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ABSTRACT

Models of design tend to contain activities that relate to multiple disciplinary and professional fields.
The rapid advancement of technology and the increasing social, economic, and environmental
challenges demand more sophisticated models of the design process. The term “design process”
captures a wide variety of views and practices in different disciplines such as engineering, business
and product design. This paper starts by examining the interdependencies and relationships between
design activities across disciplines to then focus on engineering design as a specific case. The aim is to
formulate an inter-disciplinary approach that informs and guides flexible design approaches. The
resulting approach is subsequently compared to conventional educational approach in engineering,
business, and product design. The paper closes with a categorised overview of the academic literature
on design process from various disciplinary lenses. This work gives researchers and educators an
understanding of the breadth and depth of design process, and the connectivity across disciplines
during the development of new products and services.
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1 INTRODUCTION

It has been argued that design is experiencing a disciplinary crisis [1]. Indeed, in many examples of
design research an established method or methodology is often discarded in favour of a “pick and
mix” approach to selecting and applying a number of different methods [2]. This “bricolage”
approach is a form of methodological reinvention, driven by the need for flexibility [2] and
considered by some to be evidence to support the state of crisis [3]. However, such methodological
reinvention is arguably an outcome of design  moving beyond its disciplinary framework in order to
enhance connections between disciplines and an indication that design is maturing as a discipline [3].
Whilst methodological reinvention appears to be occurring in design research, it has been noted that
design problems can no longer be solved without prior or parallel research [4]. It is therefore possible
that the bricolage approach will translate into design practice as much as design research.

Yet for the practicing designer there is little guidance on how to select methods, tools or approaches
that exist outside of their normal practice. Given that one of the main goals of research in design
disciplines is to support and improve design practice [5] it seems timely to consider how to support
designers with appropriate tools, techniques and approaches that embrace the fact that design allows
connection across multiple disciplines. This paper therefore reviews design knowledge in three
different design disciplines to identify how design is perceived and conducted, and therefore to
understand the challenges that exist in sharing design tools across different perspectives of design. The
paper proposes that the education of designers in different disciplines should explicitly embrace and
expose students to different disciplinary approaches to design to prepare them for employment in an
increasingly complex world by providing them exposure to different design tools that they can utilise.

2 KNOWLEDGE OF DESIGN THROUGH MULTIPLE DISCIPLINARY LENSES

The term design covers a broad field of activities from the systematic processes of engineering to the
artistic processes of haute couture. There are elements of design that are common to all or most of the
fields of design but still it should not be assumed that the term has equal meanings to all designers [6].
The following sections outline three different areas of design and attempts to characterise their



practice in general terms to provide an initial set of disciplinary lenses through which to examine
design as a whole.

2.1 Engineering Design

There would be few who disagreed that engineering design is a recognized activity, yet there is little
consensus on how it is embodied in practice. One common view is that design is the essence of
engineering, an aspect of human ingenuity upon which the competitiveness of countries depend [7].
Yet the boundaries of engineering design are somewhat fuzzy. For instance, mechanical engineering
design overlaps product design, but also, to a smaller extent, technology development [8].
Engineering design has been understood to be a partially scientific discipline.

Pahl and Beitz [9] write that the main task of engineers in the context of design is to “apply their
scientific and engineering knowledge to the solution of technical problems, and then optimize those
solutions within the requirements and constraints set by the material, technological, economic, legal,
environmental and human-related considerations”. This view is shared by the engineering
accreditation bodies. For example, the Institution of Professional Engineers New Zealand (IPENZ)
identifies one of the core competencies of an engineer as the ability to “design or develop solutions to
complex engineering problems in accordance with good practice for professional engineering” [10].

In an attempt to understand how designers approach problem solving, Lawson [11] utilised a set of
tasks around organising 3D coloured blocks subject to certain undisclosed rules. He observed that
scientists generally adopted a generally problem-focused strategy by attempting to understand the
fundamental rules defining the problem. However the architects adopted a solution-focused approach
that involved proposing a series of solutions, and to have these solutions eliminated, until they found
an acceptable one. As a partially scientific discipline, engineering design typically involves attempting
to fully explore a design problem to identify the best solution. This is in contradiction of the view that
design tasks are not problems that can be answered with correct or optimum solutions [6].

2.2 Product Design

Product design is a highly involved, complex and iterative process and the needs and specifications of
the required artefact get more refined only as the design process moves toward its goal. The type of
design knowledge is formal, tacit, process oriented, compiled and dynamic. Design problems are more
often termed as “wicked” problems rather than technical. Thus, design may require a complex
structure and interactions of a large number of areas/disciplines to obtain desired outcome. Product
design differs from engineering design in that it is not a search for the best solution to a constrained
problem, but an exploration for creative solutions to a more loosely defined need.

Product design is therefore more an iterative process to understanding the nature of the problem under
consideration as a means to understand the problem itself. It involves a multi-stage, iterative and
collaborative process with extensive communications and coordination among teams of experts and
the end users [12].

In the iterative design process, if the problem is ill defined at the discovery stage it puts a strain on the
end outcome of the process. There is enormous pressure on the designer in terms of demands for a
faster turnaround time, lower margin for error, efficiency in managing resources not just for the
product but also for the design process, a greater need to collaborate in multidisciplinary teams.
Design process puts too much emphasis on the desirability aspect of the product and less on feasibility
and viability of the output, which is crucial for business to survive.

2.3 Business Design

Designers develop and make ideas more attractive to consumers but in an increasingly global market
companies are asking them to create ideas that better meet consumers’ needs and desires. The former
is tactical and results in value creation (product design) and the latter is strategic and leads to dramatic
new forms of value for businesses [13]. It is termed as business design.

The objectives of business design are no longer just physical products; they are new sorts of processes,
services, IT-powered interactions, entertainments, and ways of communicating and collaborating—
especially in human-centred activities in which design can make a decisive difference. Characteristics
of business design include it being multi perspective, experimental, integrative thinking, optimistic
and collaborative.

Business design is therefore a human-centred approach to innovation. It applies the principles and



practices of design to help organizations create new value and new forms of competitive advantage. At
its core, business design is the integration of customer empathy, experience design and business
strategy.

3 DESIGN AS A TRANSDISCIPLINARY META-DISCIPLINE

There has been much debate in the literature as to whether design is a discipline or not. For example,
Cross [14] suggests that there has been a major shift in focus within design research towards the aim
of creating a design discipline as opposed to a science of design. Meanwhile, Bremner and Rogers [1]
suggest that design should be independent of discipline. One approach to resolving these different
views is to consider design as a meta-discipline that both cuts across and draws together other
disciplines. This approach allows the resolution of tensions in design by considering the multitude of
perspectives that arise when using different disciplinary lenses.

Figure 1 is a hierarchy of disciplines as proposed by Max-Neef [15] that places disciplines at different
levels, namely the value, normative, pragmatic and empirical levels.

Value Level

Ethics, Values, Philosophy etc | | |

Normative Level

Planning, Design, Politics, Law etc | | | | |

Pragmatic Level

Engineering, Architecture, | | | | | | |

Agriculture, Commerce EW

Empirical Level | | | | | | | | |
Mathematics, Physics,
Geology, Chemistry,
Physiology,
Economics etc

Figure 1. Hierarchy of disciplines (Adapted from [15])

Each level in the hierarchy can be considered as a question. For example, disciplines at the empirical
level relate to the physical laws of nature and the principles that drive life and societies. This level
asks and answers the question “what exists?”. The next level is composed mainly of technological
disciplines that answer the question “what are we capable of doing?”. What this level does not tell us,
is whether our capacities should be implemented. The danger often is that we do things simply and
only because we know how to do them. The normative level asks and answers the question “what is it
we want to do?”. The value level asks and answers “what should we do?”” or rather “how should we do
what we want to do?”.

If design were a discipline then it sits in the correct level of the hierarchy, as design very much deals
with the question “what is it that we want to do?”. However, thinking of design as a discipline in its
own right creates tension in particular instances of design. This is no more apparent than considering
the domain of engineering design. Engineering is at the pragmatic level within Max-Neef’s hierarchy,
yet traditional delivery mechanisms with in engineering programmes predispose engineers to thinking
that perhaps they work at an empirical level. An engineer working on a design task may therefore find
themselves pulled in multiple directions as they attempt to rationalise across the various thinking
modes corresponding to these three levels of the hierarchy.

Different modes of interdisciplinarity exist [16] and Max-Neef [15] describes interdisciplinarity as a
collaboration between two levels of the hierarchy, whereas transdisciplinarity is a collaboration across
all four levels driven by the value level. In this regard, engineering design is by definition an
interdisciplinary endeavour. It is, however, just one slice through the meta-discipline of design that is
taught, practiced and researched in a particular manner. Whilst this does not detract from engineering
design as such, it is possible to change how engineering designers understand design as a meta-
discipline by using multiple disciplinary lenses to examine complex design tasks. The following



section outlines conventional approaches to engineering design education before an alternative is
proposed in section 4.

4 CONVENTIONAL APPROACHES TO ENGINEERING DESIGN EDUCATION

This paper utilises engineering design as an example of how different disciplinary lenses can be
applied to an understanding of a particular design approach in order to suggest alternative approaches
for the teaching of design. It has been noted that the classical model of engineering education begins
with a solid grounding of theory, and is driven by the scientific method of enquiry. This approach can
be criticised as it allows little scope for creativity. As students progress through their engineering
degree, they are typically exposed to an increasing degree of practical learning, but this is built on
predetermined theoretical foundations and so the students approach their applied work constrained —
and supported - by their learning development [17].

Whilst there are exceptions, such as the use of challenge based learning in introductory engineering
design courses [18], most engineering degrees first introduce engineering design “in the small”, even
at the most well regarded institutions. This often is the introduction of how to create models and
assemblies in computer aided design (CAD) software, how certain components operate and how to
integrate these components in to a working system to solve some form of design challenge, for
example the design and development of an autonomous robot to find and move objects in a
constrained space. Such courses are often described as having an “emphasis on the creative design
process”, yet do not deal explicitly with creativity in practice and only introduce a relative small
number of ideation methods in a relatively superficial manner.

This view of design can directly be attributed to the accreditation requirements that specify design as a
technical activity. This implies that the engineer is only involved in the problem solving process after
the wider context is decided and the outcome provided to the engineer as a set of constraints that
bound the engineering problem under consideration. This is often reflected in the teaching of
engineering design, which focuses on introducing students to design in relatively well-defined
problems. This raises questions about the context of design activities, and suggests that “solution of
technical problems” is only a limited perception of design as a whole. Whilst not addressed in this
paper, there are opportunities to consider how an engineering curriculum holistically integrates with
the social sciences to provide a greater understanding of how engineers can engage with problems in
advance of the production of the engineering specification.

This paper does not criticise the conventional approach to teaching engineering design. When viewed
from its own disciplinary lens, the conventional approach is wholly appropriate in terms of the goals
of engineering design. Indeed, there is significant value in using this particular lens in the education of
other design disciplines to help students gain insight in to the body of knowledge associated with
engineering design. With this in mind, this paper asks whether the introduction of design from other
disciplinary lenses has the potential to broaden an engineering designer’s knowledge of design, and
better enables them to take part in design problems in a broader context.

5 AN ALTERNATIVE APPROACH TO TEACHING ENGINEERING DESIGN

If design is considered a transdisciplinary meta-discipline, then the purpose of applying different
disciplinary lenses to a given design activity should be to help prepare a designer to take part in
complex, transdisciplinary design activities. Referring to Figure 1, this would involve having a
designer integrate knowledge and practices from across all four levels of the hierarchy. As engineering
tends to be driven by a scientific mode of enquiry, the main purpose of applying different disciplinary
lenses would be to focus on the value and normative aspects.

The role of values in design is becoming of increasing interest [19, 20] and has the potential to alter
the commonly held view that technology is value-neutral. To this end, exposing engineering students
to design through the business design lens has the potential to suggest that there is a need for
clarification and explanation of the overall (ethical) objective of a project and promote the integration
of moral values in a design task. Projects and workshop in business design provides a learning
experience that is better at supporting students in learning, not only disciplinary fundamentals, but also
personal and interpersonal dimensions. For instance, a current group of students are working with a
local transport agency to explore how the walls of railway tunnel can be used in an effective way. This
includes at the possibility of designing interactive installations inside the tunnel with sound and light
effects. Students would be exposed to challenges and knowledge from different disciplines such as



design, creative technologies, business, spatial design and user experience of travellers. In particularly,
the project raises questions around values and ethics, with the former being focused on the traveller
experience and the latter about whether to include advertising in the tunnels. In projects such as these,
engineering students would be exposed to solving problems that are ill-structured and complex, and
requiring collaborative activity to gauge and understand the implications of any design decision and its
impact on the travellers experience.

A challenge exists in terms of how to integrate project based inquiry and a more broad consideration
of creative solutions, societal and economic factors into an engineering curriculum. The obvious
solution is to use design courses as the vehicle for such change, however this has the potential to
further reinforce the difference between design and the supposedly more theoretical elements of an
engineering curriculum. An alternative solution is to embrace design within those other elements of
the curriculum and at the same time promote problem space rather than understanding the solution
space. For example, a relatively common exercise in a statics class would be the design of a structure
to fit a given space envelope with the design goal of maximising the load it will bear. The same
theoretical knowledge can be obtained by considering a more open ended challenge such as a need to
transport humanitarian supplies across a gorge in a remote area. Students can be encouraged to
consider a wide range of possible solutions, along with the implications of each, with the knowledge
to be gained delivered through a consideration of the design evaluation conducted to choose a final
solution that is based not just on the technical requirements but also the wider social and economic
requirements.

Whilst design would be considered as a normative discipline, there is still a need to reinforce the
normative aspects of design. Normative views of the engineering design process would reinforce the
technical aspects of engineering, which suggest that design is a well-defined procedure that starts with
a concept and steadily progresses through detail to manufacture, yet expands to include the social
reality of a design task. This can be achieved by adopting a product design lens. For instance, groups
of students are currently working towards designing better healthcare experiences for patients,
families, and staff. As the problem is vaguely defined, students can pursue multiple solutions that may
be include the design of products, services, systems, and experiences for the improved health and
wellbeing of all hospital users. Engineering students working on a project such as this would gain
experience of solving problems with a more meaningful way by considering that there may be a non-
technical solution that offers advantages over technical solutions.

6 CONCLUSION

This paper has suggested that design is more than a discipline, but instead a transdisciplinary meta-
discipline that both cuts across and draws together knowledge from different domains. Design is
therefore multi-faceted, where each face (or lens) represents a particular perspective of what design
entails. Each perspective of design is consistent and coherent in its own way, but this paper argues that
any designer would benefit from being exposed to a shift in perspective that allows them to experience
design as perceived in a different domain.

Thinking of design education in this way would pave the way towards a new generation of designers
who are more prepared to adapt their design processes to accommodate tools and approaches from
different disciplines, and who are more conversant with other perspectives. Such familiarity fosters an
increased capacity to collaborate on the increasingly complex problems that face designers.

Whilst this paper focuses on using different disciplinary lens to bear on engineering education, this is
not to criticise this domain. Instead, it is just but one example of the underlying argument that all
design education can benefit from adopting different disciplinary lenses and exposing students to
different models and knowledge about design.
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