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Abstract: The prevalence of habitat and life-threatening environmental problems has motivated
environmental researchers to develop education programs to strengthen students’ environmental literacy. We
argue that the connection between environmental literacy and metacognition is theoretically promising.
Therefore, we developed the Meta-CIC model, which is designed to develop students’ environmental
literacy, in parallel to supporting their metacognition. The core of this model is open inquiry-based learning.
An explicit environmentally focused metacognitive guidance (Meta) was embedded within the inquiry
setting. This guidance referred to the components of metacognition and the strands of environmental literacy.
The model includes two levels of collaboration: the Collaborating Inquiry (CI), which refers to the
interactions between a pair of students working on an inquiry project; and the Collaborating Inquiry
Community (CIC), which refers to the interactions among pairs of students working on different projects. We
investigated the contribution of the Meta-CIC model to students’ expression of environmental literacy. For
this purpose, 250 seventh and eight grade students, who conducted open inquiry projects throughout a full
school year, participated in this research. We examined students’ environmental literacy using two tools: an
environmental literacy questionnaire, which adopts a positivist, outcome-based approach; and an innovative
Environmental Literacy INventory (ELIN), which adopts a phenomenological process-based approach. The
environmental literacy questionnaire served as pre- and post-test measurements. The ELIN was used to
analyze students’ reflections, following their involvement in the inquiry process. The results of this study
provide supporting evidence for the theoretical relationship between metacognition and environmental
literacy, and demonstrate the different effects of the Meta and the CIC components on students’ expressions
of environmental literacy. The results also point to the importance of providing explicit and context-based
metacognitive support. This study highlights the importance of developing students’ high order thinking
and implementing the Meta-CIC model, within the framework of environmental education. © 2015 Wiley
Periodicals, Inc. J Res Sci Teach 53: 620-663, 2016
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The crucial role of environmental education in the face of environmental conflicts has long
been acknowledged. According to the Tbilisi Declaration, the goal of environmental education
(EE) is to develop a world population that is aware of, and concerned about, the environment and
its associated problems (UNESCO, 1977). Specifically, EE should empower students worldwide
with the knowledge, skills, attitudes, motivations, and commitment to work both individually and
collectively toward solving current problems and preventing new ones (UNESCO, 1977). These
goals can be achieved by developing “environmental literacy,” which Roth (1992) defines as the
capacity to perceive and interpret the relative health of environmental systems, and to take
appropriate action to maintain, restore, or improve the health of those systems. Roth (1992)
considers environmental literacy as a continuum of competencies, divided into three working
levels: nominal, functional, and operational. Each of these levels is organized around four major
strands: knowledge, affect, skills, and behavior. According to Roth, people tend to progress
through the development of environmental literacy in stages that include several components:
awareness, concern, understanding, and action (Disinger & Roth, 1992; Roth, 1992). The highest
degree of environmental literacy is achieved only when these components come together and
resultin the implementation of environmental actions (Roth, 1992).

According to Jickling (2003), behavioral change should not be the ultimate goal of
environmental educators, because such a goal presents EE as an instrumentalist and ideological
tool. Consequently, EE instructs students what to think instead of how to think. In fact, EE should
promote unconventional thinking and more radical ideas (Jickling, 2003; Orr, 1999), and enhance
a critical stance toward the world and toward oneself by promoting discourse, debate, and
reflection (Wals & van der Leij, 1997). Educators who support this approach argue that greater
emphasis should be given to the development of deeper educational and learning processes, and to
the development of autonomous thinking about environmental issues (Wals & van der Leij, 1997).
Accordingly, Stables and Bishop (2001) proposed to consider differences among functional (the
“facts”), cultural (the socially significant), and critical (the ability to critique and to reconstitute an
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argument) environmental literacy. The authors argued that this approach depends on a broad view
of environmental literacy as an essentially semiotic relationship with the biophysical world
(Stables & Bishop, 2001). Consequently, a highly environmentally literate population, according
to this definition, would have the ability to engage with environmental issues at a high level
(Stables & Bishop, 2001).

A central question in the field of EE is how to produce environmentally literate citizens.
According to Hungerford and Volk (1990), traditional thinking asserts that humans can change
behavior by becoming more knowledgeable about the environment and its associated issues.
Though there is some evidence that knowledge and attitudes are positively correlated (e.g.,
Bradley, Waliczek, & Zajicek, 1999), a gap between knowledge about environmental problems
and actions to support the environment often exists (Kollmuss & Agyeman, 2002). Kaiser and
Fuhrer (2003) and Frick, Kaiser, and Wilson (2004), further argued that different forms of
knowledge must work together in a convergent manner to foster environmental behavior. Today,
because a new focus implies less emphasis on establishing linkage between educational
interventions and behavioral outcomes (Wals, Brody, Dillon, & Stevenson, 2014), much interest
focuses on the conditions and learning processes that enable citizens, young and old, to (i) develop
their own capacity to think critically, ethically, and creatively in appraising environmental
situations; (ii) make informed decisions about those situations; and (iii) develop the capacity and
commitment to act individually and collectively in ways which sustain and enhance the
environment (reviewed by Marcinkowsky et al., 2014). Accordingly, Wals and van der Leij (1997)
claimed that environmental education should be a learning process which enables participants to
construct, transform, critique, and emancipate their world in an existential way (e.g., Wals &
Jickling, 2002). McBeth and Volk’s (2010) recent large-scale survey heightened the significance
of promoting deep educational processes within the framework of environmental education; their
study described the students’ tenuous grasp of critical thinking and the decision-making skills
necessary to resolve environmental issues. Notably, Littledyke (2008) emphasized the importance
of explicitly integrating cognitive and affective domains within science and environmental
education to develop students’ relationship with the environment. This relationship then may
translate into pro-environmental behavior.

The goal of this study is to investigate a model aimed at developing students’
environmental literacy. Our underlying assumption is that environmental literacy should be
developed through deep educational learning processes, which would enhance students’
autonomous and critical thinking about environmental issues, and result in changes in
environmental knowledge attitudes, and behavior. Consequently, we argue that environmen-
tal programs aimed at fostering students’ environmental literacy should in parallel support
students’ metacognition.

Environmental Literacy and Metacognition

Metacognition refers to the ability to reflect upon, understand, and control one’s cognitive
processes (Schraw & Dennison, 1994; Schraw, Crippen, & Hartley, 2006). Accounts of
metacognition distinguish between two major components: knowledge about cognition and
regulation of cognition (Brown, 1987; Flavell, 1976; Schraw & Dennison, 1994). Knowledge
about cognition includes three subprocesses which facilitate the reflective aspect of metacogni-
tion: declarative knowledge (“what”), procedural knowledge (“how”), and conditional knowledge
(“when” and “why”). Regulation of cognition includes several of subprocesses that facilitate the
control aspect of learning; five subprocesses have been discussed extensively: planning, process
management strategies, monitoring, debugging, and evaluation (Schraw & Dennison, 1994;
Schraw & Moshman, 1995).
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The argument for the importance of supporting students’ metacognition is based on several
aspects of metacognition and environmental literacy. First, the skills which are at the core of
environmental literacy, such as: using creative thinking, searching for and organizing
information, thinking and planning ahead, and evaluating the consequences of potential actions
(Roth, 1992) are related to the skills which metacognition supports and scaffolds (Schraw &
Dennison, 1994). Research also suggests that students’ active engagement in metacognition is
a key to developing deeper conceptual understanding (Nielsen, Nashon, & Anderson, 2009)
and critical thinking (Halpern, 1998; Ku & Ho, 2010; Magno, 2010). Both conceptual
understanding and critical thinking are crucial to environmental literacy: They enable
individuals to perceive and interpret the relative health of environmental systems, tackle
multivariable environmental problems, and be actively involved in the implementation of valid
and applicable solutions (Mogensen, 1997; Roth, 1997; Wals et al., 2013; Wals & Jickling,
2002; Wals & van der Leij, 1997). Furthermore, critical thinking enables the individual to
examine his environmental or non-environmental personal behaviors, and identify behaviors
that could be changed (Heimlich & Ardoin, 2008).

As the relationship between environmental literacy and metacognition seems theoretically
promising, our research aimed at developing an instructional model which would support
students’ metacognition within the framework of EE. Based on relevant literature, a key
characteristic of the model includes inquiry-based learning.

Supporting Students’ Metacognition Through Inquiry-Based Learning

According to the NRC (1996), scientific inquiry “refers to the activities of students in which
they develop knowledge and understanding of scientific ideas, as well as an understanding of
how scientists study the natural world” (NRC, 1996, p. 23). Inquiry-based learning engages
students in science through hands-on activities (Minner, Levy, & Century, 2010). During
inquiry projects, students engage in scientific questions, design and conduct investigations,
formulate explanations from evidence, evaluate their explanations, and communicate and
justify their explanations to others (NRC, 1996, 2000). Consequently, students acquire an
authentic understanding of the nature of scientific knowledge, and develop thinking strategies
as well as a deep understanding of science content (Bell, Blair, Crawford, & Lederman,
2003). Engagement in inquiry also provides students with an opportunity to develop their
metacognition: Inquiry promotes an active reflection of problems, and provides the students
with many opportunities to monitor their learning and evaluate errors in their thinking, or gaps
in their conceptual understanding (Kipnis & Hofstein, 2008; Schraw, Crippen, & Hartley,
2006).

In the field of EE, several educators have examined the instructional effects of inquiry-based
programs on variables associated with environmental literacy (e.g., Culen & Volk, 2000; Hsu,
2004; Ramsey, 1993; Volk & Cheak, 2003). These programs were generally modeled after
Hungerford, Peyton, and Wike’s (1980) goals for curriculum development in EE. According to
these goals, environmental programs should: (a) provide science and ecological foundations of
environmental issues or problems; (b) develop awareness of environmental issues; (c) involve
students in environmental issue-investigation and evaluation; and (d) train students in citizenship
action-skills. Nevertheless, these programs did not consider the development of metacognition as
an objective or as a key element, and therefore did not emphasize this aspect in the environmental
curriculum.

Though metacognitive skills are promoted by inquiry learning, they are also considered as a
prerequisite for the successful engagement in inquiry (e.g., Andersen & Nashon, 2007). According
to this view, to optimize the inquiry process and realize its full potential, students’ metacognition
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should be actively supported during their engagement in the inquiry process (White, Frederiksen,
& Collins, 2009). Embedding an explicit metacognitive guidance within the inquiry process is a
method to support students’ metacognition.

Supporting Students’ Metacognition Through Explicit Metacognitive Guidance

Schraw (1998) describes four ways to support students’ metacognition in classroom settings.
These methods include: promoting general awareness of the importance of metacognition,
improving knowledge about cognition, improving regulation of cognition, and fostering environ-
ments that promote metacognitive awareness.

Students’ knowledge about cognition can be supported through the explicit teaching of
strategies (Schraw, 1998). For example, Ben-David and Zohar (2009) embedded explicit teaching
about thinking strategies within the scientific inquiry-based learning. This metacognitive support
included the following cognitive procedures: making generalizations about a thinking strategy;
naming the strategy; explaining when, why, and how such a strategy should be or not be used;
indicating the disadvantages of not using appropriate strategies; and identifying the task
characteristics which call for the use of the strategy.

The regulation of cognition subcomponent of metacognition has been generally supported by
reflective metacognitive questions or prompts embedded within the learning process (King, 1991;
Lin & Lehman, 1999; Schraw, 1998; Tanner, 2012). For example, the IMPROVE method, an
instructional method aimed at enhancing mathematical reasoning, includes three kinds of
metacognitive questions: comprehension, which orients the students to articulate the main ideas in
the problem, classifies the problem into an appropriate category, and elaborates the new concepts;
strategic, which refers to strategies appropriate for solving the problem; and connection, which
refers to the similarities and differences between the current problems and previously solved
problems (Mevarech & Kramarski, 1997). Zion, Michalsky, and Mevarech (2005), expanded the
IMPROVE techniques into an inquiry-based learning environment. This metacognitive guidance
included two sets of metacognitive questions for regulating the learning process: questions which
refer to knowledge about the problem-solvers, the goals of the assignment, and problem solving
strategies; and questions which educate students in regulating, controlling, and criticizing the
cognitive processes and products.

Recently, a growing research interest has emerged regarding the use of computer-based
learning environments to support students’ metacognition in a science and technology curriculum
(e.g, Graesser & McNamara, 2010; Manlove, Lazonder, & De Jong, 2007; Quintana, Zhang, &
Krajcik, 2005). Such environments typically provide the students with regulative tools, which
support various aspects of students’ metacognition. An example of such environment includes
White and Frederiksen’s (2005) Inquiry Island software. In Inquiry Island, students’ metacogni-
tion is supported by two kinds of software advisors: task advisors, who serve as cognitive models
for inquiry processes, and provide the students with knowledge of goals for the inquiry step,
strategies for accomplishing them, and criteria for monitoring their effectiveness; and general-
purpose advisors, who serve as models of cognitive, social and metacognitive competencies, and
whose expertise may be useful throughout the inquiry process.

Jost, Kruglanski, and Nelson (1998) claim that the traditional views of metacognition as an
individual and self-reflective process have restricted its focus, as they have ignored the role of
metacognition about other people. To overcome this restricted focus, Goos, Galbraith, and
Renshaw (2002) expanded the process of metacognition to include collaborative conversations
among peers of comparable expertise who made the process of monitoring and regulation overt.
Consequently, peer-learning and specifically peer-collaboration serves as an additional technique
to support students’ metacognition.
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Supporting Students’ Metacognition Through Peer Collaboration

Research has demonstrated that peer learning, namely knowledge acquisition and skill
building through active help and support among status equals or matched companions (Topping,
2005), can prompt metacognitive behaviors (Salonen, Vauras, & Efklides, 2005). Through social
interactions, students can develop their self-regulation skills and metacognition (de Jong,
Kolloffel, van der Meijden, Staarman, & Janssen, 2005; Lajoie & Lu, 2012). According to a model
suggested by Topping and Ehly (2001), during engagement in peer learning, peers become more
consciously aware of what is happening to them in their learning interaction, and better able to
monitor and regulate the effectiveness of their own learning strategies.

Collaborative learning is a form of peer learning in which particular forms of interaction
among people are expected to occur, which would then trigger learning mechanisms (Dillenbourg,
1999). Peer collaboration involves students at roughly the same levels of competence (Damon &
Phelps, 1989). During collaborations, the students are engaged in mutual discovery, reciprocal
feedback, and sharing of ideas. Therefore, peer collaboration emphasizes equality and mutuality
(Damon & Phelps, 1989). According to Dillenbourg (1999), there are four ways to increase the
probability of students’ collaborative interactions: to set up initial conditions, and carefully design
the collaborative situation (Lou, Abrami, & Spence, 2000); to over-specify the collaborative
interactions with a scenario based on roles (e.g., King, 1997, 1998; Palincsar & Herrenkohl,
2002); to scaffold productive interaction by encompassing interaction rules in the medium (e.g.,
Chinn, O’Donnell, & Jinks, 2000); and to monitor and regulate the collaborative interactions (e.g.,
Goos, Galbraith, & Renshaw, 1999).

Research has shown that collaborative learning has the potential to develop metacognition
(e.g., Larkin, 2006; Nielsen et al., 2009; Siegel, 2012). According to Frith (2012), collaboration
and metacognition are mutually related. On the one hand, the social interactions enhance
metacognition, as individuals improve their ability to provide a more accurate report on the
reasons for actions and experiences. On the other hand, the ability to reflect and report on one’s
activities and experiences improves collaboration, through an optimized sharing of resources and
information. During collaborative interactions, both self- and social regulatory mechanisms
interrelate: Self-regulation includes the cognitive and metacognitive regulatory processes used by
individuals to plan, enact, and sustain their desired course of actions (self-regulated learning);
social-regulation includes reciprocal regulation of each other’s cognitive and metacognitive
processes (co-regulated learning), and occasional genuinely shared modes of cognitive and
metacognitive regulation (socially shared regulated learning) (Hadwin & Oshige, 2011; Volet,
Vaurus, & Salonen, 2009). Research suggests that optimally functioning groups combine all three
forms of regulatory competences during collaborations (Grau & Whitebread, 2012; Jarvela &
Hadwin, 2013; Jarvela, Jarvenoja, Malmberg, & Hadwin, 2013; Rogat & Linnenbrink-Garcia,
2011).

Slavin (1996) claimed that an important issue concerns the conditions under which peer
interactions affect achievements, and in the case of metacognition—under which conditions
would peer interactions optimally develop students’ metacognition. Studies which have examined
the effects of interventions designed to support self-regulation and metacognition within a
collaborative environment, indicate an overall positive effect of these interventions on the
development of students’ metacognitive awareness (e.g., Hogan, 1999; King, 2007; Sandi-Urena,
Cooper, & Stevens, 2011; White & Frederiksen, 2005; Yarrow & Topping, 2001). The studies also
imply that the interventions should be thoughtfully designed, in order to overcome the gap
between metacognitive awareness and implementation of the metacognitive skills (Hogan, 1999;
Sandi-Urena, Cooper, & Stevens, 2011).
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Supporting Students’ Metacognition and Developing Their Environmental Literacy Through
the Meta-CIC Model

In this research, we developed the Meta-CIC model which aims to develop students’
environmental literacy. This model is based on the proposed theoretical relationship between
environmental literacy and metacognition. In the Meta-CIC model, an explicit and environmental-
ly oriented metacognitive guidance, and an innovative collaborative learning script, serve as
scaffolding for students’ metacognition. Both the metacognitive guidance and the collaborative
script are embedded within an open inquiry-based learning approach (see Figure 1a,b).

The core of this model is the challenging open inquiry-based learning, which is the highest
level of inquiry (Schwab, 1962). In this highly student-centered instructional technique, students
are active decision-making participants in all stages of the inquiry process (NRC, 2000); the
students engage in scientific questions, design and conduct investigations, formulate explanations

(a) Research Goal:
To develop students' environmental literacy

et

(b) The Meta-CIC model — provides metacognitive support

Theoretical Open inquiry- Meta component CIC component
construct based learning Explicit environmentally oriented Peer collaboration
metacognitive guidance
Educational  Environmental —Knowledge about Regulation of cognition Collaborating Collaborating
intervention inquiry projects  cognition - Regulatory Checklist (RC) Inquiry (CI) Inqulrjz CC‘IocrgmunL
- Strategy Evaluation - Reflective Metacognitive
Matrix (SEM) Questions (RMQ)
(c¢) Treatment conditions
Baseline intervention Explicit environmentally oriented Collaborative Inquiry
Environmental  Collaborative metacognitive guidance Community
P . . Meta component CIC component
inquiry projects _ Inquiry (CI)
Comparison group + +
Meta group + + +
CIC group + + +
Meta-CIC group + + + +

gt

(d) Research tools

Outcome-based approach
Environmental literacy questionnaire

The questionnaire examines:
Environmental knowledge, attitudes,
and behavior

Process-based approach
Environmental Literacy INventory (ELIN)

The ELIN examines:
Environmental knowledge, affect,
skills, and behavior.

Figure 1. Overview of the research: (a) The research goal; (b) The Meta-CIC model and its implementation in the
educational intervention; (¢) The research design; and (d) The research tools.
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from evidence, evaluate their explanations, and communicate and justify their explanations to
others (NRC, 1996, 2000). The teachers serve as facilitators and guide the students throughout the
inquiry process (e.g., Sadeh & Zion, 2009). In the Meta-CIC model, the role of inquiry-based
learning is two-fold: it is a means to expand students’ familiarization with their local environment
(Duvall & Zint, 2007); and is a means to support students’ metacognition within the framework
of EE.

An explicit and environmentally oriented metacognitive guidance, represented by the word
Meta in the model, is embedded within the inquiry-based learning approach. This metacognitive
guidance combines the two major components of metacognition (knowledge about cognition and
regulation of cognition) and is based on previously researched metacognitive tools (a description
of the metacognitive guidance is found in the Methods section). In addition, this explicit
metacognitive guidance is environmentally focused, and refers to the strands of environmental
literacy (knowledge, affect, and behavior). This environmental focus was added to the
“traditional” metacognitive guidance due to the debate in the literature concerning the domain-
dependency of metacognition. Several researchers found evidence for general, domain-
independent metacognition (e.g., Schraw, Dunkle, Bendixen, & Roedel, 1995; Schraw & Nietfeld,
1998; Veenman & Verheij, 2001; Veenman, Wilhelm, & Beishuizen, 2004); other researchers
found evidence against a general metacognitive ability (e.g., Kelemen, Frost, & Weaver, 2000). In
their attempt to bridge the gap between domain dependent and independent metacognition,
Veenman and Spaans (2005), and van der Stel and Veenman (2008), claim that metacognition may
initially develop in separate domains. Later, these domains merge into a more general repertoire of
metacognitive skills which is applicable and transferable across tasks and domains. Therefore,
Veenman and Spaans (2005) emphasize the importance of instructing students to acquire
metacognitive skills in various specific domains.

Peer collaboration is used to further support students” metacognition. The collaborations in
this model are based on face-to-face interactions. These interactions are important because they
promote the development of social relationships, which play a major role in students’ meaningful
experiences (e.g., James & Bixler, 2008). In addition, these interactions are appropriate for
activities such as brainstorming and visual demonstration (Meyer, 2003), and promote non-formal
interactions, visual and verbal communications. These interactions encourage students with a
wide range of learning abilities to participate during the collaboration (Michalsky, Zion, &
Mevarech, 2007). Throughout the inquiry process, the students collaborated with each other using
an innovative scheme which included two levels of collaboration: the Collaborating Inquiry (CI)
and the Collaborating Inquiry Community (CIC). The CI refers to the collaborative relationships
between a pair of students, who work on the same inquiry project together. The CIC refers to the
collaborative relationships among several pairs of students, each pair working on different inquiry
projects. These CIC interactions expand the learning beyond the limitations of one pair by
providing more opportunities for the students to exchange insights, ideas, and strategies, and to
learn from each other’s strengths and weaknesses (Lou, 2004; Lou & MacGregor, 2004).
Furthermore, in the CIC, the context and progress of other working projects provide the students
with both motivational support and new insights (Lou, 2004; Lou & MacGregor, 2004). The
students provide feedback to each other, and in doing so, they are able to develop critical thinking,
self-regulation skills, and metacognition.

Research Goals, Objectives, and Hypotheses

We are not aware of a research that has evaluated the possible contribution of supporting
students’ metacognition to the development of environmental literacy. This is the main objective
and challenge of this research. Therefore, we developed and implemented the Meta-CIC model, in
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which an explicit environmentally oriented metacognitive guidance (Mefa) and peer collaboration
(CIC) are embedded within inquiry-based learning. We evaluated the contribution of the Meta and
the CIC components to the development of students’ environmental literacy. Specifically, we
posed the following three research questions:

1. What is the contribution of the explicit environmentally oriented metacognitive
guidance (Meta component) to the development of students’ environmental literacy?

2. What is the contribution of the Collaborating Inquiry Community (CI/C component) to
the development of students’ environmental literacy?

3. What is the combined contribution of the Meta-CIC model to the development of
students’ environmental literacy?

We hypothesize that both the Meta and the CIC components will each contribute to the
development of students’ environmental literacy: the Meta component, which includes the explicit
support to students’ metacognition, will encourage students’ engagement in covert autonomous
reflection. In contrast, the CIC learning environment, which includes the implicit support to
students’ metacognition, will create a supportive environment for students’ engagement in the
process of overt reflection through peer monitoring, evaluation, and reciprocal feedback. We
further hypothesize that the combination of both components will have a synergistic effect on the
development of environmental literacy, because of the reciprocity between the covert reflection,
triggered by the Meta component, and the overt reflection, triggered during the collaborative
interactions of the CIC component (see Frith, 2012).

Methods

We will first describe the context of the research and its participants, followed by the
educational intervention which was designed according to the Meta-CIC model. Then, we will
present the research design and the measurements that were developed and used for this research.

Research Context

The study was conducted within the framework of an environmental program supervised by
the Council for a Beautiful Israel (CBI), a public organization aimed at promoting quality of life in
Israel through environmental education. The program aimed to develop students’ environmental
literacy. The schools’ decision to register with the CBI environmental program was usually driven
by an enthusiastic and motivated teacher, who was willing to lead and supervise the students’
inquiry projects. The program was comprised of two components. The first component included
monthly visits to the CBI, in which the CBI staff introduced the students to their environment, and
provided them with knowledge and awareness of environmental issues related to both their
surroundings and to the principle of sustainable development. The second component included
year-long open inquiry-based environmental projects, which were conducted by the students at
their schools, under the supervision of their teachers. Importantly, once a school registers with
the program, the inquiry projects become part of the students’ mandatory science-education
curriculum.

Participants
Students. At the beginning of the school year, for three consecutive years, the researchers
recruited teachers and their classes, from a pool of classes that enrolled in the CBI environmental

program. The participants consisted of 250 high-achieving seventh and eighth grade students
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(13-14 years old) from five Israeli junior-high schools, of similar average socioeconomic status
(as defined by the Israel Ministry of Education). The students were distributed across nine high-
achieving homologous classes, in which students were selected according to their academic
achievements.

Teachers. The teachers who participated in the research were the primary teachers of the CBI
environmental program in their school. These teachers regarded environmental issues as a top
priority in education; therefore, they enrolled in the CBI program, out of a wide range of school-
based enrichment programs. Overall, five experienced female teachers from five different schools
participated in this study. All the teachers held a bachelor’s degree in science education, and a
teaching certificate. They all had at least 3 years of experience with open inquiry-based teaching.
The teachers participated in a professional development program, which included a 4 hour
individual in-service training session. In addition, throughout the entire inquiry process, the
researcher closely assisted the teachers, and maintained ongoing contact with them through
weekly 1hour sessions. These weekly meetings had two goals: (a) to supervise teachers’
implementation of the educational intervention in their classes (described herein); and (b) to
facilitate the teachers’ role in guiding the students throughout the inquiry process.

Educational Intervention

The educational intervention was designed according to the Meta-CIC model. Consequently,
it included three major components: (a) a baseline curriculum; (b) the Meta component; and
(c) the CIC component. The following sections describe each of these components (see Figure 1b).

(a) The baseline curriculum—engagement in environmental inquiry projects. Instructed
by their teachers, the students studied their nearby environment, identified and selected real-life
environmental issues related to their surroundings, and were then engaged in challenging year-
long socio-environmental open inquiry projects. Because the students were engaged in open
inquiry in which they studied self-derived questions, their inquiry projects embraced a wide
range of environmental topics, such as: recycling, consumption, environmental education,
environmental hazards or nuisances, factories and industries, animals in urban environments
(see Supplementary Table S1 for examples of specific inquiry questions).

The students worked in pairs of their own selection (CI component), and conducted the
inquiry projects after school hours. The inquiry projects followed the scientific inquiry process,
and were divided into three phases which comprised a total of seven stages: (a) framing the inquiry,
which included choosing a socio-environmental issue and formulating the inquiry question; and
generating the hypothesis; (b) conducting the inquiry, which included developing the research
tools, such as: questionnaires, interviews, and observations; composing the literature review;
conducting the experiment, and collecting data; and (c) concluding the inquiry, which included
data analysis; organizing a discussion and drawing conclusions. The students were required to
complete each stage of the inquiry process within approximately 1 month, except for the 2-month
requirement to develop the research tools. The students managed the inquiry process, provided
they submitted their assignments at each stage of the inquiry process according to the project
submission schedule.

Throughout the process, the students documented their inquiry in a structured report which
resembled a scientific article. In this report, the students articulated the inquiry question,
the theoretical background, the hypothesis, research tools, data analysis, the discussion, and
the conclusions. In addition to writing the structured chapters of the reports, the students
were instructed to include an introduction and a summary chapter. In these chapters, students were
prompted to reflect and describe their personal perspectives on their inquiry process. In the
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introduction, the students indicated the reasons and importance for choosing their topic, their
inquiry question, and the conclusions. In the summary chapter, students reflected upon their
process of inquiry, addressed the conflicts, difficulties, and strategies they implemented, and
elaborated on any new insights they learned about either the environment or themselves (see
Supplementary Table S2 for acomplete description of the prompts).

Supporting Students’ Inquiry Process. Though open inquiry is a highly student-centered
process in which students take responsibility for their learning (Herron, 1971; NRC, 2000;
Schwab, 1962), researchers have underscored the importance of providing students with extensive
scaffolding (Hmelo-Silver, Duncan, & Chinn, 2007; Kirschner, Sweller, & Clark, 2006; Sweller,
Kirschner, & Clark, 2007). Therefore, we developed a course syllabus for each of the inquiry
stages, which included theoretical and practical explanations concerning the procedural aspect of
the inquiry process. Each syllabus was based on central themes from the field of science education
and inquiry-based learning, such as: scientific practices (Osborne, 2014), Nature of Science (Abd-
El-Khalick, Bell, & Lederman, 1998), and Concepts of Evidence and procedural understanding
(Roberts, 2001).

The teachers who participated in this research were instructed to closely guide the students’
inquiry throughout the inquiry process. During school hours, the teachers conducted both
collective class sessions and individual meetings with each pair of students; after school hours,
students received further help and feedback from the teacher through an online asynchronous
forum. The teachers followed the syllabuses, instructed the students about the various aspects of
inquiry, addressed procedural problems, and provided individual feedback on each student’s
progress.

(b) The Meta component—supporting students’ metacognition through explicit
environmentally oriented metacognitive guidance. The environmentally oriented metacogni-
tive guidance was designed to support the two major components of metacognition, knowledge
about cognition and regulation of cognition. The metacognitive guidance included both a general,
domain-independent orientation, and a specific, domain-dependent environmental orientation.
The domain-dependent environmental orientation was constructed by consolidating the strands of
environmental literacy (environmental knowledge, affect, and behavior) into the metacognitive
support.

Supporting Students’ Knowledge About Cognition. Students’ knowledge about cognition was
supported using a Strategy Evaluation Matrix (SEM) as described by Schraw (1998). The SEM is
designed according to the components of metacognitive knowledge and promotes explicit
declarative, procedural, and conditional knowledge about each strategy (Schraw, 1998). This tool
includes information about how to use several strategies, the conditions under which these
strategies are most useful, and a brief rationale for their use (Schraw, 1998). In the current research,
we assigned specific strategies to each stage of the inquiry process. The information about each
strategy included both a general and a specific component: the general component included an
overall description of the strategy; whereas the specific component provided an environmental
context for the use of the strategy (see e.g., in Table 1). The SEM was taught by the teachers during
class sessions. Thereafter, the students received a brief summary of the strategies through the
online forum. They were required to implement the strategies to complete the tasks throughout the
various stages of the inquiry process. The teachers examined the students’ use of the strategies,
and provided critical and constructive feedback.

Supporting Students’ Regulation of Cognition. Students’ regulation of cognition was
supported using a combination of the Regulatory Checklist (RC) suggested by Schraw (1998), and
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Table 1

Explicit environmentally oriented metacognitive guidance—Examples of learning strategies that were
taught by the teachers and implemented by the students during the inquiry process, using the Strategy
Evaluation Matrix (SEM)

Strategy How to Use Why When to Use

Brainstorming Make a list of spontaneous ideas Facilitates creative When searching for new,
which are associated with a problem solving creative and unusual ideas.
specific topic. Focus on and generation of For example, in search of
quantity, withhold criticism, ideas. an inquiry topic.

welcome unusual and wild
ideas and combine and
improve ideas Osborne
(1963).
STOP & THINK!
What do I know about the environment?
About which environmental issue would I like to know more?
Which environmental issues interest me?
Do I have a personal connection to an environmental issue?
With which environmental actions am I familiar?
In which environmental actions do I want to get involved?

Flowchart Present the process as a Visualizes the (1) When composing the
diagram — the steps are process as a means literature review, a flowchart
presented in boxes of various of understanding organizes the logical
kinds connected by arrows and improving it. sequence of the review.
which represent their order (2) To understand and follow
Gilbreth and Gilbreth (1921). procedural aspects of the

inquiry process.
STOP & THINK!
Which environmental concepts should the reader be familiar with to understand
my inquiry project?
What should be the order of these environmental concepts in my literature review,
so that the reader understands my claims?

the Reflective Metacognitive Questions (RMQ) suggested by Mevarech and Kramarski (1997)
and Zion et al., 2005.

Regulatory Checklist (RC). The purpose of the RC is to provide an overarching heuristic
that facilitates the regulation of cognition (Schraw, 1998). According to Schraw (1998), the RC
enables students to implement a systematic regulatory sequence to help them control their
performance through a set of explicit prompts. Adapted to an inquiry process, the RC was
administered to the students at each stage of the inquiry process. The prompts in the RC refer to
the components of regulation of cognition (planning, process management, monitoring, and
debugging) and to the strands of environmental literacy (environmental knowledge, affects, and
behavior). Table 2 provides examples of the prompts that were included in the RC. The teachers
discussed the RC with the students in the class, at the beginning of each stage of the inquiry process
and during their individual meetings.

Reflective Metacognitive Questions (RMQ). The RMQ serves as a means of self-evaluation
and contained metacognitive questions which required students to reflect upon their learning
process (Mevarech & Kramarski, 1997; Zion et al., 2005). Students’ reflections following a task
have been shown to have positive effects on learning outcomes (Mevarech & Kramarski, 1997;
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Table 2
Explicit environmentally oriented metacognitive guidance—Examples of prompts that were included in the
Regulatory Checklist (RC)

Planning
1. What goal is the task expected to achieve?
2. How much time do I need in order to accomplish my goal?
Process management
1. Which strategies are needed to accomplish my goal?
Monitoring
1. Am I reaching my goal?
2. Do my strategies improve the process?
3. Do I need to make changes in my plans?
Debugging
1. Am I encountering difficulties?
2. How can I overcome my difficulties?
Environmental Literacy
1. How can my environmental knowledge help me to complete the task?
2. How can my environmental attitudes help me to complete the task?

Michalsky, Mevarech, & Haibi, 2009). Once adapted to an inquiry process, the RMQ was used in
this study to support students’ regulation of cognition. Similarly to the RC, the RMQ addressed the
components of regulation of cognition (planning, process management, monitoring, debugging,
and evaluation) and the strands of environmental literacy (environmental knowledge, attitudes,
and behavior). The RMQ included Likert questions in which students were required to indicate
their level of agreement with a specific statement, and open questions in which they were asked to
detail their experience. Table 3 provides examples of the reflective questions that were included in
the RMQ.

The RMQ was first introduced to the students after they selected an inquiry issue and
generated the inquiry question. The students were told that completing the RMQ would evoke a
better reflection upon their inquiry process, and help them accomplish their tasks. The teacher
demonstrated how to complete the RMQ by verbalizing her own thoughts and reflections on the
process. Thereafter, the students completed the RMQ individually after completing the required
tasks at each stage of the inquiry process (six times in total throughout the entire inquiry process),
and submitted them to their teachers.

(c) The CIC component—supporting students’ metacognition through peer collabora-
tions in the Collaborating Inquiry Community (CIC component). Peer collaborations were
structured through the Collaborating Inquiry Community (CIC). In this environment, three pairs
of students working on different projects joined together for a CIC meeting at each stage of the
inquiry process. During each stage, students followed a macro script (see Dillenbourg & Hong,
2008), aimed at structuring the collaborative learning, developing rich interactions, and hence
increasing the probability that metacognitive processes would occur (e.g., liskala, Vauras, &
Lehtinen, 2004; Iiskala, Vauras, Lehtinen, & Salonen, 2011). The collaborative script assigned a
specific scenario which students were required to follow throughout their CIC meeting. The
scenario included: (a) teachers’ instruction; (b) peer-feedback; (c) and peer-modeling. Groups
were encouraged to conduct lively discussions, verbalize their thoughts, and externalize their
ideas.

The teacher opened the session by introducing and explaining procedural aspects of the
inquiry process. Thereafter, the “peer-feedback™ round took place in which each pair of students
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Table 3
Explicit environmentally oriented metacognitive guidance—Examples of reflective questions that were
used in the Reflective Metacognitive Questions (RMQ)

Evaluation

1. To what extent have you reached your goals?

Not at all To a lesser extent | Large extent Very large extent

Explain:

2. To what extent have the learning strategies improved the process?

Not at all To a lesser extent | Large extent Very large extent

Which learning strategy was the most effective? Why?

Did you use your own original learning strategy? Explain:

Environmental literacy

1. To what extent did your environmental knowledge help you to complete the task?

Not at all To a lesser extent | Large extent Very large extent

Explain and demonstrate:

2. To what extent has your environmental knowledge changed?

Not at all To a lesser extent | Large extent Very large extent

Explain and demonstrate:

in the CIC presented their inquiry project according to their progress, while the other members of
the CIC group provided feedback, evaluation, social support, and encouragement. The group
repeated this procedure for each of its members’ projects. Through this repeated scenario, each
group member engaged and practiced various cognitive and metacognitive activities both as an
evaluator and as a presenter. The pairs continued onto a second round aimed at modeling the
subsequent stage of the inquiry process. In this round, all the pairs addressed one inquiry project at
a time, and modeled together the next stage of the inquiry process according to the teachers’
instructions. This modeling round served as a second opportunity for the participants to exchange
ideas, thoughts, strategies, and insights.

Throughout the collaborative discussions in the CIC sessions, the teachers facilitated groups’
discussions by implicitly emphasizing aspects of metacognition. For example, the teachers urged
the students to plan the session to allow time for all pairs to participate; encouraged students to
monitor and evaluate each other’s projects; and exposed the groups’ difficulties and coping
strategies. The teachers did not explicitly refer to the theoretical construct of metacognition, and
did not raise students’ awareness of their engagement in metacognitive processes. In addition, the
teachers encouraged the students to think overtly, and supervised the students’ social interactions
to ensure a positive social atmosphere.
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Research Design

To examine the effect of the Meta-CIC model and its components, we employed a research
design based on the interplay among the three components of the educational intervention,
namely: the baseline curriculum, the Meta, and the CIC components. The research groups differed
by the addition or absence of the Meta or the CIC components to the baseline curriculum.
Consequently, the research consisted of the following four research groups:

o Comparison group: The instructional scheme of the students in this group included the
baseline curriculum only.

® Meta group: The Meta component was added to the baseline curriculum; the teachers
embedded the SEM, RC, and RMQ within their instruction.

® CIC group: The CIC component was added to the baseline curriculum; each three pairs
of students were assigned by their teacher to a CIC group; the CIC groups joined and
collaborated at each stage of the inquiry process (approximately once each month).

o Meta-CIC group: both the Meta and the CIC components were added to the baseline
curriculum: the teachers embedded the SEM, RC, and RMQ within their instruction; each
one of the three pairs of students was assigned by their teacher to a CIC group; the CIC
groups joined and collaborated at each stage of the inquiry process.

Upon obtaining permission from the school administration, teachers, and parents, the
teachers and their classes were randomly assigned to one of the four research groups (see
Figure 1c). Notably, all the teachers who participated in the study were introduced to the baseline
curriculum during their training program. However, the Meta and the CIC components were only
introduced to the teachers designated to implement these components in their classes.
Consequently, the teachers were exposed to only one treatment condition.

Data Collection and Analysis

According to Wals and van der Leij (1997), two approaches dominate the field of
environmental education: the first, an outcome-based approach, which aims at producing desired
behavioral changes; the second is a process-based approach, quantifying the quality of the
program through the students’ perception of the experience, and their internalization of
the learning process. Roth (1997) argues that both approaches should be integrated into the
assessments of environmental programs. Accordingly, to assess the contribution of the Meta-CIC
model to the development of students’ environmental literacy, we used research tools that
combined these two approaches: (a) an environmental literacy questionnaire, which is consistent
with the outcome-based approach, and examines specific desirable changes in students’
environmental knowledge, attitudes, and behaviors; (b) the Environmental Literacy INventory
(ELIN), which was specially developed as part of this research; the ELIN is consistent with
the process-based approach, and adopts a phenomenological approach (see also Knapp & Poff,
2001) (see Figure 1d).

The Environmental Literacy Questionnaire. Numerous attempts have been made to develop
valid tools to measure levels of environmental literacy (e.g., Bluhm, Hungerford, McBeth, &
Volk, 1995; Leeming & Dwyer, 1995; McBeth & Volk, 2010; Morrone, Mancl, & Carr, 2001;
Negev, Sagy, Garb, Salzberg, & Tal, 2008). In our research, we adapted an environmental
questionnaire from an Israeli research (Peled & Tal, 2011; Tal & Peled, 2011; Tal, Peled, &
Abramovich, 2010), which assessed three components of environmental literacy (knowledge,
attitudes, and behavior). The developers of this questionnaire emphasized its validity and
reliability, and developed it according to the Israeli school curriculum.
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The environmental questionnaire includes 57 items composed of three subscales: knowledge,
attitudes, and behavior. The knowledge subscale includes 16 multiple-choice questions, which
examine students’ environmental knowledge in various environmental topics. These questions
refer to various forms of environmental knowledge, as suggested by Kaiser and Fuhrer (2003),
namely: system, action-related, and effectiveness knowledge. The attitudes subscale includes 21
Likert-scaled items which address both the personal and social aspects of diverse environmental
issues. The students were required to indicate the degree to which they agree with each of these
items (scale range of 1-5). The behavior subscale includes 20 Likert-scaled items describing
various environmental behaviors, such as: saving natural resources and recycling, eco-friendly
consumption, leisure activities, and environmental activism. The students were required to
indicate the extent to which they perform the specified environmental behaviors (scale range
of 1-5) (see Supplementary Table S3 for examples of items in each subscale).

We used a pre-post research design: students completed the pre-test questionnaire upon
their enrollment in the CBI environmental program, prior to the onset of the inquiry process. In
addition, students completed the questionnaire a second time at the end of the inquiry process. The
knowledge subscale score was comprised of the sum of all correct responses, ranging from 0 to 16.
The scores for the attitudes and behavior subscales were defined as the means of the items which
composed them; the higher the score the more pro-environmental attitudes were expressed or
more pro-environmental behaviors were reported. The internal consistencies of the questionnaire
were: pre Cronbach o =0.81 and post Cronbach oo =0.82 for attitudes; pre Cronbach oo =0.87
and post Cronbach a = 0.87 for behavior.

The Environmental Literacy INventory (ELIN). The Environmental Literacy INventory
(ELIN) was used to analyze the students’ individual experiences, using a phenomenological
approach. The ELIN examines variables associated with environmental literacy using content
analysis methods within a quantitative framework. A similar approach was applied by Erdogan,
Babhar, Czel, Erdag, and Usak, 2012; Erdogan, Kostova, and Marcinkowski (2009a) and Erdogan,
Marcinkowski, and Ok (2009b): The framework for environmental literacy used in these studies
included six main components (ecological knowledge, socio-political knowledge, knowledge
of environmental issues, affect, cognitive skills, and environmentally responsible behaviors),
and was used to analyze national socio-political issues, such as childhood curricula (Erdogan
et al., 2009a), and environmental education research (Erdogan et al., 2009b). The data analysis
occurred through a series of steps, which included: (a) selecting data for the qualitative analysis;
(b) developing the ELIN; (c) using the ELIN to conduct a content analysis of students’ inquiry
reports; and (d) performing data analysis.

Selecting Data for Qualitative Analysis. As this research represents one part of a large study, a
wide variety of data were collected throughout the inquiry process, and was made available to
the researchers. This data included students’ transcripts of meetings with the teachers; interactions
during CIC sessions; messages from the online forum; final inquiry reports; and interviews.
Initially, the first two researchers of this manuscript familiarized themselves with this wide variety
of data. Throughout this comprehensive process, the researchers identified the possibility of
measuring students’ environmental literacy through students’ personal reflections, as described in
the introduction and summary chapters of the scientific inquiry reports. Consequently, the
qualitative analysis data are based on 131 student inquiry reports from the four research groups.
For these groups, the distribution of the inquiry reports were as follows: Meta-CIC group (N = 36)
27.5%; CIC group (N =40) 30.5%; Meta group (N =28) 21.4%; Comparison group (N =27)
20.6%.
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Developing the ELIN. Using a thematic analysis approach, in which the text serves as an
opportunity to capture the human experience (Shkedi, 2003), Adler and Zion acknowledged that
common themes in students reflections are associated with the four strands of environmental
literacy following Roth (1992). Consequently, these strands served as the four main criteria of the
ELIN (see Table 4). To improve the ELIN’s ability to define and explain the themes discovered,
further categorization was made within each criterion according to relevant literature. The
knowledge strand was further categorized into four different types of knowledge associated with
environmental literacy: system, action-related, effectiveness, and social knowledge (Frick et al.,
2004; Kaiser & Fuhrer, 2003). Categories within the affect strand included: general or specific
responsibility, general or specific attitudes, external or internal locus of control, and economic
orientation (Hines, Hungerford, & Tomera, 1987); conventional or moral responsibility feelings
(Kaiser & Shimoda, 1999); emotional involvement (Chawla, 1998, 1999; Kollmuss & Agyeman,
2002); and social (altruistic), egocentric or biospheric orientation (Kollmuss & Agyeman, 2002;
Stern, 2000). The following categories were included in the skills strand: using critical and
creative thinking, finding and organizing information, displaying skepticism in a healthy way,
thinking and planning ahead, identifying connections between events, looking for the seeds of
change, evaluating the consequences of potential actions, examining alternatives and making
choices among them, and making choices among alternatives that have a minimum negative
impact on natural systems (Roth, 1992). The behavior strand included: verbal commitment (Hines
et al., 1987); pro-social behavior (Granzin & Olsen, 1991; Kaiser, 1998; Van Liere & Dunlap,
1978); impact or intent oriented behavior, environmental activism, non-activism behaviors in the
public sphere, private sphere environmentalism, and other environmentally significant behaviors
(Stern, 2000) (See the categorization and the theoretical definitions in Table 4). For an updated
meta-analysis of psych-social determinants of pro-environmental behavior, see Bamberg and
Moser (2008).

Thereafter, Adler and Zion re-examined students’ reflections and assigned indicators to each
of the categories. Through discussions on the coding scheme and indicators, the researchers
formulated an operationalized definition, which adapted the theoretical concepts according to the
students’ reflections (see the operationalization of the concepts in Table 4). Subsequently, the two
researchers independently coded 25 reflections, and k values for inter-rater agreement were
calculated: k =0.87 (p <0.001) for the knowledge; k =0.89 (p <0.001) for affect; k =0.93
(p < 0.001) for skills; and k = 0.95 (p < 0.001) for the behavior.

Using the ELIN to Conduct a Content Analysis of Students’ Inquiry Reports. The first
researcher of this manuscript coded the students’ reflections according to the ELIN’s indices. For
each inquiry report, the introduction and summary chapters served as the unit of analysis.
Following coding, a personal report was developed for each pair of students, detailing their
references to the various categories of the ELIN. Each variable was coded as a binary variable (i.e.,
0,1) representing whether or not the category was mentioned by the students.

Performing Data Analysis. Chi square tests were first conducted for each category, to examine
frequency differences by group. Thereafter, MANOVA tests were run for each environmental
literacy strand, and the summary scores of the four research groups were compared. For the
knowledge strand, a summary score was computed for the types of environmental knowledge
mentioned, the sum of the four binary variables (ranging 0—4). For the skills strand, a summary
score was computed for the total types of skills mentioned with sufficient variance, namely the
sum of the five binary variables (ranging 0-5). For the affect and the behavior strands, a
hierarchical cluster analysis was conducted to examine the manner in which categories may be
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grouped while taking into consideration both the theoretical background and Cronbach’s a.. The
hierarchical cluster analysis uses a stepwise algorithm to merge similar variables into a cluster.
Within the affect and behavior strands, variables which lacked sufficient variance were
excluded from the hierarchical cluster analysis. Three dimensions were derived from this
analysis in the affect strand; and consequently, three summary scores were computed: (a)
values and attitudes mentioned, the sum of the six binary variables (ranging 0-6); (b) internal
locus of control, which was either mentioned or not mentioned (ranging 0-1); (c) and emotional
involvement, which was either mentioned or not mentioned (ranging 0-1). In the behavior
strand, the hierarchical cluster analysis yielded two dimensions; and consequently, two
summary scores were computed: (a) pro-social behavior which was either mentioned or not
mentioned (ranging 0-1); (b) and environment-related behaviors, the sum of the six binary
variables (ranging 0-6).

Results

Assessing Students’ Environmental Literacy Using an Environmental Literacy
Questionnaire

Pre-study differences in students’ environmental literacy were examined with a two way
MANOVA. No significant pre-study differences were found among the research groups on
knowledge, attitudes, and behavior [Meta: F(3,273)=2.37, p=0.071, *r]z =0.025; CIC:
F(3,273) =0.46, p=0.714, 7> = 0.005; Meta by CIC: F(3,273)=0.11, p=0.952, 1> =0.001].
Table 5 presents the means, standard deviations, and F values of the MANOVA for environmental
literacy by research group and time.

Table 5 shows rather moderate means for knowledge (scale range 0—16), high means for
attitudes (scale range 1-5), and moderate means for behavior (scale range 1-5). Significant
differences were found for time: F(3,263) =17.81, p < 0.001, n2 =0.169; but not for Meta by
time: F(3,263)=0.95, p=0.418, n>*=0.011; CIC by time: F(3,263)=0.67, p=0.573,
m? = 0.008; or Meta by CIC by time: F(3,263) = 0.25, p = 0.858, > = 0.003. Univariate analyses
revealed two main effects for time: knowledge, beyond group, increased from M =9.83
(SD=2.16) to M=10.69 (SD = 1.98), yet attitudes decreased, beyond group, from M =4.17
(SD=0.39) to M=4.10 (SD =0.47). Namely, students’ environmental knowledge increased
overtime while students’ environmental attitudes decreased overtime. No significant group
differences were found for both these processes.

Characterizing Students’ Environmental Literacy Using the Environmental Literacy
INventory (ELIN)

Knowledge Strand. Table 6 presents the distribution of types of knowledge mentioned in the
students’ inquiry reports. The table shows that system knowledge was mentioned in about 40% of
the reports, action-related knowledge was mentioned in about 67% of the reports, and
effectiveness-knowledge was mentioned in about 87% of the reports, with no significant difference
among the research groups. Social knowledge was mentioned in about 53% of the reports, and a
significant group difference was found, showing that this type of knowledge was mentioned fewer
times in the projects of the group which received only the Meta component. Furthermore, a
significant difference was found among the types of knowledge mentioned in the reports, beyond
group: x*(3) = 64.56, p < 0.001, showing that effectiveness-knowledge was mentioned the most,
action-related knowledge was mentioned less, social-knowledge was mentioned fewer times than
these two types, and system knowledge was mentioned the least.
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Table 6
The ELIN knowledge strand—Distribution of types of knowledge mentioned in the students’ inquiry
reports (N=131)

Comparison
Meta-CIC Meta cic group
Categories of the ELIN (n=36) (n=28) (n=40) (n=27) X*3)
Knowledge strand
System knowledge 11 (30.6) 16 (57.1) 13 (32.5) 13 (48.1) 6.37
Action-related 25 (69.4) 15 (53.6) 29 (72.5) 19 (70.4) 3.05
knowledge
Effectiveness 35 (97.2) 23 (82.1) 32 (80.0) 24 (88.9) 5.69
knowledge
Social knowledge 25 (69.4) 5(17.9) 26 (65.0) 13 (48.1) 20.18"
Meta < all
other groups
"p<0.001.

A total score for the types of knowledge mentioned was composed of the sum of types of
knowledge mentioned, ranging from O to 4. About 2.5 types of knowledge were mentioned per
inquiry report (grand mean =2.47, SD =0.92), with no group difference. (Fyera(1,127) =0.76,
FCIC(17127) = 244, FMetaxCIC(1’127) = 363, H.S.).

Affect Strand. Table 7 presents the distribution of types of affective characteristics expressed
in the students’ reports. Group differences were found for moral, general, and specific
responsibility, showing a higher percentage in reports of the Meta-CIC research group (39%,22%,
and 28%, respectively) than in the other groups. No group differences were found for general and
specific attitudes; general attitudes were expressed in about 24% of the reports, and specific
attitudes in about 50%. Expressions indicating internal locus of control were found in about 82%
of the reports of the group that received only the Mefa component, compared with about 50% in
the other groups, a difference that was found significant. No group difference was found for
economic orientation, expressed in about 13% of the reports. Finally, a significant group
difference was found for emotional involvement. This category was expressed in all the reports of
the three experimental groups more than in the comparison group, and more in the reports of the
Meta-CIC group than in the reports of the CIC group. The following categories were generally
missing or seldom mentioned in the students’ inquiry reports: conventional responsibility,
external locus of control, social (altruistic) orientation, egocentric orientation, and biospheric
orientation. Due to lack of variance, these categories were excluded from Table 7 and from further
statistical analysis.

Hierarchical cluster analysis revealed three clusters: (a) values and attitudes (including moral
responsibility, general responsibility, specific responsibility, general attitudes, specific attitudes,
and economic orientation—Cronbach a = 0.59); (b) internal locus of control; (¢) and emotional
involvement. A total score for values and attitudes mentioned was composed of the sum of its
components, ranging from 0 to 6. The total scores for each internal locus of control and emotional
involvement ranged from O to 1. Group differences in values and attitudes, internal locus of
control, and emotional involvement, were analyzed with a MANOVA (see Table 8).

The MANOVA was found significant for Meta F(3,125)=9.95, p <0.001, 1]220.193,
significant for CIC F(3,125) =4.12, p =0.008, > = 0.090, and significant for the interaction of
Metaand CIC F(3,125) =3.31,p = 0.022,m> = 0.074.
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Table 7
The ELIN affect strand—Distribution of affective characteristics expressed in the students’ inquiry reports
(N=131)
Comparison
Meta-CIC Meta cICc Group
Categories of the ELIN (n=136) (n=28) (n=40) (n=27) X2(3)
Affect strand
Moral responsibility 14 (38.9) 3 (10.7) 5 (12.5) 2(74) 14217
Meta-CIC> others
General responsibility 8 (22.2) 1 (3.6) 2 (5.0 137 10.15°
Meta-CIC> others
Specific responsibility 10 (27.8) 2 (7.1) 3(7.5 2(7.4) 9.56
Meta-CIC> others
General attitudes 7 (19.4) 6 (21.4) 9 (22.5) 10 (37.0) 3.00
Specific attitudes 23 (63.9) 11 (39.3) 20 (50.0) 11 (40.7) 4.94
Internal locus of 21 (58.3) 23 (82.1) 20 (50.0) 13 (48.1) 8.78
control Meta> others
Economic orientation 7 (19.4) 3 (10.7) 4 (10.0) 3(11.1) 1.84
Emotional involvement 26 (72.2) 19 (67.9) 20 (50.0) 4 (14.8) 2357
CI<all

other groups;
Meta-CIC > CIC

p<0.05.
“p<00l.
"'p<0.001.

Results in Table 8 reveal a significant interaction for values and attitudes. Significantly, more
types of values and attitudes were mentioned in the reports of students from the Meta-CIC group,
than in the reports of students from the other three research groups (p < 0.05). Expressions
indicating internal locus of control were more predominant in the reports of students who received
the Meta component (M = 0.69, SD = 0.47) than in the reports of students who did not receive this
component (M =0.49, SD =0.50) (p < 0.05). Likewise, emotional involvement was expressed

Table 8
The ELIN affect strand—Means, standard deviations, and F values for types of affective characteristics
Meta-CIC  Meta CcIc Comparison

Group: M M M group FMeta Ferc Fueta x c1c

Dimension: (SD) (SD) (SD) M (SD) e M) )

Types of values 1.92 0.93 1.08 1.07 F(1,127)  F(1,127)  F(1,127)
and attitudes (1.66) (1.21)  (1.05) (1.07) =234 =4.73* =471
expressed (0-6) (n=36) (n=28) (n=40) (n=27) (0.018) (0.036) (0.036)

Expressions of 0.58 0.82 0.50 0.48 F(1,127)  F(1,127)  F(1,127)
internal locus of (0.50) (0.39)  (0.51) (0.51) =6.12' =1.65 =225
control (0-1) (n=36) (n=28) (n=40) (n=27) (0.046) (0.013) (0.017)

Expressions of 0.72 0.68 0.50 0.15 F(1,127)  F(1,127)  F(1,127)
emotional (0.45)  (0.48)  (0.51) (0.36) =2144" =592* =3.59
involvement (n=36) (n=28) (n=40) (n=27) (0.144)  (0.045) (0.028)
0-1)

p<0.05.

"p<0.001.
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more in the reports of students who received the Meta component (M = (0.70, SD = 0.46) than in
the reports of students who did not receive this component (M = 0.36, SD =0.48) (p < 0.001).
Emotional involvement was also expressed more in the reports of students who received the CIC
component (M =0.61, SD=0.49) than in the reports of students who did not receive this
component (M =0.42, SD = 0.50) (p < 0.05).

Skills Strand. Table 9 presents the distribution of the types of skills expressed in the students’
reports. Five skills were expressed with sufficient variance: Using critical and creative thinking,
finding and organizing information, displaying skepticism in a healthy way, thinking and planning
ahead, and examining alternatives and making choices among them. Group differences were
found for using critical and creative thinking, which was expressed in a higher percentage in
groups that received the Meta component (81%, and 100%) than in the groups that did not receive
the Meta component (47%, and 59%). No group difference was found for finding and organizing
information, expressed in about 66% of the reports. Similarly, no group difference was found for
displaying skepticism in a healthy way, expressed in 16% of the reports. Thinking and planning
ahead was expressed in about 68% of the reports of the Meta group, compared with about 36-37%
in the Meta-CIC and the Comparison groups, and all were higher than the CIC group (10%). No
group difference was found for examining alternatives and making choices among them,
mentioned in about 55% of the reports. The following categories were generally missing or seldom
mentioned in the students’ inquiry reports: identifying connections between events, looking for the
seeds of change, evaluating the consequences of potential actions, and making choices among
alternatives that have a minimum negative impact on natural systems. Due to the lack of variance,
these categories were excluded from Table 9 and from further statistical analysis.

A total score for the types of skills expressed was composed of: using critical and creative
thinking, finding and organizing information, displaying skepticism in a healthy way, thinking
and planning ahead, and examining alternatives and making choices among them, ranging from
0 to 5. A significant group difference was found for the Meta component (F(1,127) = 14.49,
p < 0.001, > =0.102), showing that more types of skills were expressed in the reports of students
who received the Meta component (M = 2.83, SD = 1.16) than in the reports of students who did
not receive this component (M =2.03, SD=1.23). Other differences were not significant
(Fere(1,127) =2.22, Fyeraxcic(1,127) =0.31, n.s.).

Behavior Strand. Table 10 presents the distribution of types of behaviors expressed in the
students’ reports. No group difference was found for verbal commitments, which were present in

Table 9
The ELIN skills strand—Distribution of types of skills expressed in the students’ inquiry reports (N=131)
Comparison
Meta-CIC Meta CcIC group

Categories of the ELIN (n=36) (n=28) (n=40) (n=27) X2(3)

Skills strand ,
Using critical and creative thinking 29 (80.6) 28 (100.0) 19 (47.5) 16 (59.3) 24.95
Finding and organizing information 25 (69.4) 15 (53.6) 31 (77.5) 15 (55.6) 5.71
Displaying skepticism in a healthy way 8(222) 6214 3(7.5) 4 (14.8) 3.79
Thinking and planning ahead 13 (36.1) 19 (67.9) 4 (10.0) 10 (37.0) 24.12°°
Examining alternatives and making 20 (55.6) 18 (64.3) 21 (52.5) 13 (48.1) 1.58

choices among them

"'p<0.001.
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Table 10
The ELIN behavior strand—Distribution of types of behaviors mentioned in the students’ inquiry reports
(N=131)

Comparison
Meta-CIC Meta cIc group
Categories of the ELIN (n=36) (n=28) (n=40) (n=27) X*(3)
Behavior strand
Verbal commitment 6 (16.7) 7 (25.0) 3(7.5) 2(7.4) 5.44
Pro-social behavior 23 (63.9) 14 (50.0) 10 (25.0) 10 (37.0) 1250
Impact—behaviors 7 (19.4) 3 (10.7) 5(12.5) 0 5.77
Intent-orient-behaviors 18 (50.0) 8 (28.6) 11 (27.5) 9 (33.3) 5.04
Environmental activism 7 (19.4) 5(17.9) 7 (17.5) 1 (3.7 3.55
Private sphere 10 (27.8) 2(7.1) 10 (25.0) 2 (74) 797
environmentalism
Other behaviors 17 (47.2) 7 (25.0) 9 (22.5) 7 (25.9) 6.57
p<0.05.
“p<0.01.

about 14% of the reports. A group difference was found for expressions of pro-social behaviors,
which were present in a higher percentage in the reports groups that received the Meta component
(64%, and 50%) than in the reports of the two other groups (37% and 25%). No group differences
were found for impact-behaviors, intent-orient-behaviors, environmental activism, and other
behaviors, mentioned in 11%, 35%, 15%, and 30% of the reports, respectively. Private sphere
environmentalism was expressed in about 26% of the reports of groups who received the CIC
component, compared with about 7% in the groups that did not receive the CIC component. Non
activism behavior in the public sphere was missing from the students’ works. This category was
therefore excluded from Table 10 and from further statistical analysis.

An examination of the inter-relationships among the behavior strand items and a hierarchical
cluster that was conducted revealed two clusters: (a) Pro-social behaviors; (b) Environment-
related behaviors (including verbal commitment, impact—behaviors, intent-oriented-behaviors,
environmental activism, private sphere environmentalism, and other behaviors—Cronbach
o =.73). A total score for the two variables was composed, ranging 0-1 for pro-social behavior,
and 0-6 for environment-related behaviors. A MANOVA for the two behavior dimensions was
significant for the Meta component F(2,126) = 6.33, p =0.002, n*>=0.091, but non-significant
for CIC F(2,126)=1.72, p=0.183, 1> = 0.027, and non-significant for the interaction of Meta
and CIC F(2,126) = 1.30,p = 0.275, 1> = 0.020.

Further analysis revealed that pro-social behaviors were expressed more often in the reports of
students who received the Meta component (M = 0.58, SD = 0.50) than in the reports of students who
did not receive this component (M = 0.30, SD = 0.46) (F(1,127)=9.35, p=0.003, n2 =0.069).
Similarly, more types of environment related behaviors were expressed in the reports of students who
received the Meta component (M = 1.52, SD = 1.72) than in the reports of students who did not
receive this component (M = 0.99, SD = 1.35) (F(1,127) =3.71,p = 0.049, 'q2 =0.028).

Table 11 summarizes the results of the effects of the Meta and the CIC components on the
strands and clusters of students’ environmental literacy.

In sum: the Meta component had a positive significant effect on students’ expressions which
indicate internal locus of control, expressions of emotional involvement, types of environmental
associated skills, pro-social behaviors and types of environmental related behaviors; the CIC
component had a positive significant effect on the on students’ expressions of emotional
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Table 11
Summary of the results—The effects of the Meta and CIC components on students’ environmental literacy

Synergism Between
Environmental literacy strands and clusters Meta CcIC Meta and CIC

Knowledge strand—types of knowledge - - -
Affect strand
Types of values and attitudes
Expressions of internal locus of control
Expressions of emotional involvement
Skills strand—types of skills
Behavior strand
Pro-social behaviors
Types of environmental-related behaviors

— +

4+ A+t
!
!

involvement; and a synergistic effect between the two components was found for the types of
values and attitudes expressed by the students.

Discussion

The Contribution of the Meta Component to Students’ Environmental Literacy

The results of this study demonstrate that significantly more types of environmental-related
behaviors and pro-social behaviors were mentioned by students who received the Meta
component, than by students who did not. We attribute this difference to the reflective aspects of
the Meta component. Students who received the explicit environmentally oriented metacognitive
guidance were prompted to critically reflect upon their environmental behavior, and social
interactions; this critical reflection raised students’ awareness of various types of environmental-
related behaviors, and their collaborations with their partners. These results demonstrate that a
cognitive intervention which supports deep learning processes also promotes expressions
associated with the behavior strand of environmental literacy, and highlight the importance of
promoting critical thinking within the field of environmental education (Jickling, 2003; Orr, 1999;
Wals & van der Leij, 1997). Similarly, the Meta component affected students’ expressions which
indicate an internal locus of control; such expressions were more predominant in the inquiry
reports of students who received the Mefa component, than in the inquiry reports of students who
did not. We hypothesize that students’ introspection of the inquiry process led them to realize their
significant role in this process, and their responsibility for its success.

The positive effect of the Meta component on students’ expression of environmental-
associated skills supports the crucial role of explicit teaching (Pintrich, 2002); using critical and
creative thinking was expressed in a higher percentage by the groups that received the Meta
component (i.e., Meta-CIC group and Meta group) and thinking and planning ahead was mostly
expressed by students in the Mera group. In addition, more types of environmental literacy-
associated skills were mentioned by students who received the Meta component, than by students
who did not. We hypothesize that the explicit reference to various environmental-associated
skills within the metacognitive guidance (see Table 2, and Table 3), positively affected students’
expressions of these skills.

The Contribution of the CIC Component to Students’ Environmental Literacy

The social environment, in which both self- and social regulatory processes occur, is a key
feature of the CIC component. Consequently, we hypothesized that this component will affect
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students’ environmental behaviors, through the process of personal, reciprocal, and shared
metacognitive processes (Hadwin & Oshige, 2011; Volet et al., 2009). Indeed, significantly more
expressions of private sphere environmentalism were mentioned by students who received the
CIC component, than by the students who did not. We propose that the unique setting provided
by the CIC environment triggered a process of self-examination, followed by identification of
personal environmental behaviors that can be changed. These results are in line with social
learning theories, which suggest that behaviors are learned from others in the situated context in
which the behaviors can be implemented (Heimlich & Ardoin, 2008).

In contrast to our expectations, the results indicate that the CIC component did not make
a significant contribution to students’ references to types of environment-related behaviors.
Perhaps in contrast to the private sphere environmentalism, which includes a set of behaviors
well known to the students (such as reducing, re-using, and recycling), describing types of
environment-related behaviors requires the students to acquire new sets of behaviors. Therefore,
to achieve this goal, the students should explicitly discuss environmental issues and decide
upon various types of environmental-related behaviors which might affect them. However, such
discussions were not regarded as a goal of the CIC environment, and were rapidly dismissed.
Hence, we propose a future dual goal for the CIC component: a means to support students’
metacognition within a social context; and as a platform in which lively thoughtful discussions
concerning environmental issues would take place, and in which various types of environmental-
related behaviors could be explicitly discussed and internalized. We hypothesize that the addition
of such environmental focus to the CIC component would greatly improve its effect on students’
environmental literacy.

A major feature of the CIC environment is its implicitness. Consequently, although the
collaborative sessions offer numerous opportunities for the development of metacognitive skills,
its implicit nature may impede students’ awareness to the development of these skills. This may
explain the lack of significant effect of the CIC component on students’ expressions of
environmental-associated skills. Similarly, despite the vast social interactions experienced by
students who received the CIC component (e.g., Salomon & Globerson, 1989; Van den Bossche,
Gijselaers, Segers & Kirschner, 2006), this collaborative environment did not significantly affect
students’ expressions of pro-social behaviors. We postulate that requiring the student to explicitly
reflect upon the CIC sessions, and specifically consider the metacognitive skills which they
have developed, and the social interactions with their peers, will improve the effect of the CIC
component. These results emphasize the importance of explicitly teaching and supporting
students’ metacognition (Pintrich, 2002).

In sum, to fulfill the potential of the CIC component, and improve its effect on students’
environmental literacy, we suggest: (a) adding an environmental focus to this component; and
(b) enhancing this component’s explicitness.

The Interplay of the Meta and CIC Components on Students’ Environmental Literacy

The results indicate interplay between the Mefa and the CIC components within the affect
strand. Each component separately had a significant positive affect on students’ expressions
indicating emotional involvement within the inquiry process. Possibly, both components improved
students’ inquiry skills (Zion et al., 2005), critical thinking (Magno, 2010), and meaningful
learning (Nielsen et al., 2009), and therefore fostered students’ engagement and emotional
involvement in their environmental inquiry process. In addition, a synergistic effect of both
components was found for types of values and attitudes expressed by the students: students from
the Meta-CIC group mentioned significantly more types of environmental values and attitudes
than students from the other research groups. We assume that this synergism evolved as reciprocity
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between the two components: the Meta component triggered students’ awareness to their
environmental values and attitudes; and the CIC component enabled the students to express their
environmental opinions, compare their values and attitudes to those of others, and form holistic
perspectives on environmental issues (Wright, 2008). Wals and van der Leij (1997) argued that
environmental education must provide situations in which participants freely discuss their
environmental values; such discourse engages the participants in values verification, through self-
reflection on the relationship between their own guiding assumptions and interpretations and those
of others. Our research supports their call, and demonstrates the importance of combining both
the Meta and the CIC components to promote such an environment.

Outcome-Versus Process-Based Approaches to Measuring Environmental Literacy

In several instances, the results indicated a gap between students’ environmental literacy as
measured by the environmental literacy questionnaire in comparison to the literacy measured by
the ELIN. Regarding the affect strand, students from all the research groups scored high means
in the pre-test measurements of attitudes using the questionnaire. Such high scores reduced the
likelihood of an observable increase in the post-test measurement. Indeed, the questionnaire
indicated that students’ environmental attitudes decreased from the pre to post-test, regardless
of the research group to which they belonged. We assume that the high scores on students’ self-
reported attitudes in the pre-test were triggered by Social Desirability Bias (SDB). The SDB
implies that respondents reply according to a “socially acceptable” response, and provide overly
positive self-descriptions (Paulhus, 2002). Research has demonstrated that SDB causes a major
problem concerning the validity of self-reporting measures of environmental attitudes, because
eco-friendly attitudes are considered a social norm (e.g., Bogner & Wiseman, 2006; Ewert &
Baker, 2001; Oerke & Bogner, 2013). We maintain that the examination of students’ self-
generated reflections using the ELIN is an effective method to overcome this entanglement.
Unlike the environmental literacy questionnaire, which relies on multiple-choice questions in
which students can appraise the socially accepted response, the ELIN’s theory-driven categories
are latent and less apparent to the students. Therefore, the ELIN is less subject to SDB, and may
provide the researchers with a comprehensive understanding of students’ attitudes towards the
environment. Indeed, the content analysis we performed using the ELIN revealed a high variance
in students’ expressions and references to the various categories. This variance strengthens our
assumption regarding the ELIN’s resistibility to SDB.

A second discrepancy was found in the behavior strand: in contrast to the between-group
differences observed by the ELIN, the results of the questionnaire did not indicate significant
temporal or between-group differences regarding students’ reported environmental behavior.
This discrepancy between the results of the two research tools may be due to the nature of the
intervention employed, in which students performed inquiry projects on specific environmental
issues. Boyes and Stanisstreet (2012) argued that the likelihood of undertaking a particular pro-
environmental action is the result of an interaction between two factors: the degree of willingness
to act, which is influenced by a general feeling of benefiting the environment, coupled with more
concrete personal incentives, disincentives, and concerns; and the believed usefulness of action,
the degree of environmental effect a person attributes to various environmental actions. Actions
differ from each other in degree of association between a belief in the efficacy of an action and a
willingness to undertake it (Boyes & Stanisstreet, 2012). Hence, the potential effectiveness of
education is a measure of the association between belief in the effectiveness of an action and
the willingness to undertake it (Boyes & Stanisstreet, 2012). Accordingly, students’ engagement
in the inquiry process possibly increased students’ degree of willingness to act and believed
usefulness of action regarding the specific topics they investigated. These changes led the students
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to describe various types of environmental-related behaviors in their reflections, related to the
context of their inquiry projects, which were analyzed by the ELIN. However, due to the specificity
of the intervention, the students’ degree of willingness to act and believed usefulness of action
did not significantly improve for other environmental behaviors, which were measured by the
questionnaire. These results demonstrate the usefulness of the ELIN in examining the outcomes of
environmental programs designed to foster students’ environmental literacy around particular
issues.

General Consideration Regarding the Environmental Education Program

We hypothesized that supporting students’ metacognition, will positively affect students’
environmental knowledge. In contrast to our expectations, the results of the environmental literacy
questionnaire revealed that the students’ environmental knowledge increased over time, with no
significant differences in gains in students’ knowledge among the four research groups. Similarly,
the analysis of students’ reflections using the ELIN revealed no significant difference in students’
references to the various types of knowledge associated with environmental literacy, among the
four research groups. On the one hand, these results support findings from previous studies which
employed inquiry-based learning techniques to develop environmental knowledge (e.g., Culen &
Volk, 2000; Hsu, 2004; Ramsey, 1993; Volk & Cheak, 2003; Zion et al., 2011). On the other hand,
the absence of significant differences reveals some possible weaknesses of the Meta and the CIC
components. Regarding the Mefa component, the metacognitive guidance was environmentally
oriented and addressed the knowledge strand; nonetheless, this guidance did not explicitly
reference the various types of environmental knowledge associated with environmental literacy.
To overcome this limitation, we recommend that future implementations of the Mefa components
clearly distinguish among the various types of environmental knowledge, and specifically
address each type of knowledge within the metacognitive guidance. Regarding the CIC
component, we assume that enabling students to discuss environmental issues during the
collaborative sessions, and reflecting upon their acquired environmental knowledge would
have improved this component’s influence on students’ environmental literacy. Therefore, we
propose assigning an environmental focus to the C/C component and enhancing its explicitness
for future implementations.

The results indicate that system knowledge, namely knowledge about environmental
problems (Frick et al., 2004), was mentioned least by all students, regardless of their research
group. This result raises concern because this type of knowledge is at the core of environmental
literacy (Roth, 1992). Furthermore, Kaiser and Fuhrer (2003) and Frick et al. (2004), claimed that
different forms of knowledge must work together jointly and convergently to foster ecological
behavior, and that both system knowledge and procedural knowledge are needed before
effectiveness knowledge can be acquired. A possible explanation for this phenomenon concerns
the topics which students chose for their inquiry. Because the core of the Meta-CIC model involves
open-inquiry, students were not restricted to specific topics, provided they were related to their
environment. Consequently, the inquiry topics varied greatly in their respect to scientific-
environmental content knowledge. One possible recommendation could be to limit students’
options only to inquiry topics which have a clear affinity to scientific-environmental knowledge.
However, implementing such a limitation may impede students’ autonomy; a major characteristic
of open-inquiry based learning (Chinn & Malhotra, 2002), and consequently impair students’
enjoyment, satisfaction, creativity, and curiosity during the inquiry process (Zion & Sadeh, 2007).
Therefore, an alternative recommendation is to emphasize the ecological and scientific affinity of
the student-selected environmental topics within the teachers’ guidance and the students’ inquiry
process, so that they are expressed more clearly within the section of the “literature review”
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in students’ inquiry reports. Another suggestion is to integrate a “pre-inquiry” in which the teacher
exposes the students to various environmental issues and conflicts, and emphasizes aspects of
system knowledge. Upon completion of this “pre-inquiry” stage, students will possess a broader
basic knowledge of various environmental issues and topics, and will be able to make informed
decisions regarding the topic of their own inquiry project.

Regarding students’ expressions of environmental-associated skills, the results of the
descriptive analysis show that the students’ expressions of these skills varied. Interestingly, skills
which were expressed by a higher percentage of the students (e.g., using critical and creative
thinking, finding and organizing information, displaying skepticism in a healthy way, thinking and
planning ahead, and examining alternatives and making choices among them), can be regarded as
domain-independent metacognitive skills: general skills which are required during the inquiry
process, and lack an environmental affinity (Veenman & Spaans, 2005). In contrast, skills which
were not extensively expressed (e.g., looking for seeds of change, evaluating the consequence of
potential actions, and making choices among alternatives that have a minimum negative impact
on natural systems), incorporated in their operationalized definitions both metacognitive and
environmental aspects, and may be regarded as domain-dependent metacognitive skills (Veenman
& Spaans, 2005). Taken together, the results indicate that while the metacognitive support
provided to the students succeeded in increasing students’ expression of domain-independent
skills, it failed in increasing their reference to domain-dependent skills. Consequently, these
results underscore the importance of organically integrating aspects of the knowledge domain
within the metacognitive support, thus providing the students with context-based and explicit
metacognitive support (see also Veenman, Van Hout-Wolters, & Afflerbach, 2006).

Regarding students’ environmental behavior, we did not find expressions associated with
non-activism behaviors in the public sphere in students’ reflections. According to its theoretical
definition, these types of behaviors refer to the support or acceptance of public policies and
willingness to pay higher taxes for environmental protection (Stern, 2000). Although these
behaviors affect the environment indirectly, the effects may be large, because public policies
can change the behavior of many people and organizations at once (Stern, 2000). The absence
of expressions associated with non-activism behaviors in the public sphere may indicate that
students failed to realize the potential of this environmental behavior. Therefore, it is important
that future environmental curriculum place a higher emphasis on this aspect behavior. Such
emphasis could be embedded during students’ engagement in the inquiry process, or during a
“pre-inquiry” stage, in which aspects of effective environmental behaviors, such as non-activism
behaviors in the public sphere, would be explicitly discussed.

Limitations and Future Studies

The participants in this study were high-achieving students who studied in homologous
classes. Consequently, the generalization of the findings to a heterologous class, and to average
or under-achieving students should be made with caution. Previous studies demonstrated that
metacognitive guidance enhances metacognition and learning in a broad range of students
(e.g., Veenman, Elshout, & Busato, 1994), but has particular relevance to low-achieving
students (e.g., Pressley & Gaskins, 2006). Therefore, we suggest a study which investigates the
Meta-CIC model in these populations. Such an investigation immediately raises two questions:
(1) What is the effect of the Meta-CIC model on the environmental literacy of these students?
and (2) What are the requirements for successful implementation of the Meta-CIC model in
these populations?

Research indicates that students’ metacognition becomes more sophisticated and academi-
cally oriented whenever formal educational requires the explicit utilization of a metacognitive
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repertoire (Veenman et al., 2006). Consequently, supporting students’ metacognition, and
ensuring their active engagement in metacognitive processes were at the core of the
educational intervention we designed. For example, the students were required implement
learning strategies, and to perform a reflection at each stage of the inquiry process. The
teachers further supported students’ metacognition through explicit teaching, continuous
feedback, and facilitation of group discussions during the CIC sessions. The extensive data
which were collected provides support for students’ engagement in metacognition (e.g., Zion,
Adler, & Mevarech, 2015). Despite all of these activities in support of students’ metacognition,
we recognize that the lack of pre and post assessments of students’ metacognition is a
limitation of this study.

Previous studies demonstrated that teachers play a crucial role in teaching inquiry (Crawford,
2000; Crawford, Krajcik, & Marx, 1999). In addition to the “regular” difficulties imposed by
teaching inquiry, the Meta-CIC model requires the teachers to be highly skilled in orchestrating
metacognitive support and collaborative learning. In this study, the teachers were closely
supported by the researchers during the entire inquiry process. This situation raises several
concerns regarding the feasibility of implementing the Meta-CIC model on a wider scale. At least
two questions should be addressed: (1) Would novice teachers be able to effectively implement
this model in their classes? (2) What preparations can be made in pre or in-service teachers’
training to assist teachers to implement this model?

Designing an efficient and applicable metacognitive support is a challenging task. While
the individual aspect of metacognition has been widely researched, resulting in numerous
research-based techniques to support this self-directed aspect, research on the social aspect of
metacognition and interventional techniques to support this aspect are still in their infancy.
Consequently, the CIC component was designed as an innovative means to support students’
metacognition throughout the inquiry process. However, the results suggest that several
modifications are needed to improve the effect of this component: first, we recommend
integrating an environmental focus into the CIC collaboration script; second, principles of
social learning theories should be incorporated into this component to a greater extent; and
finally, the addition of joined or individual reflections on the social interactions and knowledge
gains from the CIC sessions, could further improve this component’s efficiency. Finding
the right balance among all these elements is certainly a challenging but worthwhile task for
future studies.

Social Desirably Bias (SDB) is regarded as a major problem concerning the validity of
self-reporting measures of (Oerke & Bogner, 2013). Consequently, SDB may prompt students
to provide overly positive self-descriptions of their environmental attitudes and behaviors in
their reflections, and result in an overly positive measurement of students’ environmental
literacy using the ELIN. We maintain that because the ELIN’s categories are latent to the
students, the ELIN is less subject to SDB. However, to further overcome the limitation of
SDB, we suggest expanding the measuring capability of the ELIN to include two aspects of
each measured characteristic: (a) the presence or absence of the characteristic; and (b) an
evaluation of the quality of the students’ statements. Such a modification will improve the
ELIN’s evaluation of students’ environmental literacy, and provide further insights into the
effect of environmental educational programs.
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