Greening the Technological Curriculum: A Model for

Environmental Literacy

The results of a national survey on environ-
mental attitudes show that while the vast ma-
jority of Americans support environmental
protection, they are not environmentally liter-
ate. Lacking basic knowledge about key envi-
ronmental issues, our citizens rely on out-
dated, incorrect information and on common
myths when making environmental decisions.
When surveyed by the National Environmen-
tal Education and Training Foundation/Roper
Starch (1998), Americans did not know the
leading causes of water pollution, the benefits
of wetlands, or the protection provided by
ozone.

Is environmental literacy a responsibility of
colleges and universities? If it is, then how is
environmental literacy defined? What should
be taught? Are the teaching strategies different
for students in technological curricula? This
article focuses on these questions and on
developing responsible environmental behav-
ior for students in a technological curriculum.
It describes one model for environmental lit-
eracy and delineates six principles of greening
the technological curriculum.

Environmental Awareness in Higher
Education

Environmental education in colleges and
universities is neither new nor unique. Envi-
ronmental studies and sciences programs were
firstestablished inthe early 1970s after the first
Earth Day, a response to the growing public
awareness of environmental studies and sci-
ences issues. Almost one third of all existing
environmental education programs were
formed between 1970 and 1974; another third
were instituted from 1990 to 1994, following
Earth Day’s 20th anniversary (Strauss, 1996).
The number of environmental studies pro-
grams continues to rise. The 1998 edition of
Peterson’s Guide to Four-Year Colleges lists
983 programs in institutions across the coun-
try offering majors in eight environmental
fields (environmental studies, environmental
sciences, environmental biology, environmen-
tal engineering, environmental education,
environmental health sciences, environmen-
tal engineering technology, and environmen-
tal design). These specialized programs on the
environmentare vital to preparing students for
environmental scholarship or careers.

However, all specialized environmental
programs will reach only a minority of under-
graduates. Students who do not major in envi-

ronmental sciences or studies or who do not
elect an environmental course will miss an
opportunity for developing responsible be-
havior toward human and nature relation-
ships. Colleges and universities have been
challenged by international mandates such as
Agenda 21 and national measures such as The
National Environmental Education Actof 1990
to increase their role in developing environ-
mental literacy in all graduates. Agenda 21
(United Nations Conference on Enviroment
and Development, 1992), for example, which
is the blueprint for action adopted by the
world’s leaders at the 1992 United Nations
Earth Summit, calls for colleges to implement
a general environmental education program
to accomplish environmental literacy through
integration in courses that reach across the
curriculum.

There are many promising examples of
integrating environmental education into al-
ready existing courses. The liberal arts cur-
riculum, for example, has proven a natural
ground for analysis of the interdependence of
earth and its living systems as demonstrated by
Oberlin College in Ohio and Green Mountain
College in Vermont. A rich resource for the
liberal arts professor who wants to incorporate
an ecological perspective into a traditional
discipline may be found in Greening the Col-
lege Curriculum: A Guide to Environmental
Teaching in the Liberal Arts (Collett &
Karakashian, 1996). Tufts University in Mas-
sachusetts established the Tufts Institute of the
Environmentto train faculty in all of its schools
and colleges to link environmental literacy
concepts with the practice of teaching. North-
western University in Illinois sponsors a con-
ference to teach business professors how and
why to bring environmental issues into their
classrooms. These approaches create impor-
tant opportunities for nonmajors to take envi-
ronmentally oriented courses; however, they
do not reach the majority of college students.
Environmental literacy can only be accom-
plished for all graduates by requiring environ-
mental instruction in the general education
curriculum.

Defining Environmental Literacy

Strictly defined, the term literacy has long
meant the ability to read and write. Newer
international and national literacy studies have
changed the definition of literacy from a con-
ditional absolute—a person was either literate
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or was not literate—to a mode of behavior.
The International Adult Literacy Survey (Orga-
nization for Economic Cooperation and De-
velopment, 1995) defines literacy as using
printed and written information to function in
society, to achieve one’s goals, and to develop
one’s knowledge and potential. Literacy has
taken on plural characteristics, and we think of
many different literacies in addition to reading
and writing—technological literacy, visual lit-
eracy, or mathematical literacy, for example.

Environmental literacy is defined in both
cognitive terms with knowledge as a neces-
sary precondition of thoughtful behavior and
action and in conative terms with behavioral
change following directly from knowledge
andskills. Environmental literacy is essentially
the capacity to perceive and interpret the
relative health of environmental systems and
take appropriate action to maintain, restore, or
improve the health of those systems. Func-
tional environmental literacy is the capacity to
use fundamental environmental knowledge,
concepts, and thinking skills to formulate ac-
tion positions on particular environmental is-
sues and in daily behavior.

For example, students might be said to be
environmentally literate on the issue of ozone
depletion if they were able to describe the
relationship between natural and social sys-
tems; define key terms; analyze the historic
implications such as the Montreal Protocol in
1987 and the social and cultural aspects of
these issues compared to currentimplications;
assess the economic, political, and philosophi-
cal effects of ozone depletion; and finally,
evaluate their individual behavior and its im-
pact on ozone depletion.

A Model for Environmental Literacy

In 1992, a group of researchers at the New
Jersey Institute of Technology (NJIT) began
studying environmental literacy for technol-
ogy students under Environmental Protection
Agency funding for an Integrated Pollution
Prevention Initiative. The research showed
thatstudents in science, engineering, and tech-
nology believe thattechnology is an important
criterion in environmental problem solving
and thatthere had been a lack of attention paid
in higher education to human interactions
with the environment. The goal of this project
was to help sudents combine social science’s
emphasis on contextual analysis with humani-
ties’” emphasis on the human condition to
address enviromental problems (Coppola et
al., 1997). Thisfusion is corroborated by other
technology colleges. For example, Georgia
Institute of Technology’s dean of engineering

has said that the challenge of engineering
education is to change the mind-sets, not just
the problem-sets, regarding environmental is-
sues in engineering programs (Chameau,
1999).

The NJIT strategy needed to provide for the
tertiary aims of administration, pedagogy, and
outcomes; therefore, core studies were devel-
oped that would provide for wise use of the
General Undergraduate Requirement (GUR),
for learning that involves critical thinking and
cognitively complex environmental concepts,
and a mechanism to capture evaluation of
student learning.

The resulting curriculum change was a
course required of all NJIT students—Society,
Technology, and Environment (HSS 202)—
which examinestherelationships between the
creation and use of technologies, the human
and natural environment, and the develop-
ment of social and cultural institutions. The
course fosters an understanding and critical
analysis of the political, economic, philo-
sophical, historical, and cultural contexts of
the human interaction with nature.

The project at NJIT has also followed cur-
ricular reform literature that suggests students
will come to know and appreciate the tradi-
tional liberal arts subjects best if they are
presented not as alternatives to their engineer-
ing and technology courses, but as related and
complementary to them. Our guiding ratio-
nale is that environmental issues, such as
sustainable development, cannotbe analyzed
solely by technological, scientific, or engi-
neering methods. Rather, environmental
awareness, likeenvironmental practice, isalso
driven by social ideals, attitudes, and values.

Overall, core studies at NJIT were trans-
formed to a more coherent program that dem-
onstrates the connection between humanities
and social sciences and the students’ profes-
sional studies. For example, in the lower divi-
sion of the GUR, a first-semester course was
revised to include written, oral, and collabora-
tive communication. Writing and speaking
assignments are drawn from readings that
relate the humanities to technology. The sec-
ond lower division course, HSS 202, which
fulfills the GUR in basic social science, is also
geared to specific needs of technology stu-
dents.

The course develops important skills that
enhance the students’ problem-solving abili-
tiesacross disciplinesasshowninTable 1. The
first disciplinary topic, History and the Envi-
ronment, for example, delineates a problem-
solving strategy forenvironmental history, then
applies the strategy to a case study in environ-



Table 1. Environmental Problem-Solving Strategies

Chapter

History and the
Environment

Communication and
the Environment

Philosophy and the
Environment

Literature and the
Environment

Economics and the
Environment

Geography and the
Environment

Aesthetics and the
Environment

Political Science and
the Environment
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Strategies in Environmental
Problem Solving

Place the environmental problem
into context of social, cultural, and
environmental influences of
environmental history

Study how humans preserve,
exploit, and/or conserve the natural
worl

Assess the significance of the
environmental problem

Identify and analyze the prospective
audience

Articulate purpose and goals
Arrange ideas

Deliver visual information
Collaborate on communication tasks
Solicit feedback

Incorporate change

Articulate a list of goals and
motivations

Explain the basic values of each policy
alternative

Test the values

Narrow the field of alternatives
Analyze further any remaining
possibilites

Choose your position

Apply modes of analysis to literary text
a. Historical

b. Formalist

c. Hermeneutic

d. Mimetic

Interpret analysis to determine
environmental attitude

Understand economic systems
a. Custom and tradition

b. Command and control

c. Market system

Apply economic concepts to
environmental issues

Describe the resource

Identify and describe the resource
users

Select and prepare the tools for
analysis

Interpret what these tools have
revealed

Develop an action plan

Apply modes of critical analysis to art
a. Historical

b. Formal

c. Semiotic

d. Sylistic

Interpret analysis to determine
environmental attitude

Collect empirical data on problem
Examine the historical and social
conditions

Consider competing interests on both
a local and global scale

Case Studies

¢ Hetch Hetchy Valley
¢ The Pollution Prevention Act

e Pollution Prevention
Team for Wallpaper
Manufacturing Company

¢ Motivation in Land
Development

¢ The Prisoner’s Dilemma

 Preservation of Species

¢ Policy Alternatives in
Pineville Forest

* Ralph Waldo Emerson
e Gary Snyder

* Henry David Thoreau
¢ Aldo Leopold

* NOx Emissions Reduction

¢ Groundwater Quality
Management

® Thomas Cole
* Ansel Adams
e Frederick Church
e Othello Anderson

¢ Motivation in Land
Development

¢ The Prisoner’s Dilemma

e Preservation of Species

¢ Policy Alternatives in
Pineville Forest
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mental history, and finally presents a case
study that asks the students to undertake their
own problem-solving strategies. The steps in
the problem-solving strategy for environmen-
tal history include three phases of analysis.
Thefirst phase in the analysis of an environ-
mental problem is to put into context the
social, cultural, and environmental influences
of the case at hand. Social influences on
environmental history are those behaviors ex-
hibited by a community. Cultural influences
on environmental history are the ways of life
by which a society operates. Environmental
influences on environmental history are the
variables found in natural environments of the
past. The second phase for environmental
historians is the study of how humans in a
particular situation preserve, exploit, and/or
conserve the natural world. The third phase in
environmental problem solving is to assess the
significance of the case at hand. How has the
environmental case under analysis contrib-
uted to knowledge? How have our preconcep-
tions been challenged? Has the case study
presented the experiences of diverse groups?
The challenge for instructors and research-
ers in environmental education is to move
students away from simplistic solutions and
toward more complex approaches to viewing
environmental problems. For example, if we
were to ask our students to recount the history
of an event, the students would probably
describe the event chronologically: first one
eventhappened and then another. To shiftthe
students’ thinking from this conventional para-
digm, the environmental history dialogue be-
gins with a brief history of shipbuilding in
colonial America, chronicling the plethora of
white pine in Massachusetts that provided
ship masts and that led to British monopoly on
New England forests. The students are then
asked to look at this relatively straightforward
event from the perspective of environmental
history, in which chronology shifts to the
background as relationships between humans
and their environment take the foreground.
The colonists” use of white pine for ship
masts is an excellent example of how humans
interact with the environment. What was the
impact on the colonial environment, for ex-
ample? What were the economic policies
among European nations that led to the need
for shipbuilding in the first place? Through a
discussion of these questions and others, stu-
dents are drawn to an understanding of how
environmental history helps us find new inter-
pretations of our country’s past. And by look-
ing at this event through the lens of environ-
mental history, we may clarify present options

and learn to make our contemporary deci-
sions in an informed way.

Living at the end of the 20th century, stu-
dents are apt to overlook the inescapable fact
that humans are connected with the natural
world. Technology itself often enhances our
vision of the natural world. The study of envi-
ronmental history reminds us that we are
forever bound to the earth. By looking at
colonial America and its use of forests, we may
better be able to understand economic drives
that continue massive reforestation in the
United States where increasingly forests are
seen as renewable resources. Thus, we can
secure our future with knowledge of errors of
the past and means to provide sustainable
resources.

Six Principles of Greening the
Technological Curriculum

1. The curriculum should prepare students
for realistic problem solving in authentic
contexts.

Problem solving is intrinsic to the role of
education in engineering, technology, and
science. Forexample, the Accreditation Board
for Engineering and Technology (ABET) Engi-
neering Criteria 2000 identifies problem solv-
ing as a demonstrable goal of graduates of
engineering programs. The ABET website
offers full text of Engineering Criteria 2000,
including: “Engineering programs must dem-
onstrate that graduates have an ability to iden-
tify, formulate, and solve engineering prob-
lems.” Jenkins (1997) noted that in our in-
creasingly global, diverse, and technology-
driven world, problem solving is critical to the
accommodation of knowledge and under-
standing within the field of technology educa-
tion. Problem solving is the heart of human
technological behavior and the overriding
concept of technology studies (Sinn, 1996).

Tasks are presented in authentic contexts
rather than in abstraction so that students in
the NJIT course understand the relevance of
their work. Students are often asked to assume
the role of policymaker, technician, or con-
cerned citizen. In one case study, the student
plays the role of a summer intern hired by a
pharmaceutical manufacturer in New Jersey.
The intern’s job assignment is to investigate
the Pollution Prevention Act of 1990, its ori-
gin, development as a national movement,
and the legislation’s impact on the plant’s
manufacturing process. Students read the text
of the Pollution Prevention Act, perform a
bibliographic search to find information about
the act’s origin and development, and apply



the problem-solving method explained in the
class. Students are directed to look for infor-
mation related to the significant social, cul-
tural, and environmental influences that in-
spire and drive the principle of pollution pre-
vention, leading to both macro models (the
prevention emphasis as a national environ-
mental orientation) and micro models (how
pollution prevention work is done at corpora-
tions such as Sandoz Pharmaceuticals, Chev-
ron, Monsanto, and Dupont).

2. The curriculum should include a human
element in exploration of engineering and
technology problems and solutions.

Technology students need to appraise real-
istically the role of human activity in contrib-
uting to the current environmental situation
and the role of technology in providing solu-
tions. Conventional approachesto higher edu-
cation often emphasize linear, compartmen-
talizedthinking and segregate humanistic view-
points from engineering and scientific per-
spectives. But complex environmental issues
require the intermingling of human society,
natural ecosystems, and content knowledge.

Barat and Elliot (1993), for example, used
an ecologically informed and holistic approach
to the teaching of chemical engineering. Their
work argues for an appreciation of the human
enterprise, environmental awareness, and the
fundamentals of chemical engineering. Asthey
stated, “This individual [the chemical engi-
neer] is neither a technical specialist working
within a cultural and technical vacuum nor a
social revolutionary who lacks technical com-
petence” (p. 4).

One case study used in the course asks
students to analyze one of the most famous
examples of controversy over the use of natu-
ral resources: the fate of California’s Hetch
Hetchy Valley. The student who reads this
chapter will become familiar with the techno-
logical solution to the problem of San
Francisco’s dwindling water supply. The Hetch
Hetchy Valley, which is located 150 miles
away from San Francisco, was targeted by
engineers of San Francisco to provide a reser-
voir by damming the lower end of the valley.

The ensuing controversy revealed the hu-
man element in environmental problem solv-
ing. John Muir (1912), founder of the Sierra
Club and one of the great naturalists of the late
19th and early 20th centuries, believed that
Hetch Hetchy Valley, and all wilderness, must
remainwild. Atthe sametime, Gifford Pinchot
(1910), the first chief of the U.S. Forest Service
and founder of the Yale School of Forestry,
advocated that Hetch Hetchy, and all natural

resources, must be used for the benefit of
civilization. These two men led a debate over
the valley’s ultimate preservation as wilder-
ness or exploitation as a water supply system.
As students review the social, cultural, and
environmental influences surrounding the use
of the Hetch Hetchy Valley, they come to
understand the complex relationship that we
Americans have had with our natural world.

3. The curriculum should be cross disciplinary.

When we analyze realistic problems faced
by our technological society, environmental
pollution, for example, then we realize that
environmental problems themselves tend to
be multifaceted. They often transcend the
scope of any one discipline. Analyzing the
environmental impact of a product’s package
design requires collaboration of several disci-
plines: social sciences to provide an eco-
nomic assessment of the package’s life cycle
effectonthe environment, humanities to evalu-
ate the aesthetics and ethics of design change,
and natural sciences to provide a toxicologi-
cal analysis of chemicals in the packaging
manufacture and disposal. Multidisciplinary
collaboration has therefore become an essen-
tial element of any kind of environmental
research, planning, and management. Inter-
disciplinary teaching sharpens students’ aware-
ness of critical connections and contradic-
tions. Like the divisiveness that comes from
framing arguments according to value dual-
ism, confining the perspective of environmen-
tal problem solving to a singular discipline
works against any effective solution.

The presentation of the core ideas is related
in explicit ways to other fields represented in
the course. Environmental history is explained
through its connection to economics, for ex-
ample. In the study of environmental history,
the field of political economy has proven to be
a helpful complement to analysis. By concen-
trating on the political economy of a nation,
the environmental historian can more clearly
understand the agenda of environmental
policy. The case study and task are thus
broadly multidisciplinary: students are asked
to solve problems by looking both within and
beyond a single field of knowledge and by
synthesizing the knowledge base of several
disciplines.

4. The curriculum should be communication
intensive.

Allenvironmental problem solvinginvolves
communication. A conversation among farm-
ers about crop rotation, a debate among dis-
puting parties to negotiate an acceptable reso-
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[ution to highway construction, a feasibility
report on land use, or competing proposals at
a global climate conference to reduce emis-
sion of greenhouse gases are all examples of
environmental communication. Students need
opportunities to build communication skills
including writing, public speaking, collabora-
tive work, and listening.

Again, ABET Criteria 2000 attempts to en-
sure that all engineering programs demon-
strate that their graduates have the ability to
communicate. To create effective environ-
mental communication strategies, students
might learn stakeholder analysis that assesses
the audience’s attitude, knowledge, and de-
sired behavior (Coppola, 1997). Students in
technical disciplines need particular guidance
in adapting messages to a variety of intended
readers or listeners.

Compelling and competent writing is re-
quired to complete the assignments at the end
of each disciplinary topic. One case study
requires the students to role play various mem-
bers of a pollution prevention team in a wall-
paper manufacturing company who are
charged with discovering waste minimization
opportunities. The case study presents several
pollution prevention options, all with compet-
ing and sometimes conflicting demands on
resources. The assignment asks students to
analyze options, justify their choices, and
present their findings both in an oral presenta-
tion to the firm’s administrators and in a writ-
ten feasibility assessment.

5. The curriculum should provide a rational
approach to environmental problem solving.

Controversy over environmental issues is
the result of differing value systems among
stakeholders. Educators need to make clear to
students that the affective domain—the atti-
tude and belief systems of people—is impor-
tant in determining how people respond to
environmental issues. Whether students are
role playing a corporate employee who is
championing a pollution prevention program
or a government worker who is helping busi-
nesses change their pollution practices, aware-
ness of the principles of behavior change is
essential to effect environmental change. Stu-
dents need to learn to allow for the fact that
differing personal values existand to approach
environmental problems without a crisis men-
tality. For teaching methods and materials that
address the affective domain, educators may
go to the Enviromental Education Link on the
Internet (n.d.), an educational resource on the
World Wide Web, supported by the North
American Association for Environmental Edu-

cation (NAAEE) and Environmental Education

and Training Partnership (EETAP).

A crisis approach to environmental prob-
lem solving results in framing environmental
arguments. Using language of divisiveness,
polarity, and exclusion, framing draws lines
between groups and frames arguments so
people stop thinking and stop talking. Divisive
language creates a simplistic dichotomy be-
tween “us” and “them,” between the environ-
mentalist who wants to protect the environ-
ment at any cost and the developmentalist
who wants to preserve economic prosperity at
any cost to the environment. This language,
accordingtoKillingsworth and Palmer (1992),
which promotes exclusion and polarity, is
called “ecospeak.”

The course aims to introduce rational meth-
ods of thinking about the earth’s environment.
Rationalism suggests that individuals have the
ability to define problems comprehensively
and formulate a coherent search for solutions.

The Hetch Hetchy Valley controversy is
presented with a rational approach. Students
are cautioned that value dualism (nature as a
source of inspiration versus nature as a fund
forhuman development) led the Hetch Hetchy
incident to become America’s first national
environmental controversy. Students are asked
to carefully evaluate both Muir’s opinion and
Pinchot’s view of Hetch Hetchy’s outcome in
order to avoid these oversimplified polarities:
civilization/wilderness, utilization/aesthetics,
conservation/preservation.

Rational action is the consequence of criti-
cal thinking. Therefore, the course attempts to
develop the student’s ability to think critically
by fostering the following:

e Independentthought—the ability to move
beyond simply memorizing formulae to
analyzing and constructing meaning from
complex data and theory.

e Intellectual breadth—the ability to move
beyond disciplinary specialization to look
at issues from different perspectives.

e Cultural breadth—the ability to under-
stand differences in perspectives arising
from economic status, race, gender, and
class.

e Ethical awareness—the ability to under-
stand the impact of our technical decisions
on others, the environment, and ourselves.

As shown in Table 1, the course adopts a
consistent format that presents core critical
thinking strategies of each discipline as they
are used in environmental problem solving.
The application and task are also presented in
situated learning contexts as case studies to
promote fuller analyses.



6. The curriculum should move students from
awareness to action.

According to Roth (1991), “People tend to
progress along the continuum of proficiency
in environmental literacy in stages that in-
clude: awareness; concern; understand; and
action” (p. 44). Students should be able to
demonstrate in some observable way what
they have learned and their knowledge of key
concepts and skills acquired.

In a discussion of groundwater manage-
ment in the geography and environment mod-
ules, students analyzed resource users in a
particular New Jersey area that was reporting
elevated incidents of childhood cancer. The
students’ interest in this topic took an unusual
turn when they decided to take an active
involvement. Impressed by the community’s
ability to motivate interest from local, state,
and national entities and to generate publicity
for the community’s fight against cancer, the
students developed and published a web site
so that other communities facing similar envi-
ronmental pressures might benefit from the
lessons learned. This exercise encouraged stu-
dents to reflect on their own relationship with
the environment and to imagine how this
relationship might be changed.

Evaluation of a Green Curriculum Initiative

More work needs to be done in order to
collectempirical and qualitative data to deter-
mine the effectiveness of our approach. How-
ever, assessment results show us every evi-
dence that students perform well and express
their critical thinking skills in writing, and that
they like the course. Evaluation of HSS 202
(Society, Technology, and Environment) cov-
ers both the student’s assessment of the course
via traditional course evaluations and the
student’s performance in the course via holis-
tic scoring of portfolios.

To evaluate the effectiveness of a course,
instructor, and teaching materials, NJIT stu-
dents evaluate all courses every semester. The
evaluation form used by the Humanities and
Social Science Department lists 18 criteria to
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