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Despite emphasis on sustainable development by a variety of international organizations including the accreditation

organization ABET, many undergraduates conceptualize sustainability in more narrow terms than internationally

accepted definitions of sustainability and sustainable practice. This study examines the breadth and depth of student

perceptions of what sustainability is, their beliefs regarding sustainability, and how they can and will contribute to a more

sustainable future. Differences and similarities between engineering students and those outside of engineering in business,

education and environmental majors are highlighted. Responses to three short answer questions from a survey

administered to 228 engineering undergraduates and 186 undergraduates in other majors are thematically coded and

analyzed qualitatively. Consistent with previous studies, many engineering students (almost 50%) and a majority of

students outside of engineering (over 60%) operationalize sustainability as an environmental issue, neglecting aspects of

social and economic equality that are widely recognized as being essential pillars of sustainable development. As

professionals in their chosen profession, students see their most likely contributions to sustainability as reducing waste

through recycling and reuse, making more efficient use of resources, and using renewable energy. When asked to identify

what they are least likely to contribute to in terms of sustainability over their professional lives, students again point to

reducing waste and making efficient use of resources. However, many also see contributing to public advocacy and policy

change as well as creating sustainable products and structures as areas where they are unlikely to contribute during their

careers. These results suggest thatmany studentsmaymisperceive sustainability as a vague concept that does not lend itself

to action or that sustainable development is only an issue of environmental protection without regard to the promotion of

social and economic equality.
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1. Introduction

According to the Brundtland Commission, ‘‘Sus-

tainable development is development that meets the

needs of the present without compromising the

ability of future generations to meet their own

needs’’ [1, p. 1]. International summits that followed

the Brundtland Commission (the 1992 Earth

Summit [2] and the 2002 Johannesburg World

Summit [3]) formalized a broad conceptualization
of sustainable development that extended well

beyond protecting the natural environment to

include economic and social facets of sustainable

development. This formalized conceptualization of

sustainability is complemented by the implementa-

tion-focused, globally recognized Design for Sus-

tainability (D4S) framework developed by the

United Nations Environment Program (UNEP)
that specifically identifies challenges involved in

creating a more sustainable future for all nations

in terms of not only design for the planet but also for

people (i.e., social concerns) and for profit (i.e.,

economic concerns). D4S extends beyond addres-

sing traditional ecological concerns in product

design to embrace meeting consumer needs in a

more holistic sustainable way over the long haul.
D4S strategies are invested in reducing negative

social, economic, and environmental impacts of

products throughout the supply chain as well as at
the end of the life cycle and take a practical step-by-

step approach to both incremental and drastic

product redesign and innovation. The overarching

goal for D4S is to enable companies to embrace all

three major pillars of sustainability: environmental,

economic, and social [4].

Particularly important for this study, D4S pro-

vides specific sustainability challenges across all
three of these pillars [4, p. 24] that provide a frame-

work by which the students’ beliefs about how they

will contribute to sustainability can be coded and

analyzed. This study also uses the three founda-

tional pillars of sustainable development (eco-

nomic, social, environmental) as a lens with which

to examine how students view or operationalize

sustainability. This study emphasizes understand-
ing how engineering students may differ in their

views of sustainability compared to students in

other majors.

2. Background

TheAccreditation Board forEngineering andTech-

nology (ABET) requires that accredited engineering

undergraduate programs assess and evaluate how
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well certain student outcomes are achieved. Among

these outcomes is student outcome (c): ‘‘an ability to

design a system, component, or process to meet

desired needs within realistic constraints such as

economic, environmental, social, political, ethical,

health and safety, manufacturability, and sustain-
ability’’ [5]. While this outcome includes considera-

tions of sustainability in the engineering design

process, it does not provide specific guidance as to

how these considerations should be integrated into

the curriculum nor does it define sustainability for

such purposes. Like the Education for Sustainable

Development (ESD) initiative of the United

Nations [6], this ambiguity may be intentional to
allow for principles of sustainability to be tailored to

specific disciplines. Such ambiguity has culminated

not only in a lack of support for ESD and teaching

sustainability, but also a lack of understanding of

how to achieve the learning outcomes that have

emerged in depth, breadth, and great numbers from

the ESD [7]. As a result, while many university and

college campuses in the U.S. have successfully
adopted greening initiatives and pursued research

in sustainability and sustainable development, ped-

agogical strategy to integrate sustainability topics

into the curriculumat a deep enough level to achieve

the objectives of the ESD has lagged far behind [8].

Despite the critical role that engineering plays in

sustainability, much that is engineered remains

unsustainable [9]. Such a phenomenon is not sur-
prising considering that engineering students’

understanding of sustainability is largely unsatis-

factory [10]. As a result, the prospects for graduat-

ing engineers who can become effective change

agents for social and environmental responsibility

look grim. As with any shift in education and

curriculum, developing effective teaching pedagogy

requires first diagnosing and understanding the
preconceptions, misconceptions, and missing con-

ceptions students bring into the classroom [11].

Previous research studies in engineering educa-

tion have predominantly focused on implementing

sustainability curriculum and evaluating its effec-

tiveness in changing students’ cognitive knowledge

and abilities. For example, recognizing that the

crowded curriculum was a major barrier to imple-
menting sustainability instruction in engineering,

Bernstein et al. [12] chose to overlay a critique of

the environmental sustainability of existing designs

into a product design course. This problem-based

learning approach was successful in teaching stu-

dents to consider some environmental considera-

tions of engineering design but the study also

revealed that students viewed sustainable design as
a secondary process in product design rather than

an integral part of the engineering design cycle. In

civil engineering, interventionsdesigned to integrate

sustainability into undergraduate courses improved

students’ definitions of sustainability, but these

definitions remained rather narrow, including

building structures with long lifespans or using

materials with minimally damaging extraction pro-

cesses [13]. In these studies, engineering students
tended toward beliefs about sustainability that were

restricted to contexts of product design and manu-

facturing rather thanmore far-reaching philosophi-

cal conceptualizations. Furthermore, engineering

students’ understanding of sustainability was lar-

gely restricted to ecological impacts and neglected

social and economic pillars [13]. These limited views

of sustainability have been compounded by indivi-
dual student resistance, at both undergraduate and

graduate level, to the integration of sustainability

topics into engineering courses, which seems to be

related to beliefs that sustainability is unrelated to

the technical content in engineering curricula and is

outside the scope of engineering education [14–16].

Such resistance supports the need to attend to not

only cognitive outcomes from sustainability
instruction but also to address affective learning

outcomes [17] and to use hands-on learning to

supplement abstract or conceptual instruction [18].

This study complements previous studies in engi-

neering education on sustainabilitywhich have been

largely quantitative and focused on cognitive out-

comes with a qualitative study that casts a wide net

across both student knowledge and student beliefs
to not only assess whether their understanding of

sustainability and sustainable development is satis-

factory but also where exactly the holes are in that

understanding. The open-ended short answer ques-

tions used in this study may avoid the potential

roadblock that terminology associated with ESD,

the Brundtland commission, and other initiatives

and declarations pose by allowing students to
express in their own words how they view sustain-

ability and ultimately value it in their profession.

This study also analyzes responses from both engi-

neers and non-engineers in an effort to understand

similarities and differences among disciplines. Such

insight can support strategy for which elements of

sustainable development should be implemented at

the general education level and which are better
suited for implementation within a specific disci-

pline.

3. Methods

The goal of this research is to support the develop-

ment of various tools for teaching sustainability to
undergraduate engineering students by first taking a

comprehensive look at how students view sustain-

ability as future engineers. The intervention-based

component of this research produced educational
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tools [19, 20] to support teaching sustainability in

the traditional pedagogical culture of many engi-

neering programs. The basic research component

included a student survey with demographic,

Likert-scale, and short answer items that assess

student misconceptions, preconceptions, and miss-
ing conceptions about sustainability. While a pre-

viously published article from our group [21]

focused on how engineering students define and

operationalize sustainability and how these stu-

dents anticipated contributing to amore sustainable

future, this analysis looks at how those definitions of

sustainability and beliefs about professional con-

tributions are different between engineering stu-
dents and students in other majors.

3.1 Research question

This study focuses on one basic research question:

How do engineering undergraduates differ from

undergraduates in other fields in their operationali-

zation of sustainability and their anticipated con-
tribution to sustainable practice? To answer this

question, we evaluate three short answer questions

froma survey administered to abroadpopulation of

undergraduates in engineering, business, environ-

ment, and education. The answer to this research

question not only provides insight into how engi-

neering students view sustainability differently from

their peers but also how limited curricular resources
might be best invested in introducing and exploring

options for teaching sustainable practice in engi-

neering programs.

3.2 Subjects and procedures

Convenience sampling was used to recruit 228

engineering undergraduates and 186 undergradu-
ates outside of engineering at a single doctoral

granting, high research activity, public university

in the Pacific Northwest. In engineering, subjects

were recruited in required and technical elective

courses by offering extra credit for completing the

survey. Outside of engineering, subjects were

recruited by e-mail and offered a $10 incentive to

complete the survey. Procedures were approved by
the Institutional Review Board (IRB) prior to the

start of the study. The study population was diverse

and represented multiple engineering majors, ethni-

cities, and both genders. Characteristics of the study

population are detailed in Table 1.

3.3 Instruments

The questions used in this study were part of a

survey containing (a) basic demographics; (b) self-
reports of self-efficacy, task value, belonging, job

values, and professional identity; and (c) self-assess-

ments of external social indicators including various

facets of global citizenship and perceptions of

professional and consumer responsibility for sus-

tainable practice and development. Details regard-

ing these self-assessments are published elsewhere

[22]. These Likert-scale and multiple choice items
were complemented by several short answer ques-

tions that sought to identify how students concep-

tualized sustainability and how they transformed

their understanding of sustainability into action

through contributions as a future engineer and

consumer. In total, the survey contained more

than a dozen demographic items, over 150 Likert-

scale questions, and five short answer questions.
Three of the short answer questions were analyzed

in this study:

� How do you define sustainability?

� What do you believe your most important con-

tribution to sustainabilitywill be as a professional
in your chosen field?

� What part of sustainability do you believe you
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Table 1. Demographics of Study Population

Engineering Other

n % n %

Total Participants 228 55.1 186 44.9

Gender Female 40 17.5 56 30.1
Male 188 82.5 130 69.9

Ethnicity Asian American 111 48.7 69 37.1
Black 3 1.3 4 2.2
Caucasian 86 37.7 93 50.0
Latina/o 11 4.8 9 4.8
Middle Eastern/Arab 6 2.6 1 0.5

Year in School Freshman 4 1.8 5 2.7
Sophomore 13 5.7 21 11.3
Junior 135 59.2 42 22.6
Senior/5th Year Senior 70 30.7 100 53.8

Student Status U.S. Citizen or Permanent Resident 174 76.3 165 88.7
International 52 22.8 20 10.8



will be least likely to impact as a professional in

your chosen field?

3.4 Data analysis

Responses to short answer questions were analyzed

using qualitative methods involving a multi-step

phase analysis consistent with that described in
[23–25]. Short answer data were cleaned, de-identi-

fied, and aggregated into a single MS Excel spread-

sheet before analysis. Four individual researchers

analyzed the resulting data and inconsistencies were

discussed and resolved prior to final coding and

theme identification. Analysis of the first research

survey question provided insight into how students

operationalized sustainability and used the three
pillars of sustainability (environmental, social, eco-

nomic) as themes by which to deductively code the

data (Fig. 1).

For the second and third survey questions, the

sustainability challenges identified in the D4S fra-

mework were used as themes by which to deduc-

tively code the data (Fig. 2). Multiple passes at the

data were used in all cases to deductively code the
data into these established frameworks (the three

pillars model of sustainability and the D4S sustain-

ability challenges) and then inductively (bottom-up)

code data that did not fit into the chosen frame-

works.

For the first short answer question ‘‘How do you

define sustainability?’’, the data were initially coded

descriptively by the approach the student took to

sustainability (e.g., self-sufficiency, recycle/reuse,
conservation, efficiency) and the stakeholders

affected by the approach (e.g., planet, people,

economics). From this initial pass, coded data

were then organized into three themes (social,

environmental, economic) and interpreted within

the global view that sustainability and sustainable

development should extend well beyond environ-

mental protection [1–6]. A third pass at the data
further coded responses that could not be identified

specifically by one of these themes, but spoke to a

more generalized operationalization of sustainabil-

ity such as self-sufficiency or maintaining the status

quo. A final pass looked specifically for definitions

that included concerns for both the current genera-

tion and the future generation, consistent with the

definition of sustainable development put forth by
the Brundtland commission and subsequent sum-

mits on the topic [1–3]. Responses that could not be

coded after this fourth passwere placed in a separate

category. For purposes of interpretation, the three

pillars model of sustainability (Fig. 1) was used as
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Fig. 1. Conceptual Framework for Interpreting how Students Operationalize Sustainability.

Fig. 2. Conceptual Framework for Interpreting Student Beliefs about Contributing to Sustainability.



the grounding framework by which the data were

analyzed. A correct and complete operationaliza-

tion of sustainability would include mention of

social, economic, and environmental considera-

tions, while a correct and incomplete response

would include mention of only one or two pillars.
Failure to mention any of the three pillars in a

generalized or vague response is considered a mis-

conception.

For the second and third short answer questions

(most and least likely contributions to sustainabil-

ity), responseswere coded using theD4S framework

outlined by the UNEP [4, p. 24] which outlines

specific challenges to sustainable development in
Design for Planet, People, and Profit. These data

were coded by the type of contribution identified by

the student in each response and then mapped

thematically to the sustainability challenges identi-

fied in D4S. As with the first short answer question,

responses that were too generalized to fit within a

specific D4S theme were analyzed and grouped

together according to commonality. Responses
that clearly mapped to a specific challenge or

challenges were considered accurate conceptions

while those that were too generalized or far afield

from these challenges were considered misconcep-

tions.

3.5 Data quality

Multiple strategies were used to maintain the qual-

ity of data collection and handling consistent with

the quality framework of Walther, Sochaka, &

Kellam [26]. To optimize the validity of the analysis

results, the data collected for all three short answer

questions were coded according to globally

accepted contexts for sustainability both through

the three pillars of sustainability defined in Our
Common Future (Fig. 1) and the planet, people,

and profit challenges defined within the D4S frame-

work for sustainable development (Fig. 2). Data

collected from the three short answer questionswere

also triangulated to validate the conclusions. For

example, all three short answer questions were

analyzed in terms of which pillar of sustainability

students tended to emphasize: social, environmen-
tal, or economic to ensure that emphasis on a

particular pillar was not a consequence of the way

a single question was posed. Data from the last two

short answer questions addressing students’ least

andmost anticipated contributions to sustainability

allowed the research team to distinguish potential

contributions to sustainable development to which

students were unaware from those that students
simply felt were outside the purview of their careers

or professional interests.

Care was also taken during data collection and

handling to ensure reliability of the results. Unlike

focus groups and interviews where the prompts of

researchers may expose researcher bias and thus

influence student responses, the three questions

analyzed in this effort were embedded in a survey

which students took remotely, thus minimizing the

impact of bias in the research andby the researchers.
Reliability in data handling and interpretation was

improved by having three different researchers code

several subsets of data and using inconsistencies to

refine the coding scheme and to enable convergence

of results.

4. Results and discussion

Our analysis shows many similarities between

undergraduate engineering students and under-

graduate students in other majors with few differ-

ences. In particular, two themes emerge repeatedly
from our analyses. First, many student responses

are so generalized that they may be unable to define

or take effective and significant action in their

careers to support a more sustainable future.

Second, among responses which are specific rather

than generalized, concern for the environment over-

whelms any mention of social or economic facets of

sustainability. And, within responses indicative of
protecting the environment, only a small number of

sustainability challenges emerge.

4.1 Operationalizing sustainability

When asked to define sustainability, most under-

graduates (over 85%) did not contextualize it in

terms of the Brundltand concepts of serving the

needs of the present generation while not compro-

mising the needs of future generations. Despite this

missing conception, many students did operationa-
lize sustainability in terms of protecting the envir-

onment. Complete results for this phase of the

analysis are summarized in Table 2 and in Fig. 3.

Of those students who defined sustainability in

terms of the environment, a majority viewed sus-

tainability as an issue of conserving natural

resources. For example, a male student in engineer-

ing stated that ‘‘Sustainability is . . . the preservation
and careful use of resources to ensure that future

generations will live to see those resources as well.’’

In contrast, a female outside of engineering, in

business, viewed sustainability as an issue of both

conservation and environmental impact: ‘‘Sustain-

ability: the practice of building, designing, andusing

things/processes in a way that allow for indefinite

continued use with minimized impact on the envir-
onment.’’ Another female in a business major

saw sustainability as an issue of reducing environ-

mental impact alone: ‘‘Taking care of the environ-

ment by reducing emissions.’’ Similarly, a female

in education viewed sustainability as reusing or

Denise M. Wilson and Mee Joo Kim1980



recycling waste: ‘‘Being able to re-use something

through recycling and composting.’’

While preservation or protection of the environ-

ment was a common theme among students’
responses, certain more generalized responses were

also quite common. For example, some students

identified sustainability as an issue of self-suffi-

ciency: ‘‘The ability to maintain something without

additional assistance’’ (Female, Education) or of

long-lasting products, systems, or processes: ‘‘Sus-

tainability is something that you knowwill last for a

significant amount of time and be dependable.’’
(Female, Education) Several students kept their

responses restricted to generalized dictionary defini-

tion of sustainability or variants thereof as in ‘‘The

ability to maintain or endure.’’ (Male, Engineering)

In many cases, the responses of engineering

students and those in other fields were similar.

Students tended to focus their responses solely on

protection of the environment, although more so

with students outside of engineering (53.7%) than

within engineering (43.4%). Similar numbers of

students both within and outside of engineering
operationalized sustainability in general terms of

self-sufficiency, long lasting products and processes,

and maintaining the status quo. Many more stu-

dents outside of engineering (40.9%) than students

in engineering (17.5%) spoke to the conservation of

resources as an essential element of sustainability,

but similar numbers of student responses repre-

sented renewing and recycling resources as well as
reducing environmental impact. A tendency to

focus on protection of the environment is consistent

with previous studies of engineering students’ views

of sustainability [12, 13, 15, 16, 21] as well as the

emphasis on greening over social and economic

issues among sustainability efforts on university

campuses [27]. Many of the generalized responses

Do Engineering Students view Sustainability differently from Students in Other Majors? 1981

Table 2. Operationalization of Sustainability

Nature of Response Engineering Other

n % n %

Sustainability is defined consistent with Brundtland Commission 23 9.8 36 19.4

Pillars of Sustainability
Environmental Only 99 43.4 100 53.7
Social Only 2 0.9 6 3.2
Economic Only 1 0.4 1 0.5
Environmental and Social 2 0.9 10 5.4
Environmental and Economic 0 0 1 0.5
Environmental, Social, and Economic 2 0.9 2 1.1

Focus of Environmental Responses
Conserve Resources 40 17.5 76 40.9
Reduce Environmental Impact 22 9.6 21 11.3
Renew, Reuse, Recycle 30 13.2 18 9.7
Other 16 7.0 9 4.8

Type of Generalized Responses
Maintaining the Status Quo 23 10.1 16 8.6
Self-Sufficient Products/Processes 17 7.5 10 5.4
Long-Lasting Products/Processes 22 9.6 13 7.0
Needs of Present & Future Generation 1 0.4 10 5.4
Efficient Products/Processes 3 1.3 4 2.2
Other 49 21.5 24 12.9

Do not know 16 7.0 5 2.7

(a) Engineering Student Responses (b) Other Student Responses

Fig. 3. Operationalization of Sustainability in Student Responses.



among students reflect a tendency to poorly or

inaccurately operationalize sustainability that is

consistent with a previous multi-institution study

of engineers conducted over a decade ago [10].

However, it is possible that the abundance of
generalized responses to this question may be a

result of the abstract nature in which it was posed.

If this were true, we would expect to see more

specific responses when asking a less abstract

(more applied) question, as is the case with the

remaining two short-answer questions in this

study, discussed next.

4.2 Most likely contributions to sustainability

Not surprisingly, when asked about their antici-

pated contributions to sustainability as a profes-

sional in their chosenfields (Table 3), a large number
of students again voted for the environment and

even more so than when asked to define sustain-

ability.

Within environmental concerns (design for the

planet), similar numbers of students within engi-

neering (14.5%) and outside of engineering (13.9%)

spoke to the efficient use of resources while a larger

number of students outside of engineering spoke to
recycling and reducing waste (19.9%) as a means to

contribute to sustainability in their chosen profes-

sions. For example, students sought to contribute to

sustainability by ‘‘Implementing recycling & com-

post systems in my workplace.’’ (Female, Business)

or by ‘‘Finding ways to minimize waste in all

forms.’’ (Male, Engineering). Many also desired to

contribute by making more efficient use of

resources: ‘‘Making sure I utilize resources in a
smart fashion. Whether it be technological,

human, or natural resources.’’ (Male, Business) or

‘‘Everything I design will be as efficient as possible,

consuming the least amount of resources necessary,

and the most sustainable resources reasonable.’’

(Male, Engineering).

Only 1.3% of engineering students and 7.6% of

other students envisioned contributing to design
challenges associated with people. An equal

number of engineering students (1.3%) and some-

what larger number of other students (4.9%) articu-

lated contributions to sustainability through profit

(economics).

For responses that could not be coded into

Planet, Profit, or People themes, the most often

cited contribution was working in the chosen pro-
fession. In other words, many students (14% of

engineering students and 7.5% of other students)

thought that their most likely contribution to sus-

tainability would come about as a natural part of

what was required in their jobs. Furthermore, many

engineering students (14.0%) also expressed that

influencing their local community would be a

likely contribution to sustainability in their careers.

Denise M. Wilson and Mee Joo Kim1982

Table 3.Most Likely Contributions to Sustainability

Challenge/Issue Engineering Other

n % n %

Planet
Efficient use of Resources 33 14.5 23 13.9
Increase Energy Efficiency 32 14.0 3 1.6
Reduce Waste, Recycle/Reuse 25 11.0 37 19.9
Use of Renewable Energy 16 7.0 5 2.7
Reduce Fossil Fuel Use 3 1.3 3 1.6
Reduce use of Toxics 2 0.9 2 1.1
Stop overexploitation of Resources 0 0 3 1.6
Stop Ecosystem Damage 1 0.4 6 3.2
Other 29 12.7 19 10.2

People
Increase Literacy 0 0 3 1.6
Improve Working Conditions 0 0 2 1.1
Reduce Population Growth 1 0.4 2 1.1
Other 2 0.9 7 3.8

Profit
Value for Customers 0 0 3 1.6
Value for Company/Stakeholders 1 0.4 2 1.1
Other 2 0.9 4 2.2

Generalized
Working in Chosen Profession 32 14.0 14 7.5
Influencing Local Community 32 14.0 12 6.5
Maintaining/Increasing Awareness 10 4.4 7 3.8
Teaching or Volunteering 4 1.8 22 11.8
Choosing a Company/Organization 1 0.4 6 3.2
Other 23 10.1 12 6.5

Do not know 11 4.8 13 7.0



Interestingly, more engineering students than stu-

dents in other fields saw influencing their local

community or working in the chosen profession as

a contribution to sustainability while more students
in other fields outside of engineering (11.8% vs.

1.8%) saw teaching or volunteering as a pathway

to contributing to sustainable practice.

Overall (Fig. 4), engineering students were most

likely to view their contribution to sustainability

applied via the efficient use of resources, increasing

energy efficiency, working in their chosen profes-

sion, or influencing local community on issues
relevant to sustainable development and design.

Similar to the results in Table 2, many students

failed to provide detailed explanation as to what

kinds of contributions they can make to make

more sustainable future. However, the good news

is that when the question posed to students was

shifted from the abstract to the applied, as is the

case from the first short answer question to the
second short answer question in this study, more

students were specific in their responses. Such

improvement suggests that how students are

asked about their attitudes, knowledge, and beliefs

with regard to sustainability may affect their

responses. Furthermore, the fact that conserving

resources and recycling and reuse of resources

dominate student responses in the environmental
category, regardless of how the question about

sustainability is posed, suggests that these two

activities are central to students’ understanding

of sustainability. The results in Table 3 also

suggest that students, engineering and otherwise,

have narrow views of sustainability not only in

their propensity to define it in terms of the envir-

onment, but also within their views on how to
protect the environment. Of twelve sustainability

challenges within design for the planet identified

within D4S [4], most students collectively envision

contributions in only four of these challenge areas.

Whether such a result is due to being unaware of

or not feeling competent to contribute in these
challenge areas can be examined in part by looking

at student responses to the last question in this

study, discussed next.

4.3 Least likely contributions to sustainability

When asked to identify areas in which they were
least likely to contribute to sustainability (Table 4),

responses related to protection of the environment

were remarkably similar to students’ perceptions of

their most likely contributions, as summarized in

Table 3.

Reducingwaste, recycling, reusing, and efficiently

using resources were popular responses in both

cases (Fig. 5) suggesting that many students view
protecting the planet to be largely contained within

these two D4S challenges. While responses asso-

ciated with design for the planet tended to be

consistent with previous questions, additional

insight can be gained from more generalized

responses provided by students. Among these gen-

eralized responses, 7.5%of engineering students and

5.9% of students in other fields saw creating sustain-
able products or structures as something they were

least likely to be able to do in their careers. While

outside of engineering, such low percentages might

be expected because the chosen profession would

not involve the design and construction of actual

products, in engineering, such low response rates

are somewhat concerning. This result suggests that

some engineering students believe that, despite
having the ability to do so, they will be unlikely to

influence the sustainability of the very products they

are charged with designing.

These results also suggest that engineering stu-

Do Engineering Students view Sustainability differently from Students in Other Majors? 1983

Fig. 4.Most Anticipated Contributions to Sustainability.



dents feel ill-prepared to advocate for more sustain-

able development at a public policy and political

level. For instance, 8.3% of engineers said in their

responses that they felt least likely to contribute to

sustainability through such policy and advocacy

actions, compared to 5.9% of responses among
students in other fields. Finally, 89 students did

not know how they would be least likely to con-

tribute to sustainability during the course of their

careers. Such results strongly suggest a lack of

awareness of the breadth of sustainability chal-

lenges that face our world today.

5. Implications

Similarities rather than differences predominate in

the comparison of engineers versus students in other

fields, implying that from a higher education per-

spective, sustainability is a topic best introduced

with common language in general education rather

than discipline-specific courses. In addition to instil-
ling a common language among students, incorpor-

ating sustainability into general education can also

go a long way in reducing the gap among disciplines

in coverage of and competence with the complex

Denise M. Wilson and Mee Joo Kim1984

Table 4. Least Likely Contributions to Sustainability

Challenge/Issue Engineering Other

n % n %

Planet
Reduce Waste, Recycle/Reuse 16 7.0 9 4.8
Efficient use of Resources 12 5.3 6 3.2
Use of Renewable Energy 10 4.4 5 2.7
Stop Ecosystem Damage 6 2.6 8 4.3
Reduce Fossil Fuel Use 6 2.6 6 3.2
Stop Ecosystem Damage 6 2.6 8 4.3
Reduce Industrial Emissions 2 0.9 5 2.7
Stop Overexploitation of Resources 2 0.9 5 2.7
Other Response 28 12.3 24 12.9

People
Increase Literacy, Abolish Child Labor 2 0.9 6 3.2
Reduce Population Growth 1 0.4 4 2.2
Improve Working Conditions 0 0 1 0.6
Other Response 13 5.7 7 3.8

Profit
Fair Business Model 2 0.9 4 2.2
Value for Company/Stakeholders 8 3.5 1 0.5
Other Response 6 2.5 4 2.2

Generalized
Creating Products/Structures 17 7.5 11 5.9
Public Advocacy/Policy Change 19 8.3 11 5.9
Nothing 6 2.6 9 4.8
Influencing Local Community 5 2.2 11 5.9
Maintaining/Increasing Awareness 0 0 1 0.6
Other 15 6.4 13 7.0

Do not know 56 24.6 33 20.0

Fig. 5. Least Anticipated Contributions to Sustainability.



web of sustainable practice [27]. Also, in addition to

developing a common language and framework for

global sustainability in general education courses,

the capstone design courses provide a valuable

opportunity for engineering students to apply con-

cepts of sustainability learned in general education.
For example, engineering design students can apply

environmental concepts of sustainability through

using ROHS compliant electronics, reducing parts

counts, using recycledmaterials, and capitalizing on

renewable energy when applicable and available.

Moving beyond the environmental pillar of sustain-

ability, students can also explore options for out-

sourcing manufacturing and assembly for product
designs to countries with significant opportunities

for social progress [28] or fair wages while also

contextualizing design costs within a fair value

model for potential products [29].

This study has also suggested a need to pose

questions regarding sustainability in multiple ways

to students and to develop additional instruments to

assess social and economic facets of sustainability in
addition to looking at environmental issues. Such

findings coincide with a worldwide deficit in social

and economic indicators of sustainability values,

attitudes, and behaviors [30]. Overall, consistent

with other studies, the results presented here sup-

port the call for more tightly integrated, balanced,

and comprehensive coverage of sustainability in

higher education, even in crowded curricula, to
overcome the mile wide and inch deep treatment

[30] of many critical challenges in sustainable devel-

opment. Unfortunately, the power structures,

implicit values, and other factors underlying culture

among higher education institutions in the United

States [27] tend to work against such change.

6. Limitations

Although sample size in this dataset is not particu-

larly small (n = 414) and extends to multiple majors

outside of engineering, the qualitative analysis asso-

ciated with our coded data is not suited to making

claims of statistical significance. Furthermore, the
fact that the data are limited to a single institution

introduces the possibility of bias due to institutional

and local culture. However, the prevalence of vague

or generalized notions of sustainability has been

shown in other studies and this study serves to

reinforce the pressing need to more tightly integrate

sustainability into higher education across all dis-

ciplines. The qualitative nature of this study also
casts a net that supports the development of addi-

tional quantitative instruments (e.g., surveys) to

explore potential statistical significance in the

results that emerge from this study.

7. Conclusions

This single institution, qualitative study has

explored the preconceptions, misconceptions, and

missing conceptions about sustainability and sus-

tainable practice among students in multiple dis-

parate fields including engineering, business,

environment, and education. The results show
more similarities than differences in the views of

engineering students vs. students outside of engi-

neering. When questions regarding sustainability

are posed as abstract or conceptual, many students

provide vague or misconceived notions of sustain-

ability. When questions are posed in a more applied

way looking at anticipated contributions to sustain-

able practice, however, students are more specific.
Furthermore, all students, engineering orotherwise,

tend to define specific contributions to sustainable

practice in terms of protecting the environment.

Consistent with previous studies, the results of this

study strongly suggest the need to more tightly and

more meaningfully integrate sustainability into

higher education, regardless of discipline.
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