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Most sustainability problems are system problems (for example, transport or food consumption)
and almost insoluble without completely new ways of thinking. To address sustainability issues,
which in broad terms are the key issues of our times, designers need to be able to understand design
problems in context, envisage and describe better future systems and then design products that
could be part of a new improved system.

This paper introduces a framework for the definition of sustainable design projects. The paper
then uses this framework to describe the development and delivery of a sustainable design project to
second year Product Design students whose programme of study spans the disciplines of engin-
eering, the visual arts, business and psychology. The project was divided into a number of phases. In
the first two phases students worked in teams to research and so build up a clear view of the context
for a given problem area (for example, mobile phones); they then used this context as the basis for
a definition of a vision of the future (10±15 years from now). Finally, each individual student
defined a design brief for a product that might be a part of their team's envisaged future and
developed designs that satisfied the brief.

In addition to developing design skills and knowledge, the project allowed students to gain first-
hand experience of challenges to be addressed in the realization of sustainable products. A key
challenge demonstrated through the project was that the future will be about understanding product
design in as wide a sense as possible; it is this context, and the derived understanding that comes
from design research, that will be key in the future.
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INTRODUCTION

`SUSTAINABLE DEVELOPMENT meets the
needs of the present without compromising the
ability of future generations to meet their own
needs' [1]. The achievement of sustainable devel-
opment requires the consideration of a range of
factors covering social, economic and environmen-
tal issues. Sustainable design, for the purposes of
this paper, is taken to be the design of products (in
the form of goods and services) that contribute to,
rather than work against, the achievement of
sustainable development. The successful delivery
of sustainable design requires means by which the
sustainability of design alternatives can be evalu-
ated. Strong and Hemphill [2] describe the applica-
tion of the five capitals approach to the appraisal
of a regeneration project in Northern Ireland. The
five capitals are illustrated in Fig. 1 against a
backdrop of what Strong and Hemphill refer to
as the three pillars of sustainable development.

It is well accepted, especially in the design and
life-cycle support of large civil and military
products, that consideration of life cycle costs
and processes during the design of products
offers real benefits in terms of reduced life cycle
costs [3]. The chart shown in Fig. 2 illustrates the
typical mismatch between life cycle costs

committed and spent that occurs in many major
projects. It can be seen that typically many costs
are committed very early in the product life cycle.

Extended to sustainable development, these
costs fall into all of the five capitals categories.
For example, Hawken, Lovins & Lovins assert
that all the really important mistakes are made in
the first day, and by the time the design for most
human artefacts is completed, 80±90% of their life-
cycle economic and ecological costs have already
been made inevitable [4].

In their manifesto for 21st century organ-
izations, the MIT 21st Century Manifesto Work-
ing Group [5] identify aspirations to achieve
organizations that are both environmentally and
socially (in societal and personal senses) sustain-
able. A key to achieving these aspirations lies in the
professional development of designers with the
capability to consider all three areas of sustainable
development as opposed to just the environmental.
Through the development of these capabilities,
new opportunities will emerge for designers to
help solve complex systems issues by the applica-
tion of sustainable development principles through
the entire design lifecycle: from the identification
of design problems in a system context through to
the delivery of new solutions that fit within the
system.
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THE PROGRAMME OF STUDY

The sustainable design project described in this
paper was developed as a part of a Level 2 design
studio module in a programme in Product Design
that took its first students in September 2003. The
programme is novel in that it is led from a faculty
of engineering (with core partners from civil,
electronic, materials and mechanical engineering)
but its content spans both the engineering disci-
plines (including engineering science and design

technology management) and other design related
disciplines such as the visual arts, business and
psychology. At Levels 1 and 2, the programme
balance is one third engineering, one third other
design related disciplines and one third design
studio. The design studio modules are built
around design projects and, at Levels 3 and 4,
grow to form one half of the programme.

The design studio modules are the vehicle
through which students gain both design skills
and design project experience. A decision was

Fig. 1. Five capitals on the three pillars of sustainable development.

Fig. 2. Schematic of typical mismatch between life costs committed and spent.
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made early in the programme development to not
enforce a specific design process on students.
However a stage gate process that mirrors current
industry practice is used as a framework for design
projects. The purpose of this process is two-fold:

(1) it gives students experience of the kind of new
product definition process (which would typi-
cally be a part of a broader product develop-
ment process) in which they are likely to find
themselves working in their future careers;

(2) the stage gates can be used as a framework for
the assessment of design project outcomes. The
stage gate process that is used is presented in
Fig. 3 along with the span of the four projects
that formed the Level 2 design studio module.

It can be seen that the stage gate process starts in
the investigation of a challenge or new technology
and works through design research, the translation
of needs into requirements, concept design and
design development; all stages, and especially the
final two, may involve the creation of both digital
and physical prototypes. The decision gates,
shown by the diamonds in Fig. 3, are an initial
design brief, research results, a requirements defi-
nition document, a number of concept designs and
a finished product definition. The projects,shown
in the oblongs in Fig. 3, give students experience of
all steps in the product definition process and
cover the range of topics that are identified by
Cooper et al. as key to the successful delivery of
new products [6].

Since each design project has the same weight-
ing, positioning the design projects requires the
control of both their extent, in terms of the product

definition process stages that are covered, (repre-
sented by the lengths of the oblongs in Fig. 3) and
the depth of coverage in each stage (represented by
the widths of the oblongs in Fig. 3). It can be seen
that, in comparison to the other projects that the
students completed on the module, the sustainable
design project covered all stages of the product
definition process up to the end of concept design.
The sustainable design project formed one quarter
of the Level 2 design studio module and was
designed to consume 100 hours of student time.

PROJECT-BASED LEARNING IN DESIGN
EDUCATION

The body of knowledge upon which sustainable
design practices are built is still in the early stages
of its own lifecycle. A key reason why project-
based learning was selected for this project lay in
the fact that the body of knowledge upon which it
is based is young and fast moving. As such there is
limited value in a traditional design project
approach where students apply what they have
learnt to a problem. It is better that students
develop strategies, skills and confidence needed
to create and maintain their own knowledge
bases from the emerging body of knowledge
rather than take the role of passive learners. In
essence, the project described in this paper
provides students with opportunities to engage
with information in a problem space. This shift
from a traditional emphasis on the content cover-
age of the project to problem engagement is just
one of three issues that Tan identified in changing

Fig. 3. Product design, product definition process and design projects.
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from traditional to project-based learning models;
the other two are the role of the lecturer changing
to that of coach and the passive learner becoming
an active problem-solver [7].

The use of design projects is a well accepted
approach to the learning and teaching of engineer-
ing design in higher education [8]. However, there
are differences between traditional design projects,
where students apply knowledge gained in other
courses in project work and project-based learning
where students gain new knowledge and compe-
tencies through the completion of the project. The
acquisition of new knowledge and competences
was something that the design project described
in this paper was deliberately intended to achieve.
This is why, at the beginning of the project,
students were sent out to explore and understand
the context of a given problem area. The new
knowledge was shared with both staff and other
students on the project through design research
presentations at the end of the first phase of the
project (see later). Raucent [9] identified a key
difference as lying in the way in which projects
are assessedÐfrom results focused on traditional
design projects to process focused on project-based
learning projects.

Yeung et al. report evidence from a number of
studies, largely in the medical sector, indicating
that problem-based learning, as opposed to tradi-
tional teaching, is more likely to result in inde-
pendent learning, long-term retention of
knowledge and an ability to integrate basic scien-
tific knowledge into clinical practice [10]. There
are clear parallels between this and the integration
of knowledge from a range of disciplines into
design practice. A number of authors describe

the implementation of project-based learning in
engineering curricula. Frank et al., for example,
describe the implementation of a project-based
learning course in a mechanical engineering
programme [11]. They highlight a number of
benefits including increased student motivation
and acquisition of knowledge and skills, but
recommend training for students in team-working,
and lecturers in facilitation and mentoring skills, if
such courses are to reach their full potential.
Hansen et al. report strategies that have been
used to overcome important issues in three
broad areas at Aalborg University in Denmark:
student motivation, definition and balance of the
curriculum, and increased demand for teaching
resources [12]. In a project-based learning environ-
ment, the definition of projects is important
because they form a skeleton that supports and
integrates elements of the curriculum. The frame-
work for the definition of sustainable design
projects presented in Fig. 4 could be used to
contribute to the definition of curricula in sustain-
able development in that it provides a consistent
means of defining the extent of individual and
collections of projects.

In summary, the framework has two axes, the
starting point of the project and the end point.
Each axis has three phases within it:

. situation refers to the system within which a
given project sits;

. problem refers to a problem within the situation
that is to be defined and/or addressed by the
project;

. solution refers to a means of overcoming the
problem, so improving the situation.

Fig. 4. Framework for definition of a sustainable design project.
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A project can start in one of three places, a
current situation, problem or solution. Where a
project starts influences what the students will do
during the project and what they need to learn. For
example, a problem that starts in the current
situation is likely to require research at a system
level whereas a project starting with a current
solution is likely to require detailed analysis of a
range of design solutions. Similarly, a project can
end in one of three places, a new situation, prob-
lem or solution. Where a project ends influences
the scale of the project. For example, a project
ending with a new situation may require the
definition of a new system or way of working
and the evaluation of prototype products in this
new situation whereas a project ending with a new
solution is likely to require the detailed design of a
new solution (a product, service or some combina-
tion of the two) but not its evaluation in the
context of the new situation.

The position of a project in the framework
governs its extent. For example, designing a solu-
tion to address problems in a situation would
require students to analyse the current situation,
identify problems associated with the situation,
and from these identify design requirements for
new solutions which they could then design. In
contrast, the redesign of an existing solution may
be a far less extensive project, although one that
requires more detailed work.

Our project started in a current situation and
ended in the definition of a new solution. Students
began their project by investigating a current
situation, for example, the impact of mobile
phones on sustainable development. From
problems identified through the analysis of the
current situation they envisaged an improved
future situation and designed new solutions that
could form a part of the new situation.

THE SUSTAINABLE DESIGN PROJECT

The project was one of four that formed the Level
2 design studio module in the Product Design
programme. Each project had an allocation of 100
study hours per student; this included both contact
time and private study. The project was delivered to
31 students, in three phases over a period of 20
weeks; this included a four week vacation and a two
week examination period. The project timetable is
given in Table 1. The materials that were provided
to the students are given in the Appendix of this
paper and referenced from Table 1.

PROJECT DEFINITION

At the beginning of the project, students were
asked to state their preferences over four project
areas: small domestic products, mobile phones,
mobile food and supermarket /out of town shop-
ping (see Fig. 7 for more details). These preferences

were used to allocate students to teams; in the
event all students were placed in a team related to
their first choice problem area. In the first phase of
the project (see Fig. 8) students researched their
given problem areas in these teams. This enabled
them to build up a clear view of the context for
their design projects in terms of both the sustain-
ability of existing solutions and social/human
aspects of the situations within which these solu-
tions exist. The results of this research were
presented through poster presentations in Week 4
to the whole student group.

A key learning point for most, if not all, of the
teams was the importance of people's behaviour in
the situations that they studied and the span of
control that it is feasible for designers to have. To
provide students with a basic understanding of
issues to be addressed, a seminar on professional
responsibility was delivered to students in Week 4.
Subjects covered included beliefs, value systems
and professional responsibilityÐextending the
notion of professional responsibility to include
responsibility for future generations.

In the next two weeks, each student team
completed Phase II of the project (see Fig. 9).

This resulted in a team definition of a vision of
the future (10±15 years from now) and a set of
individual design briefs. In defining their future
vision, students were allowed, even encouraged, to
change the rules so that a viable future could be
possible. For example, students working in the
area of supermarket shopping might have assumed
that carrier bags are no longer available. The
definition of a future vision was a challenging
mental task to ask of the students at this stage.
However, it provided opportunities for them to see
where innovation can start and experience the very
early stages of a design process; each individual
design brief was for a product that might be a part
of their team's envisaged future.

In Phase III of the project students completed
individual design projects that delivered designs to
meet their individual briefs. This phase included
three workshop sessions where students learnt how
to use a material selection software package* and
consider the environmental impact of material
choices. Finally, in Weeks 19 and 20, the design
definitions were incorporated into a team poster
that encompassed the Phase I research, the team
vision, and the individual briefs and resulting
designs.

DELIVERY OF LEARNING OUTCOMES

The purpose of the sustainable design project
was to contribute to the delivery of the Level 2

* The CES Materials Eco-selector software was used to allow
students to evaluate material options in their designs with
respect to the environmental impact that each material has
through its entire lifecycle. More information on this software
package is available from www.grantadesign.com/products/mi/
ecoselector.htm.
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design studio module objectives. The relevant
module objectives and the way in which they
were satisfied through the sustainable design
project are summarized in Table 2±Table 4.
Through these tables, the module objectives are
divided into three broad areas: module learning
outcomes (only the relevant module learning
outcomes to this project are included), integration
with other modules (since one of the purposes of
the design projects is to provide students with
opportunities to integrate learning from a range
of disciplines) and design communication skills
development.

EXPERIENCES IN DELIVERING THE
PROJECT

In delivering the project, a deliberate choice was
made to make the students walk through the stages
of the process (research, vision, brief) and to feed
them the questions at each stage rather that set the
whole project out at once. This can be seen in the
project schedule where each phase of the project
was introduced after the previous phase had been
completed. The intention behind this was to encou-
rage the students to take as wide a view as possible
to start with so that their understanding of sustain-

able development was built without closed goals.
This helped to ensure that the design work was
carried out in a realistic setting.

A summary of the marks awarded for the work
that students submitted is given in Table 5. These
reflect typical mean marks for design projects and
are included to provide an indication of the quality
of work submitted at each stage of the project.

It can be seen that the quality of the first work
submitted was very high and that it dropped
towards the middle of the project and picked up
at the end. Initially the students were very enthu-
siastic about the project and in the early weeks low
workload from other modules meant that they
were able to devote more time to this project. As
the term progressed, however, time pressures from
other modules meant that students were able to
devote less time to this project. Week 11 was the
last week of an 11 week term and the progress
shown by the majority of students was lowÐ
largely because of deadline pressures from other
modules. In future years this session will be kept,
to ensure that all students at least have a feasible
brief, and progress will be monitored but not
assessed. In essence, the purpose of the week 11
progress review will focus on providing support as
needed by students and ensuring that all students
have a feasible design brief.

Table 1. Project timetable.

Week Contact time Private study work Materials
provided to
students

0 Introduction to Phase I of the project; teams
defined

Fig. 6,
Fig. 7,
Fig. 8

1 No formal contact Students teams research their assigned
project area and produce posters for
presentation in week 4.

2 Tutorial with personal tutor on documenting
meetings as evidence for peer assessment

3 No formal contact

4 The definition of professional responsibility
(Dr Simon Robinson, University Chaplaincy)

Phase I team poster presentations Fig. 9

Introduction to Phase II of the SD projectÐ
developing a vision and individual briefs

5 No formal contact Student teams develop team visions
Individual students develop design briefs

6 Team meetings with staff to assess team
visions and individual briefs
Introduction to Phase III

Students work on individual designs Fig. 10

7 Material selection workshop (1/3)
8 Material selection workshop (2/3)
9 Material selection workshop (3/3)
10 No formal contact

11 Individual progress reviews Fig. 11

12±17 No formal contact Students complete designs
18 No formal contact

19 Individual progress reviews with staff Student teams complete posters

20 Assessment of individual design portfolio
pages and CAD models

20+ Assessment of posters
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Feedback from students gained through a ques-
tionnaire on the half of the module that included
both the Sustainable Design and Emotional Design
projects yielded the comments given in Fig. 5. Only
those comments that are associated with the
Sustainable Design project are included in Fig. 5.

It can be seen that, overall, the project was well
received by students. As is often the case, a number
of students would prefer to work only individually.
However, the development of team-working skills is
widely recognized as being an essential part of most
degree programmes and the amount of research that
could have been completed would have been signif-

icantly reduced if students had been working on an
individual basis. One or two teams did experience
problems in varying levels of input by team
members. This was addressed through the introduc-
tion of opportunities for students to provide confi-
dential feedback to the project leader during the
project. Students were encouraged to support their
comments with evidence in the form of documents
of team meetings. Guidance on the creation of such
documentation was provided through small group
teaching sessions delivered by a number of staff. The
briefing materials provided to tutors are given in
Fig. 12.

Table 2. Relationship between the project and module objectives.

Relevant module learning outcomes
(By the end of this project students should be able to: . . .)

How addressed by the sustainable design project

. . . outline factors influencing the choice of materials and
process selection and their importance in design and apply
scientific principles to determine the optimum materials and
processes of manufacture for a range of existing products and
new designs;

Students were taught, through three workshop sessions, how to
use material selection software (CES4)1 to select materials to
suit given design applications and with a consideration of their
environmental impact.

. . . communicate conceptual and detail design ideas (including
tolerance information for manufacturing) by means of sketches,
CAD and DTP software with an advanced level of proficiency.

The team poster included conceptual design definitions and was
produced using Computer Aided Illustration and Computer
Aided Design software packages*.

The individual portfolio pages included design developments
and were produced using any suitable mediaÐmanual,
computer-based or a combination of the two.

. . . use and develop frameworks to identify and describe
emerging socio-cultural trends, including sustainability, and
understand the relevance of such to the designer.

Students created and applied a framework for Sustainable
Design based on research into their given problem area.

. . . appreciate the factors that can effect team performance. Approximately 50% of the project deliverables were the result
of team work.

* Students used the project to build skills developed in other modules in the following software packages: Adobe Photoshop,
Adobe Illustrator and Ideas (further information available from www.adobe.com/products/photoshop/main.html, www.adobe.com/
products/illustrator/main.html and www.ugs.com/products/nx/docs/br_ideas.pdf respectively).

Table 3. Relationship between the project and other modules.

Integration with other modules How addressed by the sustainable design project

Psychology Not explicitlyÐhowever the need for individuals to take
responsibility for the future touches upon aspects of human
behaviour that student learn in their psychology modules.

Marketing Market research and positioning was a key aspect of the many
students' research work.

Contextual studies/architectural history By researching the current situation, students were able to carry
out a design project in the context of both the future situation
that they had envisioned and the products that are currently
available.

Mechanics Students were able to make qualitative assessments but the
project did not result in a sufficiently detailed design to enable
detailed quantitative analyses.

Electronics A number of students defined briefs that used renewable energy
sources to power their products. Students needed an awareness
of the power requirements to assess the feasibility of using such
energy sources.

Materials Material selection was a key part of the projectÐsee earlier.

Design Technology Management Product and supply chain structures impact recycling feasibility
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The project was originally scheduled to run for 18
weeks but this time had to be extended to 20 weeks.
Delays arose in Phase II of the project when it was
found that students needed more guidance and
support than anticipated in defining their individual
briefs. The results of this phase had to be carefully
monitored to ensure that each student had an
individual design project (in Phase III) which was
feasible given the time available and the experience
and knowledge of the student concerned. In some
cases, additional time was needed to negotiate
individual briefs. On reflection, it was too early in
the development of the students and their time on
the course to ask them to set their own brief, but it
showed where facilitation is needed, which is part of
the whole process of project learningÐthe role of
the tutors changes and they also have to react to

situations as management would in real life [11]. In
future years it is anticipated that the two key
questions that the brief needs to answer will be
included in the Phase II project brief so that students
can assess the risk of their own project before
submission of the brief. In addition, studio session
will be added to provide background on the purpose
of a design brief and how one is set up (for example,
what is fixed, what is not; what is achievable, what is
likely to pose difficulties). Care will be taken to
ensure that each student defines a brief that is open
and emotionally driven rather than a detailed tech-
nical specification.

Students will be briefed on issues surrounding
the changing of the rules (to give a vision of a
possible future) via, for example, a thought-
provoking exercise.

Table 4. Relationship between the project and design communication skills.

Skills development How addressed by the sustainable design project

Sketching In individual folio pages and posters.

Requirements definition & design evaluation Requirements were defined and designs evaluated with respect
to them.

Computer Aided Illustration software use Used in the production of posters and portfolio pages.

Computer Aided Design software use Used in the production of CAD models for posters and
portfolio pages.

Personal skills: literacy, team-working, presentation & time
management

The completion of individual and collection of projects required
these skills.

Table 5. Summary of the assessment of work submitted.

Item Mean mark Tutors' comments

Week 4 team posters 70% The performance in this phase of the project was excellent. It was clear that
each team had engaged with the project and the volume of work completed,
and the sustainable development information gained was impressive.

Week 6 team visions 66% The team visions were, on the whole, good. They demonstrated that the
students had built upon their design research and thought about how the
situation might change in the future.

Week 6 individual briefs 57% Over 80% of the original individual briefs that were submitted did not answer
the two questions that were used to assess the feasibility of each student's Phase
III project: (a) what is the product that you are going to design? (for example, a
mobile phone) and (b) what is your sustainable design goal? (for example, to
reduce the frequency at which people replace their mobile phones.)

Week 11 progress 49% The majority of students had not made significant progress at this stage of the
project. Two factors contributed to this. Firstly, it is difficult to carry out a
design project when the brief that has to be delivered is unclear and/or
infeasible. Secondly, the workload from other modules in the course was high
by this stage in the term.

Week 18 final portfolio pages 56% The final portfolio pages were strong in their use of the team design research.
Approximately half of the students submitted designs that needed more detailed
definition to remove ambiguities. Despite the fact that the material selection
workshops were a part of the project, a significant number of students did not
provide evidence in their portfolio pages of having used this software as a part
of their design process.

Week 18 CAD models (digital
prototypes)

50% The quality of the Ideas models that were submitted spanned a wide spectrum.
In part this was due to the variable CAD skills of the students concerned. In
addition, students with incomplete product definitions in their portfolio pages
had additional difficulties since CAD packages such as Ideas do require the
user to be specific in the detailing of their geometric definitions.

Week 20 team posters 59% All but one team submitted a complete poster that included their design
research, team vision, and individual briefs and designs.
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FUTURE DEVELOPMENTS

The project was well received by students and
the students produced some excellent work.
Improvements are planned in three broad areas
for the next delivery of the project which will be to
approximately 50 students: project delivery, assess-
ment and organization.

Project delivery
The content of the project in terms of the new

knowledge gained by the students was appropriate
and the use of the project to enable students to gain
detailed knowledge through focused research in
teams was found to be effective. However, an
analysis of the students' performance indicates
that more support is needed in the development of
design and personal management skills. In particu-
lar, it is anticipated that a workshop session on the
definition of a design brief will be added to support
students better in this aspect of the project. This
session will be supplemented by clearer guidance on
what is expected in a brief and more focused
assessment criteria for the brief. The brief itself
will still be open, focused on future solutions
rather than current technical issues, and students
will be encouraged to create innovative designs for
the future rather than detailed technical solutions
for today.

With respect to personal management skills, the
lack of progress in week 11 of the project (which
was reflected in the low average mark for the
assessment of progress to that point) will be ad-
dressed by the addition of a progress report which
students will submit in week 11. In this report, it is
anticipated that students will list work done since
the submission of the Week 4 poster. As such it will
include the team vision, the individual brief and, in

some cases, revised drafts of the brief and com-
munications with design supervisors to negotiate
the brief.

Assessment
The frequency of assessed deliverables in the

project was too high at some stages. For example,
the submission of the Week 6 poster was so close to
that of the Week 4 poster that students had
insufficient time to create their team vision and
tackle the most challenging taskÐthe definition of
their individual briefs. For the next delivery of the
project, the requirement for the Week 6 poster will
be removed and the final poster will be defined to
include 2 � A3 sheets: a revised version of the
Week 4 poster (to include the team vision) plus the
individual briefs and design solutions.

At the end of the project, there was some time
pressure caused by the need to create a CAD
model of the finished design. In addition, some
of the designs were not well suited to being
modelled in a CAD package because, for example,
they were made from flexible (non-rigid) materials
and so violated the rigidity assumption that under-
pins solid model-based CAD systems. Finally, the
completed CAD models did not add significant
value to the design portfolio pages or posters; it
was felt that student time devoted to the creation
of the CAD model would have been better spent
detailing their final designs and the portfolio pages
through which the designs were communicated.
For these reasons, the computer aided illustration
element of the project will be kept for the next
delivery but not the use of the CAD system.

It can be seen that the assessment of the project
included both process and product focused
elements [9]. From an analysis of the portfolio
pages that were submitted, the assessment schedule

Fig. 5. Student feedback
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given in Table 6 has been created and will be used
as a guide in the marking of the students' portfolio
pages in future deliveries of the project described in
this paper. This schedule will be made available to
students during the project in order that they might
review their work before it has been submitted.

Project organization
The final area for improvement lies in the

organization of the project. As stated earlier,
Hansen et al. reported [12] increased demand on
teaching resources as being an issue in the intro-
duction of project-based learning.

As a result of previous experience of student

design projects, a decision was made to use elec-
tronic submission of all assessed materials apart
from the individual portfolio pages*. This meant,
for example, that students would not experience
delays in trying to print large (both in memory and
physical area) poster files, staff would not need to
manage large quantities of paper and the problems
of secure submission and return of coursework
would be avoided. The necessary computing infra-
structure was established and the majority of

Table 6. Revised portfolio page assessment schedule

Outcome of the design process Execution of the design process

Mark Final design definition Concepts considered The extent to which the
design satisfies the brief and
the way in which design
decisions are justified

Use of personal research
and information from other
modules

over 80% An original design with
sufficient detail to show
clearly how the design
functions and how it might
fit in the environment for
which it is intended.

An extensive range of
original concepts that apply
a wide range of solution
principles.

Decisions clearly justified
through systematic
evaluation with respect to
clear design objectives with
a clear link to the brief.
Thorough evaluation using
both quantitative and
qualitative data, and
weighting of evaluation
criteria.

Learning from both a wide
range of modules and results
of personal research drawn
from a number of sources
used to address a number of
design issues.

70±80% An original design with
sufficient detail to show how
the design functions and
how it might fit in the
environment for which it is
intended.

A good range of original
concepts that apply a range
of solution principles.

As above but with minor
weaknesses, for example,
some design objectives not
considered or criteria not
weighted.

Learning from a range of
modules and results of
personal research drawn
from a number of sources
used to address a number of
design issues.

60±70% An original design with
sufficient detail to show how
the design might function
and/or how it might fit in
the environment for which it
is intended.

A reasonable number of
original concepts that apply
a range of solution
principles.

Decisions clearly justified
through a systematic
evaluation with respect to
clear design objectives with
a clear link to the brief.
Evaluation using both
quantitative and qualitative
data, and, for higher end of
range, weighting of
evaluation criteria.

Material from some
modules and/or results of
personal research used to
address a number of design
issues.

50±60% An original or (for lower
marks) a derivative design
with insufficient detail to
show clearly how the design
might function and/or how
it might fit in the
environment for which it is
intended.

Several original concepts
that apply more than one
solution principle or a wide
range of derivative concepts
that use similar solution
principles.

Outcomes of decisions
stated but not clearly
justified through a
systematic evaluation with
respect to clear design
objectives with a clear link
to the brief. Evaluation
using largely qualitative
data.

Material from a small
number of modules and/or
results of personal research
used to address a small
number of design issues.

40±50% A derivative design or an
incomplete design solution.
Insufficient detail to show
how the design might
function or how it might fit
in the environment for
which it is intended.

A small number concepts
with insufficient detail to
enable the application of
solution principle to be seen.

Unsubstantiated assertions
made and clear to see as
being correct but not
supported with evidence.

Material from modules and/
or results of personal
research included but not
used in the design work.

Fail
(pass
mark is
40%)

Very little detail; not
possible to identify what the
product might be.

Very few concepts with very
little detail in the
definitions.

Not addressed or
unsubstantiated assertions
made that do not appear to
be correct.

No material from other
modules or results of
personal research included.

* Electronic submission of portfolio pages was not required
because students were expected to work on them when they
were away from the university and without access to the
mecessary computer facilities.
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students used this as intended. The management of
the work that was submitted correctly was signifi-
cantly easier than with paper submissions and a
significant amount of staff time was saved because
all submitted materials were available electroni-
cally when needed. However, in the first delivery of
the project reported in this paper, a significant
additional workload on staff resulted from undis-
ciplined use of the computer infrastructure by a
minority of students. For example, students were
asked to submit their posters as .pdf files and these
plus team meeting documents (for use as evidence
in peer assessment) were to be stored in a prede-
fined shared computer area. CAD models were to
be submitted using the system libraries. In practice,
some of the .pdf files had not been checked and did
not contain the correct information, posters were
submitted in non-pdf formats and could not be
read at all, some students emailed large files to
staff which created email system problems for both
themselves and the recipients of their messages and
CAD models were submitted in non-standard
ways which meant that the models could not be
viewed. As a result, a significant amount of staff
time was consumed in attempting to read poor
quality electronic submissions. In the next delivery
of the project, clearer instructions regarding the
submission of computer files will be made explicit
and the consequences for students of failing to
follow these instructions will be defined.

DISCUSSION

What should students learn in sustainable design
projects?

Most sustainability problems are system
problems (for example, transport or food
consumption) and almost insoluble. To address
sustainability issues, designers need to be able to
understand design problems in context, envisage
and describe better future systems, and then design
products that could be part of a new improved
system. This aligns with one of the specialist skills
for designers identified through the United King-
dom Design Council's Design Skills Campaigny,
namely, envisaging future needs. The design
project described in this paper, by starting with
an investigation of a current situation and leading
to a future vision, allowed students to gain experi-
ence of envisaging a future. A key challenge for
students was how to articulate both their current
situation and their vision of the future. One of the
limiting factors for students in the implementation
of the project described in this paper was the lack
of any systematic means of describing their present
and future situations. In the third year of their
programme they will learn how use soft modelling
techniques to build models of envisaged scenarios

[13]. It is anticipated that, through this learning,
students will both build skills in systems thinking
and be able to use these approaches to consider, in
a more systematic fashion, the systems within
which the products they design will sit. Most
problems in the future will be sustainability
driven, in the widest sense, or contain a high
element of sustainability and so sustainable
design skills are likely to become increasingly
important in students' futures.

Referring back to the framework presented in
Fig. 4, in defining their new situation, students
needed to analyse the existing situation they had
defined. This analysis should encompass as wide a
range of aspects of sustainable development as
possible. For example, the five capitals approach
highlights social, economic and environmental
factors as well as interplays between them [2].
Ideally the analysis will include both quantitative
and qualitative results so that objective design
evaluations can be carried out later in the design
process, when design alternatives are being eval-
uated. In addition, students need to recognize the
limitations of what they are likely to be able to
achieve as lone practitioners, though in the student
situation they can and should be more experimen-
tal than they may be allowed in professional
practice. In part this leads to a need for the
development of attitudes and working practices
that are compatible with effective team working.
Through consideration of ethical dimensions of
sustainable development, for example, profes-
sional responsibility, students can gain an appre-
ciation of how practising designers might fit within
the wider community and the potential social
impact of their work.

Having identified the new situation, and with an
awareness of the analysis results, students can look
for design opportunities for new products that
would enable the delivery of the new situation.
Having identified an opportunity, a key skill that
needs to be developed is in the creation of a design
brief that is both technically feasible and deliver-
able using the resources that are available. In the
project described in this paper the two critical
resources were the students who were going to
carry out the design project and the time that
was available. The time available was considered
in two ways: as the elapsed time (defined by the
project schedule) and the person hours available.
The available person hours for this project were
nominally defined as 100 hours less the time used
for research; however, in practice, the available
person hours are a balance based on the commit-
ments that the students have both within their
course and outside university.

A key element of any product design process lies
in the selection of materials. For sustainable design
projects, students need to learn about the charac-
teristics of materials as they influence sustainable
development and how to use material selection
techniques in their design processes. Within the
project, the necessary knowledge was delivered

y For details of the United Kingdom Design Council's Design
Skills Campaign, go to www.designcouncil.org.uk and search
for Design Campaign Skill.
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through a materials science module and the use of
state-of-the-art materials selection software
(CES4Ðsee earlier) was taught through work-
shops that were a part of this project.

Datschefski [14] gives five factors that he uses to
identify sustainable products.

. Cyclic considers whether a product is a part of a
natural closed loop (or complete recycling) or
not;

. Solar considers whether the energy used to make
and run a product is from renewable sources;

. Efficient refers to the efficiency of materials and
energy use;

. Safe considers whether or not products, and
their by-products, contain hazardous materials;

. Social relates to whether the manufacturer of the
product exploits workers.

These can be used to influence the evaluation of
design alternatives but, in many circumstances,
opportunities for objective evaluations of design
alternatives are limited. For example, given
Datschefski's definition, the social impact of a
product may be more closely related to decisions
made in the light of a manufacturing strategy
rather than during a design process. Thus, in
considering design alternatives, students need to
recognize the limitations if they are not involved in
downstream decisions such as production.

Of the five capitals identified by Strong and
Hemphill[2], environment is the one which has
received the most popular attention. There is a
wide-ranging literature on eco-design which can be
used to inform the evaluation of the potential
environmental impact of design alternatives. Life-
cycle analysis, in one form or another, lies at the
heart of the majority of eco-design approaches.
Such analyses require knowledge of both the
relevant downstream processes and detailed
product definition data. Feldman et al. propose a
product structure-based approach at the end of life
analysis [15]; again, this requires detailed product
and process knowledge and an awareness of the
notion of a product structure. For the project
described in this paper, the idea of a product
structure was identified in the design technology
management strand of the programme.

As with many process analyses, there is also a
need for information relating to the network of
organizations that will execute the end of life
processes. The structure of a supply chain
frequently mirrors the structure of the product
being manufactured (McKay & de Pennington,
2001). Some of the student teams in the project
included return chains that mirrored their product
structure. Thus, sustainable design learning should
ideally include the mapping of a product, end of
life process and resulting enterprise network struc-
tures so that the full impact of the design might be
considered. Given that it is unlikely for one person
to have all of the necessary knowledge, the impor-
tance of being able to work in teams is obvious.

CONCLUDING REMARKS

The design and delivery of our project has
demonstrated that project-based learning is an
effective way of delivering student learning in the
subject area of sustainable design. In addition to
detailed technical knowledge and design skills,
successful sustainable design requires context and
understanding. As such, the purpose of this project
was not only to allow students to acquire new
technical knowledge but also to open the students'
minds to what the design world is really about. The
project allowed students to gain insights that are
the keys to the future of innovative design and the
managed process of the project. The inevitable
complexity of the whole project was managed
through phasing. In this way, in the later phases
of the project, students were able apply their design
skills and technical knowledge to a relevant design
problem. The relevance was created through the
students defining their own briefs, linked to their
own design research. This allowed them to put
themselves into their own future and so, to some
extent, humanize it. The project itself was
mentored and supported, guided and encouraged
rather than being taught in the traditional sense in
order to get the best out of the students and allow
them to become the innovators that industry
needs. In addition to developing design skills and
knowledge, the project allowed students to gain
first-hand experience of challenges to be addressed
in the realization of sustainable products. More
broadly, it demonstrated that the framework for
the definition of sustainable design projects could
be used to compare and contrast different projects
that students are presented with during their
studies. Learning gained through the project has
informed the identification of key elements needed
in a sustainable development curriculum for
product designers.

The project could be adapted to suit other
courses by changing the project areas (Phase I) to
ones that align with the subject of the course
concerned. In selecting the project areas it is
important to relate them to systems level problems
rather than specific design problems or solutions
(see Fig. 4). The scale and extent of the project
depends upon what the final deliverables of Phase
III are defined as being.
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APPENDIX

Project definition

Fig. 6. Phase I project definition and brief.
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Fig. 7. Phase II project definition and brief
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Fig. 8. Student feedback.
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Fig. 9. Briefing materials for tutors leading the Week 2 tutorial.
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Fig. 10. Phase III project definition and brief.
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Fig. 11. Assessment for Week 11 progress review.
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Fig. 12. Briefing materials for tutors leading the Week 2 tutorial.
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