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ABSTRACT 

This study focused on the idea that for educators to engage in 

environmental education they must first deeply understand the 

constructed and natural environment. The primary purpose was to 

investigate how teachers grasp environmental paradigms, while 

remaining committed to teaching about environmental concerns. This 

goal was accomplished through participation in an "experimental" 

training program. On the assumption that an unsorted group of 

teachers would display rather diverse beliefs and alternate 

conceptions toward environment, nature and technology, a seminar 

and a series of lectures on environmental paradigms were 

deliberately designed to influence their conceptions and beliefs. 

Teachers were introduced to the study in semistructured 

interviews focused on each teacher's environmental concerns and 

conceptions. Next, each teacher's grasp of environmental paradigms, 

defined as adherence to or rejection of particular assumptions 

vi 



embodied in paradigms, was assessed using a series of qualitative 

measurements (semantic networks). The differences between each 

teacher's concerns and conceptions before and after the treatment 

were associated with the training content itself. The study did not 

emphasize quantitative measurements of predicted conceptual 

change; rather it examined and described significant idiosyncratic 

structures related to each participant's environmental concern and 

then identified the changes in these structures that originated in the 

treatment. 

The initial conceptions, with very few exceptions, were clearly 

informed by static knowledge and the currently traditional 

"environmentalist" concerns. The data showed that, presumably as a 

result of instruction, the teachers' orientations became informed by a 

richer conceptual framework, not only by the new array of scientific 

concepts they learned during the training, but also by their prior 

knowledge. The semantic networks demonstrated that they 

reconstructed and reorganized environmental conceptual knowledge 

according to the principles of the training. There was no direct 

relationship between the environmental concern and the paradigms. 

However it is likely that the gradual accumulation of a second 

generation of scientific concepts, progressively inserted in the 

knowledge core of the networks represented a gradually changing 

orientation. 
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CHAPTER ONE 

INTRODUCTIOh 

Educational authorities world-wide consider education a 

critical means for changing people's attitudes toward the 
i 

environment. Many authors have urged the integration of explicit 

principles of environmental education into formal curricula (Gray, 11 
Borden & Weigel, 1985; Greenall, 1981; Sterling & Cooper, 1992). 

ronmen tal Edu cation) , organizations have created world-wide 

strategies at international conferences (e.g. UNESCO/UNEP in Tbilisi, I 

1977 and Moscow, 1989), and national governments have legislated I 

environmental education (e.g. United States Public Law 9 1-5 16, 

1970). In spite of such overall efforts, many authorities 

acknowledge that educational efforts to promote environmental 

concern have not matched the actual needs. For instance, the US 

Congress found that 

current federal efforts to inform and educate the ublic B concerning the natural and built environment an 
environmental nroblems are not ademla te. f IJS National 

Given the many comprehensive social agendas implicit in 

modem society, it may be beyond the ability of educational settings l 

to design and institute appropriate curricula to meet their role as I 

\ 

social change agents (Young, 1992). Therefore the larger society may 



2 

wve to change before schools can engage in environmental 

education. And if environmental education is to play a key role in 

shaping our future society, factors affecting its status have to be 

recognized and, where necessary and appropriate, acted upon 

(Sterling & Cooper, 1992). In this case, the status of the environment 

itself as well as epistemological, political and educational conditions 

are factors that may either expand or constrain environmental 

education. Those factors tend to act in a cluster rather than in 

isolation, making it difficult to act upon them. 

While educational authorities recognize that their current 

efforts are insufficient to promote a broad public concern toward 

the environment, many educators currently see educational reform 

as influential, either clustering that pool of factors or grounding 

innovative practices toward environmental awareness. Whether 

societal changes are primarily derived or induced by 

environmental education remains the underlying issue. Hence, 

current authoritative claims that rely on education to form 

environmental concerns deserve further examination. 

Dimensions of Environmental Concern 

In considering the relationship between societal changes and 

education, two approaches to environmental concern seem possible, 

depending on the role of education. The first, an inductive 

educational effort, shapes individual environmental concerns and in 
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doing so7 accounts for societal changes. In the second, a deductive 

external approach, societal changes observed in settings other than 

education (e.g. a political forum), frame a concern for the 

environment and dictate the respective reforms of educational 

agendas. Both approaches seem equally justifiable and integrated; 

however, they are based on different philosophical and practical 

assumptions. In other words, environmental concerns can be 

understood either as the object or the subject of social 

transformation. 

When environmental concerns are treated as a relational 

concept, interesting insights can be taken from recent developments 

in the field. For instance, a significant shift occurred in the focus of 

environmental education in the last two decades, from the 

conservation of nature, pollution and related matters to sustainable 

development and global environmental change. In the 1977 Tbilisi 

Declaration, international authorities stated that 

environmental education should help social 
individuals acquire the motivation for 
environmental protection. (UNESCO, 

More recently, the same international authority stated in its 

official newsletter that environmental education is 

critical for promoting sustainable development and improving 
the capacity of the peo le to address environmental and 
development issues. (&ESCO, 1993, p. 1). 

Given that both goals would influence citizens' concern in 

rather divergent ways, one is led to wonder: Did the first set of 

priorities become trivial? Or were they simply unattainable? 
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~~paren t ly ,  the answer to this question relies as much on the 

problem as on the soh tion itself. 

This recontextualization of educational goals is presumably 

related to a shift in the scientific paradigms, in the sense defined by 

Kuhn ( 1970), and primarily refers to changes in human perceptions 

of the environment. The general perception of environmental issues 

shifted from a local perspective to a more global one. This 

perception also shifted from a negative attitude of idenhfying 

problems, to a more positive attitude of developing solutions 

(Botkin, Caswell, Estes & Orio, 1989). An increasingly rich and 

interdisciplinary knowledge in conservation, science, and technology 

provided people with many opportunities to take positive 

approaches to global environmental issues. From the evolutionary 

perspective, this shift in environmental conceptions involves a 

complex transformation (Talbot, 1989): from a largely inadvertent 

changing of the environment to a planned and intentional human 

use of the environment. The features of this transformation include, 

among others, stability in the use of renewable resources, stability 

in the world population, use of high technology to manage and 

improve the environment, and an integrated science of the 

biosphere. To accomplish these changes will require dedicated effort 

and cooperation from all segments of society, with broad public 

understanding and support, effective political will, and the 

administrative capabilities to carry it out (Talbot, 1989). In this 

transitional context, environmental education should represent an 
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important force. 

A newly defined social concern for the environment is the 

result of this change in perspective; it is still incomplete, however, 

because it does not reveal much about the nature of the educational 

settings in which an individual's environmental concerns originate. 

This view also ignores the relationship between cognition and affect 

in the person's developing concern. In short, it represents a purely 

external systems view of the problem. For educational purposes an 

internal contrasting view is needed. Such a view would see 

individual concerns as strongly induced by societal perceived needs, 

but ultimately regulated by the autonomy and understanding of the 

person learning about the environment. 

Environmental concern is difficult to define in operational 

terms (see review in Chapter 2). At the most extreme, 

environmental concerns depend on the paradigm within which they 

are defined (Robotton & Hart,  1993). The interests and concerns of 

individuals and groups frequently diverge and change over time. 

Despite these difficulties, concern is a better descriptor when 

compared to others in the formulation literature, such as pro- 

environmental behavior and ecological attitudes (see Gray, 

Borden & Weigel, 1985). The phrase environmental concern better 

describes the interface between the views developed in external 

and internal systems. Environmental behavior is often approached 

from the outside without the support of truly internalized attitudes, 

whereas ecological attitudes are often described in practice- 
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independent terms as not having correspondence in behaviors. 

~dopting the relational perspective allows one to better understand 

how an individual frames and shapes environmental concerns. 

In the final analysis, social and individual environmental 

concerns are hard to define in operational terms; perhaps they can 

only be defined within respective systems. Social and individual 

concerns define each other. That is, where perceived societal needs 

in relation to the environment affect individuals, those individuals 

induce changes in the environment and the society based on their 

concerns. Both formulations are necessary. Mutual specification of 

different sys tem concerns still does not de terrnine their respective 

structures; instead each one induces changes in the other. From the 

educational point of view it seems germane to distinguish between 

the content and the organization of individual concerns, because 

there should be many potential ways for individuals to answer 

social concerns and perceived needs. 

Rationale 

The rationale for the present study was constructed with three 

basic arguments in mind. Each deserves some consideration here. 

The first argument is that educators who intend to engage in 

environmental education must first possess a deep understanding of 

the constructed and the natural environment. Understanding should 

be an important factor informing environmental concern. Hence, 
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educators' environmental understanding needs to be supported by 

b e  sound theoretical formulations they need to translate their 

concerns into educational goals and practices. 

Environmental education is that process of helping individuals 

to move toward a better relationship with nature, first facilitating 

stewardship and ultimately accounting for a holistic view of the 

human relationship with nature (Boulding & Senesh, 1983; Heimlich, 

1992). Deep understanding means an awareness of the basic 

qualitative ideas in which known environmental facts are embedded 

and the ability to employ that knowledge in new situations (Duit & 

Treagust, 1995). Cognitive understanding of the environment, 

though fundamental, cannot be examined apart from affective 

development; nor can it be separated from affective understanding 

of real life situations (Cobern, 1989). Affective development is 

necessary to effect significant values and cognitive shifts in 

individuals (Heimlich, 1992). When such shifts do occur, 

8 4 
environmental education is an agent of transformation enabling 

1 
I epistemological change. 
i 
I 

Wiegel(1985) emphasizes the need to differentiate between 
I types of cognition, remembering the relationship between cognition 

and affect. That is, factual knowledge should have very little 

influence on affect; conversely, principle or theory knowledge 

should be an integral part of affection. Paradigms (Kuhn, 1970), I 
\ 

which fit within this type of cognition, include sets of attitudes, 

beliefs and theories that come together to form a world view about 
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properties (Fleischaker, 1988). Whereas cybernetic sys tems possess 

aermodynamic closure and operational openness, living 

(autopoietic) systems have thermodynamic openness and 

operational closure. These fundamental differences cast the unique 

self-closed autonomy of living systems presented in autopoiesis 

theory. In the final analysis, although differences between natural 

and artificial designs are categorical and not bridged by metaphor 

(Fleischaker, 1988), artificiality cannot be understood except as an 

extension of the natural world. 

This second argument has implications for the kind of 

environment provided for learning, as well as for the content of 

learning itself. When artificiality is considered to be a stage in the 

organization of the world, with its proper set of emergent properties 

in continuity with the rest of nature, then the role of technology 

k s changes; instead of being the primary cause of environmental 

problems it becomes the potential solution for environmental 

damage. This conception has many implications; one is that 

computers and telecommunications will be considered indispensable 

tools for understanding the environment. 

The third argument relies on reexamining the interaction 

between the organism and the environment, compatible with recent 

developments in biology, ecology and cognitive science. The classical 

reductionism in environmental subject matter regards each species 

as a separate element existing in an environment, consisting of the 

physical environment and organisms (Levins & Lewontin, 19 8 2). 
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The interaction of the organism with the environment tends to be 

sen as unidirectional; that is, the organism reacts and evolves in 

response to its environment. The reciprocal phenomena--which 

include the reaction and evolution of the environment in response to 

organisms--are generally ignored. 

Although "normal" science supports the above view, it has 

been challenged by approaches in which the interaction between 

species and their environments is a dynamic object with dynamic 

laws, that can only be expressed in the respective space of 

appropriate dimensionality (Levins & Lewontin, 198 2). This 

orientation moves toward a key point: that the species brings forth 

and specifies its own domain of problems to be solved (Maturana & 

Varela, 1980). This domain does not exist "out there" in an 

environment; instead living beings and their environment stand in 

relation to each other through co-determination (Varela, Thompson 

& Rosh, 199 1). Autopoiesis was the concept created to describe the 

autonomy and capacity of self-production of an organism living in 

its environment. 

To conclude, the conceptualization of the "environment" 

implicit in many educational statements seems to be an important 

factor de terrnining the type and intensity of environmental concern. 

If this is true, then environmental paradigms and their respective 

exemplars should be defined as guiding principles for study. To be 

understood, any environmental paradigm should consider the three 

arguments outlined above; thus it must include the terms of the 
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merver's description, the relationship between natural and 

artificial elements in the environment, and the relationship between 

oqpnisms and the environment. These elements are described for 

the most important environmental exemplars present in the 

Uterature, to support a study of conceptual changes in 

environmental orientations. 

Conce~ tual Change A ~ ~ r o a c h  

The main focus of this study was the environmental concerns 

of teachers, defined as their adherence to particular views of the 

environment. As teachers acquire particular views, they move 

through decision-making processes, progressively involving both 

better understanding and more critical value sys tems. When dealing 

with environmental issues, many teachers and educators still "work" 

within early conservationist ideas, while others move slowly toward 

new paradigms. Teachers' conceptions and beliefs about nature, 

technology and the environment, upon which they make their 

teaching decisions, are often informed by past environmental 

thought. This makes it difficult to shift to the more progressive 

position often required in environrnen tal education. 

This study of teachers' conceptions is approached within a 

framework of conceptual change. Conceptions are commonly defined 

as individual's idiosyncratic mental representations (Duit & 

Treagust, 1995). However, conceptions are much more than 
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sentations. The conceptions an individual holds not only guide 

tanding but also constitute a personal approach to their 

se, is generally only a tentative construction of the external 

nmental paradigms can represent the filter by means of 

he or she builds personal meaning of the environment, and 

Cures decisions about curriculum and teaching. Each person's 

nce to a particular view of the environment, and their related 

sions about teaching for environmental concerns, depend upon a 

complex set of beliefs, which may be personal, motivational, social 

and even historical (Pintrich, Marx & Boyle, 1993). Ultimately, the 

maintenance of a positive environmental concern is informed by a 

particular scientific vision although this is not always a completely 

conscious process. The refinement or addition of concepts within a 

particular environmental paradigm leads to conceptual growth, 

whereas the reorientation of conceptions toward a new 

environmental paradigm implies conceptual change. 

It should be pointed out that in this study, environmental 

paradigms are idealized categories; we do not expect to find them in 

Pure theoretical terms or to generate absolute antagonistic 

responses from the holders. Rather, distinct sets of environmental 

beliefs and concepts can eventually combine, in various proportions, 

and nurture equivalent responses to the same environmental issue. 

As a matter of fact, reconceptualizing the environment can 
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-=sent a profound conceptual change for an educator. The n'-w - 

#ficulties in bringing about conceptual change in teachers can be 

ed to the internal difficulty that scientific communities face 

ging about a transformation of the environmental view. 

hers' commonsense ideas, reinforced by the media, very much 

le the assumptions of early, outdated models of nature. This 

lance is not accidental (Gil-Perez & Carrascosa, 1990); rather 

consequence of similar approaches to environmental 

blems, complicated and enforced by a set of motivational factors. 

nmen tal paradigms, as constructions entailing scientific I 

concepts and complex systems of beliefs and choices, can ultimately - - - 
guide conceptual change. 

The primary purpose of this study was to investigate how 

teachers grasp environmental paradigms, while remaining 

committed to teaching about environmental concerns. This goal was 

accomplished through participation in an "experimental" training 

program. On the assumption that an unsorted group of teachers 

would display rather diverse beliefs and alternate conceptions 

toward environment, nature and technology, a seminar and a series 

of lectures were deliberately designed to influence their conceptions 

and beliefs. Pre- and post-instructional assessments were made to 
1 

determine the quality and the extensiveness of orientations toward 1 



the environment, according to selected environmental exemplars. In 

wticular, the program provided the investigator with the 

opportunity to study the effects of instruction, by comparing the 

sets of beliefs and conceptual understanding that teachers had 

before and after the "experimental" treatment. 

Teachers were introduced to this study in semistructured 

interviews focused on each teacher's environmental concerns and 

conceptions. Next, each teacher's grasp of environmental paradigms, 

defined as adherence to or rejection of particular assumptions 

embodied in paradigms, was assessed using a series of qualitative 

measurements ( semantic networks). The differences between each 

teacher's concerns and conceptions before and after the treatment 

were associated with the training content itself. The study did not 

emphasize quantitative measurements of predicted conceptual 

change; rather it aimed to describe significant idiosyncratic 

structures related to each participant's environmental concern and 

then to identify the changes in these structures that originated in 

the treatment. 

The new environmental concerns these teachers gained in the 

training were expected to alter their future planning of 

environmental projects for their classrooms. An analysis of the 

projects provides a measure of the extent and the quality of the 

transfer, if any, from the seminar to their regular teaching. 

The study provided the opportunity to tentatively add 

knowledge to certain areas of research. These can be stated as 



questions. First, how did teachers, as non-experts, interpret 

p ~ d  merge knowledge from environmental paradigms into their 

networks? Second, which concepts are more difficult to 

Interpret and how can they be integrated into environmental 

education? Third, how do teachers judge the range of available 

avironmental paradigms and combine the options to make a 

decision regarding a particular paradigm? Finally, there was an 

opportunity to evaluate the reliability of the research tool used to 

assess conceptual change. 

Besearch Ouestions 

This study was guided by the following three research 

Is there evidence that teachers7 conceptual development is 

associated with exposure to alternative environmental paradigms? 

Do environmental concerns influence conceptual growth in 

environmental paradigms? 

Does conceptual understanding of environmental paradigms 

influence environmental concerns? 

This dissertation consists of five chapters. Chapter Two 

reviews the literature and gives a comprehensive view of the 

Present state of the art for environmental thought. Chapter Three 

describes the method used in the study of the environmental 



conceptions and concerns of the group of teachers. Chapter Four 

presents the training experiment and discusses the results of the 

networking exercise. Chapter Five draws conclusions on these study 

questions, and makes recommendations for further research. 



CHAPTER TWO 

This review of the literature emphasizes one critical issue of 

@is study: that the conceptualization of the environment, i.e. any 

idiosyncratic understanding of the environment, is a significant 

dimension of a person's environmental concern. Current research on 

social psychology does not indicate a significant correlation between 

environmental knowledge (currently understood as ecological 

factual knowledge) and concern (understood as attitudinal set). 

However researchers have found that a combination of a higher 

level of both knowledge and concern appears to lead to a higher 

degree of commitment (Borden & Shettino, 1979; Borden, 1985). 

Most important, the concept of environmental concern is tied to 

paradigms (Catton, 1982; Drengson, 1983; Dunlap & Van Liere, 1978; 

Worster, 1977) and hence is informed by theories. In particular, 

Dunlap and Van Liere ( 1978) designed the New Environmental 

Paradigm (NEP) to guide attitudinal shifts that presumably should 

take place in our perception of the environment (see Appendix A). 

Environmental science adds the theoretical basis needed to 

understand the environment and thus to become concerned about 

human disruption of nature. A paradigm shift was reported: from 

the early conservation of nature (a static organismic view) to the 

global environmental change model (a dynamic cybernetic view). 
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' emergence of a later theoretical approach in cognitive science, 

mphasizing the autonomy of living sys tems and of self-produc tion, 

enges the previous approaches and leads to a novel 

eptualization of the "environment" (the autopoietic view). These 

ative views of the environment--organismic, cybernetic and 

oietic--are referred to in this study as paradigm-like views, 

se they extend theoretical and historical discontinuities. They 

ompared according to important systems properties 

brium, control, causality, and evolution). 

This review also explored the relationship between paradigm 

shifts, by refemng to the above concepts and to teachers7 conceptual 

changes. Significant differences and common features between 

paradigm shifts and conceptual change are examined. Conceptual 

change theory as applied to the specific study tasks is described, in 

order to justify and support the design of the study which is 

described in Chapter Three. 

on of Environmental Concern 

This section focuses on the recent evolution of public 

environmental concern, in particular the progression of ideas which 

accounted for the formulation of an "environmental paradigm." Thus 

it successively reviews: the early development, the shift in the 

dominant social paradigm, and progress in the assessment of 

environmental concern. 



ince the early 1970's differential public support for 

nmental issues has provoked the curiosity of social 

ologists. While some individuals in the US and in other 

ties have advocated behaviors and regulations that would lead 

e their consumptive patterns (Samdahl & Robertson, 1989). 

researchers have tried to determine which type of persons 

st concerned with the environment, whether for theoretical 

ns or because of potential policy implications (Van Liere & 

Dunlap, 1980). Despite plentiful research, the determinants of 

environmental concern have remained elusive (Stern, 1992). Two 

main lines of research progressively emerged: a focus on 

sociodemographic characteristics and a focus on ideological 

The first line of research associated environmental concern with 

age, education, income and residential location (Butte1 & Flinn, 1978; 

Dillman & Christensen, 1972; Trembley & Dunlap, 1978). After 

reviewing the available evidence on social correlates of 

environmental concern, Van Liere and Dunlap ( 1980) determined 

that age, education and political ideology were moderately 

associated with environmental concern; they concluded that 

Younger, better educated and politically more liberal persons tend 

to be more concerned about environmental quality than their older, 
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less educated and more politically conservative counterparts. 

  ow ever, given the probability of interactions among environmental 
' $  

concern, education and social class, Butte1 and Flinn ( 1976, 1978) 

estioned the value of correlational research, because results were 

nclusive or difficult to interpret. In spite of the later use of 

tivariate techniques (Buttel, 1979; Honnold, 198 1, 1984; Mohai 

gh, 1984) the relationship between sociodemographic 

ables and environmental concern remains poorly understood. 

The relationship between environmental concem and political 

logy was further explored by several authors. The studies 

suggested that environmental quality was, at earlier stages of 

people's awareness, supported by a diverse segment of the 

population (Butte1 & Flinn, 1974; Dillman & Christensen, 1972; 

Samdhal& Robertson, 1989). The development of 

Uenvironmentalism" led to predictions of differentiated support from 

Uberal and conservative (Constantini & Hanff, 1972; Dunlap & Gale, 

1972), which were later found to be inconsistent (Butte1 & Flinn, 

1978; Dillman & Christensen, 1972; Honnold, 198 1; Lowe & Pinhey, 

1982). A particular association was found between expressions of 

environmental concem and measures of liberal ideology (Dunlap, 

1975; Mazmanian & Sabatier, 1981), but this association was also 

refuted (Butte1 & Flinn, 1978) suggesting that ideological premises 

of environmental concern led beyond the limits of political ideology. 

Where, then should one look for the ideological premises behind the 

public's concern with the environment? 



In the late 1960s some members of the scientific community 

weved  that the environmental crisis had its roots in behaviors, 

beliefs and values governing modern societies (Barbour, 1973; 

Commoner, 197 1). Beliefs regarding consumption and unlimited 
> 

progress, as well as materialistic, individualistic and religious values 

were associated with the environmental problems afflicting modem 

societies. The refinement of these ideas produced an alternative 

environmental view that questioned the dominant world view and 

called for paradigm changes in the ecological world view (Carson, 

1962; Catton & Dunlap, 1978; Drengson, 1983; Fox, 1990; Milbrath, 

1984; White, 1967). This theory also supported the claims that the 

ecological crisis was basically due to maladaptive behavior (Maloney 

& Ward, 1973). In sum, the environmental crisis was associated 

with the dominant social paradigm (DSP) (Dunlap & Van Liere, 1984; 

Pirages, 1974; Van Liere & Dunlap, 198 1) and a New Environmental 

Paradigm (NEP) was described to include the emerging ecological 

values, favoring beliefs in limiting growth and living in harmony 

with nature (Dunlap & Van Liere, 1978,1984). 

The assumptions of this theory have been tested to some extent 

and some data are available. Initially, Dunlap and Van Liere (1984) 

studied the relationship between environmental concern and the 

DSP. Their research strongly supported the hypothesis that 



a d t m e n t  to this paradigm leads to lower levels of concern for 

&ronmental protection, as the DSP was found to explain 

considerable variation in several indicators of environmental 

Wncern. In other words, individual commitment to the dominant 

~ & i g r n  could result in practices that lead to environmental 

-&tion. + According to the same theory, the New Environmental Paradigm 
\ 
m d  diffuse throughout society as environmental problems 

undermined the Dominant Social Paradigm. However, this 
, 
fundamental assumption was contradicted by the apparent social 

stability of environmental concern (attitudinal concern, not 

behavior) over the last decades. The factors that led younger, urban, 
I 

well-educated, politically liberal persons to be somewhat more 

concerned about the environment than their counterparts seemed to 

have persisted (Jones & Dunlap, 1992). 

The transition into a new sociological paradigm is expected to 

require a broad social consensus. Several authors predicted 

difficulties from the demise of the dominant paradigm and 

suggested that a strong institutional base, including political, 

economic and educational systems, would reinforce the commitment 

to traditional values and beliefs (Dunlap & Bloomgarden, 1983). 

Diverse reactions came from industry, academics and politics 

(Mehger, 1980; Simon, 1982). The ultimate version of the new 

ecological view still depends on the capacity of the Dominant Social 

Paradigm to make a revision of scientific, technological and social 



I m t i c e s  (Dunlap & Van Liere, 1984). 

This researcher considers the resistance of the dominant social 

+gm to ecological innovations to be a realistic approach to the 

blem. Accordingly, he expects that, as the environmental crisis 

resses, the scientific community will have to reinterpret the 

of humans in nature and therefore will have to reformulate the 

assumptions of the New Environmental Paradigm. 

The assessment of environmental concern led some researchers 

to recognize the shortcomings in the New Environmental Paradigm. 

The dynamic context of environmental concern, due both to 

continuous changes in the environment and to the evolution of 

personal feelings and social perceptions, complicated this 

assessment. Conclusive findings are unavailable, but there are 

growing indications that the manner in which environmental 

concern is conceptualized significantly affects the reliability of an 

assessment (Jones & Dunlap, 1992; Stem, 1992; Van Liere & Dunlap, 

1981). 

Van Liere and Dunlap ( 198 1) found that different substantive 

issues, such as pollution, population, natural resources and wildlife, 

represent distinct, independent conceptualizations of environmental 

concern. These authors further emphasized that the definition of 

narrow categories, while it allows for easier or more rigorous 
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preasurement, would not account for an understanding of the 

miationship either among specific issues or between specific issues 

;;lstod the global environment. 

Stem ( 1992) called attention to the anarchy of measurement 
I ' 

&xl the theoretical ambiguity of the concept. Except for the general- 

attitude NEP scale, no reliable measurement instrument emerged as 

a standard in this field (see Appendix A). Stem pointed out the need 

to clarify the internal consistency in the concept of environmental 

concern, because at least four concepts of environmental concern 

were found, often conflated in the literature and the measuring 

instruments. Distinctions should be made as to whether an 

individual's environmental concern is basically ecological, altruistic, 

egoistic or religious in nature. Although such categories cannot be 

isolated, the present study focuses primarily on the ecological 

category. 

onmental Concern: Summary 

Environmental concern has been the subject of much dispute 

among social psychologists, both in its assessment and definition. 

Environmental concern developed as a new way of thinking, 

incorporating available scientific knowledge, as well as beliefs and 

values of stewardship with nature (NEP). This new environmental 

paradigm predictably opposes the comrni trnen t to the dominant 

social paradigm (DSP), which in turn was found to lead to 



entally harmful practices. However, given the limited 

tical basis of the NEP, such tenets were unacceptable under 

societal developments. This situation suggests that the 

g assumptions of the New Environmental Paradigm must 

rate solid environmental knowledge and adopt new 

nrnental perspectives, which can shed light on the 

tionship between environmental issues and concerns. 

This section presents the ecological views of the environment 

asizing, whenever convenient, the relationship between 

ironmental concerns and knowledge. After an overview of the 

concept, three major exemplars--superorganismic, cybernetic and 

autopoietic--are described both from the historical perspective and 

the contrasting point of view. 

As problems became more complicated, the environment came 

to represent a prolific terrain for scientific conceptual changes. 

"Conservation of nature" and "sustainable development" are just tw( 

distinct formulations (and sets of practices) representing competing 

historical perspectives on the same problem. Although historical 
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nmentally harmful practices. However, given the limited 

retical basis of the NEP, such tenets were unacceptable under 

societal developments. This situation suggests that the 

erlying assurnp tions of the New Environrnen tal Paradigm must 

rporate solid environmental knowledge and adopt new 

ironmental perspectives, which can shed light on the 

tionship between environmental issues and concerns. 

Scientific Views of the Environment 

This section presents the ecological views of the environment 

hasizing, whenever convenient, the relationship be tween 

environmental concerns and knowledge. After an overview of the 

concept, three major exemplars--superorganismic, cybernetic and 

autopoietic--are described both from the historical perspective and 
f 

the contrasting point of view. 

analvsis 

As problems became more complicated, the environment came 

to represent a prolific terrain for scientific conceptual changes. 

"Conservation of nature" and "sustainable development" are just two 

distinct formulations (and sets of practices) representing competing 

historical perspectives on the same problem. Although historical 



ogical analysis is scarce and its directions are not entirely clear, 

authors have focused their analyses on the succession of 

gms dominating ecology (Simberloff, 1980). References to 

gms in ecology and environmental science reflect the lack of 

ent among authors (McIntosh, 1982). These references 

ed at least five paradigms: ( 1) "ecological" and "disciplinary" 

adigms, respectively being relevant to ecology as a whole and 

g disciplines within ecology (Pickett, Kolasa & Jones, 1994); 

) the "ecosystem" paradigm (Johnson, 1977); (3) the idea of 

ology as a paradigm development around the system" (Patten, 

59); (4) ecological "proto-paradigms," as a set of working 

suppositions on which western science works (Regier & Rapport, 

1978); and (5) "lost paradigms" (Woodwell, 1978). In brief, the 

references in the literature to ecological paradigms indicated a great 

variety in both quantity--from many to virtually none--and in 

quality--from the broadest generalizations to the narrowest 

exemplars. 

A complete historical analysis of the environmental 

paradigms, i.e. the identification of entire constellations of beliefs, 
I 

I 
I values and techniques shared by the ecology research communities 

(Kuhn's general paradigms) would be well beyond the limits of this 

review. Instead, this review focuses on fundamental cases 

(exemplars) that could tie paradigm shifts to environmental 

Concerns. This review will indicate that the New Environmental --.-- --... - - - - -  - --- ------- - - - -  

Paradigm cannot be put forth in the way its proponents have 
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ggested without having to accommodate fundamental conceptual 

Nts. 
The review of exemplars serves mainly to illustrate three 

lints: (1) the environmental theory informing the New 

\-nmental Paradigm was essentially conservationist and static 

, nature; (2) nature is a much more dynamic and evolving system 

it was considered to be by primitive conservation views; and 

I) ultimately, the environment, rather than the independent pre- 

ven system affecting life, is simultaneously a specification and a 

xificity of life. It should be noted that these shifts from static to 

ynamic conceptions of the environment, and later views of the 

ltegral coupling organism/environment, are not smooth transitions 

etween ideas. Indeed, they should represent alternative 

~~ceptions, often competing against one other. 

The next section describes exemplars, i.e. "concrete problem- 

Autions" (Kuhn, 1970), provided to the participants (subjects) of 

'lis study during training ("treatment") and used in this 

nvestigation as a reference for conceptual changes. 

. . m o n m e n  tal exem~larg 

This subsection describes and compares three major 

Erspectives of the environment from the time when ecology was 

rreated as a discipline, up to the present day. Although the three 

Xemplars basically are variations of holistic thought, at the end of 



section they are contrasted in order to emphasize the major 

nces among them. 

humans are free to deal with nature as they please, since 

exists only for their sake (see review in Passmore, 1974). 

tradition was incorporated into Cartesian metaphysics which 

ported most Western science; the assumption was that Man is 

le finite agent and that nature is a vast system of machines for 

to use and modify as he pleases (Passmore, 1974). Darwin's 

ry of natural selection--the "preservation of favored races in 

struggle for lifen--and later Spencer's recontextualized doctrine 

"the survival of the fittest," reinforced the wisdom that humans 

should not only struggle for life but also assert the superiority of 

science over nature. This view is still very common and describes 

the dominant social paradigm indicated above. 

The creators and advocates of ecology (e.g. Haeckel, Forbes and 

Cowles) apparently developed an alternate version of this tradition. 

From their standpoint, Darwin's theory of evolution was the basis of 

ecology, and natural selection was the explanation of adaptation 

(Mchtosh, 1982). These earliest ecologists also used the classical 

principles of "constancy" and "balance" of nature (Egerton, 1973; 

Mchtosh, 1982; Simberloff, 1980), to found an organismic 

conception of the biotic environment. Drawing on evolutionary 

principles, these writers recognized an ideal natural equilibrium 
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ting the highest good for all the species. This balance would 

each species within the limits of a uniform average number 

therefore would maintain life at its highest limit (Forbes, 1880, 

in McIntosh, 198 2). The interactions among organisms were 

eptualized as occurring inside "climax communities" and 

sociations" (Clements, 1905) and the interactions among the 

rs of an association were compared to the equivalent 

dons between the cells, organs, or activities of individual 

anisms (Clements, 1905). Allee (1949, cited in McIntosh, 1982, p. 

explained this view as follows: 

Division of labor, integration and homeostasis characterize the 
organism and supraorganismic intraspecies populations. The 
interspecies system has also evolved these characteristics of 
the organism and may then be called an ecological 
supraorganism. 

The supraorganismic view, which dominated the ecological 

conceptual framework in the first half of the 20th century, treated 

ecological systems as being essentially closed, self-regulating, free of 

disturbance, and possessing a stable point (or stable cycle equilibria) 

and deterministic dynamics (Botkin, 1990; Pickett, Kolasa & Jones, 

1994; Sirnberloff, 1980). As suggested, this view represents some of 

the oldest and most pervasive ideas in ecology (Pickett et al., 1994). 

The "superorganismic" perspective has been described as a 

form of holism (McIntosh, 1982; Levins & Lewontin, 1982; 

Simberloff, 1980) : however, it seems to be a rather reductive 

explanation from a systems perspective. That is, once scientists 
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the properties of vast ecological categories to properties of 

vidual organism, the system's wholeness became apparent 

tangible. The emergence of new forms of organization is 

by the same set of properties of the subordinated 

ation; hence, the whole is reduced to its parts. 

ganismic metaphors integrated the early conservation 

of nature. In particular, the concepts of the balance of nature 

to justifv the ideal of conservation, changing the role of Man 

dominator of nature to the protector of nature. 

nmental scientists expressed public concerns in the early 

0's. The evidence suggested that "environmentalism" would gain 

cant force, informed as it was by scientific orientations. For 

tance, books like Rachel Carson's ( 1962) Silent were 

to as key factors in the development of public 

ironmental concern at the time (Botkin, Caswell, Estes & Orio, 

1989; Fox 1990). 

Two basic conservation models explained drastic alterations of 

the environment by anthropogenic causes; they focused on the 

dilemma that development poses to the human species. These 

models are the basic conservation model (Marsh, 1864) and the 

radical conservation model (Thomas, 1956). Early environmental 

concerns drew upon these models which emphasized the constancy 

of nature and the ways human behavior can disrupt nature. 

Concepts derived from these models, such as "stability," "climax," 

and "equilibrium," are still present in ecological debate and 
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conclude, early environmentalism and ecological theory 

a paradigm of natural equilibrium. This paradigm 

a contradiction in Western thought: nature was in 

ubalance" and Man disturbed it, in evident disregard of 

laws. However, the balance of nature is a traditional 

r with deep roots (Egerton, 1973) rather than a scientific 

ed in a sterile and circumstantial rather than a scientific 

Revolution in Systems Thinking. The concept of the 

ecosystem, first formulated by Tansley (1935), entailed a diverse 

idealistic conceptualization of nature. As previously stated, although 

holism was apparent in both the "superorganismic" and 

Uecosystemic" perspectives, the assumptions of the first view 

&verged from those of the systems theory. The former perspective 

extended the properties of individual organisms to ecological 

entities. The latter treated ecological systems as integrated wholes 

with irreducible properties. In this respect Laszlo ( 1972, p. 14) 

asserted that 

A system in one perspective is a subsystem of another. But the 
systems view always treats systems as the integrated wholes 
of their subsidiary components and never as the mechanistic 
aggregate of parts in isolated causal relations. 
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This complexity in the conceptualizations of ecosystems 

new concepts. Ecology seemed an ideal field for the 

ution in systems thinking taking place at the time. Lindeman 

2 )  elaborated a "trophic-dynamic" aspect of the ecosystem. The 

eptions that derived from his thinking included the notion of 

ystems as basic energy-processing units (O'Neill, 1976). General 

and information theory introduced such concepts as 

rmation" and "entropy," briefly used by epoch ecologists 

tosh, 1982). The concept of "control" was introduced, as the 

ial relationship between entities, or parts of an entity, such that 

part or entity regulates the operation of the other. An important 

stlnction was made between energy and information in self- 

ulating sys tems (Guilbaud, 1960), definitively strengthening the 

system concept. When the source of energy and the source of 

instructions were dissociated, ecosystems were definitively accepted 

as abstract (biological) entities. 

The notion of the ecosystem was virtually completed by the 

work of such ecologists as Margaleff ( 1968), Odum ( 1977) and 

Johnson ( 1977). For instance the ecosystem paradigm reported by 

Johnson (1977) referred to a set of comprehensive concepts which 

banned the organismic balance-of-nature tenet, instituted the 

concept of mutual control between biotic and abiotic components, 

and stressed the multiple causal relations in ecosystems (see 

Appendix B). Those differences reflect a cybernetics organization in 

ecosystems theory (Picket et al., 1994). 
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mserman ( 1977, cited in O'Neill, DeAngelis, Waide & Allen, 

)I m e d  cybernetic sys tems as "self-organizing aggregates ," 
e d e d  a complete analysis of the cybernetic ecosystem's 

s. The author stated that three different classes of 

s have to be demonstrated for an ecosystem to be 

(ic. First, the system should behave as a self-organizing 

te, i.e. an intact system with macroscopic properties varying 

manner in response to energyhatter inputs. These 

' 
' ' #@nner ecologists already emphasized the comparison with an 

wanism's internal regulation. Ecosystems display, at least for short 

priMis of time, this type of equilibrium and regulation; they react 

bP &stable way (O'Neill et al., 1986). 

The second class of properties includes the definable functions 

md structural boundaries of ecosystems, as legitimate scientific 

objects. This definition implies that the macroscopic behavior of 

ecosystems is reproducible, in space and in time, under 

Operationally defined conditions. The functional and structural 

definition of ecosystems is very problematic; these problems in 

verifying this property account for the limitations of the cybernetic 

The final class refers to instability in ecosystems. The goal of 

~be rne t i c  systems is supposed to be stability in space and time 
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the coercive forces that maintain it, along with the 

a broad range of time-scale considerations (O'Neill et al., 

erienced by populations growing exponentially, the 

seems far from cybernetic self-regulation. Actually, the 

tic principle may be neither the only nor the most 

ental organizing principle of ecosystems (O'Neill et al., 1986). 

though several properties of ecosystems and cybernetic 

s do not match, there is little doubt that cybernetic concepts 

tuted a fundamental development of ecosystems ecology. 

authors argue that systems ecology is a field deriving both its 

hniques and its concepts from engineering (McIntosh, 198 2) ; 

others see it as a hybrid of biology and engineering (Levins, 1968; 

The cybernetic conception of the environment also developed 

fn parallel with hierarchical analysis of the natural and artificial 

world. For instance, when Naveh ( 1980, p. 149) enunciated the 

Prerequisites for teaching the "Total Human Ecosystem," he included 

these principles: 

Ecosystems [are] the basic functional units of nature, 
integrating live-space with living units and driven by inputs 
of energy/material/information. . . . Distinction [should be 
made] between bio-ecosystems, maintained by solar energy, 
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autotrophic organism and bio-physical organization, and 
techno-ecosystems, man-made and maintained by fossil 
energy, artifacts and cultural information. 

It is quite clear that cybernetics served as the basis for an 

ecological problems and concerns tied to the progress of 

d. This view still contemplated the way human action can 

pt nature but in a dynamic way rather than within the 

e-of-nature myth. Environmental concerns were tied to 

uses of the environment both planned and intentional. For 

ce, Parsegian ( 1972, p. 160), in describing a solution for the 

Id's environmental problems stated that 

... we are dealing with a cybernetic system that includes many 
feedback loops, some of which, such as the depletion of 
resources from waste and expanding gross national product, 
are bound to reach undesirable ends. But directed toward 
goals that are conservative, and with feedback for control and 
stability, conditions can be maintained to assure viability for 
many generations to come. 

Talbot ( 1989) also listed stability as a key factor of sustainable 

development: stability in the use of renewable resources, stability in 

human population, and the use of high technology to manage and to 

improve environment. 

The findings in the field of non-equilibrium thermodynamics 

(dissipative structures) led scientists to replace the old stationary 

equilibrium of homeostasis with a dynamic flow process they called 

homeorhesis (Naveh, 1980). They applied this analysis to the global 

ecosystem in an attempt to create an integrated science of the 



here (Botkin et al., 1989). In completely integrated versions of 

&wry, like the Gaia hypothesis, the biosphere included biota 

me parts of the atmosphere, lithosphere and hydrosphere. 

k, 198 8) and the entire biosphere was seen as a cybernetic 

with homeostatic and homeorhetic properties (Rambler, 

ulis, & Fester, 1989). 

he global environmental change model (Botkin et al, 1989; 

obson, & Price, 1990), stated that environmental change is 

sic and natural at many scales of time and space in the 

phere. Natural changes occur virtually at all time scales, and in 

adapts to them and depends on them (Botkin et al., 1989). Those 

o held to this model acknowledged reports that global 

environmental change was taking place on this planet at an 

unprecedented rate. 

As the environmental crisis has become complicated in recent 

years and as knowledge about natural and social systems has 

developed, new feelings and attitudes have emerged about the 

natural world. A pool of scientists recently described how global 

environmental change has focused primarily on natural science 

processes such as climate patterns. Those scientists stressed the 

urgent need to clearly understand the combined impact of natural 

and social forces as they sought ways to create a sustainable human 

habitat on Earth (Jacobson & Price, 1990). 
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Technology mediates the human impact on the environment, 

&t impact depends on the type of technology. The technology 

30 years ago was very harmful to the environment 

arello, 1989). The integration of knowledge from the different 

a c  disciplines, upon which technology is based, and the 

opment of modem technologies--especially remote sys tems 

computers--changed the view of nature and life. Modern 

nature, but on a global scale and with great potential to achieve 

tainable use of natural resources and to enhancing 

onmental quality (Botkin et al., 1990). 

In sum, the cybernetic approach attempted to integrate 

s and nature in de-emphasizing the Western tradition which 

ww Man as set apart from and disruptive of nature. Although 

cybernetics might not be either the only or the fundamental 

organizing principle of ecosystems, self-control and self-organization 

were definitively incorporated into ecological theory. The cybernetic 

paradigm shifted consistently along some fundamental dimensions: 

(1) from a stationary homeostatic equilibrium to a dynamic 

homeorhetic condition; (2)  from an ideal primitive order of nature to 

a progressively more complex concept of the environment; and (3) 

from natural organism-like associations to the global ecosystem, 

driven by inputs of energy/material/information. In the cybernetic 

view, environmental concern is a fundamental need of human 

species: interdisciplinary theories can help us move toward more 



ed and rational uses of the environment. The implicit 

? And how can we solve this problem? However, the 

tal question addressed by former ecologists remains to be 

red: If organisms are so well adapted to their environment, 

are humans disrupting this apparent balance? 

e Auto~oietic View, That ecologists became gradually 

mrnitted to the autonomy of the ecosys tem (self-regulation) 

lies that the concept becomes progressively vaster in scale and 

m progressively differentiated in organization. Indeed, Naveh 

(1980) called ecosystems the "basic functional units of nature." 

The fundamentals of this notion are open to question. Are 

ecosystems truly biological abstract entities, or do they constitute 
1 

mlere idealized categories? The criteria that determined the stages of 

ecological organization should be dictated by the absolute properties 

of the natural world (O'Neill et al., 1986) ; however, ecosystems 

theory seemed unable to authoritatively point out the unique 

properties of ecosystems, which account for their autonomy as truly 

biological entities. 

The current ongoing debate within the community of 

e(:ologists reveals two extremely differing views of ecosystems 

(levins & Lewontin, 1982; Peters, 1991). Evolutionary ecology 

considers "ecosystems" to be the sum of their biological species, the 

species populations being a product of natural selection. Conversely, 



39 

stems ecology considers ecosystems to be developing 

tionary entities, guiding the evolution of species but 

tially independent of species components. The competing 

ter of both approaches is evident; the former view is 

tified as analytical and reductionist and the latter as synthetic 

holistic in nature (Levins & Lewontin, 1982). In short, the 

gap which opposed creators of ecology and holders of 

science was not only maintained, but also accentuated, 

the cybernetic view of ecosys tems. 

This situation is fundamental to the history of changing 

ironmental concerns. Environmental concerns are of two kinds: 

either domination of or stewardship toward nature. Classical science 

and derived technology may have contributed to massively 

sruptive environmental practices. Indeed, the dominant social 

paradigm was based on domination, even a sense of despotism over 

it. Conversely, the tradition of environmental stewardship has been 

historically associated with holistic conceptualizations of nature, and 

vastly perceived effects of disruptive human action on ecosys tems 

(conservation and global change models). Current ecosystem 

paradigms are problematic in the ways they address practical 

questions of instability in ecosystems, which constitute the core of 

ecological problems and concerns. Hence a worthy question could be 

posed here: Why should environmental concern be conceptualized 

into an ecosystemic organization of the world? What makes this 

possibility intrinsic? 



40 

passmore ( 1974) stated that there should be special reasons 

ology has so often been thought of as being "mystical," or 

g a "science of wholeness." He said that the general tendency 

stern Science has been so analytic and atomistic, so frequently 

g large-scale behavior in terms of the behavior of the 

les, that those expressing a concern for the environment would 

sappointed if they were to discover that ecology was just 

er branch of atomistic science. But this explanation remains as 

ve as the notion of environmental concern itself. 

The difficulties in fixing environmental concerns could be 

ed if two further points were made in the analysis. The first is 

any expressed environmental concern is always related to life, 

. relevant to environmental quality for living systems (and 

s in particular). Often environmental concern focuses on 

abstract ecological relations (e.g. loss of biodiversity) but the 

concern is with the organisms themselves. The second point is that 

environmental concerns are human conceptualizations. The various 

biological innovations the biosphere experienced during its long 

history (Botkin et al., 1989) should have represented terrible crises 

of pollution and environmental disturbance at those times (Margulis, 

1984). However those crises were nothing but biological innovations. 

Those phenomena were "known" by living organisms but not 

conceptualized in human concern. 

In any attempt to differentiate between living and ecological 

systems there should be some concern for the continuum of life 
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the environment. Ecological concern is one possible, but not 

sive, conceptualization. Environmental concern must arise 

the intrinsic properties of life rather than from the 

ystemic organization of the world. In this respect, autopoiesis is 

ept of paramount importance, as it is the unique intrinsic 

ty present in living matter, since its very origin, in its 

ty to self-produce (Maturana & Varela, 1980, 1992). 

According to this theory, an autopoietic system is a 

static or relations-static system which has its own 

zation as the fundamental variable which it maintains 

stant (Maturana & Varela, 1980). These authors emphasized that: 

Every unity has an organization specifiable in terms of static 
or dynamic relation between elements, processes or both. 
Autopoietic systems are units whose organization is defined 
by a particular network of processes (relations) of production 
of components, i.e. autopoietic network, not by the components 
themselves or by their static relations. (p. 79) 

Simply stated, the unique "goal" of an autopoietic system is to 

maintain itself as a unity (Beer, 1980; Fleischaker, 1988). Eving 
I 

\ 
beings are physical autopoietic systems, i.e. they exist in physical 

( 
space, and the notion of autopoiesis is necessary and sufficient to 

characterize the organization of living sys tems ( Maturana & Varela, 

1980). 

Autopoietic systems specify their own domain of interactions. 

As they initiate an interaction without entering into the domain of 

destruction they conserve autopoiesis. In consequence, any 
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oietic system has a domain in which it can compensate for 

ations by realizing its autopoiesis, and in this domain it 

s a unity (Varela, Maturana & Uribe, 1974). Both the external 

nment and the system itself could constitute sources of 

tion for an autopoietic system. The external environment is 

e of independent events (i.e., not dependent on the system's 

anization) that could begin to deform the system. The system 

can be a source of states, which arise from the compensation of 

rmations, generating further compensatory changes. Along with 

se compensatory changes, either system can undergo 

sformations in which the relations between the components 

ge (conservative) or the components themselves change 

The tentative paradigm shift (conceptual change), from a 

cybernetic to an autopoietic paradigm in modeling environmental 

concerns, presents a difficult epistemological question: Are 

ecosystems au topoie tic sys terns? The literature is very tentative on 

the question of ecological hierarchy and au topoiesis. 

One issue is the diversity of autopoiesis. The proponents of the 

theory agree on some points, but disagree on many others. The 

minimal autopoietic model is the prokaryotic cell (a first-order 

autopoietic system). Multicellularity and cell symbiosis (Margulis, 

1981) constitute the mechanisms of second-order autopoiesis; these 

are innovative changes experienced by first-order systems 

(Maturana & Varela, 1992). The domain of social interactions may 
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e third level of autopoietic organization, considered at different 

s of autonomy. Social insects are an example of minimum 

nomy; human societies exempllfv the maximum known level of 

omy. Apparently, this thkory failed to address levels of 

gical and social organization to biological, and hence autopoietic, 

ems. In particular, the issue of social systems as autopoietic 

tems was very much disputed by proponents of the theory (Beer, 

0; Maturana & Varela, 1980). 

Varela ( 1986), evaluating problems in cybernetics and 

tems theory, feels the theory cannot encompass the totality of 

e relevant biological phenomena, in particular immune, nervous 

ecological systems. However, Varela ( 198 1) also believes that 

topoiesis, at the present stage of knowledge, cannot be directly 

transposed to a diversity of other situations, either social or 

conversational. He asserts that the notion of autopoiesis would 

become a metaphor and would lose its power, unless a careful 

distinction is made between the particular (autopoiesis) and the 

general (operational closure). 

The notion of generalized operational closure (by reference to 

autopoiesis) would then define those autonomous systems whose 

components are aggregates of autonomous units or metasystems. 

Metasys tems clearly include multicellular organisms and societies 

(Maturana & Varela, 1992). More recently, Varela ( 199 1) attributed 

to the biosphere the properties of a metasystem, as a suggested 

Gaian sys tem (Lovelock, 1988), this would give it operational 
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This argument can be summed up as follows. Autopoiesis 

s to life phenomena. Bacteria and the biosphere are nothing but 

ent manifestations of that unique phenomenon of life. In both 

s the closure of the system is relatively evident to the observer 

logist, biologist, etc.) . The difficulty arises when intermediate 

ems, for instance ecosystems, are treated as autonomous and 

rsive. There is little doubt, however, that the unique property 

t can attribute intrinsic properties to levels of organization is 

topoiesis. If the particular level fulfills the criteria, then the 

ystern is autonomous. 

The recent discovery of vent chemoautotrophic communities 

Felbeck, 198 1; Jannasch, 1984) represents a new account of the 

stance of ecosystems as autopoietic. The relations found between 

individual organisms living in extreme conditions followed a pattern 

of organization parallel to photoautotrophic communities, known in 

many other places on the planet. This suggests that there could be 

some kind of intrinsic niche organization between organismal 

components of the ecosystem. However this issue remains a 

completely open question outside the scope of this study. 

In the final analysis, environmental paradigms are more than 

scientific theories. They include systems of values and beliefs. 

Considerable concordance should exist between theory and 

metaphysics. Because it refers to the origin and unique properties of 

life, autopoiesis is a powerful new metaphor to tie to environmental 
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a s ,  one that could give humanity a different role in nature. 

re (1974) states this well: 

The importance of such a metaphysical system [from Teilhard 
de Chardin], is that it testifies to the operation in Western 
civilization of an attitude to nature not reducible either to 
[Man's] despotism or stewardship. As opposed to both of these 
it rejects the conception of a nature which is complete in itself, 
simply there, to be struggled against or conserved. Nature, for 
it, is still in the making. (emphasis added) ( p. 3 5) 

The above analysis provides descriptions of several 

ironmental paradigms and hence describes opposing views of 

e environment. The comparison of these views is a demanding 

task because each environmental perspective encompasses a 

particular version of the relationship between organisms and their 

environment. 

Kuhn (1970) called this type of opposition the 

incommensurability of paradigms. Its characteristics are as follows. 

It is apparent that each paradigm arrives with a new set of 

standards, esoteric vocabulary and refined concepts, as a result of a 

particular stance toward the problems to be explained. For some 

reason yet intangible (to Kuhn), the practitioners of the various 

paradigms seem to function in separate, incommensurable worlds. 

Therefore, the shift between competing paradigms is a matter of a 

"gestalt switch" rather than a ladder-like transition, governed by 
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and neutral experience. In such a switch an observer can see 

t one paradigm has partly incorporated the manipulative and 

eptual apparatus of another, because seldom is this apparatus 

in the traditional way after it is incorporated. The old terms, 

cepts, and experiments generally fall into a new relationship 

one another. 

Environmental paradigms illustrate this point very well. The 

rporation of environmental concepts largely was found not to be 

mpliant among paradigms. Although the labels of concepts (terms) 

ould be maintained through ecological paradigms, their meaning 

ould diverge profoundly according to the perspective from which 

ey were taken. These qualitative shifts helped to build a 

onceptual framework in which the organismic, cybernetic and 

autopoietic views of the environment became opposed, rather than 

integrated. Four distinctive dimensions of analysis are shown in 

Table 1; for all ecological systems there are equilibrium, control, 

causality, and evolution. Although these analytical dimensions were 

separated in order to construct a comparative table, they cannot be 

discussed in isolation. The discussion attempts to resolve all those 

dimensions within each exemplar. 

The Organismic View. Equilibrium is probably the most 

disputed concept in both the scientific and the popular 

environmental literature, since constancy of nature is a traditional 

f and ancient tenet (Egerton, 1973). The primitive balance of nature, 



Analytic 
Properties 

Equi l ibr ium Homeostasis Homeorhesis Operational 
closure 

P 

Control Unilateral 
control 

Reciprocal Co-determination 
control 

Causal i ty  Isolated causal Multiple or network Structural 
relationship causality coupling 

Evo lut ion  Natural Natural selection and Natural 
selection species drift 

co-evolution 
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dal organismic conceptions of the environment. Homeostasis-- 

steady state--was defined as that process occurring in 

g which the organism restores its internal equilibrium 

e organisms to the restoration of an ecological system, drawing 

view of a steady-state environment. 

Despite their capacity to restore themselves, organisms were 

as passive subjects of physical determination and external 

ences. This unidirectional control was thought to lead organisms 

make autoecological responses, because they were largely 

constrained by genetic and metabolic limits (Pickett et al., 1994). 

The nearly universal view of direct causality, a characteristic of 

classical science, strongly reinforced the idea that organisms are 

submissive to the environment. 

Environmental influences force organisms to fit optimally into 

their environment, or to completely adapt to it. Organismal 

differences, mainly genetic, are thus selected in an environmental 

process that accounts for the survival of the fittest. In this way of 

thinking, then, natural selection is seen as the mechanism of 

This organismic conception was limited and contradictory. Its 

limitations lay in the fact that the internal and external sides are not 

as easy to distinguish in ecological systems as in individual 
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sms. The view was contradictory because ecological systems 

treated as either having a passive capacity to adjust or as 

the causal and controlling factor of adaptation. To solve this 

cit contradiction would require a shift in control and causality, 

the logical implications for the evolutionary paradigm. Such a 

The Cybernetic View. The cybernetic organization implies the 

tion of a self-controlling system, established through the transfer 

dback loops involving an exchange of information, as well as 

tter and energy. When perturbed the self-controlling system 

turned either to a constant equilibrium (homeostasis) or to the 

trajectory it was in before the perturbation (Naveh, 1980; O'Neill, 

DeAngelis, Waide & Allen, 19 86). 

This pre-perturbation trajectory, defined as homeorhesis, was 

more convenient for ecological applications than homeostasis, since 

it has fewer implications for equilibrium. However, the concept of 

cybernetic organization was still problematic in dealing with the 

issue of instability. Many ecological processes are better seen as 

runaway processes constrained by external barriers, rather than as 

self-regulated processes; this is well illustrated by the exponential 

growth of populations (O'Neill, et al., 1986). 

A further problem is the desirable reliability and durability of 

cybernetic systems. A dynamic equilibrium accounts for gradual 

spoilage in the system's function and structure; that accumulation 
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to further changes. Ecological systems apparently 

ommodate very well to these structural changes by evolving, 

ead of merely experiencing decay. 

These problems of equilibrium, control and causality are not 

resolved within the cybernetic environmental paradigm, but 

tual control and multiple causality, if considered at the proper 

hical level, seem better suited as approaches to ecological 

terns than was the proposed linear thought of the organismic 

. Considered at the proper level of resolution, perturbations 

often be incorporated; thus theorists no longer have to consider 

em as external or uncontrollable by the ecological system (O'Neill 

The development of a cybernetic conception supports the 

hypothesis that evolution led to the hierarchical structure of 

biological systems, and ecosystems in particular (07Neill et al., 1986). 

In this case, adaptation is not merely the organism's response to the 

changing physical environment; it requires coevolution involving 

many species (07Neill et al., 1986; Pickett et al., 1994). Finally, 

although the cybernetic conceptualization of the environment had 

seriously contested the organismic concepts of equilibrium, causality 

and control, it still did not question the fundamental conception of 

evolution by natural selection. 

The Auto~oietic View. Cybernetic systems are homeostats, in 

the sense that they are devices designed to hold a critical selected 
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within functional lirni ts. In the case of autopoie tic 

stats the critical variable is the system's own organization 

ts are not "inputs" because there are no corresponding 

uts," and the only thing that an autopoietic system "cares" 

t is preserving its own identity (Rapoport, 1986). 

Fleischaker (1988) pointed out that an autopoietic system 

ed the system remains unchanged. Given that several different 

tructures can fulfill the same organizational patterns, the entire 

system can also persist despite some structural changes. When 

accumulated changes cannot support the current system 

organization a new system emerges, organized differently. 

The biological organization comprehends operational closure. 

Systems are open in terms of matter and energy but they are closed 

in terms of operations. There is no real causality in the sense that 

sys terns, either organism or environment, are de terrnined only by 

their respective structures. During an interaction each sys tem 

induces changes in the other. Maturana and Varela ( 1992) referred 

to that interaction as the "trigger effect." 

Autopoiesis deeply questions the mechanism of biological 

evolution. According to the adaptionis t view, natural selective 
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essures would act on the genetic variety of a population, 

~ducing changes over time that will optimize the fitness potential 

'arela, Thompson & Rosch, 1991). However, autopoiesis emphasizes 

at the tremendous amount of biological diversity, at all levels, is 

,t compatible with the basic constraint of maintaining a continuous 

beage. Varela et al. (1991) further stress the need to analyze 

lution as a process adopting any suboptimal but satisfactory 

~lution. Hence natural selection would operate as a broad survival 

ter that admits any structure that has sufficient integrity to 

rsist. Natural drift was proposed as this mechanism of evolution; 

lder structural coupling it would permit the satisfying, rather than 

.e optimizing, of viable trajectories (Maturana & Varela, 1992; 

Ruela et al., 199 1). Evolution by natural drift would also explain 

ccevolution as the bringing forth of environmental regularities by 

the history of coupling, rather than by any pregiven conditions 

(Varela et al., 1991). 

&WW of Env ironrne ntal Paradipms 

In summary, the literature provides extensive descriptions of 

erivironrnental paradigms. A qualitative analysis of several 

djmensions of the paradigms revealed that the two prevailing 

metaphors--of "ecological system as individual organisms" and 

"ecosystems as machinesn--are inappropriate to describe living 

systems and related environmental concerns. Since those concerns 



R; 3)" l 

4; J<) 
53 

{2hb%, 

.(if'; ICe ultimately for life, living sys tems should be reconceptualized at d,,) 

arious levels of hierarchy, in order to determine which 

ties do or do not emerge from the interaction of organisms 

populations. Single eukariotic cells, multicellular organisms and 

bly societies seem to be metasystems which operate in an 

poietic fashion. Ecosystems still lack a final definition in which 

nerties account for the o~erational closure of a svstem. 

Conce~tual Chanfe and Paradiem Shifts 

This section focuses on the relationship between the major 

sformations of scientific knowledge and conceptual development 

in common learners. After making basic distinctions between 

ientific concepts and learners conceptualizations it discusses a 

theory of conceptual change learning. 

Concents and Conceptualizations 

In this study conceptions are taken as synonymous with 

conceptualizations, in the sense of personal understanding of 

concepts. Conceptions are an individual's idiosyncratic mental 
I 
I representations, and concepts are scientific meanings firmly defined 

or widely accepted by a community (Duit & Treagust, 1995). Driver 

( 1987) also treated conception as an individual's idiosyncratic 
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tation (not representation) of a concept or cluster of 

ts. Conversely Robertson (1994) considers that a conception is 

to reflect how a cluster of concepts is understood in a public 

in contrast to a conceptualization which refers to an 

ratic personal understanding. 

The fact that conceptions are generated by individuals does 

ly that there can be an unlimited number of them. Rather, 

h phenomenon, principle or aspect of reality, there seem to 

limited number of qualitatively different conceptions of that 

omenon, principle or aspect of reality. Learning can be 

bed as change between these qualitatively different 

eptions (Johansson, Marton & Svensson, 1985). 

Recent major reviews of research in science learning suggest a 

relationship between individual conceptions and paradigms. Of 

particular interest is the claim that learners' alternative conceptions 

often parallel the explanations of natural phenomena offered by 

Previous generations of scientists (Wandersee, Mintzes & Novak, 

For instance, several studies present evidence that 

biology students' conceptions about change in living organisms 

imply a kind of Lamarckian view of evolution, rather than a 

Darwinian evolutionary conception (Bishop & Anderson, 1990; 



-by, 1984). Several other studies conducted in diverse 

of natural science reported equivalent findings 

xssian, 1992; Shanon, 1976; Wandersee, 1986). Although 

prting evidence is not yet complete, Wandersee et al. 

p. 188) conclude from the available findings that 9 

the history of science can serve as a valuable heuristic device 
for science teaching by suggesting (to both teachers and 
students) misconceptions about a particular topic that may 
still be present today (albeit in modified form). 

This reviewer does not agree with the reference to 

nceptions, because here the notion of alternate conceptions 

Id seem more understandable and functional; however this 

ewer does fully agree that the history of science could be a 

approach to science teaching. In this case, fundamental 

specific knowledge about the process of scientific conceptual 

change is likely to support this valuable heuristic tool. 

The conceptual change issue in science is currently 

explained as a continuum from concept evolution to paradigm 

shift. The first analysis tends to concentrate on individual 

changes; the second deals with the historical and social aspects 

of the transformation. The study conducted by Gruber and 

Barrett (1974) clearly illustrates the case in which there is no 

clear commitment to a scientific revolution. The authors 

analyzed Darwin's thinking during the period when he 

undenvent a conceptual change, from a creationist to an 

evolutionist point of view. Based on his writings, the authors 
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sted that the accumulation of contradictions between the 

and dynamic conceptions of the world took him along a 

tal stages through disequilibrium, exploration and 

ilibrium. Eventually he proposed the new theory. The 

concluded that conceptual change can well be 

bed as a process of mental equilibration. 

e next step beyond these psychological conditions ties 

a1 change in science to revolutions in thought. Of major 

ce were Kuhn's (1970) writings on the nature of 

lutions. He offered many examples of how 

discoveries involved extended, though not necessarily 

long, processes of conceptual assimilation and suggested that it 

involves a change in paradigm. Kuhn ( 1970, p. 62) stated that 

the charac tens tics of scientific discoveries include: the 
previous awareness of anomaly, the gradual and simultaneous 
emergence of both observational and conceptual recognition, 
and the consequent change of paradigm categories and 
procedures, often accompanied by resistance. 

lb Kuhn's approach transformed the landscape of history and 
I 

I I 
philosophy of science, previously dominated by the logical 

i empiricist approaches, such as those of Popper (1959), who 
I 

I emphasized the logical structure of science, rather than its 

psychological and historical development (Thagard, 1992). 
1 

Paradigm, as a radically different conceptual system, has an 

advantage over the accretion theory (empiricism): it takes seriously 

the degree of conceptual reorganization. However, Kuhn's hypothesis 
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been criticized as being much too vague to account for the 

in scientific knowledge (Thagard, 1992). 

Kuhn's theory was also criticized from the philosophical point 

iew (Laudan, 1984; Shapere, 1984). These writers charge that 

la overemphasizes the effect that changes in theoretical 

unitments have on the other commitments of scientists. The 

bordination of methodological and investigative aims to 

oretical ones will be discussed in more detail in the next chapter, 
I 

ich shows the implications that both epistemological positions 

re on the construction of a conceptual change model. 

The main point here is the fundamental comparison between 

conceptual change in the history of science and in common learning. 

is review has revealed important similarities but also differences 

the fields of both cognitive science and science education. 

Concrete, ordinary learning is not the simple accretion of knowledge; 

it idso may be not as systematic or as revolutionary as conceptual 

revolutions in science (Thagard, 1992). Ordinary learning is always 

subjective and personal, compared with the precise shared scientific 

concepts (Driver, 1988; Duit & Treagust, 1995). 

From our point of view, an additional factor should be 

considered in further comparisons. Paradigms, as radically different 

conceptual systems, are objects of discovery and investigation. The 

acquisition of paradigms requires a combination of both conceptual 

and instrumental approaches. Kuhn ( 1970) is explicit in referring to 

the "professionalization" of science in which further development 
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for the construction of successively more elaborate 

gments. This author stresses that, without special apparatus 

@meted for specific anticipated goals, the results that ultimately 

'$,to the novelty could not occur. It is also possible that the 

could not occur until someone who knew precisely what was 

ted then found something wrong. 

'k .:Given those features, one wonders if the conditions of ordinary 

g are likely to meet the conditions of a paradigm shift. All the 

r revolutions in science occurred with the support of 

ssional laboratories. Without this support, it will be more 

ult to acquire world views, which generally contradict 

onsense experience. Scientists must make special efforts to 

e accessible their findings and use of apparatus similar to that 

common learners. In addition, an equivalent effort has to be 

de in the preparation of the pedagogical "apparatus", created for 

the conceptual restructuring. The intertwining of these two 

conditions is, from our point of view, the main role of a learning 

theory about conceptual change. 

A t u a l  Change 

i 

I 

Conceptual change learning in science is not always treated as 

similar to paradigm shifts. Indeed changes in conceptions people 

hold are not necessarily all radical. Wandersee, Mintzes and Novak 

( 1994) admit that the changes or restructuring of scientific concepts 



n learners experience could vary within a broad range, 

g deletion, replacement, exchange, refinement and 

g, among other forms. Novak (1993) says that the 

logy of knowledge construction can be better explained by 

glssimilation theory of learning; he treated conceptual change as 

tter of reorganizing one's limited or inappropriate propositional 

hies (LIPH7s): this process has less to do with epistemological 

lutions than with meaningful learning. 

everal authors prefer to distinguish between those changes 

are essentially gradual and cumulative and those in which the 

eptual structure is radically transformed or substituted. For 

tance Duit & Treagust (1995) prefers to use the term "conceptual 

ge" for learning processes in which the individual major parts 

eir existing conceptual network replaces or reorganizes and 

conceptual growthwhen they enlarge their conceptual networks 

but previous knowledge remains basically intact. 

Conceptual ecology is apparently consensual. The notion of 

conceptual ecology comprises a person's existing conceptions and 

beliefs, including epistemological and metaphysical ones and the 

multiplicity of interrelations between them (Duit & Treagust, 1995; 

Novak, 1993; Strike & Posner, 1992; West & Pines, 1985). 

A theory of conceptual change based on epistemological 

foundations drawn from Kuhn's philosophy of science (Posner, 

Strike, Hewson, and Gertzog, 1982; Strike & Posner, 1985) has 

received considerable attention from researchers. According to that 
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, in order for a successful conceptual change to take place four 

tions have to be fulfilled. The person must be dissatisfied with 

t conceptions, and the new conceptions must be intelligible, 

the lack of agreement among the philosophers and historians 

science, which serve as a foundation for conceptual change 

ak, 1993; Pintrich, Marx & Boyle, 1993). In a recent revisionist 

t the proponents (Strike & Posner, 1992) concluded that a 

er range of factors needed to be taken into account in describing 

e learner's conceptual ecology, including motivation and goals, as 

as the institutional and social sources. The authors further 

acknowledged that current scientific conceptions and misconceptions 

a more developmental and interactionist view of conceptual ecology. 

Pintrich et al. (1993) proposed an alternative: adopt a constructivist 

position on mapping all different positions into individual 

conceptual change, and treat the process as being influenced by a 

cluster of personal, motivational, social and historical variables. 

Taking into account the reported criticisms and limitations, 

conceptual change learning of complex environmental knowledge is 

still better understood by similar mechanisms of concept generation 

such as those governing scientific revolutions (Nersessian, 1989, 

1992; Thagard, 1992). Relevant to this study, induction and 
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tion of conceptual change are studied when existing 

eptions are associated with environmental paradigms. 

h t e x t  of the respective generative paradigm. For instance, 

alternate conceptions, related to nature conservation models, 

, have been described (Botkin et al., 1989). Those relate to the 

localized changes in the environment (in opposition to global 

environmental change, the effects of which are not localized) 

and the static properties of nature (in opposition to the 

dynamic properties of the biosphere). Particularly well 

described were the concepts of "nature achieves constancy," 

"when disturbed nature returns to a constant condition," and 

"the constant condition is desirable and good" (Botkin et al., 

1989; Egerton, 197 3; Glacken, 1967). 

Conceptions attached to a particular scientific paradigm 

(whether conservationist or not) represent some form of 

conceptual ecology. This conceptual stage was generally 



wed by learning and experience over a long period of 

, Persons genuinely concerned with environmental issues 
introduced to new ways to look at the subject will try to 

sense of it. They try out the new concepts, however, 

,put much commitment. According to West and Pines 

e process of conceptual development involves 

ting and differentiating the many concepts of a new 

nt of knowledge without particular regard to one's 

and commitments to ideas about the world. 

en a new paradigm is to be "learned," whether 

y (in a training context) or informally (generally 

e media), many conflicts can arise. Existing meanings 

liefs often dominate and lead to the persistence of 

nceptions. Some form of dialectic should be present 

e with new conceptual arrangements. This process is 

generally referred to as an integration, upon which the new 

conceptual development should be built. Conceptual resolution 

(West & Pines, 1985) is that integration of the new conceptual 

system which opposed the existing conception. The resolution 

can be painful and difficult (Gray, 1985 ; West & Pines, 1985). 

Conceptual change involves abandoning one's 

commitment to one set of conceptual understandings by 

adopting another irreconcilable set. One cannot always move to 

this abandonment but when it does occur, it is a difficult and 

painful process which requires both a commitment from the 
I 
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and special instructional techniques (Johansson et al., 

The conditions of the current theory are further 

ssed in the next chapter. A particular issue is the 

tmctivist--aiming to construct a conceptual change model 

t can be used in the investigation. 

The assessment of conceptual change is still being explored. 

dersee et al., (1994) suggest caution in this assessment because 

hniques are in an embryonic stage of development and 

lementation. The available studies rely on small sample sizes or 

untested methods and few have yet been replicated. 

This assessment basically involves the externalization of a 

student's existing and developing ideas. Among the techniques most 

often used for those tasks are interviews (Johansson et al., 1985; 

Osborne & Gilbert, 1980), concept-maps (Novak & Gowin, 1984; 

Novak & Musonda, 1991) and semantic networks (Falleti, Fisher, 

Lipson, Patterson, & Thornton, 1991; Fisher, 1990). 

Semantic network is a basic research tool, that has had good 

but limited results. The notion of a semantic network was developed 

as a model, widely adapted and used in psychology and cognitive 

science, for the way in which the human mind stores descriptive 
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tion (Falleti et al., 199 1). Although Fisher ( 1990) says the 

ue has great potential, few researchers have used semantic 

rking to study conceptual change; those generally used a 

predetermined number of concepts ( e.g. Martins, 1993). 

facts encouraged the use of semantic networks in this - 
Concern toward the environment has been the focus of 

ecades. The concept has received comparatively little attention 

educational researchers. 

Social psychology research has been quite elusive in offering 

tions and measurements of this concept. This review found 

measurement scale were the still most influential and 

popularity NEP has revealed shortcomings that constrain its 

diffusion inside society. First, we cannot expect that the social 

dominant view will be replaced from its current institutional base. 

Hence, economic, political and educational systems would reinforce 

traditional values and beliefs, making difficult the transition to 

ecologically sound paradigms. Second, NEP relies on attitudinal 

rather than conceptual shifts, and the informing ecological theory 
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appears to be associated with static paradigms and conservative 

NEP's contrasting orientations toward and prescriptions for 

Thus this review has assumed that the New Environmental 

adigm is a weak information source for a teacher's 

environmental concern and knowledge. Therefore, its theoretical 

basis needs to be strengthened. Environmental scientists provide the 
$ 

necessary support for further understanding of the environment, as 

this review revealed competing exemplars illustrating more positive 

stances toward the transformation of it. Particularly well described 

are shifts toward the cybernetic and autopoietic paradigms. These 

shifts are occurring in the scientific community and in the society as 

a whole. 

The maturation of common learners' conceptual change is 

often compared to the conceptual development in scientific 

knowledge. The difficulties evident in bringing about a scientific 

conceptual transformation leads to the hypothesis that teachers' 

environmental conceptions would be similarly hard to change, since 



are resilient to displacement by more dynamic ideas. The 

tual understanding of the new paradigm by teachers must 

e progressive stages of conceptual change and of commitment 

fim learning and teaching. 

g models intended to promote environmental conceptual 

e from earlier thought to recent paradigms, need to be tailored 

has identified and compared a comprehensive set of 

nrnental exemplars to use as the conceptual basis for 

ning the investigation. 

Also, the literature hints at more than epistemological 

p how revisions and alterations proceed in individual scientists, 

s well as in common learners. The particular preexisting concern 

and the reconstruction of knowledge by teachers, as active learners, 

are thus equally essential elements in this study's considerations. 

The final intention would be to create mobility between 

qualitatively diverse environmental conceptions, rather than to 

encourage the growth of a particular environmental view. 

Outcome changes can be assessed using diverse techniques, 

with emphasis on the construction of large semantic networks in 

which environmental concerns are associated with paradigms. 



CHAPTER THREE 

METHODS 

This chapter describes the methods used to study the changes 

conceptual development of environmental paradigms in one 

of time, before and after instruction, herein referred as to "pre-" and 

"post-ins truc tional" phases, were used to collect data using a specific 

semantic networking technique. The results of this quasi- 

experiment were examined for evidence of conceptual change. To 

this end, conceptions held by the subjects before and after training 

were analyzed and compared to the set of paradigm exemplars that I 
served as reference points. In accord with this design, the next 

sections provide details on the group of subjects, the study design, 

the treatment, the procedures, and the research instruments. 

This study is best described as a quasi-experiment with a one- 
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pretest-posttest design. However the specific field settings, 

g the nature of the group under investigation and the nature 

the experiment itself, limited the statistical interpretation of the 

ts for a causal relationship. Because the sample was an intact 

p and the study relied on qualitative observations rather than 

tional statistical procedures, the study is naturalistic 

ording to criteria set forth in the current inquiry perspective 

eover, the study was a purposeful "natural experiment" 

t in its own setting; its target was a novel conceptual 

tcome in the intact group of teachers. Because the 

completed in total isolation and that the sample 

could not be randomly selected, there is no way to generalize the 

findings beyond this population. These design limitations 

notwithstanding valuable theoretical knowledge was gained from 

Social scientists working in field conditions cannot reasonably 

expect confident answers to the specific limitations of pretest- 
, posttest designs (Cook & Campbell, 1979); this kind of design, 

however, offers particular interest in cases where novel outcome 

variables are to be studied (Cook & Campbell, 1979) or where the 

attempted changes in internal processes are very stable (Borg & 

Gall, 1989). Conceptual change is included in these categories, 

because it is probably resilient, especially if it relates to adults' 

alternate conceptions and beliefs. Extraneous factors affecting 
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wpt ions  have little importance if pre- and post-observations 
ii" 

m t e  clear differences in relation to the specific exemplars that 
i ( 

as the reference points. P 
This design permitted the experimenter to collect pre- 

ljffuctional and post-instructional sets of observations, in an effort 

%!ad differences that could be attributed to the treatment. The 

t, described below, consisted of an interdisciplinary 

g course designed to influence the subjects7 environmental 

ems. It challenged their conceptions by introducing a set of 

te environmental paradigms. Long-term effects, not reported 

this investigation, are expected in ac tion-research projects 

ucted by each participant at their community and/or school, as 

I as in other future professional activities. 

The sample was an intact group of teachers selected on the 
a 

basis of their individual experience of their participation in a 

specialized graduate diploma in environmental education. The 

criteria for selecting candidates included prior participation in 

projects and professional experience related to environmental 

education, either in formal or informal contexts. Twelve candidates, 

with tenured positions in schools and municipalities in the greater 

Lisbon area (nine 5-6 grade level teachers and three technicians) 

were admitted to the graduate program and signed the consent form 



the study (see Appendix C). Their majors included science 

Wogy, geology and agronomy), social science (his tory and 
*> 

tgnomics) literature and engineering (chemistry and environment). 
> 

wes of the treatment and data collection. 

The large diversity of backgrounds was equalized because as a 

rrt of the graduate program, participants attended a two-semester 

~vironrnental science course, of about 120 hours, to enhance their 

nventional environmental knowledge on local, regional and global 

ues. They completed this two-semester course prior to this 

restigation. The curriculum guidelines and instructions for these 

urses were the responsibility of the environmental science faculty 

~fessors (FCT) and hence independent of this research and 

iearcher. In fact, this knowledge initially focused on findings 

ated to the environmental quality of the local and regional area; 

wever the subjects also increased their level of environmental 

icern. 

u 

Environmental Education, as suggested in Chapter One, should 

treated as innovation, deserving better curriculum design and 

?arch efforts. International recommendations, namely from EEC 

1 UNESCO, highlighted the importance of environmental training 



f$ducation provision. However, virtually no formal context for 

ducation of teachers is provided either by the Ministry or by 

&authorities. Very few higher education institutions offer post- 

kte environmental education; only a few faculties offer 

onmental training, and those have developed mainly during 

fit ten or fifteen years. Exploratory needs assessment clearly 

es that the personnel--teachers and technicians--currently 

ed in education and training are not well qualified. The 

ty of Science and Technology of the New University of Lisbon 

sed the new specialized diploma (Pos-Graduaqao em Educa~ao 

ental) through of its Foundation, located within the state 

ersity. Part of this training constituted the natural setting of the 

ent. 

The training model was developed based on the major theories 

the literature review. The first theory was that conceptual change 

epistemology emphasizes parallels between theory development 

(S~ruc  turd or domain-scientific knowledge) and cognitive 

development (individual knowledge). For instance Duschl and 

Gitomer (1991) reviewing earlier suggestions, pointed out that 

whether they focus on individuals or theories, each domain of 

inquiry has a mutual concern: What counts as prototypical evidence 
3 
j 
i: (exemplars) and as counter evidence (anomalous data) for 
N 



eptual change models for science education vary, 

in their epistemological arguments for the growth of I 

I 

knowledge, and in whether or not they are hierarchical. ? 
i 
! 
1. 

cal models assume that changes in central commitments to I t  

of science justify simultaneous changes in other ontological, 'I' 
i d  

-logical and axiological commitments within the conceptual 1 1  

; i I  

A r k  (Duschl & Gitomer, 1991). This is the case with Kuhn's 
I![ 

' l j  
b ~ a l  change model of scientific knowledge, which was later i 
i )  !id 

:4 Ned to education (Posner et al., 1982; Strike & Posner, 1992). I ir 

i s  

kcmodel, although very useful, is limited by the evidence that , ( I )  $9 
A 

mers are very reluctant to change their conceptions even in the , 
ii 

te of instruction that actively seeks such changes (Duschl & 1 
pmer, 1991). I 

p 

Non-hierarchical models constitute an alternative to the global 

presentation of change, contesting both the notion of central 

mmitment and the conditions required to effect conceptual change 

audan, 1984; Nersessian, 1989; Shapere, 1984). According to this 

?w, conceptual change in science invokes changes in ontology, 

tthodology and axiology that can and do occur separately and 

thin distinct and mutually exclusive periods of time (Duschl & 

tomer, 1991; Laudan, 1984). This view also implies that learners 

ust find their existing ideas unsatisfactory for conceptual change 

occur, but the way they restructure their knowledge through the 

lnditions of change -- intelligible, plausible and fruitful (Hewson 



ey, 1989; Hewson & Hewson, 1992; Posner et al., 1982) -- 

t be as strictly linear and hierarchical as suggested. In their 

sp conceptual ecology must be understood in a broader sense 

s' prior conceptions part of their own conceptual ecology; 

conceptions also act upon conceptual ecology. They also 

edged that more developmental and interactionist views of 

ceptual ecology are required. 

$& iw the constructivist view (Osbome & Wittrock, 1983; Driver, 
k;,'~ 

1988; Duit & Treagust, 1995). Learners are perceived as active 

~ m t s  in their own process of constructing meaning, therefore 

&struc tion involves them restructuring , modifying, and adapting 

knowledge as well as using investigative methods where their 

existing conceptions are confronted and restructured through a set 

of ins truc tor-guided interactions. 

The integration of these two perspectives is expected since 

many researchers presently adopted this view in which scientific 

concepts and explanations are dependent on prior knowledge 

commitments (Duschl & Gitomer, 199 1). These researchers believe 

that learner's epistemological framework is a factor affecting 

changes in knowledge representation (Carey, Evans, Honda, Jay & 

Unger 1989; Duschl & Gitomer, 1991; Strike & Posner, 1992). In 

other words, conceptual change emerges with the instruction that 



h changes in the learners' epistemologies (Carey, et d., 1989; - - 

itomer, 1991; Strike & Po 

- 

sner, 1992). 1 Jew I epistemological 

;gels that articulate details about theory development serve as a 
& (Duschl & Gitomer, 1991; Neserssian, 1992). This perspective 

es that learners consider evidence for or against a new C 
konrnental paradigm. Not only is it important to understand how 

generate paradigms but also how they revise, alter or replace 

In summary, the conceptual change model used in this study 

integrates the eminent fc !atures of two 

amental models: one focused on conditions of scientific 

ceptual change and the other focused on the learner's active 

nstruction (see Table 2). This integration emphasizes both 

nificant elicitation and restructuring of knowledge. Learners are 

ected to actively reconstruct meaning and ultimately to use 

presentative domain exemplars, although not compulsively, as 

guides to their restructuring of knowledge. They accomplish this 

task by continuously reconstructing of the semantic networks. At 

the end learners were expected to choose among alternatives or 

maintain their adherence to a particular environmental view. 

The practice followed in this model is analogous to the 

portfolio model (Duschl & Gitomer, 1991) in which the interaction 

between instructor and learners takes place around a compilation of 

learners' work that can ultimately inform both instructor and 

learners about the progress they are making toward constructing 



TABLE 2. A COMPARISON OF CONCEPTUAL CHANGE MODELS 

Conceptual Change Exemplar Adherence Constructivist 
Model Model Model 

Dissatisfaction Elicitation of knowledge and Elicitation of ideas 
beliefs 

Intelligibility Desegregation Restructuring of ideas: 

4 4 Clarification 
4 
V1 

Plausibility Restructuring Exposure to conflict 

4 4 Reconstruction 

Evaluation 
Fruitfulness Adherence to exemplars 

Application Application Application of ideas 

Strike & Posner (1985) This study Driver (1 988) 



mibed, the pre-instructional phase served to assess 

 pants' environmental knowledge and concerns. This goal was 

mplished by pairing the data from the subjects' interviews and 

ntic networks using the following sequence: 

!i; (a) A personal introduction to complete the biographical 

,wation and discuss the most significant aspects of their life to C 
$: (b) A second session presented the subjects with the specific 

h and topic (what to do, how to do it and when to do it) and 

zed the agreement with the investigator. Subjects were 

irred about the confidentiality of the study, the possibility of 

drawing from the study and they completed the informed 

nsent form (see in Appendix C). 

(c) The task session focused on eliciting each participant's 

owledge. Interviews of 1 to 1 112 hour long, were conducted to 

troduce subjects to the investigation. Each interview consisted of a 

t of 12  questions which included definition(s) of the environment 

and a comprehensive explanation of each subject's environmental 

concern, as well as other definitions associated with environmental 

issues. The interview guide is included in the Appendix D. 

(d) The interviews were transcribed onto the semantic 

network form, in order to represent the participant's prior 
I knowledge. Each interviewee and the researcher constructed 

separated semantic networks, based respectively on the interview 

outline and the tape. 



(e) The investigator reviewed the subjects' network in order to 

kte the subjects' feedback. Each subject was then invited to 

ganize and complete his/her respective semantic network as 

n as needed during the training. 

( After this procedure, the instruction began, using the 

riouslv designed conditions of treatment. The instruction - * - 
sisted of multimedia presentations, open discussions and a series 

tasks, including problem finding and representation of personal 

ironmental concern, explanations and arguments, and the 

sion of scientific explanations. Finally an effort was made to 
@hi\,' 
?@e subjects' developing explanations compatible with established pll@$j; 

I!!i#&ientific explanation. 
f )$;l j > 
I ;-C :" ,$, 

I r r :  
The instructional focus was not necessarily related to 

,/I , 
conflictual and dissonant episodes, although these were an 

< (1 8 
) ) 3  

\ 

important part of the instruction. Broad views which enhance the 

learners' aesthetic sense of the environment were treated in 

parallel, mainly using multimedia presentations. Analogies and 

metaphors also were encouraged during these presentations. Details 

on the use of the model are presented in the next chapter, providing 

a sample of the curricular materials used. During the instructional 

phase at least one intermediate backup was made of each subject's 

semantic network, these were not done simultaneously for all the 

subjects, however. 

The pos t-instruc tional phase was designed to collect evidence 

I for possible changes derived from training. Each semantic network 
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orated the main ideas the subjects retained during the 

g. These were completed during the two weeks after they 

Macintosh-based software developed by the SemNetTM 

h Group (Falleti et al., 199 1). Although individual interviews 

conducted at the outset of the study, these served mainly to 

oduce the subjects to the investigation, and to elicit their 

conceptions. These data were coded by the researcher on the 

antic network form to facilitate analysis. 

This software tool incorporates the basic elements of semantic 

twork theory (Quillian, 1967; Holley & Dansereau, 1984; Wood, 

85); it allows individuals to construct their knowledge about a 

topic in the form of concepts linked by named relations (Falleti et 

al., 199 1). Its basic characteristics include n-dimensional concept- 

maps, with a certain number of additional features which improve 

their performance in relation to concept maps. Semantic networks 

have many advantages. They can incorporate many more concepts, 

have bi-directional designed relations between pairs of concepts, 

support concept multirepresentation (including pictures, sounds and 

other symbols) and make it relatively easy to locate and quantify 

each net's elements. The table presented in the Appendix E 



Wzes  the fundamental content knowledge about semantic 

~ r k  that the subjects conveyed as they learned to use the 

we. Questionnaires were used to assess their expertise in these 

_r before the pre-instructional collection of data. 

I -tic networking, supported by SemNetm, with multi- 

&sentational performance, including images, text, and sound, 

led ideal for this study. It could continuously and systematically 

the explanations and collect the example within a single set 

f was easily backed up at any moment in the investigation. For 

se reasons, SemNet was expected to be more coherent than other 

cemeal and partial devices used in previous models, such as 

tfolios (Duschl & Gitomer, 1991). 

However the bidirectionality of the relationships complicates 

construction of the networks. Constructing asymmetrical 

tions could be a difficult task, especially on very extensive 

networks: the more times a subject uses an asymmetrical relation, 

harder it will be to agree with the use of both rays of the relation, in 

any particular pool of concepts. Holley and Dansereau (1984) 

described an interesting classification of link types and structure 

types that can be used as a reference for the networking technique. 

The classification involves a threefold-structure type (hierarchy, 

chain and cluster) and a five-link type (Part-of, type-of, lead-to, 

analogous-to, characteristic-of and evidence-of) which seems very 

useful in addressing this issue. 

A fundamental notion in semantic networking is the rate of 
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edness, which can be defined as the number of unique paths 

one concept to another concept two steps away (Falleti et al., 

1). Although software developers and the related bibliography 

ed very few references to the concept, embeddedness gives a 

but useful measure of the centrality of the network's 

A notation was developed to refer to specific network 

ents in the study. Each monitor display, consisting of a node 

e present central concept), associated concepts and bidirectional 

tions, is herein called a "structure" (corresponding to the "frame" 

the user's software guide). A semantic network is thus a finite set 

structures, informed by individual conceptualizations or 

onceptualizations. The structure is a unique assembly because it 

ot be represented in other forms of software display 

phabetic list of concepts, etc.). In this sense, the structure 

nstituted the fundamental unit of analysis, complemented by 

other "summary counts" and "composite structures." Summary 

counts included the number of elements present in the network, 

frequencies, embeddedness of concepts, etc. A composite structure 

means a set of structures, generally a segment rather than a whole 

network, linked in a two-dimensional representation and created by 

an additional computer drawing program. This type of display is, 

however, limited in its clarity by the number of cross-links allowed 

in the bidimensional representation. 

The notation in data display and analysis sets used the 



g criteria. Each subject was given a number, one through 

and structures were indicated by the acronym of the 

tial collection: interview (INT), pre-instructional (PRE) and 

instructional (POST). Thus, for instance 7PRE refers to any 

tures collected from Subject #7 before instruction, and 3POST 

to any composite structural set of Subject #3 after instruction. 

notation is given in bold type. 

Strewths and hrmmons . .  . of the Study 

I The power of this study relies in two of its most fundamental I 
I 

ents. First, the study unequivocally uses a representative 

' experimental protocol. Both, the complexity of teaching 

environmental paradigms and the constructivist view of learning 

point to the need for a representative design (Borg & Gall, 1989). 

There are at least four specific reasons for such an approach: (1) the 

incorporation of large environmental variation, including the 

subjects' diversity in majors, characteristic of environmental 

education settings; (2)  the qualitative assessment of the learning 

activity; (3) the respect for subjects' individual learning styles and 

(4) the extensive preparation for the experiment, ensuring the 

transition from the subjects' current knowledge (and attitudes) set 

to the requirements of the study set. 

I 
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A second major source of the study's strength derives from its 

dity will not apply to the results. There is no statistical sample, 

or control. Although the lack of these elements may make the 

gs useless to a larger population, causal analysis can still be 

e within the study case. 

The widespread view that qualitative studies are only good for 

loratory purposes is basically faulty. Miles and Huberman (1994) 

ue that close-up qualitative looks can powerfully identify 

hanisms that go beyond the sheer association. In addition they 

#re particularly good to cycle back and forth between variables and 

I U ," ) 

F This study's expectations encouraged the use of qualitative 

analysis including one tentative sequence of description, explanation 

and causality, within the group findings, to answer the fundamental 

questions of this study. The generalization of findings depends, of 

course, upon future revision of each hypothesis and a gradual 

application of "causal" explanations. 

In the final analysis one could say that the study was designed 

to articulate the research in the dialectical relationship between a 

constructive induction and an a priori framework (Miles & 

Huberrnan, 1994). Considerable knowledge of environmental 

paradigms and conceptual change, as shown in the review of 



provides the means to create a plausible conceptual 

rk and an instructional treatment that was expected to 

ce the subjects' conceptions. On the other hand, the 

a better knowledge of the deep structure of conceptions. In 

some predicted propositions were to be tested against 

cal events; however idiosyncrasies in learning and other 

es of complexity raise further expectations. 

the application of a quasi-experimental design to qualitative 

4 (Kazdin, 1982; Cohen & Manion, 1989). In this case intermediate 

backups of the semantic networks should be made simultaneously 

for all subjects and after specifically delineated interventions. In 

this study, however, several logistic difficulties limited this practice. 

Summary 

1 This study combined a pre-experimental design with a 

qualitative analysis of data in an attempt to articulate the 

researcher's original conceptual framework through the subjects' 

personal conceptions. The design is pre-experimental because it 

assumes some mobility between qualitatively different 
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nmental conceptions and concerns, comparable to 

nmental paradigms and exemplars, as a result of a specific 

training treatment (conceptual change). The qualitative 

ational sets, obtained before and after the treatment in the 

tic network form, were studied using a progressive analytical 

ction technique (Miles & Huberman, 1994). By a kind of 

ctive progression, from the text created by the subjects 

tic networks), the major themes and trends can be identified 

the explanations given by the subjects can be compared with 

exemplars provided for the study. 

In conclusion this study goes back and forth between 

uction and induction, between subjects' conceptions and 

entific paradigms and exemplars, respecting the natural settings 

d characteristics of learners, but at the same time considering the 

cture of their prior environmental knowledge and concern. This 

ttempt is justified because all major references to the development 

of knowledge, in both scientific and educational settings, are 

increasingly aware of the active reconstruction of knowledge, in the 

learner as well as in the scientist, as a complement to the scientific 

knowledge. 



CHAPTER FOUR 

RESULTS 

This chapter analyzes the data on teachers' conceptual 

dopment, which presumably resulted from the training they 

eived in environmental paradigms. Given the considerable 

unt of information generated when the subjects applied the 

arch tool to their own representation of knowledge, the data 

be reduced before the analysis could be conducted. 

Reduction of data is currently understood as an essential 

tion. For instance, Miles and Huberrnan (1994) state that 

had 

analysis relies on the ability to properly compress data 

the conclusions, guarding against the bias that can result 

tded and unreduced data. The data reduction method was 
I 

adapted from a model of progressive analytical abstraction 

suggested for qualitative data (Carney, 1990; Miles & Huberrnan, 

1994). 

The technique involves a series of gradually more abstract 

phases, from a starting point in the text created by the subjects. In 

the present investigation the raw data or text are the semantic 

networks constructed by the individual subjects. These networks 

are organized into successive degrees of abstraction, which include 

the flagging of critical concepts, the aggregation of concepts to reveal 

alternative explanations, and the precise delineation of the structure 



edge present in them. 

Although Miles and Huberman (1994) consider reduction a 

Jal part of the analysis, this discussion uses this concept in a 

classical sense. Analysis is "the straightforward identification 

ments present, reported in comparison to a previous analysis 

dard" (Wolcott, 1994, p. 25). Standard is defined here as the 

of assumptions which served to generate the training model 

in the study. Therefore, the analysis compares the post- 

ctional data, transformed as suggested, with the set of 

rnative exemplars offered to the subjects. 

Stated briefly, the data are discussed from two distinct 

spectives. The first is an inductive reduction in which the 

estigator aims to identify and then describe the subjects' 

nceptual understanding. The second is a comparison of these 

sults with the conceptual framework delineated to guide the 

instruction. The concluding discussion attempts to integrate these 

two perspectives and extend them as much as possible. The next 

sections describe the raw data and the processes of transformation 

which begin the analysis. 

The raw data consists of 8 sets of 3 semantic networks each, 

corresponding to the interview, pre-ins truc tional and post- 

instructional assessments for each of 8 subjects. The data were 



as copies of the subjects' networks, collected shortly before 

the treatment. These two copies were made of the same 

t at two completely distinct points in time, before and after 

g semester; they are considered to be two separate 

ts, and are called the pre-ins tructional and post- 

c tional networks. 

In addition, the transcriptions of the introductory interviews 

ed and then the categories were applied to form the nodes 

semantic networks. These served as counterparts to the 

tion present in the pre-instructional networks. These were 

interview networks. 

The composition of the networks is described next. Remarks 

made about the networking technique whenever necessary to 

lain either the difficulties of novice users or the exploratory 

onditions of the study. 

antic Networks: Initial Tabulations 

The qualitative method forces the researcher to rely on the 

terms, meanings and associations the participants used to express 

their personal conceptions and concerns about the environment. 

However, since the semantic networks were created on a computer, 

this provided an additional opportunity to perform the basic 

tabulations which are the first quick and fundamental measure 

necessary to understand the networks' stability. 



The subjects varied considerably in the number of elements 

? used to describe their conceptions. The number varied both 

w n  and within the group of subjects. Although normal, this 

ability was initially seen as a potential source of complication in 
TI, 

& design of the training. Too much variability would complicate 

@ assessment of changes. 
11) 

: . Table 3 (on next page) summarizes the number of concepts, 

tions and instances present in the networks; according to the 

ards most of them are large nets.1 This result was expected, 

the nature of the subject matter and the time spent on the 

. The table shows that, despite the differences in subjects, the 

an number of concepts increased by a factor of approximately 

ee times during the networking exercise. 

Many distributions are possible with the same number of 

lernents, or even the same elements, in a network. This variation 

can include either pairs of concepts that have no further connections 

between them or complicated n-dimensional arrangements, in which 

concepts are deeply connected as a whole. Therefore finer analysis 

is necessary to assess the deep structure of the networks. 

Counting of concepts by the number of connections (instances) 

is a necessary step in assessing the networks' stability. As stated, 

concepts relate to each other by means of the connections 

l ~ c c o r d i n ~  to the standards of SemNetTM, large networks incorporate 

more than 40-50 concepts, arranged with relatively strong connections 

among them. 



TABLE 3. NUMBER OF SEMANTIC NETWORK ELEMENTS BEFORE AND AFTER INSTRUCTION 

S u b j e c t s  1 2 3 4 5 6 7 8 M e a n  

Number of 
E l e m e n t s  

Concepts P r e  137 

Relations ' 128  3  1 2 0  8  5  103  1 5  4 0  5  3  6 0  

p o s t  108  3  9 5 7 5  4  1 1 6  1 8  115  8 4  7  4  

Instances  re 2 7 4  9 9  4 7  1 8 1  1 1 6  4 7  8  5  6 5  1 1 4  

p o s t  5 9 8  2  1 2  23  1 6 2 9  2 15 1 3 6  25  1 1 4 8  3 0 3  



1 

shed. The more connections a concept has, the greater the 

ce it is central in the network. Although the most embedded 

epts are not always those that have the largest number of I 
ces, by definition this number is necessarily high. 

Table 4 (on next page) shows the tabulations of concepts by 
I 

of instances, by subject and by category, before and after 
I 

ction. The data in this table reveal a relatively uniform 

bution and suggest a fairly consistent growth. Networks 

y begin to grow with the addition of concepts and instances to 

creasingly deeper core. In the end, the knowledge core2 is 

ected to be formed by concepts well distributed within the web. 

e numbers confirmed that most of the post-instructional 

owledge cores were formed by concepts with three or more 

stances each. 

Semantic Networks: Oualitative Overviey 

Although it is important to understand the stability of the 

networks, the frequencies do not reveal much about the quality of 

the respective elements. The numbers also do not refer to the 

conditions in which they were produced. Given that no experimental 

E 2 ~ a c h  knowledge core is formed of the 49 most embedded concepts of 

each network, drawn in bubbles in a cell format and spiraling outward from 

the center of the screen in a clock-wise motion (see Appendices F and G). 



TABLE 4. COUNTING OF CONCEPTS BY NUMBER OF INSTANCES BEFORE AND AFTER INSTRUCTION 

S u b j e c t s  
8 M e a n  

Number of 
C o n c e p t s  

with 2 or Pre 6 2  65  2 9  5 3 1 2  3 3 8 2 7  3 6 
less instances post 1 6 0 112 9 2  184 4 8 7 5 123  1 3  101 

h, 

with 3 Pre 7 5 1 4  1 3  48  2 8 2 0  2 5  1 6  2 9 
or more post 15 2 47  6 8 152 5 2 2 5  5 7 6 9 7 7 

with 6 P re  3 0 9 4 2 3  1 9  4 5 4 1 2  
or more post 7 3 2 2  2 3  7 0 2 9  1 3  2 2  3 0 3 5 

with 10 Pre  1 3  7 0 8 9 0 1 3 5 
or more post 2 9  7 3 2 8  9 4 6 1 5  1 3  

with 20 or Pre 1 1 0 0 0 0 0 0 0 
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nment was designed for gathering the data, a qualitative 

ew of the networks is presented here and the respective 

ns; the training presumed the subjects would learn and the 

edge explicated in the networks would facilitate conceptual 

ge. The criteria that could be used to assess the quality included 

zation, correctness, completeness and coherence. When these 

ria were applied to the whole set they revealed robust 

ences, either within the group or over time. This had been 

The pre-instructional networks revealed only a fair level of 

ality, displaying too many vague connection-labels and many 

ial concepts. Often in bi-directional relationships, the direct and 

inverse rays did not refer to the same relationship. The overall 

quality, however, seemed to improve substantially after the subjects 

were involved in the training, drills and conceptual development. 

The post-instructional nets showed not only a reduction of the 

number of relationships but also a substantial improvement in the 

specificity of concepts and relations; these become more complete, 

correct and well-organized. The commitment to participate in the 

training was an important factor, considering how time-consuming 

the networking is. 

This investigation explored the semantic elements included in 
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that the subjects created to express their conceptions and 

s about the environment. Therefore no restrictions were 

on the use of concept- and relation-labels, and subjects were 

refer to environmental concerns and knowledge in their own 

. The suggestion that all the networks should begin from the 

central concept was the necessary focus. Deep-rooted 

edge and personal experience originated from the subjects7 

se background; these emerged as they were progressively 

structed into the structure of the nets. Hence relatively few 

n concept-labels were found in the early stages. As a result 

e instruction, the number of common labels increased because 

ects could select terms from the exemplars. This incorporation 

increased the semantic complexity because the subjects 

propriated and selected only the concepts which became 

significant to them; therefore connections between those concepts 

were dissimilar. 

The subjects' manipulation of the networks presented several 

obstacles which combined the text itself (the network) with the use 

of the software. First, it was hard for subjects to change the deep 

structure of the nets. This problem increased with size, given the 

difficulty of manipulating networks larger than 100 concepts. For 

instance, even with a modern computer, it took a long time to 

perform some operations, such as creating an alphabetical list of 

concepts or instances; this discouraged the networker from making 

major changes. 



j~ second, the subjects seemed unable to retain more than 7 or 8 

a t  connections simultaneously in their short-term memory. 

refore they concentrated on the graphical arrangement of 

vidual concepts ( structures) , at tempting the modifications only 

the instances radically conflicted with their structure of 

wledg e. 
fi Finally, as novice networkers, the subjects revealed a lack of 

rtise in having a "whole picture" of the nets and especially in 

:ognizing what effects a single change might have on the entire 

They learned about the software toolbox progressively and only 

~wly did they begin to use the entire array of available displays. 

articular the command of the knowledge core was difficult to 

e. As a result, the networkers often lost details and did not 

centrate on the fundamental concepts. 

As the subjects gained some command over the growth of the 

networks, their conceptual analysis progressively focused on the 

knowledge core, because it revealed itself as germane in telling their 

"story" on the networks. Concepts present in the core enabled them 

to make quick inferences about the structure of their knowledge. 

The labels in the knowledge core most often represented the 

essential meaning and vocabulary accessible to the subjects to refer 

to their environmental knowledge and concerns. The concepts 

embedded most deeply in the knowledge core of a large network 

remained largely unchangeable in their meaning, because they 

depended upon many connections with the nearby concepts. 



The above discussion demonstrated the need to reduce data in 

order to compare the contents of subjects' networks to the content 

of instruction. As suggested, not only was the number of concepts 

too high, but the relative importance of these concepts also varied. 

Some concepts have critical roles, from either the scientific or 
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yncratic point of view, whereas other concepts are only of 

dary importance to the networks. 

The data reduction mainly served to flag the critical concepts, 

sing as much as possible on the personal understanding of each 

ct. The role of the reduction is not only to get the information 

the group of subjects as a whole, but also to get that data into a 

that makes the implicit content of each subject's network 

le for analysis. Accordingly, the reports for individual subjects 

maintained separately as the data was being reduced. 

In fact, the small sample used in this study did not allow 

thoritative correlation between treatment and counting. However, 

e relatively detailed reports of the connections between concepts, 

well as of the composition of the critical conceptual cores, 

rovided an opportunity to look for more plausible findings. Taking 

into account the naturalistic setting, this type of reduction seemed 

easonable to prevent over-generalization with regard to conceptual 

change. 

In practice, the reduction and display rely on the standard 
;;; 

. I routines of the software.3 This discussion makes extensive use of 

/ three types of display: ( 1) the knowledge cores; (2)  selected 

I pathways between concepts; and (3) concept graphical displays (or 

3~tandard routines are the operations which the current version of the 
software offers to review the networks as a part of the tool box. This study 

used SemNetm in two versions: 1.1 13 1 1 for data gathering and 1.1 13 14 for data 

analysis. 



uctures). Each will be presented and discussed in its respective 

m- 
on. 

The knowledge cores, as mentioned above, presented the best 

prtunity to compare sets of information by subject and over 

re, especially because the computer analysis permits an 

mediate display of relations between each concept and the 

naining core concepts. In addition, the study of pathways, 

tween concepts either present or absent in the core, allowed the 

archer to select and to draw the concept-maps; this, in turn, 

$lighted important structures for later comparison. Given that 

embedded, but still critical, concepts can be excluded from the 

, the content analysis was often expanded by the observation 

testing of groups of connections beyond the kernel concepts of 

e-ins truc tional S w  

At the beginning of the study, the exploration of meaning was 

two-fold. First, it answered to the imperatives of the design, 

providing the necessary comparison data to assess subjects' 

conceptual change. These changes occurred against the necessary 

background that the pre-conceptual structure showed. Second, the 

knowledge gained in this exploration was an important element in 

determining the con tent of training. Definitive decisions about the 

curriculum and instruction relied on the subjects' conceptions found 
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early stage. Hence, considerable emphasis was placed on the 

uctory interview and the derived semantic networking. 

The content analysis of the semantic networks permitted 

nces about the subjects' limited knowledge, as well as the 

ns, type and intensity of their environmental concerns. 

ver, lack of networking expertise seems to be a plausible 

lanation for several of the insufficiencies. This was confirmed by 

much richer vocabulary and meaning present in the subjects' 

tements gathered in the introductory interviews. The networks 

structed on the basis of the interview coding, using the 

egories as the nodes, provided much additional information to the 

earcher to deepen the subjects' knowledge structure; the 

etworks that the subjects constructed themselves could not 

rovide such deep information. 

A final assessment of the knowledge and orientation of the 

participants at the beginning of the study depends upon a reduced 

but significant sample of the vocabulary which each subject had 

available in their conceptual structure to refer to each topic. It 

became possible to aggregate this sample as the researcher 

tentatively delineated the knowledge structures, flagging and 

aggregating the critical concepts present in the networks. 

The transformation is best displayed in the semantic 

network's cores, which are presented by each subject in Appendix F. 

Although the hard copy on paper cannot compete with the potential 

of the computer to follow the conceptual connections, the data 
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ed in Appendix F gives a good indication of the type of 

g the pathway of significant relations and drawing apart the 

sponding concept maps. Therefore the illustrative kernel 

tion knowledge core. Whereas the cores emphasize the 

ng "environment," "environmental concern, " and other 

stinctive concepts. The assessment mainly relied on the elements 

$resent, but insufficiencies and/or omissions are still important 

dements in judging the quality of the subjects' pre-conceptual 

There were four features of the (pre)conceptual field4 in 

relation to the "environment": (1) the "environment" defined as 

ther a proximal or a distant matrix of an organism or entity; (2) 

e "environment" refemng to "anything" external to the organism, 

I ' with no manifest interest in boundaries, the subject's own body 

I being the reference; (3)  no distinction between the internal and 

1 external environment; and (4) the "environment" as a system with 

an unspecified number of properties varying in space and in time. 

The (pre)conceptual field refers to the whole set of preinstructional 

conceptions. Because these are submitted to successive reduction or 

transformation, they constitute a working "field" to the researcher. 



Stated briefly, the environment in the context of pre- 

ctional assessment was an elusive concept having many 

tions. The conceptual interrelations were coherent, but were 

open and non-operational to be of any use. Often the changes in 

&cus of the observation also represented changes in what the 

ects considered the environment. The only exceptions referred 

ineering concepts, including the concepts of "carrying 

ity" and "environmental quality." 

t i  Participants expressed a diversified set of practical, technical 

philosophical concerns toward the environment.5 Most 
{< 

bportant was the extensive array of environmental problems, from 

be local to the global level. Concrete issues, such as pollution, were 

mnifested in almost all the networks. However, elaborated concepts 

dated to specific concerns appeared much less frequently. On the 

cep t of "environmental quality," for example, subjects varied in 

way they transferred their concerns from the material issues to 

human knowledge and skills. 

Philosophical concerns were also expressed, but at different 

es of generalization and triviality. For instance, such expressions 

as "values" and "values crisis" remained largely as non-operational 
,5.3 

, definitions. A few subjects reported well-organized concerns, 
I ( (  

overing significant areas. Finally aesthetic concerns, both in 

5 It should be mentioned that some cultural semantic confusion arose 

from the definition of the term "environmental concern." In particular, the 

term "concern" had little meaning to the Portuguese participants. 
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n to Nature and the built environment, emphasized the 

dimension of the concern with the environment. 

is less important than its general orientation. Orientation 

ts the network as a whole, rather than concentrating on the 

segments to which the labels refer. Often the same label offers 

s possible to identify the conceptual orientations by 

eating the deep structure of knowledge present in the 

At the center, all the networks seemed to correspond. 

owing its initial conformity, slight but increasingly evident 

ences accounted for the delineation of two alternative 

orientations in our pre-conceptual field. 

On one side, subjects focused on the negative impacts of 

' 
associated with such terms as environmental degradation, values 

and crisis are not specific or operational in this context. The 

respective environmental knowledge very much resembles that of 



tional ecology. An illustration6 is presented in the Figure 1. 

w, less frequent, view offered more specific concerns based 

ally related to operational sustainability and the development 

societies was presented according to models and tools. Yet, 

e was seen as a steady-state system charged with the role of 

g the disrupted equilibrium; hence any environmental 

ge was associated with either natural or anthropogenic factors. 

respective Illustration7 is presented in Figure 2 (p. 105). 

onmental standpoint was from "devastation" (Fig. 1) to 

ge" (Fig. 2). Such "environmental change" may lead to early 
i 

sequilibrium and the resulting crisis could still be a matter of 

cern. However, change is simultaneously associated with natural 

tors and accommodated to at certain rates. From this point of 

6 This concept map was drawn from the introductory interview. As 

The same considerations as above apply to this concept map. 
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l' 

k&oPment would prevent disequilibria. Conversely, the 
, 
wonmental devastation" approach left less room for technical 
) 

b t i v e s  and emphasized citizen participation and social 

hstation" but also for the social and values crises presented in 

i$rclern life. As suggested, these two conceptions clearly differ in 

Lejr . . "technical" orientation toward the environment and also in the 

W s m  associated with the environmental systems. 

\ A detailed analysis of the ( pre)concep t maps, drawn by 

articipants and developed in the interviews, confined the 

3entation of the subjects toward the environment. When the pre- 

i~itructional conceptions were analyzed in relation to the suggested 

dimensions three findings emerged: ( 1) static conceptions were 

bore prevalent than dynamic conceptions; (2)  conceptions were 

oriented toward environmentalist action rather than technical 

issues; and (3 )  the more dynamic conceptions were at the same time 
I I 

' f '  

the more technical and the less common. Briefly, at the beginning of 

this study most subjects displayed essentially static and 

environmen talis t-oriented conceptions toward the environment . 
In considering these findings, a few other facts should be 

taken into account. First, these categories correspond to theoretical 

profiles which serve the paradigmatic perspective of the study. 

Second, the small size of the sample also prevents generalization of 

the suggested profiles. However, these findings do represent very 

positive indications that the inductive delineation of the subjects' 
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edge corresponds to the orientations delineated for their 

mral knowledge. Therefore they support the idea that an 

ctional intervention can lead to conceptual change. 

fact, from the paradigmatic perspective, the occurrence of 

two views within the pre-conceptual field was not entirely 

rising. In general, they correspond to the ongoing debate 

n the earlier "environmentalist" views and the new 

logical stances, emphasizing alternate technologies and 

s of development. The predominance of a "static-nature," 

tion" orientation in our specific natural setting was also not 

letely surprising given that the characteristics of the potential 

population attending the course seemed congruent with 

t finding. Although not completely new, this perception was 

findamental to make decisions about which knowledge was (would 

ate to integrate into the training. 

To allow comparisons, the post-instructional data were 

a manner equivalent to the pre- 

I instructional. That is, it explored the cores, determined the 

important pathways between concepts, and tentatively delineated 

dge indicated by the subjects. A systematic study of the 

roved to be unrealistic, however, because of the 

$ 1  increasing number of operations involved in extensive delineation, 
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because some data were unimportant for the purpose of the 

tic networking technique. Hence, the exploration of the final 

More specifically, the connections established between the 

ng, are the fundamental elements of the analysis, because they 

tentially indicate the environmental orientation of the subjects. 

fore the preliminary analysis examined the ranking of the 

el concepts, in order to assess how quickly the subjects 

splaced the concepts, either the new arrivals or older ones 

5 changes in the rank-order of concepts, if observed in networks 

1:', changes in the subjects' conceptual structure. 

Drawings in appendix H display the knowledge cores of the 

I made it too complicated to provide hard-copy representations. 

Segments of these maps are provided in appropriate places in the 

8 Limited space in the knowledge core means that when new concepts 

emerged they had to displace other concepts which were becoming less 

important to the subject in the course of the networking. The importance of 

the displacement increases with the size of the network. 
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t The preliminary study of the knowledge cores anticipated: 

I the subjects would both reinforce and limit their justification 

krepresentation of knowledge in the post-instructional networks. 

~t limitations were due to their lack of networking expertise and 

he inadequate appropriation of the concepts. Strengthening 

us to a justification of the subjects' present as well as prior 

lctural knowledge, made possible by the organizing principles of 

training experiment. In this first assessment, the structural 

edge which could integrate the post-instructional 

edge/concepts generally seemed to be much more elaborated 

ab that of the equivalent pre-instructional networks. Decisions about 
1 
its quality should consider the idiosyncrasies and commitment to 

participation of adult learners. 

a Analvs is 

This section discusses the orientations and trends inductively 

delineated from the semantic networks. Specifically, the contents of 

the pre- and the post-instructional networks are compared in order 

I to tentatively answer the study questions. This section first 

describes the assumptions of the model training, because those 

represent the most fundamental conceptual cues in the study: they 

explain how the pre-ins truc tional knowledge was integrated in the 

instruction. Next a fundamental illustration of the application of the 
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is provided. The concluding discussion prepares an answer to 

study questions in two ways: 1) how prior knowledge and 

erns accounted for the integration of the new structural 

edge that developed from the paradigms, and, conversely 2) 

this new structural knowledge influenced the subjects' concerns 

the environment. 

The conceptual model was applied to the training with a 

ng emphasis on current structural scientific knowledge, both in 

paradigm perspectives and in the theory of conceptual change. 

observing and analyzing the pre-instruc tional field. 

In other words, the qualitatively different environmental 

determine the conditions of learning in the natural setting. In fact, 
' ' the instructor moved back and forth, both in organizing structural 

knowledge and in matching this knowledge with the various pre- 

instructional concep t-maps. This permitted the subjects to 

restructure the field in ways not found in current theoretical terms, 

and hence to elaborate their knowledge. Stated briefly, the pre- 

conceptual knowledge constituted the raw material which the 

researcher restructured as the "seed" of the tentative conceptual 
I 

I 



e. 

The simplicity of this premise was assumed by much of the 

~ r y  on educational knowledge. It is possible to describe three of 

2 points. First, the emphasis on formative (diagnostic) 

lation was a necessary part of the production models of 

uction (e.g. the "mastery learning" model, cited in Henson, 

i). Second was the historical principle of meaningful learning in 

ucational psychology: teaching the student starting from what 

ke already knows (Ausubel, Novak & Hanesian, 1986). Finally, 

was an emphasis on extensive descriptions of student 

onceptions, which has dominated the field of science education 

e last decade (Duit & Treagust, 1995). 

I Educators still debate how to organize prior knowledge and 

[bow to use it. The way that educators conceptualize the learners' 

or knowledge should imply how they will structure their own 

owledge, upon which they make decisions about instruction. 

Apparently the debate is dominated by two extreme positions: the 

opposing emphases on personal conceptions and on structural 

knowledge. The model used in this study tentatively integrated 

these two views. 

These considerations led to the statement of the first 

assumption in the model training, as follows: the environmental 

i conceptualizations of learners fall within primary orientations 

1 toward the environment. These orientations are qualitatively 

different but have an historical and paradigmatic equivalence. 
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ceptions can be tested against several fundamental 

t, independent of whether the historical transformation was 

up of revolutions or of more regular transitions. 

on gathering conceptions at the pre-instructional stage that 

spond to the model elicitation of knowledge and beliefs. 

ts to distinguish between the subjects' conceptions and to 

cture their knowledge could not ignore their pre-conceptual 

buction would provide real opportunities to move between 

alitatively different conceptions of the environment. This 

pumption applied mainly to the model restructuring of knowledge. 

The qualitatively different concep tions mentioned here are 

thinking about the environment. Although this study clearly 

recognizes the personal dimension in constructing knowledge, it still 

environmental thought. In a sense, the first and the second 

assumptions are counterparts in the learning episodes, ensuring that 

both scientific conceptions and personal conceptualizations meet in 

the field of education. 

The last condition is equally fundamental for both this model 

I 
and the study. The assumption promises that the movement 



different conceptions of the environment would 

antly affect the concerns of the subjects. This does not apply 

erns which are easily alleviated by the array of technocratic 

this refers to the genuine concerns which consider solutions 

many environmental issues and inspire the reorientation of 

dge to novel ways of being. Holding on to alternative 

gms that can break down this impasse is the very mechanism 

s is crucial: if it is true, then education can be seen as 

rence, or it can be seen as crucial to a future construction of a 

uine concern toward the environment. I 

The introductory module is a good illustration of how the 

training assumptions led to the instruc tion.9 This illus tration was 

chosen for three reasons. First, it is the typical sequence responsible 

for novel concepts entering into the networks. Second, i t  includes all 

9 'l'he instruction c-onsisted o f  thrcc modules, each lasting 24 hours, 

developed in 8 independent sessions. 'l'he orgat l i~ing c-oncepts wcre: (a)  

Environmental livolution; ( b )  Global 1lnvironmc:ntal I rends; 'lnd ( ( . )  

E<nvironmental tkiucation and  lithi(-\. 



ental model phases. Third, the conceptions of the 

merit which constitute its main focus are central to 

mental  concerns. The phases of the conceptual model design 

pilot the instruction (see Table 2)  are described in relation 

content of this introduction. 

and beliefs. The subjects' orientations 

they began the study were, not surprisingly, dominated by 

a of the environment as "surroundings." The disparity of the 

cations associated with "surroundings" was, however, 

risingly reduced, suggesting several insufficiencies in the 

ects' structural knowledge. The process of eliciting this 

onception, identified as a "matrix-like environment," was 

ely discussed in the delineation of the knowledge at the pre- 

tructional stage (see page 100). 

Pesegregation of knowledg. The preconceptlo of a "matrix- 

It is obvious that the preconccptual field is not understood ar 

necessarily erroneous (e.g. misconceptions). Rather the prcc.onception\ were 

associated with paradigms; therefore they were absolutely coherent 

justifications in their respective contexts. 

I This fact was referred to as paradigm incommensurability: .is 

scientists incorporate the con(-eptual apparatus of a paradigm from t h e ~ r  

predecessors, the old terms become in(-ompatible (see section on paradigm 



first created conception was that the environment selects 

OKes organisms to create mechanisms of adaptation. Earlier 

onmental thinking relies largely on this conception. Many 

s of the subjects' preconceptions were found to fall under this 

tation: they had static views of equilibrium, adaptation and 

Itfty* 
) In a second sense, the matrix-like environment adjusts to a 

btional explanation of the natural and artificial worlds (in the 

metic orientation). For Simon ( 198 1) the idea of "environment 

i;+mold" is implied in the functional explanation of artificial things 

1 linvolves the relationship between the artifact and the 

F o m e n t  in which it 0~erates.12 The artifact is in fact like an 

&terface between the internal and external environments. For this 

the same functional theory explains both natural and 

cial things.13 Very few cases involving traces of a cybernetic 
i Orientation were detected in the subjects' preconceptions. 
.I -- - - - - - -- -- -- - - 

confrontation in Chapter 'I'wo). 

12'1'he many illustrations that Simon (1981, p. 8) provided in this 

respect were very usefull in discussing the cybernetic examplar. I'or 

instance, this au thor  compared clochs in rclatlon t o  cLnvironnnents, polntlnfi 

out that "Sundials perform in sunny climates. 'I'hey arc more useful in 

Phoenix than in Boston and  o f  no use at all in thc artic rvintcr. Whcthcr 

clock will in fact tell time depends on its intern'il conrtruction .ind whcrc i t  i s  

placed. " 

1 3  For instance, the behavior of a bird and  a plane has the s;imc: 

functional explanation. 



The third orientation implies that the environment is 

undings which affect systems; however this just triggers the 

ges in the structure of self-produced and operationally-closed 

autopoietic) systems. Changes in organisms are determined by 

structures themselves. Conversely, organisms act as an active 

e of perturbation in the environment. This idea of the 

onment was completely absent in the pre-conceptual field. 

When subjects were exposed to ideas about their surroundings 

ced from distinct points of view, this gave them the 

ortunity to gain the conceptual space they needed to expand 

ir networks, The hope was that the struggle represented by such 

ceptions as the disruption of the natural order, balance and the 

nstancy of nature could be challenged by other more dynamic 

nceptions; these would then make it possible to accommodate for 

ese factual discrepancies. 

In practice, the lectures and discussions on the subject matter 

were conducted under the orientation of "Alternative 

Environments." Three metaphoric situations were progressively 

sketched: ( 1) "the environment as matrix"; ( 2 )  "the organism as 

interface"; and (3)  "the biosphere as the limited environment of life" 

(see Appendix I.). 

Jlestructuriny of knowledjg. The cases oftered for study 

combined the exemplars in the greatest extension possible in order 

to prevent the instructor's bias from affecting the subjects' ability to 

adhere to paradigms, if any existed. In this respect, distinct 



k g m - l i k e  explanations could be applied to each easel‘? In this 

~ t i c u l a r  case, both the "organism as interface" and the "biosphere 

$the limited environment of life" could be deduced either from the 

rnetic or the autopoietic points of view. 

I@, ' p 
$; 

Adherence to Exem~iar~. The development of the 

bvironmental perspectives maintains the orientations in parallel; 
!', 

s provided the subjects with opportunities to hold on to 

ative orientations. This adherence was followed in the analysis 

iy means of the concepts that were progressively introduced in the 
I$' 

hetworks. Several worksheets were designed for each unit to 

!ement knowledge within each paradigm. The design of the 

structional materials always combined the specific exemplars, so 

e subjects could make distinct choices among them. The evidence 

f conceptual change would be given by the clear preference for 

unique alternative exemplars. 

Aa~lication. The application phase of this model was 

considered not so much in relation to a subject's immediate 

performance based on the knowledge of a specific paradigm, as in 

I relation to the long-term effecrs of the training. The former i s  an 

I important part of the coricep tual apparal us tlia z the subjects will 

l 4  'l'he l i t c r~ tu re  offered nlany cscmplars which were selcc.red i n  the 

form of VCR sequenc,es, author's papers, textbooks, erc..for tflc task o f  

restructuring knowledge. An exemplar of the autopoiel-ic orientation was t h o  

textbook & 'l'rec of' Kno\vle& (blat ~rrana & Varcla, I 00 l ). 



for future justification. Immediate applications constituted the 

tic networks themselves as well as other students' academic 

cts. The latter fall outside the scope of this investigation. 

ents of the pre- and pos t-ins truc tional networks 

compared, some important findings emerged. The most salient 

gs were: ( 1) conceptual growth in new relevant fields; (2 )  

onstruction of the meaning of common concepts; (3) hierarchical 

rganization of the concepts; (4) accumulation of meaning associated 

ith environmental concern; (5) emphasis on life systems; and (6) 

e integration of structural knowledge by synthesis. 'These findings 

discussed in reference the assumpt-ions of the model and the 

ontent instruction described in the previous sections. 1, j 

Conce~tual develo~ment in the new fields. 'The observation 

revealed that an array of newly-arrived scientific concepts, not 

present during the pre-instructional phase, emerged frorn the 

knowledge cores of the post-instructional networks. Virtually all 

these concepts were objects of braining and their- pathways c-an be 
I 
I 

directly compared with the instructional framework, wi tla no need I 
for further transformation. 'T'aken together, these concepts represent 

a substantial improvement in the networks, either reiriforc,ing the 

preexisting meaning that subjects wcre not able t o  accommodate in 

the pre-instructional networks, or strtlngthcning t hcir struc. tura l  
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edge of the subject matter. From this latter perspective the 

rk even became a fundamental organizer of deep structural 

edge for some of the subjects; it became the repository of 

learning from the training as well as prior knowledge provided 

y other different contexts. 

the subjects before instruction.15 Other labels, although known, 

d have gained more meaning in the course of learning. In either 

e, their presence in the knowledge core can be automatically 

ch follows aims to determine whether this development is a 

The newly arrived concepts such as "living being," "evolution," 

' beginning of the study because they could be deduced in greater or 
' lesser extension from all the networks. However, it  was very 

I surprising that they were not included in the pre-instructional 
- -- - . - - . . -- - - 

I li i h e  label\ 01 [ h e  ncw concepts ,1150 c-orrespc)ntl Lcr)  well to  how 

i used i t ]  EJI( :  ~ r a i n ~ n g .  I he e\c eptron5 c.anie trorn ahc: autopotex15 \ oc .~bul~lr-)i; 

I here the adapt,it~on to the Portuguese langu,~gc ,I( r-ountecl lor some \ ariation. 

Novel concepts such as "structural c-oupling" or "operational clo\uren led t o  

considerable variation when they were translated, compared 1 ~ 1 t h  other- 

words that a r c  more cornmot1 in l'ortuguese , ~ n d  tvould h,ic e o l l l \  sligh r 1) 
different labels within the group o f  subjec.ts. 
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rks because they constitute fundamental scientific 

ations of the subjects in the course. For instance, "biosphere" 

a concept often used during the interviews that did not gain the 

syncratic status within the justification of knowledge in the 

y networks. Perhaps the subjects would name more coherent 

tiftcations of the concepts if they were tested in a more formal 

) From this perspective, not all the knowledge observed in the 

kernel post-instructional concepts can be associated with the 

ng. Rather, the many important relationships provided in the 

aining probably raised the concepts under examination and the 

heems to have been the case with the term "living being." In all but 

two of the final cores, it became a strongly justified kernel concept, 

with as many as 2 0  connections with other concepts. This addition of 

prior knowledge and the organizing principles provided for the 

subjects to learn. 16 

construction of the meaning of common concepts. The 
-- 

14~c tua l ly ,  e x h  nc!w concept A subject "rc:sc ucd" I t r  e\l-rlorlng 11s 

meaning c.on~plicatcd the delineation of t1cc.p \trut i u r  ckr. I h ~ x  t,ic 1 ( o n ~ t l t u ~ e \  

one reason for abandoning the systert~~itic dCline:it ion t r l  t h~ p(ht 

instructional networks. I'here are  two potential solutions to thi\ c-omplicar~on, 

both beyond the scope of this investigation. [ 'he first woulci se4tric.t I he use of 

rclnrept-labels; the second, maintaining total frccdom in the us(: of ( oncepts. 

would require additional techniques of . l r~alys~s not ,i\ ailablo at prcscnl. 



121 

ts often reconstructed and in some cases intensively justified 

g of common words; they were not only free to discuss 

g but were also encouraged to do so, either in class or in 

rking . They often reconstructed and justified common 

epts, using justifications based on daily life concerns and the 

mral knowledge from the exemplars. A pro to typical example 

some subjects justified as deeply serving both, as a pivot 

n prior and new knowledge and as an integrative node of the 

m c b i c a l  concepIwal organization. The subjects understood 

e properties of the exemplars they were given for study. All three 

world-views sharing an holistic epistemology. Therefore, the 

'networks. Random knowledge that emerged at the pre-instructional 

stage often became reorganized under new concepts that came from 

the networks and in some cases was given a central position in the 

ranking. The adherence not only brought systems concepts to the 

fmal knowledge cores, but also increased the number of hierarchy 

relations which accounted for a more inclusive organization. 

Accumulation of meaning in the node of "environmentd 

ncern." Another problem was the cluster of concepts each 

participant used to describe the environment and environmental 

concerns before the training; these were tested in the post- 
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ases with the new generation of scientific concepts within the 

edge core. Hence the justifcation of environmental concern 

,found to be relatively linked to the new structural knowledge. 

ss in justlfymg environmental knowledge. All the networks 

rated major concepts that developed from the new exemplars. 

ugh concerns for life are implicit in many environmental 

ersity") , the pre-ins truc tional justifications were relatively 

wledge also seemed to account for a changed orientation. The 

analysis revealed that the networks integrated structural knowledge 

' of the minimal model of a cell, keeping its evolution in perspective, 

their evolution accounted for a number of justifications which were 

much more sympathetic with grokaryotes at the post-instructional 

~ t a ~ e . 1 8  The subjects' justifications of biosphere organization also 

counted as some of the most extensive in the entire set. 

'I he case of "mic~robes" very inlcresting. Apparet~tlq thv 

professors which provided the cnr~ironmental sc-ience training, wore 

professionaly concerned about the role of  bacteria in environtncmt,il s ~ ~ s t r ~ m \  

and thus reinforced a deep c-on(-ern within thc parlic ipantj. 
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g has major implications in stating the relative importance of 

sonal understanding in constructing the networks. This analysis 

ed for which possibilities were more likely to occur when the 

ects were introduced to the exemplars; four hypotheses were 

gressively tested for evidence of conceptual change: 
I a) The subject shows dissatisfaction with his/her prior 

edge and holds to the new, altering the prior justifications. 

only insofar it justifies her/his needs. 

c) Confronted with the new, the subject hesitates about 

herhis prior knowledge and looks for an integration, moving 

d) The subject opposes the new knowledge and builds 

This test yielded two main results. First, in no case did a 

subject use a negative justification of the newly presented 

knowledge (hypothesis d). Second, in all the cases, some degree of 

integration was vhsiblci; this varied from the superficial addition of 

new concepts to justify prior knowledge through more complete, 

revisions using key concept(; to reslructure the networks. In 

addition, the test also rtlvealed that most often the subjects mado 

extensive interpretation of the new kriowledgc. 

This interpretation generally corresponds to hypothesis c; 

E most often the subjects combined paradigms ignored the majoa 

differences between them, treating thctn as rdat ed, hut rather 
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oncilable theories. Subjects used properties of both paradigms, 

as their own "old" notions used at the same time in their 

nal justifications. For instance several subjects made concept- 

gms with one another, instead of were be used as mutually 

sive. All these behaviors fall under hypothesis b rather than a. 

uld be mentioned that, although not exclusively, hypothesis a 

re related to conceptual change whereas the hypothesis b 

tes more often to conceptual growth. 

cal changes and additions. Therefore this preference was 

interpreted as discordant in relation to the conceptual model used in 

i meaningful syntheses were anticipated more "radical'Yntegration 

(conceptual change) was also expected, and at a more extended level 

than was apparent. 19 

I'11t shr~uld be \tressed that the i-onl-eptual model used in this itudy 

assumes a crrnstructivist I icw 01 learning. ' I  he r-ec-onjtruc~ion of hno~lcdge  

by subjec-IS kvah 21) C S S C ' I I ~ I ~ ~ ~  ~ ~ 1 1 - t  of the trctlning. I herefore hoih 

interpretation and synthesis were expected. tIowevcr this model also stresseti 

the counterpart: that (;tructural knowledge would be ,I fundamental factor in 

the reconstruc-tion. rhe overall eupectatlon was that at  critic a1 polnts In 

conceptual dissonance, still to be defined, the adherence to a p;~rticular 

scientific view would imp]> an Axindonmen[ o f  another-. 
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Several factors may have accounted for this apparent 

ence of the subjects; among these is the subjects' limited 

i,: The subjects' limited knowledge of the environmental 

gms might have presented some difficulty for them. For 

ce, the amount of scientific information could have been a 

ially considering the limited time in which they were covered. 

practical issues, such as the initial delays in gathering some of 

learning materials, might have presented additional problems. 

a result, fundamental distinctions between the paradigms might 

e been unclear for the participants and they would have 

'found evidence that this was a real possibility. A criterion 

justifications of au topoie tic sys tems as cybernetic or vice-versa 

' 1  were unclear or incorrect from the structural point of view. 

Perhaps the time allocated to discuss the exemplars was not 

long enough for subjects to understand rhc critical dissonant point, 

they needed in order to develop a morel "radical" adherence. As a 

consequence they simply looked at the paradigms as convenient 

explanations to be manipulated, at their own will, and possibly to be 

used in the synthesis. 
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been inappropriate. As previously suggested, this intensity 

ent could have been too strong: perhaps the extension in 

the exemplars were combined in the study was confusing for 

seeing the paradigms as competing explanations of reality, the 

ects looked at them as complementary justifications to be used 

To conclude one can say that the particular combination of 

cumstances in the training seemed plausible to explain the 

[preference of this group of subjects to integrated concepts from 

justifications were made at a more elaborate level. 

Chapter Summary 

[ 
'This study included a very rich experience of networlung 

involving a group of subjects in a natural setting. 'The derived data, 

in the form of semantic networks, collected the environmental 

conceptions and concerns of the group of teachers before and after 
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structional treatment. The content of these networks was 

y reduced and analyzed in order to answer the specific 

The analysis of the pre-instructional data oriented the design 

1 sketched out in Chapter Three. Then, the subjects were 

sed to a group of exemplars provided by different 

ironmental paradigms and placed in such a parallel way that 

would require progressively higher degrees of adherence. 

adigm orientations were reflected in both the pre- and the post- 

stntctional networks, in order to assess the changes that occurred 

The initial conceptions, with very few exceptions, were clearly 

"environmentalis t" concerns. The data showed that, presumably as a 

result of instruction, the subjects' orientations became informed by 

a richer conceptual framework, not only by the new array of 

scientific concepts they learned during the training, but also by their 

prior knowledge, reconstructed and reorganized according to thc 

principle\ of the training. Additionally, the 5y s tern5 approach was 

also largely reflected in the structure of rnojt post -ir~rtx-uct ional 

Despite all these suggestions of change in the subjects' 

environmental orientation, nca irrefutable chvidcnce was found tladt 
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made exclusive choices, as they integrated knowledge they 

ed from the exemplars. These findings are further discussed in 



CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

Educational authorities the world over consider education a 

ironment. This study called attention to the idea that for 

cators to engage in environmental education they must first 

ply understand the constructed and natural environment. 

thout this understanding they will probably not be able to instill 

concerned conceptualization of the environment in the younger 

citizens make decisions about how they will transform their world. 

The transformation of the environment is natural for all 

I time and at any scale. But ultimately, people must decide how to use 

I, and transform the environment within frames of reference which 

' account for the continuity of life. 

This conceptualization has been the object of major disputes 

since the last century. The orientation moved progressively frciin 

static ideas about the conservation of nature to more dynamic 

@onceptions of life. Each environmental paradigm included not o d i  

a unique scientific view but also the system o f  beliefs and values 

which had accounted for its respective development. The present 



proposed that a series of major paradigms, developed during 

tory of environmental thought, should guide the conceptual 

$opment of educators. By emphasizing the relationship between 

b s  and the conceptualizations which inform them, this study 
$ 

to create a bridge between the attitudes and the concepts 

are characteristic of any educational process. It also aimed to 
5 
b n n  goals into methods, an otherwise unlikely achievement. 
, . 
t: Human beings developed language as a conceptual tool to cope 

knature; this makes it a fundamental tool in education. 

ording to recent theories, language is more than the essential 

I- - ms to express concepts and concerns; it is a powerful filter that 
m s  use to perceive reality, organize their perceptions, and 

erience the world. Moreover, the mental manipulation of 

ncepts should be inseparable from language, given the extensive 

spondence between ideas and symbols. The use of written and 

n language in developing thinking skills is a major goal of 

' 8 

education. This investigation explored the writ ten text-- the 

I semantic networks--created by a group of teachers in order to make '& \ 
5 ,\ $1,;; b 

.4i: inferences about their conceptual development and environmental 
< 1 ,  

orientations; the primary assumption was that the knowledge 

educators convey to their students rests largely upon their ability to 

justify their environmental concerns and knowledge. 

Conceptual development was not simply understood as a 

t process of knowledge reconstruction associated with an individual; 

rather, the individual actively participates in restructuring meaning, 
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gh knowledge is socially conveyed and organized. Scientific 

's conceptual ecology. The model of training in this study 

assumed that the subjects would assimilate scientific 

ts to complete their prior knowledge, but also hypothesized 

some particular forms of conceptual development--conceptual 

e--charac terized by the movement across qualitatively distinct 

ptions, would occur as a result of their learning the 

Finding~ 

Having gathered, reduced and analyzed the data, this 

estigation moves finally to review the findings in order to 

answer the study questions. These answers are given in response to 

change model used in the study. 

1. Was there evidence that teachers' conce~tual development is 

' h  x r associated wlt e posu e to alternative environmental paradi~ms'l 

This question should be answered at the three different levels 

at which one can understand conceptual development. First, if 

development means the conceptual growth that each subject 
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enced as a result of the training, then a positive answer 

given immediately. The data shows that the post- 

ctional justifications were informed by a richer conceptual 

work, constituted by the new array of scientific concepts the 

ects presumably learned during the training; in fact the post- 

ctional networks included much more complete justifications 

the environmental knowledge and concerns than did the 

sponding pre-ins truc tional ones. 

I ,  A second level of conceptual development occurs when the 

ect does more than simply add concepts to the old structure; in 

ey actively engage in the reconstruction of knowledge. 

s possibility is confirmed because of three main findings. First, 

tructed knowledge under the systems perspective; they 

ly arranged both the concepts and the links in the post- 

tional networks in ways not often found at the pre- 

instructional stage. Second, they often reconstructed the meaning of 

common words on the basis of the way they justified the paradigms, 

suggesting that building their own meaning helped them to 

integrate the new knowledge. Finally, the subjects' prior concepts, 

either explicated or implicit in the networks at the pre-ins truc tional 

stage, also revealed that they trmsformecl concepts ds they justified 

the paradigm, organizing them in novel ways. These findings suggest 

that their reconstruction of meaning was both present and active. 

The third level of conceptual development most directly deals 

with subjects' accommodation of changes in their conceptual 
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mres similar to the scientific conceptual changes--namely in 

$nodes suggested by the Kuhn's gestalt switch--as a result of 

ure to the training. 

, However real, the possibility of a positive answer to this 

a n  is more problematic. As indicated, the final assessment of 

nal justifications by combining of the exemplars. This situation, 

interpreted as insufficient manipulation of the paradigms by 

ects after training; however it does not account for more 

lusive statements at the present level of knowledge. It is very 

bjects' attempts to integrate the paradigms led to many obscure 

:t!ompatible with finer justifications of structural knowledge. 

' justifications present in the semantic networks, coupled with 

problems of learning the software and other logistical issues. 

Do environmental concerns influence co~xwtu;il p r o w a h  

vironrnen tal ~araclic rns [ 

Simply stated, the answer to this question should btl pcrsitivt>. 

'The subjects' original explications of their environmental 

concerns seemed to have been an important filter for them in 

integrating the environmental paradigms, thus affecting their 
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tanding. In general, the subjects did not place the concepts 

training above the kernel of original categories they 

to explicate the concern. Rather, they seemed to add the 

knowledge to strengthen their earlier justifications of those 

s seems plausible when we consider the relationship 

n the nature of the structural knowledge and the 

syncrasies of adult learners. First we found that the justifications 

preconceptual field were imprecise and the general categories 

vague; therefore the subjects could not convincingly describe 

environmental concerns in terms of the sophisticated 

adigms. These categories turned out to be very resilient to 

ange because they were flexible and could progressively 

'accommodate the connection with new concepts: the orientations 

although the labels were kept. Hence, the structure of the 

at this core apparently remained stable. 

Second, the analysis also suggested that these limited 
l t' 

, justifications could have resulted from tacit assumptions that the 
/ 1 

subject could not entirely explain in terms of structural knowledge, 

from either the training or background. Rather, their commitments 

seemed to be associated more with practical reasons and social 

consensus. 'That is, the dominant views of the environmental 

problems and the commonsense experience that subjects assimilated 

seemed to have conditioned their willingness to take on new views. 

Even when they were able to produce more refined explanations of 
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concerns, they would often hold on to their earlier justification; 

I 

Although tentative, the answer to this last question is also 

Despite the relative stability observed in the kernel categories 

ted to environmental concern, one can conclude that the 

ironmental orientation observed in the networks was probably 

ted by the integration of the new knowledge. 

The justifications generally did not follow the coherence of the 

:exemplars. Hence, there is no direct relationship between the 

,\ * 

the gradual accumulation of a second generation of scientific 
i 

concepts, progressively inserted in the knowledge core of the 

networks, represented a gradually changing orientation. In fact 

although the justifications were not different they included 

important elements of the paradigms in competition for the 

preconcep tual field. 

Briefly stated, the preconceptual fields were static, ~ r a  their 

views of equilibrium and causality. To accommodate such concepts 

as "homeorhesis," "metadynarnic," "autonomy," etc'., the subject has 

to change hidher meanings. The problem 15, once more, that the 
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ects' insufficient knowledge of the paradigms might have meant 

they never got to the critical point where they could 

stand the discontinuities. 

ents on this point. However the types of integration the 

ects produced are very positive traces pointing toward very 

ressive concerns. These ranged from concerns with pollution 

conservation of nature to the acceptance of changes and 

erstanding of global processes and evolving life. The subjects 

gs, using novel perspectives about changing environments. In 

changing their environmental concerns. 

Ast i f ica t ian  for the Conceptual Model 

A final summary should also consider the specific conditions in 

which the conceptual model was used, in particular those conditions 

of training which did not completely match its critical requirements. 

This issue seems relevant to recommendations for further research. 

Thus the crucial question is: How did the training elicit the 

assumptions embodied in the conceptual model? 

As previously described, there were three fundamental 

I assumptions underlying the conceptual model. The first one was 

I that subjects' preconceptions would presumably fall within some 
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orientations toward the environment. Those orientations 

correspond to the major paradigms of the history of 

cations of environmental knowledge and concerns strongly 

ouraged them to pursue the application of the model, as they 

d that their preconceptions corresponded closely to some of 

se theoretical categories. 

ide the necessary conditions of mobility between these 

alitatively different categories. It involved an active 

onstruction of knowledge taking place when the subjects were 

onted with the alternative paradigms. It also implied that 

subjects would recognize the differences between the alternatives 

apparent that the subjects did not recognize the paradigms in as 

' great detail as they recognized the exemplars. This suggested the 
''I need to refine the training conditions. 

The last assumption implied that this mobility would affec-r 

the subjects' environmental concern. An implicit transformation 

took place in the structure of the networks' cores: in most cases tl 

knowledge introduced in the training "froze" the original 

justifications and allowed for movement in rather distinct direc tic 

extensively including both life- and systems-related concepts. 

I 



This review of the findings seems to indicate that the way the 

ided the organization of the structural knowledge in such a way 

t the learners adhered to the exemplars, although they had not 

gotten to the dissonant points that would be critical in their 

tifylng of the paradigms. This evidence makes it possible to 

ulate about two progressive levels of the subjects' commitment 

learning the s truc turd knowledge. 

In the first, a low level of commitment, the subjects' learning 

the paradigms would have less to do with theoretical coherence than 

with them discovering personal explanations that would "work" in 

' their minds. In this case, learners would consider the competing I 

scientific explanations as alternatives to solve elsewhere, because of 

' the many tradeoffs involved in thoroughly holding to one paradigm. 

j, reality. As different paradigms apply in different contexts, this 

justification would follow the subject's commonsense needs rather 

than the theoretical coherence. In other words, the subject's 

scientific knowledge would be mainly filtered by their prior 

knowledge as they produced a synthesis which would allow for less 

cammi tted learning. 

At a higher level of c-ommitment and understanding of tEac 

structural knowledge, the subjects would have seen the 

discontinuities in the paradigms as the incompatible, different world 

views that they are. Hence they would see the need to move from 



! view to another. This type of change may not be as central and 

unitted to the epistemology as Kuhn (1970) suggested. However 

rould still reveal the consensus and dissensus which is 

racteristic of scientific progress (Duschl & Gitomer, 1991; Laudan, 

14; Nersessian, 1989; Saphere, 1984). This was discussed in 

ip ter Three. 

Although our present data do not conclusively support such a 

'erentiation, this dual scenario describes in general terms the bias 

luded in the model training of the present study: the model 

ises and instruction therefore generally followed it. 

Recomrnenda tions 

This study raised a considerable number of educational issues; 

se are epistemological, methodological and practical problems. 

?y all interact in any research study because decisions made in 

: profoundly affect the others. In this section, epistemological 

~blems refer to the conceptual change itself, methodological 

bblerns refer. to the assessment of that changes, and practical 

~blems refer to thc n ~ m n e r  in which the training to i11duc.e 

mges is provided. 

First there is the question of the conceptual change itself, 

ier in science or learning. Researchers often disagree on 

rdamental points; such divergence mostly refers t o  tht. 
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t, i.e. separate moments in the continuum of conceptual 

ght associated with very specific social and historical contexts. 

are arriving at the point when scientific ideas develop in major 

iods of consensus and dissensus; however theory can not be the 

source of transformation. For instance tools--e.g. microscopes, 

copes, computers-- could play an essential role in the 

relopment of a scientific theory and are the product of 

huation processes rather than instant creations. There is another 

dial question: Is the conceptual change in learning similar to the 

Of the acquisition of scientific knowledge" (Neserssian, 1989, p. 166). 

In this respect, the number of questions to be answered is 

( 8  immense and the function of the educational researcher is only to 

a ~~osition in which the ongoing debate is reflected in its totality. 

This is very well captured in the idea of "c.onctructivisrn": although 

I commitment and experience, both the scientist and learner are 
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J Second there is the question of how to assess the conceptual 

ge in learning. Assessment has to be done differently for 

ent purposes, whether investigative or educational. However, 

we are examining complex conceptual changes, as in the 

g of environmental paradigms, the assessment is always 

tative and hence an object of investigation. 

The educational conversation, often referred to as interaction, 

s not necessarily depend on assessment instruments. Education 

,an endeavor in which instant communication dominates, and 

ssing changes is the process itself. However both educators and 

!searchers in the natural setting also must consider realistic 

proaches to assist in the educational process, either because of the 

Idlumber of students or the complex nature of the subject matter. 

The selection of an assessment instrument is therefore a very 

I basic decision. It generally determines the pace and the sequence of 

' the training. Finer decisions made on the content and method of 

tion largely rely on the potential of the instrument to give 
' accurate indications about the changes which are taking place. In 

, the end, the form of assessment may significantly affect the success 
I of the research endeavor. In any case the assessment instrument is 
' a mediation between the trainer and the trainee; hence it is a 

i fundmen tal variable to consider. 

In particular, the semantic networks constitute a powerful 

research instrument, capable of detecting subtle changes in the 

knowledge structures of the learners. At  the same time, however, 
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-tic networks presented several difficulties in both 

truc tion and interpretation. Several problems have already 

mentioned in an earlier section. However some further 

ndations still deserve attention here; and these refer to (1) 

( 2) restricting the number of net elements; and (3  ) 

The training should provide the user with complete command 

the software; they should be able to manage not only the 

of the network but also the integrative mechanisms which 

them to make major reviews and corrections. In particular the 

tworker should have complete command over the way that two 

esses work together. These are: (a) the frequent revision of the 

owledge core, which allows the user to correct their primary 

) cbrientation, and should be understood in the early phases of 

g the network, and (b) the construction of composite 

concept-maps, on paper hard copies, which could help the user to 

understand this orientation. 

It may also be helpful to restrict the use of the networks 

elements. In particular the labels on the relationships between 

i concepts need a classificatory scheme which allows for two controls. 

First, the relations should not proliferate as a simple matter of style; 

second, the rays of bi-directional relations should be truly inverse* 

mber of concepts may also have to be limited for more 

consistent results. 

The tutorial is also very important. Since the trainer is 
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ted to review, classify and interpret the networks that the 

ers have constructed, the tutorial must be relatively intense. 

the effort toward conceptual change is generally undertaken by a 

le researcher, or a small group, reviewing or interpreting the 

s could became an immense and very puzzling task unless 

researcher performs relatively continuous assessments. 

e last type of question raised by this study, the practical, is 

no means a merely theoretical or logistic matter in organizing the 

ng. This issue is how to organize the exemplars provided for 

study. This researcher strongly recommends that these 

lars be organized and selected according to the preconceptual 

~ l d  in the setting. An accurate picture of each preconceptual field 

necessary in order to design learning experiences with the 

: potential for conceptual change. Clearly delineated exemplars, as 

'well as clearly defined transitions and combinations among them, 

Mill be essential to capture the subjects' deep transformations of 

t. I t  was in this sense that this investigation referred to the 

5 learning episode as the closest possible encounter between one's 

: scientific and personal conc-eptualizations. 

I 7 
I 



APPENDICES 



!#?ENDM A. NEP Scale Items. 1 

) We are approaching the limit of the number of people the earth 
t;a support 

$ The balance of nature is very delicate and easily upset. 

H umans have the right to modify the natural environment to 
their needs. 

),,Mankind was created to rule over the rest of nature. 
, 
) When humans interfere with nature it often produces disastrous 
esequences. - 

) Plants and animals exist primarily to be used by humans. 

To maintain a healthy economy we will have to develop a 
ady-state" economy where industrial growth is controlled. 

f{ > 

!/ (8) Humans must live in harmony with nature in order to survive. 
1, 

(9) The earth is like a spaceship with only limited room and 
resources. 

(10) Humans need not adapt to the natural environment because 
they can remake it to suit their needs. 

k if: 

(11) There are limits to growth beyond which our industrialized 
society cannot expand. 

0 ( 12) Mankind is severelv abusing the environment. 

lDunlap R. E., & Van Liere, K. D. ( 1978). "'The new environmental 
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@NDM B: Components of an Ecological ~ a r a d i ~ m . 1  

F ~ h e  distributional relationship of species to the environment can 
kconceived and analyzed as habitat space. 
t 

The growth of organisms and populations are functions of 
@exes of interacting abiotic and biotic limiting factors. 

& The evolution of structure and function is a selection process 
sh tends to produce, but not necessarily to perfect, adaptation to 

growth 
he popu 
~ecies in 

nen tal problems, including 

' populations is often sigmc 
.tion up to a carrying capac 
particular environment. 

COC ?volution with other 

proportional to the 
and specific for a 

) Two or more species will not coexist indefinitely in the same 
:bvironment, in the same niche (competitive exclusion principle). 

I (6) Species role and community composition change along special 
gradients of environment in ways that can be studied and 

I' interpreted, although they are generally non-linear. 

1 (7) Species populations change in relative importance or replace one 
unity succession. 

: (8) Biotic communities maintain energy transfer via food webs, ' which have distinctive trophic organization. 

(9) Energy and materials are exchanged within biotic communities 
; as an open, non-equilibrium system or ecosystem. 

[,:I@ 
I ( 10) The behavior of an ecosystem is frequently determined more 

' $4: "' by perturbations than the system components or state variables. ,/K (14; 
lJohnson, P. L. (Ed.). ( 1977). An eco ystem m r n  for ecolo~y 
(ORAU 129). Oak Ridge, Tennessee: Oak Ridge Associated 
Universities. 

, 
I /  



C: Informed Consent Form. 

; f&8ton University School of Education 

- &~tw to pm%icipate in 
by Jdo P&tei~a &MIw,  doctoral 

biversity Stfaool of Education. The 
!eearcfi project, en titled "An Analysis of Teachers' 
Mronmental Concerns: Use of a Conceptual Change Model," will 

be submitted to the Faculty of the School, in partial fulfillment of 

' , 
,e requirements for the degree of Doctor in Education. 

I understand that my identity will be preserved and all 
information that I provide will be confidential. 
I also understand that I may refuse to participate and I can feel 
free to withdraw from the study at any time, without fear of 

; penalty or loss of benefits. 

Signature and date 

li, 

I? 
" Code: 



D= Introductorv Interview Guide. 

1) How do you define the environment? 

[ b ~ r e  you an en-nmentaliy c o ~ e m e d  person? 
for or interest in the 
tal issues. 

cant event s(or m y  par@xb  
your b m s t  or conctpsn? 

Y #@ups you think we should W e  care of 

b) ha evidmee of an environmental crisis? 

'(7) What are the main causes of (or issues in) the 
'environmental crisis? 

(8) Who is responsible for the environmental crisis (or 
issues)? 

(9) Who is responsible for solving the environmental crisis 
p (or issues)? 
t 
t 

(10) How do you relate (concepts of) the Environment to: 
! :, Development, Technology, Science, Ficology, Nature, Society, 
: Education? 

( 11) What will be the next generation's main 
, environmental issues? Why? 

(12) What will be the environmental scene at the end of 
next century's? Explain. 
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H: Knowledge Cores of the Post-instruc tional Networks. 

Each knowledge core is formed of the 49 most 

embedded concepts o$- network, draw in 

bubbles in a cell fortna! dnij spimhg outward from 

the center of the screen in a clockwise motion. Each 

cell &pWys the C O X P T ~ ~ P ~ " ~  name and three indices. 

p they$F r&ht corner is ~e coneeprs -g; 

a&lh t l i a . 1 0 ~  right corner are the number of 

instances or connections with other concepts (first 

value) and the concepts' embeddedness (second 
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