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In the fall of 2007, Purdue University began integrating sustainable design topics into our
Introduction to Engineering Problem Solving and Computer Tools course which our first-year
engineering students complete prior to advancing to their specific engineering disciplinary
programs. In the Spring of 2008 we began assigning a six-week design project related to
Sustainable Design. The students work in teams of three-to-four students to consider their living
spaces and how they might make those spaces more sustainable. In this paper, we present an
overview of the educational activities, including the material that is presented to students and more
details on the design project. Additionally, we present an analysis of some of the students’ final
projects. We present three cases which represent different student responses. This work will
contribute to what we as a design education community understand about first-year engineering
students’ ability to engage with this material.
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1. SUSTAINABILITY

1.1 ‘Normalized sustainability’

As a broadly defined concept, sustainability has
its roots in the UN’s ‘Brundtland Commission
report’ [1], which put forward as ‘sustainable
development’ the actions that provide for current
human needs and standard of living without
compromising the ability of future citizens to
meet their needs. In practical and engineering
terms, this is often seen through an environmental
lens; sustainable engineering requires the imple-
mentation of strategies that explicitly recognize
non-infinite resource availability, environmental
and ecological system disruption, population
growth pressures, eco- and human toxicity, protec-
tion of biodiversity, energy renewability, and limits
of natural systems to incorporate pollution with-
out long-term negative impacts. But full sustain-
able design is larger, and needs to include the
interdisciplinary aspects of social equity and
long-term economic viability along with environ-
mental issues; these three metrics comprise the
‘triple bottom line’ of sustainability. In academic
curricula, sustainable science and engineering as a
discipline is similarly broad, and challenges engi-
neers to integrate industrial, social, and environ-
mental processes [2] into coherent and
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comprehensive design solutions, and to approach
sustainability as a ‘frame of mind’ [3].

Sustainability is long-term and systems-wide in
its outlook, and the way that engineered objects,
processes, and systems are designed can have a
long-ranging impact on future needs of natural
and social resources, and environmental services.
As students learn the design process, it becomes
critical that they understand the long-term impli-
cations of their design choices. Sustainability
becomes an important part of a complete engin-
eering design education for the next century, there-
fore, for several reasons:

® The questions of scale (‘long-term’ and ‘systems-
wide’) matter: the classical metrics of good
design (applicability, efficiency, cost, creativity,
scalability, flexibility) are still the same in a
sustainable engineering mindset, but the scale
is different. Students need to be taught to ask
explicit questions about how these metrics hold
up long into the future, and in a global system
where the impacts on everyone and everything
(not just the immediate client or customer) are
considered.

® The current engineering student will do his or
her professional work in a world of shrinking
resources and changing environmental concerns;
he or she will be required to work within these
constraints and understand the impacts of en-
gineering actions on them.
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e Engineering sustainability ideas stress and hone
the desired student skills of creative problem-
solving, interdisciplinary thinking, and complex-
ity of analysis.

® There is a significant ethical responsibility inher-
ent in sustainable engineering practices; ethical
engineering education requires consideration of
the impact of a design to others and the broader
societal impact of the engineering enterprise.

Considering these characteristics, it is clear that
sustainability is, in fact, a prerequisite for all good
engineering design; it is not a fad concept, but is
instead an expression of core values of long-term
engineering that recognizes the increasing realiza-
tion that the long-term and large-scale will be
forgotten if not explicitly included in the design
process.

We have termed this conception ‘normalized
sustainability,” where we convey to students the
viewpoint of sustainability as a normal part of the
essence of engineering and a standard part of the
design process, and not an added-on, uni-disciplin-
ary, or ‘special interest’ concern. This framing of
sustainability may be particularly important for
first-year students, who may not yet have a clear
conception of the boundaries of engineering and
engineering disciplines, and who may therefore be
able to more easily incorporate sustainability into
their personal definitions of what engineers do.

Other authors have likewise argued that sustain-
ability should be recognized as a ‘critical literacy’
[4], and an integral part of engineering practice,
and thus argue that sustainability should be incor-
porated throughout the engineering curriculum
[4-6]. Davidson et al. [7] also include ‘consider
sustainability in all engineering decisions’ as one of
several challenges that should be considered when
incorporating sustainability into engineering curri-
cula.

Over the past decade, American engineering
disciplinary societies have recognized the impor-
tance of sustainability and released relevant policy
statements. In 1999, the American Society for
Engineering Education (ASEE) Board of Directors
recognized this need and declared, in an official
statement, ‘ASEE believes that engineering gradu-
ates must be prepared by their education to use
sustainable engineering techniques in the practice
of their profession’ [8]. Engineering professional
disciplinary societies, including the American
Society of Civil Engineers (ASCE), the American
Society of Mechanical Engineers (ASME), the
American Institute of Chemical Engineers
(AIChE), and the National Society of Profesional
Engineers (NSPE), have responded by including
sustainability as part of Engineers’ Codes of Ethics
or similar documents [9-12]. For academic institu-
tions, ABET, formerly the Accredition Board of
Engineering and Technology, includes sustainabil-
ity issues in at least two of the general student
outcome criteria: 3(c) explicitly cites ‘sustainabil-
ity’ as a design constraint that students should be

able to address, and 3(h) stresses the importance of
a broad education that situates engineering solu-
tions in societal context, an important aspect of
sustainable engineering [13]. The placement of
sustainability within Codes of Ethics moves the
responsibility for sustainability beyond the level of
the project or the level of the team to the level of
the individual engineer—ethical responsibilities, by
definition, must be met by every engineer during
every professional action. To prepare all students
to meet their ethical responsibilities, therefore,
sustainability should be normalized throughout
engineering training.

At the same time, new organizations and initia-
tives have sought to establish sustainability as a
hallmark of higher education in general. Viewpoint
articles in top journals such as Science have called
for the broader incorporation of sustainability as a
fundamental part of all education [14, 15]. The
Association for the Advancement of Sustainability
in Higher Education (AASHE), launched in 2006
and now numbering about 650 member universi-
ties worldwide, advocates sustainable practices on
both the operations and academic sides of the
university. This presents an interesting opportunity
for engineering educators to use their campuses as
a ‘living laboratory’ to exhibit and design sustain-
able practices.

Recent literature includes examples of incor-
poration of sustainability concepts into curricula
of particular engineering disciplines or courses: for
example, the development of principles of ‘green
chemistry’ [16] or ‘green engineering’ [17] within
Chemical Engineering curricula and courses; the
development of ‘industrial ecology’ concepts [18];
‘green design’ and pollution prevention [19]; or
materials engineering sustainability [20]. Some
efforts have catalogued courses and programs
related to engineering or environmental sustain-
ability (e.g., [21]; and the Center for Sustainable
Engineering’s Benchmarking Report [22]). Addi-
tionally, conferences have begun to introduce
special sessions and workshops on sustainability
in engineering: for example, the 2008 FIE (Fron-
tiers in Education) conference, sponsored by
ASEE and IEEE, held a special session on sustain-
ability in engineering education [23].

But these efforts still express sustainable engin-
eering as a distinct skill that only some engineers
will learn; many courses included in the CSE’s
Benchmarking Report [22] are specialty or elective
courses, not core curricular requirements (some
exceptions include the first-year engineering
courses described by Goff and colleagues [24]
and Thompson [25]). By focusing the first-year
students’ design project around an issue related to
sustainability, we provide the students with an
opportunity to consider sustainability as a key
criterion in engineering design. While the explicit
focus of the projects was on the sustainable rede-
sign of their living spaces, students were also
expected to integrate precepts of sustainable
design into their problem solutions.
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1.2 Sustainability and first-year engineering
Students

In this paper, we present two complementary
aspects of our educational intervention: a descrip-
tion of the work that we have accomplished to
date in preparing educational activities for first-
year engineering students, and research activities
aimed at understanding the students’ abilities to
apply sustainability in engineering design, and
some critical reflection on our accomplishments.
The educational activities aim to couple sustain-
ability with engineering design so that students
might understand sustainability as an integral
part of engineering design. The research activities
aim to examine how students are able to consider
sustainability while also engaging in design activ-
ities such as identifying relevant criteria and
constraints, gathering appropriate information,
modeling implementation costs, considering the
feasibility and implications of their solutions and
appropriately communicating design solutions.
Additionally, the research activities examine the
types of solutions the students considered.

There is often a disconnect between research and
practice activities—too often practitioners do not
incorporate research findings to improve their prac-
tice and too often research is conducted in a way that
no longer reflects authentic practice. This project
attempts to bridge that divide. Our challenge in
doing so was to ensure that the research was rigorous
while also ensuring that we were providing our
students with a sound educational experience. Addi-
tionally, the implementation of any pedagogical
innovation to more than 1600 first-year students at
once is often fraught with technical difficulties. To
balance the rigors of research methods with the
practicalities of teaching our first-year students
their first engineering course, we have chosen to
follow the tradition of what some have called a
‘scholarship of teaching and learning’ [26] or what
others call ‘educational practitioner inquiry;’
Connolly and colleagues [27] argue that the critical
characteristics of this form of inquiry include (p. 22):

e ‘Drawing upon the work of others, including
disciplinary colleagues, education researchers,
and students;

® Posing an explicit question about the effective-

ness of one’s practice;

Creating and following an explicit design or plan;

Collecting credible evidence to answer the ques-

tion;

Analyzing and interpreting evidence;

Reflecting on one’s findings;

Acting on one’s findings;

Engaging in ongoing and cyclical inquiry;

Documenting and disseminating processes and

outcomes of inquiry; and

® Being principally responsible for conducting the
inquiry on one’s own practice.’

The production of this paper situates us in the
midst of the ‘reflecting on one’s findings’ state, as
part of the broader ‘cyclical inquiry.’

2. EDUCATIONAL ACTIVITIES

After pilot testing of course materials related to
sustainable design in Spring 2008, we introduced
the topic on a larger scale in Fall 2008; approxi-
mately 1200 first-year engineering students parti-
cipated. Students were first exposed to
sustainability in engineering through a section in
the course notes packet and a one-hour lecture,
and then, over several weeks, the students
completed a major design experience related to
sustainability. The students’ knowledge and abil-
ities were assessed through three means: home-
work assignments, exam questions, and their
design project (which is described in more detail
in section 2.2).

2.1 Student introduction to sustainability concepts

The course notes introduced sustainable
concepts and made the case for normalized
sustainability throughout all engineering, casting
sustainability as long-term, broad-scale planning
and consideration of impacts. The course notes
further put forward the interconnectedness of
systems and encouraged students to consider
global impacts; about design, the notes said,
‘design requires consideration of where materials
come from, where they will continue to come from,
how much waste will be produced and what will
happen to it, how much energy is needed and in
what forms, what long-term maintenance costs will
be, what the lifetime expectations are, what public
health implications there are, and what neighbor-
ing systems will be affected and how . . . These are
the considerations of sustainability, and design
without these considerations is, simply, bad
design.” [28]. To assist students in applying the
philosophy of sustainability to their design project
in the course (and in future courses), they were
given definitions and descriptions of five aspects of
sustainability and how they relate to engineering:

(1) Natural resources and energy; with descrip-
tions of the current state of resource availabil-
1ty.

(2) Waste disposal, repurposing, and recycling;
with issues of the waste stream.

(3) Public health; integrating the traditional safety
responsibilities of engineers to material toxicity
and public health.

(4) Upfront vs. long-term costs; which encouraged
a broader and more complete definition of the
cost constraints of design.

(5) The ‘triple bottom line’ [29]; introducing stu-
dents to the use of design criteria on the three
scales of economic, social, and environmental
terms.

Finally, the course notes introduced three tools that
‘may be helpful as you consider sustainability in
designs, including in the design project for this
course’ [28; emphasis added]: (1) footprint analysis,
(2) systems design and the idea of embedded energy,
and (3) life-cycle analysis and cradle-to-cradle
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design. A one-hour lecture with active learning
reinforced these concepts and allowed for time for
student engagement and questions, concentrating
on these three tools. After reviewing announce-
ments, the learning objectives were presented: (1)
understand why sustainable designs are part of
good engineering, (2) define the ideas of cradle-to-
cradle; energy footprint; systems design, (3) esti-
mate a way to calculate your own energy footprint
and (4) discuss these concepts’ applicability to your
design project.” Then the instructor prompted the
students to brainstorm resources. Following a
discussion of reasons for considering sustainability,
students discussed in small groups how sustainabil-
ity might effect public health. After this, the
instructor discussed the ‘triple bottom line’, the
metaphor of the footprint (with an exercise for
students to consider their own energy footprint),
cradle-to-cradle design and systems design before
introducing the design project and giving students
time to discuss the project with their teammates.
The ability of students to apply these concepts
immediately to their design project increased the
success of this lecture over similar efforts in a
previous year. Earlier in the semester the lecture
periods included material on a model of engineer-
ing design as well as user-centered design. The class
period one week after the lecture on sustainability
introduced the practices of defining goals, criteria
and constraints and the students were able to
practice these processes by defining goals, criteria
and constraints for their sustainable-design project.
Additionally, one class session was devoted to
needfinding activities.

2.2 The design project

For their design project, teams of three-to-four
students were asked to consider ways in which they
might make their own living space more sustain-
able and then to draft a memo to an appropriate
stakeholder (of the students’ choosing; examples
include the university President, the residence hall
manager, and student peers). Students endeavored
to make a compelling argument so that the stake-
holder would adopt the proposed changes. The
project consisted of six pieces, the initial project
description and five milestones for the students to
complete: generating project design ideas (Ml1),
defining the client, goals, criteria, and constraints
(M2), drafting a memo communicating the design
(M3), reviewing peers’ memos with TA guidance
(M4), and writing the final memo (MJ5). Students
completed M4 during a lab, allowing them time to
work on their project with access to their TA and
Professor for feedback and other help while
becoming familiar with the rubric that was used
to evaluate the final memo (Appendix A). The
rubric designed to assess the effectiveness of the
memo was used for peer review and final grading
by TAs, and was based on a 3-point scale (2
pts =addressed well, 1 pt=considered, but not
addressed well, 0 =not addressed adequately) on
each of the following topics:

® Message: The explicit message about sustain-
ability is desirable and clearly articulated.

® Message: Implicit messages are desirable for the

client.

Technical content: Goals and constraints.

Technical design: Evidence.

Memo: Connection to the client.

Memo: Connection to society.

Memo design: The memo stands alone without

verbal explanation.

® Memo design: The viewer understands the flow
of information.

The result of this rubric was that 8 pts were
designated to the memo communication, and 8 to
the design itself.

3. RESEARCH APPROACH

The educational activities described in the
previous section both serve as an example of one
attempt to integrate sustainability into students’
understanding of design, but also serve as the
context for conducting research on students’ abil-
ity to engage in sustainability-centered design
projects. Therefore, we focus on the students’
design projects rather than the other measures of
students’ sustainability knowledge (i.e. the home-
work assignments and exam questions described in
the beginning of section 2). For the purposes of
this study, we select three cases of student work
(final memos outlining the student teams’ propo-
sals): an exemplar team, a team that wrote a less-
sophisticated memo, and one case that illustrates
some of the challenges that some students encoun-
tered with the project.

The lack of prior research on how students
engage with sustainability curriculum in general
as well as more specifically how students engage
with sustainability design resulted in fundamental
research questions:

® What concepts of sustainability do first-year en-
gineering students incorporate into design pro-
jects? This question must be considered in the
context of the preparation we provided—the
definitions and the tools described in section of
this paper describing the instruction students
received. Students accessed these various defini-
tions and tools to a greater or lesser extent.

® How well are students able to address a sustain-
ability-related design problem? We expected stu-
dents to respond differently to each of the
messages related to sustainability. Particularly,
we presumed that the consideration of second-
order effects would be challenging for students
because they are by nature more abstract. Since
we expected that students would not be capable
of succeeding at this, we did not include this
among our learning objectives. From an
exploratory perspective, however, it is useful to
know how many students introduced second-
order arguments in their discussion.
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® What responses or questions did our intervention
elicit? While students tend to be passionate
about sustainability in the abstract, the project
was expected to bring to light misconceptions,
incorrect assumptions, and simply poor research
practices. For our purpose of normalizing sus-
tainability, the questions that this instruction
generates are as important as the questions it
answers. By participating in the class, the dis-
cussion has just begun.

To select the cases that we present in this paper, we
analyzed a subset of the students’ final deliver-
ables, the memos. We used a random number
generator to select 58 of the 262 memos that
were submitted. The sample of 58 includes
memos from across the 10 sections (and 5 instruc-
tors) of the course. Two of the authors each
reviewed 34 of 58 memos; 10 memos were reviewed
by both authors while the remaining 48 (24 per
author) were reviewed independently. The memos
were randomly assigned to the two reviewer-
authors so that for any section there was an
equal chance that one or the other author was
reviewing a memo from that section.

Initially, each reviewer-author read through
several memos for the purposes of gaining an
overall sense of the dataset in relation to our
three research questions. From this initial process
of reviewing the memos, we generated the follow-
ing set of criteria by which we then assessed each of
the 58 memos in order to identify cases of exemp-
lary team proposals and less sophisticated propo-
sals:

(1) Did the team include at least one citation for
each major idea that they presented?

(2) Did the team include citations beyond just
corporate literature (i.e., only information
from the companies selling the products)?

(3) Did the team account for the costs associated
with implementing each major idea within their
proposal?

(4) Did the team look for second-order effects (i.e.
the possible side-effects) associated with their
proposal?

(5) Did the team use more than an economic
argument to advocate for their proposal?

Each of these five criteria were evaluated dichot-
omously: either the team did (yes) or did not (no)
address the criterion. This set of criteria differ from
the rubric used by the TAs because we were
engaged in a ‘theory-generation’ stage of data
analysis: we did not have any prior expectations
on what our students would learn from this
experience. These criteria came out of the data
themselves to help us distinguish what we consid-
ered to be adequate or insufficient products. This
data analysis allowed us to calibrate our expecta-
tions of the students for subsequent iterations of
the intervention.

Even with the understanding that this new
rubric evolved to conduct research that is theory

generating, some may be concerned that the
mismatch of the research rubric and the rubric
released to students belies a concomitant mismatch
between our learning and how students were
assessed. To ensure the connection of learning
objectives and assessments, student project grades
were tied to the original rubric. Further, other
assessments measured the course learning objec-
tives:

e feedback gathered during class assessed the abil-
ity of students to engage with sustainability on
both a personal level and in the context of their
future careers;

® sustainability-related questions included in the
course exam; and

® sustainability-related homework assignments.

Finally, the research presented in this paper is
informing future versions of the rubric.

In addition to evaluating the 58 memos accord-
ing to the five criteria above, we also coded the
memos using an emergent coding scheme for
recommendations (e.g. solar panels, insulated
windows, new appliances). In the next section, we
present the results from our evaluation of the 58
memos across the five criteria as well as for
recommendations.

4. FINDINGS

In this section, we first present results from the
analysis of the 58 memos that we conducted to
select cases. Following these results, we present
three cases: an exemplar team, a team that
displayed a less-sophisticated approach to the
project, and a team that encountered a challenge
in their project.

4.1 Results from the content analysis

While a small number of memos discussed only
one solution, it was more common for the memos
to recommend the implementation of multiple
solutions (e.g. installing solar panels and installing
double-paned windows). The solutions that the
students recommended included: replacing incan-
descent light bulbs with CFLs (15), replacing
incandescent light bulbs with LEDs (7); installing
automatic sensors for lights (7) and faucets (6);
installing low-flow showerheads (9), faucets (5)
and toilets (7); making changes to the heating
and air conditioning system (7); replacing appli-
ances with energy-efficient appliances (6);
encouraging students to action through contests
(4) and seminars (1), providing more opportunities
for recycling (7); installing double-paned windows
(8); installing solar panels (7); and installing
geothermal heating systems (3). Less common
solutions included: installing awnings over
windows, removing walls in the dorm rooms so
that four students share a microwave, TV and
refrigerator instead of only two students, using
eco-friendly cleaning supplies and rain-harvesting.



Sustaining Sustainable Design through ‘Normalized Sustainability’

Number of memos meeting 0, 1, 2, 3, 4, or all 5 criteria
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Fig. 1. Number of memos meeting a given number of criteria.

The majority of the memos did not meet all five
of the criteria that we used to differentiate ‘exem-
plar’ memos from ‘less sophisticated” memos for
the purpose of selecting cases (Fig. 1). However, of
the memos that did not meet all five criteria, nearly
half (24 of 49) did meet four of the five criteria
(Fig. 1).

The two criteria that were most frequently
unmet (Table 1) were including information
about the cost of implementing the proposed
ideas and including consideration of second-order
effects (possible side-effects) of implementing
proposed ideas.

Half of the memos that we analyzed did not
include complete cost information. In some cases,
the memo did not include any acknowledgement
that there would be costs involved with implement-
ing their solutions; in other cases, the memo
included rough estimates or ungrounded cost esti-
mates, while in yet other cases the memos included
cost information for part of their solution, but not
for the remainder of the solution. This suggests
that half of the teams included in the study did not
fully engage in mathematical modeling activities
while thinking about sustainability: they did not
link sustainability with this engineering design
activity.

Slightly more than half of the memos did not
consider ‘second-order effects’—for example,
considering the possible negative environmental
aspect associated with used light bulbs when
suggesting that CFLs replace traditional bulbs.
We might consider that discussion of these side-
effects and/or implications of the design solutions
could be one expression of considering the feasi-
bility of the design solution(s).

A final aspect of engineering design that we can
consider is the ability to gather appropriate infor-
mation related to possible design solutions. Two of
the remaining three dimensions—including cita-

tions for each major idea and including citations
from sources other than the companies making the
products—provide us with the insights that, in
most cases, the students were able to effectively
find credible information related to the design
solutions that they considered.

4.2 Case 1: Exemplar

Team 1 chose to focus their recommendation on
a single approach: replacing single-pane windows
in one residence hall with double-pane windows.
By focusing on a single recommendation, the team
was able to discuss many dimensions of the recom-
mendations in their memo. They began their memo
with a short overview of their proposal—increas-
ing sustainability ‘by replacing the current
windows with new windows to decrease the
energy required to cool and heat the apart-
ments’—and the identification of their design
goal—‘Our goal is to reduce the cost of the
energy required to heat and cool all the apartments
in Purdue Village by $90,000 a year, or about 10%
of the overall cost.’

In the following paragraphs, the team provided
a rationale for why they chose a particular resi-
dence hall, the drawbacks of single-pane windows,
the ‘R-value (the measure of thermal resistance,
where higher is better)’ associated with single-pane
windows and with double-pane windows, informa-
tion about the cost of the windows themselves,
information about the costs that would be asso-
ciated with installing the windows (‘labor . . .
sometimes can be just as expensive as the cost of
the materials’), calculations for the total number of
windows that would be needed, a total of six
references, a rationale for how new windows
would not only save money but increase people’s
enjoyment of their living space and an approxima-
tion of the total amount of energy and money that
would be saved:

Table 1. Numbers of memos meeting each of the five criteria used for selecting cases

1. External 2. Citations 3. Included 4. 2nd order 5. More than
citations for each point cost effects cost
Met the criterion 46 45 29 30 54
Did not meet the criterion 12 13 29 28 4
Only criterion not met 4 2 9 9 0
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According to Energy Star, a 2,000 square foot home
with 300 square feet of windows (a 15% window to
floor space ratio) in the city of Indianapolis can save
$345 dollars a year if upgrading from single-pane to
energy-star rated double-pane”. A typical apartment
has 515 square feet of flooring and 80 square feet of
windows (a 15.55% ratio). Thus, we assume that the
loss of energy is proportional, and an apartment will
lose about 3.75 times less energy than the typical
house Energy Star’s calculations are based upon.

We were charged to come up with an idea to make the
School residencies more sustainable. We have chosen
to increase the sustainability of the Purdue Village
apartments by replacing the current windows with
new windows to decrease the energy required to cool
and heat the apartments. Our goal is to reduce the
cost of the energy required to heat and cool all the
apartments in School Village by $90,000 a year, or
about 10% of the overall cost.

The team’s solution also involved an innovation
suggestion—incorporating [Building] Construction
Management students in the construction work:

Also, some majors require that a student attains a
certain number of hours of construction work, and
this could easily count towards those hours. For
example, students in the Business Construction Man-
agement are required to log 800 hours of hands-on
construction before they can graduate®.

Including the students in the work could lower the
cost of implementation, and would also provide
the Building Construction Management students
opportunities to learn and ‘log hours’ while work-
ing on campus. In contrast, many teams did not
consider the construction cost associated with
replacing single-pane with double-pane windows,
let along creative ways of minimizing those costs.
This consideration of the cost of construction and
ways to minimize this cost is related to the idea of
‘second-order effects’; however, the team ad-
dressed this criteria even more explicitly when
they considered the impact of the construction on
the students who would be living in the residence
hall: ‘Of course, to minimize the tenant’s discom-
fort, construction would only take place in the
summer months, or when the tenants allow it.’

4.3 Case 2: Less sophisticated

Team 2 included several recommendations in
their memo: adding insulating film to windows
(essentially creating a second pane), installing
alarms on doors that would sound if the door is
left open too long (letting out too much warm/cold
air), replacing the current light bulbs with LEDs,
eliminating unnecessary lights (e.g. lights that
solely served a decorative purpose), placing ‘a
master power switch in each dorm room that
controls the entire room’s electricity,” making
changes to the dorm room heating system and
‘keeping the stairwells at a moderate temperature.’

In addition to not explicitly identifying the key
criteria and constraints that they considered,
Team 2 also did not explicitly identify the goal
that they were addressing. Neither did Team 2

provide relevant references for each of the ideas
that they suggested, but they did gather informa-
tion from sources aside from company websites.
Also, Team 2 did not provide any information
about the costs associated with implementing their
ideas, although they did engage in mathematical
modeling associated with calculating the amount
of energy that could be saved with each approach.
Finally, Team 2 did not provide insights into
possible ‘second-order effects’ associated with
their recommendations; they might have consid-
ered addressing the aesthetic implications of
installing plastic wrap insulation to the windows,
the process of installing new LEDs and disposing
of old light bulbs, or the possible negative implica-
tions of keeping hallways and stairs at a moderate
temperature (which may be much cooler or
warmer than dorm rooms) temperature.

The team considered some interesting possibi-
lities for making their living space more sustain-
able, such as the master power switch that would
allow a student to turn off all of the power in their
dorm room:

The idea is that this would enable students to turn off
everything electric in their room when they leave for
an extended break or vacation. This would turn off all
nonessential electronics so that energy is not wasted
when there is no one even in the room.

and the alarms that would sound if a door was left
open too long:

In an effort to let students know when they have held
the door open too long, a warning alarm that sounds
when a door is held open for too long would prevent
students/residents from holding the door open for
extended periods of time.

However, the team did not discuss each of their
ideas in enough detail to demonstrate that they
had engaged in design activities such as gathering
information, modeling and feasibility analysis.

4.4 Case 3: Challenge

A third case that we present is a case where
students thoroughly researched an approach that
they believed would benefit the university (in terms
of cost and sustainability), but in the end was a
very costly approach. The team approached a
course instructor about their dilemma, as the
final project deliverable was due shortly after
they realized that their approach would be very
costly. The course instructor advised the students
to reframe their memo as a report on what the
residence halls should not do to increase sustain-
ability. While Team 3 decided that they would
incorporate this ‘what not to do’ advice in their
memo, they included it as one of many sections:

Another idea that came up would be to install solar
panels on the roof of the building of Ford. Through
research on the internet, it was calculated that a
building the size of Ford Dining Court would require
approximately $25 million of initial costs for solar
panels. However, after researching this idea, we found
out that solar panels would be a bad idea for Purdue
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to invest in because the lifespan of a solar panel is only
20-25 years where as the time to break-even would
take 35 years. We could also change every single light
bulb to energy saver bulbs. These light bulbs will be
able to last three times longer than the average light
bulb also being 300% more efficient.

In addition to this advice, the team suggested that
the residence hall eliminate the use of dining trays
(used to carry plates, bowls, cups, etc.): ‘trays both
directly and indirectly promote excess wasting of
water, food, and chemicals.” Alternatively, the
residence hall might eliminate the use of plates
and ‘instead have dividers in the trays.” Both
approaches would reduce the number of dishes
(trays or plates) that would need to be washed.
The students also suggested investing in biofuels.

Overall, despite a change in their project direc-
tion at the end of the semester, the students were
still able to write a memo that met four of the five
criteria. The only criterion that the team did not
address was considering the cost of implementa-
tion—while the team clearly considered the cost-
prohibitive nature of installing solar panels, they
did not discuss costs associated with their other
suggestions.

5. NEXT ITERATION OF THE PROJECT
(SPRING 2009)

Based on our experiences in the Fall 2007 and
Fall 2008 semesters, we recognized that students
needed a better connection with the sustainability
content, and that we could improve the connec-
tions between the lecture content and other aspects
of the course, further integrating sustainability
into the first-year engineering curriculum. As a
result, we rearranged the schedule and embedded
content into multiple assessment frameworks.

Therefore for Spring 2009, we discussed sustain-
ability via a mini lecture in lab in Week 5 of the
semester. The teaching assistants conducted the
mini lecture in each section, and the content
remained similar to that first drafted in Fall
2007. However, we brought sustainability contexts
into two story problems: one focused on CAFE
standards where the main purpose was to have
students practice calculating descriptive statistics
using MATLAB and Excel; the other focused on
calculating the pay-back time of a higher efficiency
HVAC system, using linear regression to predict
future energy costs. In addition, we incorporated
the sustainability content into basic short answer
questions on a lab quiz and on both the first and
second course exams.

Most prominently, we again focused the
students’ design projects on sustainability; this
time, we framed the scenario as relating to the
American College and University Presidents’
Climate Commitment [30]. Upon becoming a
signatory, one of the first tasks a university
agrees to take on is conducting an emissions
audit. Although Purdue University is not (yet) a

signatory, we proposed that students should design
a procedure by which building/systems managers
could calculate the energy footprint of their build-
ing/system, and then use that procedure to calcu-
late a rough estimate of the energy footprint of the
systems they had chosen. The project combines a
focus on the content and context of sustainability
with the real context of the clients of the scenario
(referring to local staff and student groups who
support the university becoming a signatory) and
the real utility of having such a reusable, modifi-
able procedure.

The project has been broken into 7 milestones (M):

MO: Project description: introducing the sce-
nario of the ACUPCC, the need for an emis-
sions audit, the need for a procedure to
estimate the energy footprint of each system/
building, and the timeframe for the remaining
milestones;

M1: Problem definition: using brainstorming,
needfinding through interviews of each team-
member’s interests in engineering, and the
development of specific, measurable criteria,
student teams select a system they would like
to develop a procedure for.

M2: Team plan: the teams brainstorm and
develop goals and criteria for a good procedure
and estimate, then develop a plan using flow-
charting and other project planning tools to
collect the information needed and develop the
design for the procedure.

M3: Information and appendix TOC: To cal-
culate the estimate of the energy footprint of
their chosen system, students need to collect
(reasonable and reliable) data off the internet,
through site visits, through conversations with
experts or staff, through other published infor-
mation sources, and through estimation tech-
niques.

M4: Draft procedure: Student teams develop a
first iteration of the procedure the system
manager of their chosen system would need
to conduct to calculate the energy footprint of
that system.

MS5: Quantitative estimate: Using the informa-
tion collected through M3, student teams need
to try to follow their procedure to calculate an
estimate of their system’s energy footprint. In
some cases, this means simplifying the M4
procedure to take into account different
access to information and time available to
dedicate to the estimation/calculation.

MB6: Peer-review of the procedure and estimate.
Student teams bring drafts of both M4 and M5
to lab, where they conduct a face-to-face peer
review of another team’s procedure and esti-
mate. Feedback is provided via a rubric and
open ended questions, as well as orally. Stu-
dent teams modify their drafts as appropriate
and write a response to explain their iterations.
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M7: Final draft and estimate. This final draft is
submitted immediately before the last lab
period; while the student teams are engaged
in other work, the TAs collate all the final
drafts and estimations into a table. The table
helps see which teams chose identical or similar
systems; the TAs can then facilitate a discus-
sion about what factors went into the different
designs that made the estimates different. The
TAs also help the students discuss the coverage
of their collective estimates over the whole of
campus, and what they would do differently if
the scenario context were to be different.
Students will complete a final reflection on
the project by the end of lab.

Finally, we revised our grading rubric based (in
part) on the rating scheme developed for this
paper, and have added in new classroom content
and an assignment on information literacy to help
students better judge the trustworthiness of
sources they uses to justify their design rationales
(items 1 and 2 of the rating scheme).

6. CONCLUSIONS AND IMPLICATIONS

In considering the three cases that we presented,
in addition to the additional 55 memos that we
reviewed, the first-year engineering students that
participated in this course considered a wide range
of possibilities for making changes to their living
spaces to make their living spaces more sustain-
able. In writing up their final memos, the teams
demonstrated varying engagement in engineering
design activities. Some teams more explicitly iden-
tified their goals, criteria and constraints in their
final memos (while nearly all teams engaged in this
activity for their first milestone deliverable—M1),
the teams engaged in varying information gather-
ing activities, as evidenced by their use of citations,
the teams demonstrated varying mathematical
modeling activities, and varying considerations of
‘second-order effects’ that could affect the feasi-
bility of their solutions.

The insights gained from these case studies
inform continued improvement of the course mate-
rial and course activities. We believe that these
insights can also benefit other instructors and
universities that are (or have already) developed
or adapted materials to integrate sustainability
into engineering/design education. In particular,
our case studies of first-year engineering student
sustainability design projects can (a) provide
evidence that it is possible, and even feasible, to
introduce sustainability to first-year engineering

students and (b) provide information that can
allow educators to take an informed, learner-
centered approach [31] to designing activities or
first-year engineering students.

Specifically, the educational and research activ-
ities that we have conducted, including our own
reflections on our practice, lead us to a few prin-
ciples for ‘normalizing sustainability’ in the
context of first-year engineering:

® sustainability should be presented as a funda-
mental aspect of engineering practice, not some-
thing that is considered as an afterthought or
practiced by a small subset of engineering prac-
titioners;

® sustainability can be effectively integrated with
engineering design, which is a central aspect of
engineering practice common to all engineering
disciplines [32];

® in addition to explicitly addressing sustainability
concepts as well as design skills, first-year en-
gineering courses also need to include educa-
tional activities that help students adopt
information literacy skills for students to learn
to practice sustainable design;

e students also need to participate in activities that
help them understand, anticipate, and account
for ‘second-order effects’;

® students also need to understand the need for
engineers to both consider and articulate eco-
nomic arguments while at the same time con-
sidering and  articulating  non-economic
arguments (the triple bottom line).

We see this list as a starting point to build upon. As
we further design and re-design the educational
activities that we include in our courses, reflect on
our teaching practice, and conduct additional
research, we anticipate that we will contribute
further insights and principles for sustaining
‘normalized sustainability’ in engineering educa-
tion. Beyond this, other educators world-wide are
considering this issue as well, including the authors
of the other papers in this special issue. We
enthusiastically look forward to the growth of a
body of work that will enable us as a community to
effectively sustain sustainable design education.

Acknowledgments —We would like to acknowledge the addi-
tional three professors who were involved in teaching the course
in the Fall of 2008: Heidi Diefes-Dux, Brent Jesiek, and Bill
Oakes. We would also like to thank all of the Graduate TAs
who contributed to the grading efforts for the projects as well as
providing students with feedback on their interim design docu-
ments as well as the Undergraduate TAs who also supported the
students’ learning. Finally we would like to thank the students
who engaged in this learning experience and in turn allowed us
to learn from them.

REFERENCES

1. WCED—World Commission on Environment and Development. Our Common Future. Oxford

University Press, London, 1987.



10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

Sustaining Sustainable Design through ‘Normalized Sustainability’

. J. R. Mihelcic, J. C. Crittenden, M. J. Small, D. R. Shonnard, D. R. Hokanson, Q. Zhang, H.
Chen, S. A. Sorby, V. U. James, J. W. Sutherland and J. L. Schnoor, Sustainability science and
engineering: The emergence of a new metadiscipline. Environ. Sci. Technol., 37, 2003, pp. 5314—
5324.

. M. Bonnett, Education for sustainability as a frame of mind. Environ. Educ. Res., 12, 2006,
pp. 265-276.

. C. J. K. Paten, N. Palousis, K. Hargroves and M. Smith, Engineering sustainable solutions
program critical literacies for engineers portfolio engineering sustainable solutions. Int. J. Sustain.
Higher Educ., 6, 2005, pp. 265-277.

. A. Azapagic, S. Perdan and D. Shallcross, How much do engineering students know about
sustainable development? The findings of an international survey and possible implications for the
engineering curriculum. Eur. J. Eng. Educ., 30, 2005, pp. 1-19.

. D.-J. Peet, K. F. Mulder and A. Bijma, Integrating SD into engineering courses at the Delft
University of Technology: The individual interaction method, Int. J. Sustain. Higher Educ., 5, 2004,
pp. 278-288.

. C. I. Davidson, H. S. Matthews, C. T. Hendrickson, M. W. Bridges, B. R. Allenby, J. C.
Crittenden, Y. Chen, E. Willliams, D. T. Allen, C. F. Murphy and S. Austin, Adding Sustainability
to the Engineer’s Toolbox: A Challenge for Engineering Educators. Environ. Sci. Technol., 41,
2007, pp. 4847-4849.

. ASEE Board of Directors, ASEE Statement on Sustainable Development Education [Web site].
Retrieved February 15, 2009, from http://www.asee.org/about/Sustainable_Development.cfm

. ASCE Board of Directors, Code of Ethics [Web site]. Retrieved March 9, 2009, from http://

www.asce.org/inside/codeofethics.cfm

AICHE. Code of Ethics [Web site] Retrieved March 9, 2009, from http://www.aiche.org/About/

Code.aspx

NSPE Board of Directors. Code of Ethics [Web site]. Retrieved March 9, 2009, from http:/

www.nspe.org/Ethics/CodeofEthics/CodeHistory/historyofcode.html

ASME. Code of Ethics of Engineers [Web site]. Retrieved March 9, 2009, from http://www.aae-

s.org/documents/ASMECodeofEthicsNov06.doc

ABET Board of Directors. 2009-2010 Accreditation Policy and Procedure Manual (No. A004 09-

10). ABET Inc., Baltimore, MD, 2008.

D. Rowe, Education for a Sustainable Future. Science, 317, 2007, pp. 323-324.

J. McMichael, C. D. Butler and C. Folke, New visions for addressing sustainability. Science, 302,

2003, pp. 1919-1920.

P. T. Anastas and J. Warner, Green Chemistry: Theory and Practice, Oxford University Press,

London 1998.

P. T. Anastas and J. B. Zimmerman, Design through the 12 principles of green engineering,

Environ. Sci. Technol., 37, 2003, 94A-101A.

B. R. Allenby, D. T. Allen, and C. I. Davidson, Teaching sustainable engineering, J. Ind. Ecol., 11,

2007, pp. 8-10.

S. Lau, Green design in first-year engineering, Int. J. Eng. Educ., 23, 2007, pp. 276-286.

L. Vanasupa and F. G. Splitt, Curricula For A Sustainable Future: A proposal for integrating

environmental concepts into our curricula [Web site]. Retrieved February 16, 2009, from http:/

www.calpoly.edu/~lvanasup/VANASUPA%20mrsS04paperv5%20edited.pdf

M. P. Sharma and R. W. Peters, A Study of Integration of Sustainability in Engineering Curricula at

U.S. Colleges and Universities. Paper presented at the American Society for Engineering Education

National Conference and Exposition, Pittsburgh, 2008.

D. T. Allen, B. Allenby, M. Bridges, J. Crittenden, C. Davidson, C. Hendrickson, S. Matthews, C.

Murphy and D. Pijawka. Benchmarking Sustainable Engineering Education: Final Report [Web

site] Retrieved from September 5, 2009, from http://www.csengin.org/benchmark.htm

R. Prins, R. Kander, T. Moore, E. Pappas and O. Pierrakos, Special Session—Engineering for a

Sustainable World: How Do We Incorporate Sustainability in Undergraduate Engineering

Education? 38th ASEE/IEEE Frontiers in Education Conference, Saratoga Springs, NY, 2008.

R. M. Goft, C. Williams, J. P. Terpenny, K. Gilbert, T. Knott and J. Lo, ROXIE: Real Outreach

eXperiences in Engineering First-Year Engineering Students Designing for Community Partners,

Proceedings of Mudd Design Workshop VII, Claremont, CA, 2009.

M. K. Thompson, Green Design in Cornerstone Courses at KAIST: Theory and Practice,

Proceedings of Mudd Design Workshop VII, Claremont, CA, 2009.

E. L. Boyer. Scholarship reconsidered: Priorities of the professoriate. Princeton, NJ: Carnegie

Foundation for the Advancement of Teaching, 1990.

M. R. Connolly, J. L. Bouwma-Gearhart and M. A. Clifford. The Birth of a Notion: The Windfalls

and Pitfalls of Tailoring an SOTL-Like Concept to Scientists, Mathematicians, and Engineers,

Innovative Higher Education, 32, 2007, pp. 19-34.

H. A. Diefes-Dux, D. Dux, P. K. Imbrie, M. W. Ohland, S. P. Brophy, M. E. Cardella, O.

Dalrymple and S. R. Hoffmann, ENGR 126 Engineering Problem Solving & Computer Tools

Lecture Notes Fall 2008. School of Engineering Education, Purdue University, West Lafayette, IN,

2008.

J. Elkington, Cannibals with Forks: the Triple Bottom Line of 21st Century Business, New Society

Publishers, 1998.

ACUPCC [Web site], retrieved September 5, 2009 from http://www.presidentsclimatecommitmen-

t.org/

J. D. Bransford, A. L. Brown and R. R. Cocking (eds), How People Learn, National Academy

Press, Washington D.C, 2000.

. H. A. Simon, The Sciences of the Artificial, MIT Press, Cambridge, MA, 1996.

375



376 M. E. Cardella et al.

APPENDIX A: RUBRIC USED TO ASSESS AND GRADE FINAL MEMOS

Rubric item Proficiency levels Score
Message: The explicit message | Level 2: Explicit message is desirable and understood in less than 30 seconds.
about sustainability is Level 1: Explicit message is desirable and understood in less than 1 minute.
des_lrable and clearly Level 0: Explicit message undesirable or takes more than 1 minute to
articulated. .
understand.

Message: Implicit messages are | Level 2: The language is gender-balanced and racially-balanced or neutral and
desirable for the client. does not reveal a limited view of sustainability.

Level 1: One or more implicit messages may be troublesome.
Level 0: Implicit message could offend certain clients.

Technical content: Goals and Level 2: Goals and constraints clear, measurable, and addressed in memo.
constraints. Level 1: One or more goals or constraints may not be clearly measurable.

Level 0: Few goals or constraints are clear or measurable or memo
recommendations are not connected to goals or constraints.

Technical design: Evidence. Level 2: Supporting material provides convincing evidence for important
assertions made in the memo.

Level 1: One or more important assertions (or assumptions) are unsupported.
Level 0: Memo and supporting material are not convincing.

Memo: Connection to the Level 2: Client choice sensible, memo addresses their concerns, assumptions
client. articulated.

Level 1: Client choice sensible, but how the memo addresses their concerns is
not completely clear.

Level 0: Client choice is unclear.

Memo: Connection to society. | Level 2: Secondary costs (to others, to society) clearly articulated.
Level 1: Secondary costs considered at least implicitly.

Level 0: Secondary costs are not considered or recommendations would have
pathological consequences.

Memo design: The memo Level 2: Memo stands alone, the sustainability plan is clear.
stands alone without verbal Level 1: Memo stands alone but the reader has to struggle somewhat to
explanation. understand the sustainability plan.

Level 0: Memo cannot be understood without explanation.

Memo design: The viewer Level 2: Information flow is clear, memo is readable and free from distracting
understands the flow of elements.
information. Level 1: Information flow can be figured out; memo can be read in spite of

distracting elements.
Level 0: Memo unreadable or dominated by distracting elements.

TOTAL 16
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