8 9.8 6.0 9.8 | 13.3 11.8
5. Root Causes 19.5 8.8 4.0 9.8 | 20.3 12.7
B) Commitment 5.2 7.0 16.0 6.1 3.9 6.7 (n=37)
C) Visions - 6.5 12.0 6.1 3.1 5.3 (n=29)
D) Planning and Action
Experiences 18.2 17.2 140 | 244 12.5 17.0 (n=94)
E) Critical Thinking and
Refilection - 27.0 20.0 [ 171 25.0 20.7 (n=114)
Total frequency per section | n=77 | n=215 | n=50 | n=82 | n=128 | 100.0 (n=552)

- = No occurrences observed

n = number of instances

Lesson sections: (1) Bl = Background Information; (2) P = Procedures; (3) AO = Assessment

Options; (4) O = Objectives and (5) SB = Standards and Benchmarks

3.4 DISCUSSION

3.4.1 Pedagogical Approaches

Findings in pedagogical approaches suggest some mismatch between

what the Unit purported it does — to engage students in “hands-on lessons that

encourage student participation and inquiry” (MEECS brochure, 2006) — and the

kinds of lessons the Unit actually included. First, although activity-driven was the

most prevalent approach across the Unit, much of this approach consisted of

non-hands-on activities. This is related to the relatively strong combined

occurrences of didactic and didactic-with-application approaches, which suggests
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that the curriculum continues to use a less engaging and less participatory
approach to teaching and learning. Furthermore, although MEECS purported to
provide students with inquiry-oriented lessons and activities, no inquiry or guided
inquiry approach was found in the Water Quality Unit.

In particular, the lessons failed to include opportunities for students to a)
initiate an investigation of a problem identified by themselves or suggested to
them by their teacher, or b) draw conclusions and assess the validity of their
knowledge from their conclusions (/nquiry). No plans required teachers and their
students to identify a problem, test explanations, and evaluate their data to find a
specific discovery or make a generalization (Guided Inquiry) (Brendzel, 2005;
Lang & Evans, 2006; Magnusson et al., 1999; Schwarz & Gwekwerere, 2007).
Instead, the lessons provided all of the problems or topics that students
investigated, as well as the procedures they had to follow. For example, in the
activity in which students evaluate four streams and then decide which stream
has the best habitat for brook trout (Lesson 7), students receive established data
about the streams, such as macro-invertebrate data, water quality data
(dissolved oxygen, pH, temperature, and turbidity), and photographs. They then
compare the given data to determine the better stream for brook trout.

A truly inquiry-based approach requires students to conduct most of the
thinking and figuring out how to investigate the problem with the teacher’s
support and help by correcting explanations or applications (Brendzel, 2005;
Lang & Evans, 2006; Magnusson et al., 1999; Schwarz & Gwekwerere, 2007).

One way to make it more inquiry-based would be to let students identify a
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problem, collect and analyze the data themselves, and compare results against
their hypotheses. To use a guided inquiry approach, the teacher should carefully
guide students toward a discovery or generalization by working with students in
identifying a problem, writing hypotheses, identifying objectives, planning for data
collection, interpreting results, and making conclusions (Lang & Evans, 2006).
The target lesson time of 50 minutes/period might explain the limited level
of involvement of the students observed in the Unit due to the difficulty of
conducting a full blown inquiry-based lesson in that amount of time. It should be
noted here that | did not examine or analyze the sections after the Assessment
Options in each lesson. Perhaps other sections of each lesson (e.g., Extensions
and Additional Resources) suggest more inquiry-oriented activities, giving
teachers an option to do more than the activities suggested in the main body of

each lesson.

3.4.2 Instructional Methods and Student Skills

Didactic questions and definitions as instructional methods were
congruent with didactic and didactic-with-application pedagogical approaches.
The infrequent use of hands-on lessons and experiments relative to the other
methods used in the Unit suggests a need to strengthen use of these
instructional methods if the Unit purports to provide such experiences to
students. Similarly, despite the Unit's aim to help students investigate the links
between human activities and water quality, investigation/research comprised

only 1.3% of all the methods used in the Unit. Again this points to some
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mismatch between the objectives of the Unit and its content and instructional
methods, and implies a need to increase the use of investigation/research
methods in teaching the lessons.

The two most prevalent student skills seemed congruent with the Unit's
intent to develop students’ ability to use scientific knowledge and data to decide,
investigate, and explore possible solutions to environmental problems or issues.
Prevalence of critical thinking skills also seemed to match with didactic questions
because asking questions (especially the why and the how) provides a common
way to encourage critical thinking in the classroom. The strong prevalence of
process skills despite an infrequent use of the process-oriented pedagogical
approach may be attributed partially to the dominance of the activity-driven
approach and, to some extent, the conceptual change approach, both of which

use and/or address process-oriented skills.

3.4.3 Action Competence (AC)

In general, the prevalence of knowledge/insight matched expectations
because four of the eight “big ideas” or “enduring understandings” that the Unit
addresses focus on knowledge and awareness (Michigan Department of
Environmental Quality and Central Michigan University 2005) (see Table 3.2).
These four are:

1) Good quality water and an adequate supply of water are essential to

Michigan’s communities and to our quality of life. (Awareness)

96



2) _Water quality standards have been established to protect the many uses
of Michigan’s waters. (Knowledge)

3) We can assess the health and quality of Michigan's streams, rivers, lakes,
and groundwater by collecting and analyzing appropriate data.
(Knowledge)

4) We need to know where our drinking water comes from and where our

wastewater goes. (Knowledge)

| expected to observe percent of knowledge/insight as highest in
Background Information (see Table 3.4) because this section provides mostly
facts. The lowest occurrence of knowledge/insight in the Assessment Option may
be because this section also targeted other aspects of learning (e.g., critical
thinking ahd reflection — what are the ecological, social, and economic benefits
that water provides for Michigan residents?) in addition to assessing knowledge
(e.g., what is the distribution of water on earth?).

The Unit met one of AC’s knowledge/insight requirements in that
knowledge of effects (ranked second within the knowledge/insight component,
11.8%) and knowledge of causes (ranked first within the knowledge/insight
component, 12.7%) comprised significant parts of the knowledge/insight
component in the entire Unit. According to Jensen (2000a), knowledge of effects
constitutes an important part of action-oriented knowledge because it awakens
people’s concerns and attention, and it provides the starting point for their

willingness to act. The focus of the Water Quality Unit on general awareness
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(ranked third within the knowledge/insight component, 11.2%) also helps to
motivate learners.

Jensen (2000a) cautioned, however, that knowledge/insight must not stop
at the effects of a problem. Rather, learners should understand causes of and
ways to solve problems or produce change (change strategies and alternatives
and visions). Otherwise, Jensen argued, knowledge of effects will only generate
concerns or worry, will weaken commitment, and will contribute to action
paralysis. The Water Quality Unit addressed relatively strongly knowledge of
effects and causes. Compared to the three other types of knowledge, knowledge
of change strategies (9.2%) and especially knowledge of alternatives and visions
(5.4%) did not appear frequently. This poses some concern, according to Jensen
(2000a), because knowledge of effects and causes cannot stand alone. If
curriculum designers strive to fully provide action-oriented knowledge, which is a
key ingredient in developing AC, then they must insist on including ways of
creating social change and finding solutions.

Although knowledge of causes occurred highest within the
knowledge/insight component, it largely comprised only ecological or economic
causes of environmental problems or issues. It included minimal discussion
regarding how other more diverse social and cultural factors influence people’'s
behaviors or actions toward the environment. Proponents of AC argue that
knowledge of causes needs to include knowledge of how social structures and

cultural practices contribute to environmental problems because environmental
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problems or issues result from both individual and societal influences (Jensen,
2000a, 2000b; Jensen & Schnack, 1997).

In general, the overall prevalence of knowledge/insight may suggest
easier inclusion of this element in a curriculum compared to other elements of
AC, because knowledge acquisition tends to be a common goal of EE programs
and is supported by many teachers and educators. In addition, critical pedagogy
is not always welcome in schools or by some sectors which are critical of EE as
an agent of social change. This may result in some challenges to promote AC in
schools or in the community as a whole.

With MEECS, this prevalence matched expectations because, as
expressed in the MEECS vision statement, curriculum developers viewed
knowledge as a precursor to developing stewardship. This might explain the lack
of focus on commitment and visions in the Unit. Jensen (2000b, p. 234) stresses
the importance of visions and commitment besides knowledge/insight. “If there is
no commitment to fight for visions, one cannot speak of action competence.” This
may imply that, to strengthen focus on AC elements other than knowledge/
insight, there is a need to revisit the conceptualization of the Unit and perhaps go
beyond the “big ideas” or “enduring understandings” that it aims to address.

Based on the essential questions intended from each lesson, it seems that
each lesson included the critical thinking and reflection element, as shown in the
relatively high percent occurrence of critical thinking and reflection across nine
lessons. It ranked first once, second five times, and third in three lessons

compared to other elements of AC (see Table 3.3).

99



Contrary to my expectation, planning and action experiences occurred
highest in lesson 6 and in the Objectives and Background Information sections of
the Unit. This suggests that planning and action experiences remained largely as
an objective and less as actually giving students opportunities to plan and take
action. Table 3.4 shows planning and action experiences appear less frequently
in the Procedures and Assessment Option where | expected to see more
occurrences of planning and action experiences. It is also important to mention
here that, although planning and action experiences occurred strongly in the
Background Information section, these occurrences actually mostly provided
suggestions for people in general. This means the Unit lacked specific ideas or
opportunities through which students could actually plan and develop an action
strategy toward an environmental problem or issue of interest.

Although the text below from Lesson 3: “Do you know your watershed?”
indicated planning and action experiences, the question does not help identify
specific planning activities and actions for students; it provides only general

planning and action items.

Discuss the following questions to encourage students to carefully examine the
hydrographs and the varying streamflow for the different rivers.

Why do we need to know how much water is flowing in a stream or river?
By knowing streamflow, we can:
* Predict flooding and potential threats to human health, property, and safety
* Identify streams with adequate year-round streamflow to support different species of
fish
* Identify appropriate building sites that won't be damaged by flooding
* Aid navigation
» Determine potential for different forms of recreation
* Predict potential for pollution impacts
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Across the lessons, | found two noteworthy things. First, the overall
percent of AC occurrence (not individual AC elements) occurred lower in lessons
1 through 4 compared to lessons 5 through 9. Second, the overall percent
occurrence of AC occurred significantly less in lessons 3 (3.8%) and 1 (5.1%)
compared to the other lessons. There are two possible explanations for the first
observation. First, the complexity of the lessons increased from beginning to end,
so one might expect more use of AC toward the end of the curriculum than in the
beginning. Based on the essential questions in each lesson, it appears that the
earlier lessons (1 through 4) focused more on knowledge and understanding
whereas lessons toward the end (5 through 9) focused more on skill
development, application of knowledge, analysis, and/or synthesis.

The length of the lessons provides a second possible reason for the
variability in the overall percent occurrences of AC, particularly the number of
pages from Objectives - Standards and Benchmarks - Background Information
-> Procedures > to Assessment Option. Perhaps the longer the lesson, the
greater the opportunity to include AC, although admittedly, this did not seem to
hold true for all lessons. Lessons 1 through 4 all had seven pages and they had
lower percent occurrence of AC than Lessons 5 and 7, which each had ten
pages, and lessons 6 and 8, which each had eight pages. Number of pages did
not seem to influence percent occurrence of AC in Lesson 9, which despite
having only seven pages, had virtually the same percent occurrence of AC as in
lessons 5 and 7. It is not clear whether the fact that lesson 9 is essentially an

integration of all-the fearning that students gained from the previous lessons
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influenced the relatively higher percent occurrence of AC in this lesson compared
to lessons 1 through 4.

The considerably lower percent occurrence of AC in lessons 1 and 3 may
be attributed to the nature of the topics within the lessons and the objectives of
the lessons, aside from being the earlier lessons in the Unit (discussed above).
As shown in Table 3.1, lessons 1 and 3 occurred to focus primarily on facts and
definitions compared to the other lessons. A similar pattern emerges in the
objectives of the lessons below. Except Objective #3 in Lesson 1, all the other
objectives focus on providing students with definitions and facts, which, | would
argue, does not provide strong applications of AC.

Lesson 1
1. Define basic terms and processes associated with the hydrologic cycle.
2. Describe the distribution and availability of freshwater and saltwater on

Earth.

3. Discuss the importance and responsibility of living next to the Great

Lakes.

Lesson 3

1. Define and apply the following terms: watershed, sub-watershed,
headwaters, mouth, drainage divide, streambanks, runoff, floodplain,
meander, streamflow/stream discharge, main channel, and tributary.

2. Locate their local watershed and identify the Great Lake into which it
flows.

3. Describe how the size of a watershed and the local weather affect the
quantity of water in a stream, river, or lake.

Other than knowledge/insight, it is difficult to identify any patterns of
findings from the individual elements of AC; they occurred high in some lessons
and low in others. Examples are: percent commitment (17.9%) and percent

visions (7.1%) were highest in lesson 1, but percent planning and action

experiences (10.7%) was lowest in lesson 1; percent knowledge/insight (66.7%)
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was highest in lesson 3, but percent visions was lowest in lesson 3 (no
occurrence) and percent critical thinking and reflection was lowest in lesson 3
(14.3%). This may suggest that individual elements of AC are difficult to develop
equally in just one lesson.

The distribution of individual elements of AC also varied in strength across
different sections of the Unit, as shown in Table 3.4. For example, although
knowledge/insight consistently occurred the most compared to the other AC
elements in each of the five sections, it was highest in the Background
Information. Visions and commitment occurred the most in the Assessment
Option; planning and action experiences occurred the most in the Objectives;
and critical thinking and reflection occurred the most in the Procedures. The
variability in extent of occurrence of individual elements of AC in each lesson as
~ well as in each section of the curriculum suggests that, to increase the likelihood
of using the curriculum as a tool to help foster AC in students, one needs to use
all lessons in the curriculum and not only select a few to teach, which is what
many teachers do. This might prove critical as, according to Jensen (2000b), one
cannot talk of action competence if one individual element is not present. In other
words, a synergy of individual elements needs to happen to develop AC. This
implies a need to revisit the curriculum to incorporate and strengthen the
elements of AC, as well as a need to inform professional development and
teacher education programs of the need to use the curriculum entirely —

holistically — to maximize the possibility of fostering students’ AC.
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3.5 ASSOCIATIONS AMONG PEDAGOGICAL APPROACHES,
INSTRUCTIONAL METHODS, AND STUDENT SKILLS

The three most prevalent pedagogical approaches were activity-driven,
didactic, and didactic-with-application. These approaches occurred alongside the
three most prevalent elements of AC, namely knowledge/insight, critical thinking
and reflection, and planning and action experiences. In terms of instructional
methods, didactic questions and definitions accompanied the approaches and
AC elements listed above. Finally, critical thinking and inferring/interpreting
occurred as two most prevalent student skills.

Findings above may suggest the following:

1) Activity-driven, didactic, and didactic-with-application approaches are
associated more with the occurrence of knowledge/insight, critical
thinking and reflection, and planning and action experiences, and
therefore, may likely explain the weak distribution of commitment and
visions across nine lessons in the Water Quality Unit.

2) The two instructional methods listed above occurred to be more
coherent with didactic and didactic-with-application approaches and
knowledge/insight and critical thinking and reflection elements of AC
than with the activity-driven approach or planning and action
experiences element of AC. An activity-driven approach may be more
likely associated with planning and action experiences.

3) The two most prevalent student skills were process skills even though
a process-oriented approach was not the topmost approach used in

the Unit. This possibly suggests that these skills may be fostered just
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as likely by activity-driven, didactic, and didactic-with-application
pedagogical approaches as by a process-oriented approach. Presence
of these skills may likely influence presence of knowledge/insight,
critical thinking and reflection, and planning and action experiences

elements of AC.

3.6 CONCLUSIONS AND RECOMMENDATIONS

This study examined the types of and extent that pedagogical approaches,
instructional methods, student skills, and elements of AC were used in the Water
Quality Unit of MEECS. Additionally, this study also identified associations
among approaches, methods, or skills and elements of AC. Findings showed that
the Water Quality Unit focused more on knowledge/insight, critical thinking and
reflection, and planning and action experiences elements of AC than on
commitment or visions, with knowledge/insight receiving the first priority across
nine lessons. This study also found that the Unit focused more on knowledge of
effects, knowledge of causes, and general awareness of environmental problems
compared to knowledge of change strategies and knowledge of alternatives and
visions.

While knowledge/insight is a prerequisite to developing students’ capacity
for action, proponents of AC say it is not enough. The overwhelming focus on
knowledge/insight and knowledge of causes, effects, and general awareness —
and the lack of attention on commitment, visions, knowledge of change

strategies, and knowledge of alternatives and visions suggest that the Water
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Quality Unit is less likely to develop AC in students. To improve its chance of
fostering AC, incorporation and use of the less represented elements of AC have
to be strengthened. This may require a reexamination of the goals and objectives
of the Unit and a reconsideration of the “big ideas” or “enduring understandings”
that it aims to address. Additionally, knowledge of causes also should include
aspects of how social structures and cultural practices contribute to
environmental problems around us as these topics were hardly talked about in
the Unit. Similarly, the Unit also needs to provide specific ideas or opportunities
for students to do real planning and take action, and not only talk about what
people in general could do.

Findings also showed that knowledge/insight, critical thinking and
reflection, and planning and action experiences are associated more with activity-
driven, didactic-with-application, and didactic approaches than others. The lack
of or weak use of other pedagogical approaches may have influenced the weak
appearance of commitment and visions elements of AC in the Unit.
Consequently, to increase use of commitment and visions, the Unit may need to
strengthen its use of approaches other than the top three listed above.

This study also found that the Unit used a plethora of instructional
methods to deliver lessons, but the two most prevalent were didactic questions
and definitions. These methods occurred more coherent with didactic and
didactic-with-application approaches and with the knowledge/insight and critical
thinking and reflection elements of AC than with activity-driven approaches and

the planning and action experiences element of AC. Similarly, these findings
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suggest that the Unit needs to expand the range of methods used in teaching the
lessons to encompass different elements of AC.

The two most prevalent student skills in the Unit were critical thinking and
inferring/interpreting. These skills seemed more coherent with a process-oriented
approach, but these skills appeared to generally support the occurrence of the
critical thinking and reflection and planning and action experiences elements of
AC. Finally, this study found that the extent of use of individual elements of AC
varied across the Unit, which suggests that to increase teachers’ likelihood of
developing AC in students using the Unit, they (teachers) would need to teach all
lessons.

These findings and recommendations may help inform future designs of
EE and/or Science curricula for K-12 schools in Michigan aimed at developing
AC in students as well as improve teacher education programs to better prepare

teachers in Michigan how to use AC-oriented EE curricula.

3.7 LIMITATIONS OF THE STUDY

Findings from this study may be unique to the Water Quality Unit and,
therefore, cannot be generalized to other EE curricula or to other MEECS Units.
Inter-rater reliability could not be calculated because | was the sole coder of data

and there was no other person that checked for consistency of coding.
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CHAPTER 4
SURVEY OF MICHIGAN ENVIRONMENTAL EDUCATION CURRICULUM
SUPPORT (MEECS) TRAINING PARTICIPANTS: PCK AND ACTION
COMPETENCE
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ABSTRACT

Self-administered mail and web surveys were conducted to examine
pedagogical content knowledge (PCK) and use of action competence (AC) of
MEECS training participants. One hundred thirty one participants responded
(28.4%); 88.5% were from public schools (n=131), 67.8% were women (n=115),
and 36.5% were between 50 and 60 years old (n=115). Seventy eight percent of
the respondents taught science (n=131), 87% taught 9th through 12th grade
(n=131), and 66.4% were trained in the use of Water Quality Unit. Note that
these % values include people who taught other subjects or grade levels, and
were trained in other Units.

Elements of PCK (goals and beliefs about teaching science, pedagogical
approaches, instructional methods, and student skills foci) and use of AC were
examined using content analysis. Combining instances from both surveys, the
most prevalent categories of goals and beliefs of respondents were
attitude/behavior change (18%), skill development (12.5%), global/real world
connections (12.5%), and student development (12.3%). The most prevalent
elements of AC were commitment (45.2%) and planning and action experiences
(39.3%). This unequal use of AC elements in the classroom and the lack of
attention to critical thinking and reflection and visions may ultimately affect the
ability of MEECS teachers to develop AC in their students.

AC was not represented by all the goals and beliefs in the surveys. Of all
the occurrences of AC, 21.4% was found in global/real world connections, 17.4%

in social reform/citizenship, and 17.4% in student development. Combining
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instances from both surveys, the most prevalent pedagogical approaches were
activity-driven (32%), discovery/exploration (18.1%), didactic (14.1%), project-
based (12.1%), and process-oriented (11.6%); the most prevalent instructional
methods were hands-on activity (10.9%) and cooperative learning/group work
(10%); and the most prevalent student skills were critical thinking (26.6%),
investigation/research (15.6%), and problem solving (10.2%).

Some goals and beliefs were embodied in more than one pedagogical
approach, instructional method, or skill, and vice versa. However, in some
instances, these variables appeared incongruent with each another, suggesting
that they do not always predict each other’s occurrence. Project-based and
discovery/exploration approaches seemed to be associated with the high
occurrence of commitment, and activity-driven approach to planning and action
experiences. To increase use of AC, EE curricula need to include elements of AC
and use approaches and methods that are associated with AC. Teachers need to
be open to these kinds of pedagogical approaches and methods, and learn to

negotiate for or address barriers or constraints in their teaching context.
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4.1 INTRODUCTION

One of the main goals of environmental education (EE) is to cultivate
environmental stewardship in students (Wheeler & Thumlet, 2007). Numerous
studies have investigated the impact of EE on what researchers consider aspects
or elements of stewardship, such as knowledge, attitudes, and behaviors
(Dettmann-Easler & Pease, 1999; Dimopoulos & Pantis, 2003; Ferguson et al.,
2001; Hsu, 2004; Hungerford et al., 1990; Hwang et al., 2000; Kruse & Card,
2004; Leeming et al., 1997; NEEAC, 2005; Roth, 1992; Volk & Cheak, 2003;
Wheeler & Thumlet, 2007). Another important aspect of understanding the
effects of EE is to examine the educators, particularly what they teach, how, and
why, as this would add to our knowledge about the relationships and processes
that occur between educators or teachers and students. But studies that
specifically ask such questions are limited (Hart, 2003).

In this chapter, | address my research question #2: “To what extent does
teachers’ pedagogical content knowledge in using science and environmental
education curricula represent elements of action competence?” To address this
question, | first determined how representative my surveyed MEECS teachers
were of the overall participants of MEECS training in 2006-2007. Then, |
examined the “how” and the “why” of teaching of those who participated in the
MEECS training between 2006 and 2007. | identified the elements of
pedagogical content knowledge (PCK) and action competence (AC) found in the
MEECS teachers’ goals and beliefs about teaching science and their descriptions

of their nature of instruction. | reported on patterns of approaches, methods, and
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skills that were more prevalent and were associated with certain elements of AC.
| also discussed implications for teacher education and professional

development.

4.2 METHODS
4.2.1 Selection of Respondents

| chose the MEECS of the many EE curricula because it is Michigan-
specific, is aligned with the Michigan science and social studies curriculum
framework benchmarks and standards and the Grade Level Content
Expectations for 4th grade through high school, and is endorsed by the Michigan
Department of Education. | obtained a list of MEECS training participants from
the Michigan Department of Environmental Quality (MI-DEQ), which was the
agency that sponsored, funded, and guided the development of MEECS. | then
verified mailing and email addresses of the participants by checking the staff list
from the school’s (or any listed affiliation’s) website. | excluded all names that did
not appear on the staff list or those which could not be traced because the school
did not have a website or did not have a staff list online. | also excluded names
that were not affiliated primarily with K-12 schools and others that could not be
verified or traced. Due to limited resources, | used only 129 names for the mail
survey; | used web-based technology to reach an additional 421 individuals who

had verifiable email addresses.
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4.2.2 Data Collection Tools

| collected data using self-administered mail and web surveys. | chose
both methods for their flexibility, versatility, ability to reach large samples of
respondents in relatively short periods of time, and relatively low cost compared
with interviews or telephone surveys (Alreck & Settle, 2004). Besides reducing
the cost and time for data collection and analysis, use of web surveys has gained
popularity in recent years because the internet is widely used by different
demographic groups (Alreck & Settle, 2004; Hogarty et al., 2003). Some
researchers have identified issues in the use of web surveys (or other online
modes of delivery), including response compatibility between web survey and
mail survey (Arnau et al., 2001 cited in Hogarty et al., 2003), representativeness
of sample (Dillman, 2000; Dillman et al., 1998), variation in computer literacy of
respondents, and individual access to computers (Dillman et al., 1998). However,
Alreck & Settle (2004) suggested that web surveys are particularly effective for
individuals who hold educational and scientific occupations and those who will be

reached at work, both of which were characteristics of my sample.

4.2.3 Survey Instruments

Prior to its final printing and use, the survey instrument was reviewed and
piloted by 12 individuals having teaching experience and/or expertise in
environmental education, assessment, or survey research, including university
faculty (3 from Miphigan State University and one from North Carolina State

University), graduate students (4), elementary school science teachers (2), and
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environmental educators (2). Before | finalized the survey, | used their
suggestions and feedback to make the survey more teacher-friendly (i.e., used
language that teachers would use), to check the clarity of the survey, and to
check whether questions actually asked what | had intended.

Both versions of the survey consisted of 22 items that included:
demographic information (e.g., age, gender, highest education level), school
context (e.g., name of school, district, type of school, community where school is
located), other background information about the participants (including grade
levels and subjects taught, and number of years teaching), and MEECS training
participation and classroom use (units trained, past and current use, date of start
of use).

In addition to demographics and participant use information, | also asked
respondents about their goals for teaching science (“What is/are your primary
goal/s as a teacher?”), beliefs about teaching science (“What do you think
teaching should be about?”) and the nature of their instruction (“How would you
describe or characterize the nature of your instruction?”) to examine their
teaching orientations. | developed these questions based on the works of
Magnusson et al. (1999), Loughran et al. (2004), Lee et al. (2007), and Mulhall et
al. (2003). See Appendices D.1 and D.2 for details of the mail and the web

surveys.

117




4.2.3.1 Mail Survey

Altogether, | mailed 129 surveys in October and November, 2007. | sent
the mail surveys in two batches, 98 in the first batch and 31 in the second batch
(see Table 4.5). Modifying Dillman’s (2000) suggestion to mail a pre-notice, |
emailed a pre-notice letter to MEECS participants three days prior to survey
mailing. The pre-notice letter asked for participation and included the purpose of
the survey, number of items in the survey, and why respondents’ participation
was important for the study. The survey mailing included a cover letter, the
questionnaire, and a self-addressed return envelope. The cover letter rgiterated
the purpose of the survey, how respondents were selected, informed consent
language for human subjects research requirements, number of survey items,
and instructions for completing the survey. The cover letter also mentioned that,
at the end of the survey, respondents would be asked to provide their contact
information if they would be interested in participating in the next phase of the
study (classroom observations). Due to lack of funds, | did not send follow-up
mailings. | sent reminder emails two, three, and four weeks after the mailing. |

also sent thank you emails to all mail survey respondents.

4.2.3.2 Web Survey

| created the web survey through the online tool called Survey Monkey. |
sent 421 web links via email between February and April, 2008 (see Table 4.5).
This contact included individuals who did not respond to the mail surveys and

had verifiable email addresses. | also emailed MEECS training participants a pre-
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notice letter three days prior to emailing a cover letter and the web link to
complete the survey. | used the same language as in the pre-notice letter and
cover letter for mail survey respondents. Using Survey Monkey, | tracked who
had responded and when. | sent reminder emails to those who had not
responded up to four times after the first email invitation. Those who opted out or
those who had undeliverable emails (due to wrong or invalid address or full
inboxes) did not get further reminders. | also sent thank you emails to all web

survey respondents.

4.2.4 Variables of Interest
4.2.4.1 Pedagogical Content Knowledge (PCK)

Pedagogical content knowledge is the integration of individual knowledge
domains (e.g., subject matter knowledge, pedagogical knowledge, and
knowledge of student learning) that enable a teacher to teach a topic to a
particular group of students in a way that helps students relate to the topic and
helps them understand and learn effectively (Cochran, 1997; Gess-Newsome,
1999; Loughran et al., 2001; Loughran et al., 2004). In this portion of my study, |
examined these elements of PCK: 1) teaching orientations, 2) instructional

methods, and 3) subject matter knowledge.

4.2.4.1.1 Orientations Toward Teaching Science

Schwarz & Gwekwerere (2007) used “teaching orientations”

interchangeably with “pedagogical approaches,” but | divided orientations toward

119



teaching science into (a) goals and beliefs for teaching science at a particular
grade level (Magnusson et al., 1999) and (b) pedagogical approaches. This is
similar to what Friedrichsen & Dana (2005, p. 225) did, where they looked at the
goals as well as the means (teachers’ purposefully selected and visible use of
curricula and instructional and assessment strategies) to characterize teaching
orientations. Goals and beliefs serve as a conceptual map for teachers’

instructional decision making (Grossman, 1990).

1) Goals and Beliefs

Various terms are used to define goals (e.g., aims, objectives, principles,
and standards) and beliefs (e.g., conceptions, implicit theories, and orientations),
and the terms have been used interchangeably. | referred to teaching goals as
teachers’ purpose for teaching science, or what they expect to accomplish,
thereby providing direction for them (Ornstein & Sinatra, 2005, p. 113). | referred
to beliefs as teachers’ conceptions or views about teaching science and what it
means to teach. Beliefs may be thought of as a broader concept than goals (Cox,
2004, p. 4; Lam & Kember, 2006; Pratt, 1992). Together, goals and beliefs are
believed to guide teachers’ day-to-day decisions about what and how to teach
(Grossman, 1990; Lam & Kember, 2006). Table 4.1 lists the goals and beliefs

that | used for coding.
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Table 4.1. Categories of Goals and Beliefs of Teachers about Teaching
Science

Final list of goals and beliefs categories (categories with asterisks were a priori categories,
which | adapted from Magnusson et al. (1999, pp. 100-101); those without asterisks
emerged from the data)

1) Academic Rigor* - represents a particular body of knowledge; challenges students with
difficult problems and activities to verify science concepts

2) Activity-Driven* - engages students in hands-on activities, or gives them a task to work
individually or in groups

3) Attitude/Behavior Change* - influences students’ attitudes or behavior; helps students
identify their own and other people’s attitudes, values, feelings, or views toward
environmental issues or problems

4) Conceptual Change* - facilitates the development of scientific knowledge by confronting
students with contexts that challenge their naive conceptions

5) Discovery/Exploration* - provides opportunities for students to discover targeted science
concepts on their own

6) Guided Inquiry* - establishes a community of learners (e.g., students and teacher) in
understanding the physical world using the tools of science; teacher and students define
and investigate a problem, testing explanations, evaluating validity and utility of data and
adequacy of conclusions

7) Inquiry* -represents science as inquiry; engage students in defining and investigating
problems, drawing conclusions, and assessing the validity of knowledge from their
conclusions

8) Knowledge Acquisition* — | called this “knowledge/awareness” in my initial list; also found
by Trigwell & Prosser (1996); helps students acquire knowledge or increase awareness
of environmental issues or problems, or activities and events around them

9) Project-Based* - involves students in investigating solutions to authentic problems

10) Skill Development*' — develops of skills

11) Didactic* - transmits the facts of science, content, benchmarks/standards

12) Career benefits/Teacher Development — obtains professional development or growth

13) Content/Subject Matter - considers content beyond/other than what is required in the
curriculum

14) Education of Students — educates students in general

15) Global/Real World Connections - provides students with meaningful, relevant
experiences to help understand connectedness, interrelationships, and interdependence
between people, the world, and the environment

16) Humanistic - serves students, helps students meet their needs besides academic needs
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Table 4.1 Continued:

17) Improvement of pedagogy - increases/develops knowledge of teaching
strategies/methods and increase subject knowledge to improve instruction

18) Learning - provides a stimulating, fun, engaging, safe, and respectful leaming
environment; shows different ways to learn

19) Modeling ways of being — serves as a positive influence to students; shows students
appropriate behaviors; the teacher exemplifies the values and knowledge to be learned
(Pratt, 1992)

20) Social Reform/Citizenship — focuses on a macro perspective of seeking a better society,
and acknowledging that everyone is responsible to help improve society [also found in
Pratt (1992)]

21) Student Development - develops students’ capacity to become active participants in
society, in addition to developing specific skills

22) Teacher-Student/Student-Student Relationships - fosters relationships with students and
encourages students to make good relationships with others

23) Visioning - provides students with opportunities to think about what they want their future
to look like and to set goals

' Science Process Skills are a part of Magnusson et al.’s (1999) nine teaching orientations for
science. To put all skills into one category, | combined Science Process Skills with other
skills in the Skill Development category instead of treating process skills as a separate
category.
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2) Pedagogical Approaches

Approaches are beliefs put into practice (Lam & Kember, 2006, p. 694).
Friedrichsen & Dana (2005, p. 228) used a related term called “means,” which is
the purposeful selection and use of curricula and instructional and assessment
strategies. They argued that means are an essential component of representing
teaching orientations because they provide a more complete picture of an
individual’s science teaching orientation. In this study, | adapted the nine
pedagogical approaches described by Magnusson et al. (1999, pp. 100-101) and
Schwarz & Gwekwerere (2006, pp. 182-184), namely, 1) academic rigor,
2) activity-driven, 3) conceptual change, 4) didactic, 5) discovery/exploration, 6)
guided inquiry, 7) inquiry, 8) project-based, and 9) process-oriented. | added 10)
didactic-with-application. Table 4.2 lists the pedagogical approaches | used for

coding.

4.2.4.1.2 Instructional Methods, Representations, or Strategies

This element of PCK includes subject-specific or topic-specific strategies
(Magnusson et al., 1999), or the most useful forms of representation of topics,
analogies, examples, illustrations, explanations, and demonstrations used in
teaching (Shulman, 1986). Instructional methods are specific ways that teachers
use to create learning environments and to specify the nature of a lesson or an

activity in which the teacher and the students will be involved during class.
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Table 4.2. Pedagogical Approaches

1) Academic Rigor — Students are challenged with difficult problems or activities. The
teacher uses laboratory work and demonstrations to verify science concepts by
demonstrating the relationship between particular concepts and phenomena. The activity
often poses a challenge to students. Students may try to solve the problems after they
have seen an example from the teacher or using their previous knowledge or experience.

2) Activity-Driven — Students participate in a hands-on activity or, if not, are given a
task to work individually or in groups to help them verify or discover a concept. Hands-on
activities require students to be actively involved and engaged with objects, materials,
technology, or laboratory equipment/tools and manipulate these for the purpose of
learning by experience instead of being passive learners (Flick, 1993; Meinhard, 1992).
The teacher gives students equipment/materials and directions/ procedures to complete
an activity. In most cases, the teacher tells students what they are supposed to see or
learn. It must be noted here that Schwarz & Gwekwerere (2007) and Magnusson et al.,
(1999) included only “hands-on” activities in their activity-driven category, but | included
non-hands-on activities (e.g., the whole class classifying a list of items found in kitchen
cupboard; a pre-reading activity) in this category as well.

3) Conceptual Change — Students are pressed for their views about the world and
consider the adequacy of alternative explanations. The teacher facilitates dialogue,
discussion, or debate necessary to establish valid knowledge claims. The teacher draws
out and assesses prior knowledge of students before presenting a new concept. An
activity is then used to help students change their naive conceptions. The teacher
compares students’ ideas before and after the activity or lesson.

4) Didactic — The teacher presents information generally through lecture, discussion,
demonstration, or films. Scientific models may be used for demonstration, illustration, or
verification. Questions are directed to students to hold them accountable for knowing
facts. The focus is on delivery/transmission of content/facts.

5) Discovery/Exploration — This approeach is student-centered. Students explore the
world following their own interests and discover patterns of how the world works during
their explorations. A teacher might scaffold students’ explorations depending on students’
abilities (or lack thereof), and might ask students to share their “discoveries” later in
class.

6) Guided Inquiry — This learning is community-centered. Teacher and students work
together in defining and investigating problems, determining patterns, inventing and
testing explanations, and evaluating the utility and validity of their data and the adequacy
of their conclusions. The teacher scaffolds students’ efforts to use the material and
intellectual tools of science toward their independent use of them.

7) Inquiry — This approach is investigation-centered. The teacher supports students in
defining and investigating problems, drawing conclusions, and assessing the validity of
knowledge from their conclusions. Questions or problems for investigation come either
from the teacher or students. Students do most of the thinking and figure out how to
investigate the problem with the teacher’s support and help with correcting explanations
or applications. Usually, students follow the traditional scientific method when attempting
to solve a problem (ask a question, do background research, make a hypothesis, create
an experiment to test a hypothesis, collect and analyze data, draw conclusions, and
report findings).
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Table 4.2 Continued:

8) Project-Based — This approach is project-centered. Teacher and student activity
centers on a “driving question” that organizes concepts and principles and drives
activities within a topic of study. Students then do a project (their choice or from a
selection of ideas/options from the teacher) individually or collectively in which they need
to do an investigation or research/collect information and develop artifacts or products
(e.g., brochures, reference books, posters, or dioramas) that demonstrate their emerging
understanding. Students might present their product to the class or their work might get
posted on the wall.

9) Process — The teacher introduces students to the thinking processes adopted by
scientists to acquire new knowledge. Students engage in activities (e.g., laboratory
experiments, problem solving) to develop integrated thinking skills. Examples of these
process skills include observing, classifying, measuring, inferring, and predicting.

10) Didactic-With-Application — | considered this approach differently from a didactic
approach. In addition to the features of a didactic approach, the teacher provides real
world examples or applications of a concept or asks students to identify real world
scenarios in which they could apply what they learn.

Adapted from Magnusson et al., 1999, pp. 100-101
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4.2.4.1.3 Subject Matter Knowledge

This element of PCK includes knowledge of the nature of science,
scientific processes, and relationships among various areas in science (Lee et
al., 2007). My study did not actually attempt to measure respondents’ knowledge
of subject matter (or approaches or methods). Instead, | asked respondents to
describe or identify the skills to which they sought to expose their students. |
wanted to determine whether any pattern existed between and/or among
pedagogical approaches, methods, goals, and beliefs about teaching science. |
assumed that student skills were directly related to or appropriate for the content

being taught.

4.2.4.2 Action Competence (AC)

Although studies in the past 30 years predominantly focused on the
impacts of EE curricula on students’ knowledge, attitudes, and behaviors as
indicators of environmental stewardship, environmental literacy, or responsible
environmental behaviors, | looked beyond these variables and examined the
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