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Abstract 
 
The product design process can be viewed as a complex mixture of people, design 

tools and methods. This thesis documents a study into the relationships between 

these interconnecting design factors, in the context of a professional design team. 

 

An initial literature review explored the multitude of design issues, but it was clear 

that these issues are often studied in isolation rather than in combination, as they 

would be used in practice. It was evident that a more complex live study was 

needed to observe the design process in order to fully understand these 

interrelated elements. A longitudinal case study research methodology was used to 

track a working design team in action, while embedded research allowed the 

design team to be observed in real time and in a real working context.   

 

The relationship between the product design team, design process and the final 

product outcome was modelled through a number of experiments. The individual 

personalities of the product design team were studied and analysed to gain a 

deeper insight into how they worked with the design process and in conjunction 

with design tools. This interrelationship between personality and design process 

highlighted the important individual skills that the product designer can bring to the 

development of a successful commercial product. 

 

Two design projects were studied from initial concept through to product launch, a 

stadium seat and a green roof bag. The product design team were observed in 

detail for both projects and the results compared between the two. The study 

examines the effect of the TRIZ creative problem solving tool in conjunction with 

the human factors and personality type evaluation during the design process. 

 

The journey and subsequent analysis provides an in-depth case study into design 

best practice, both in terms of personality and design process.  
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Chapter 1: Introduction 
 
 
1.1 Aim of the study: The reasons for the study and direction of the 
research 
 
Product design has been continually maturing and developing as a profession due 

to numerous factors, not least globalisation and commercial expansion. The 

demands on the product designer have become complex and broad, requiring a 

knowledge base that is ever-changing in areas such as technology, economics, 

sustainable and environmental issues and legislation. These areas of technical, 

economic and environmental understanding must also be applied with clear 

strategic management, highlighting the importance of both the design skills and the 

interpersonal skills a designer must bring to the design process to develop and 

manage a successful product launch (Kim & Kang, 2008). 

 

This study seeks to examine the main issues and drivers affecting the design 

profession and review the design approaches used by professional design teams 

to address the challenges in the modern commercial context. Design 

methodologies and design skills also give context to the challenges. Finally, the 

study examines the individual human approach to the design process and how 

individuals may use and approach design tools and projects in different ways. 

Ultimately this study seeks to develop a deeper understanding of the complexities 

of product design by examining design tools, methods of approach and individual 

characteristics that all combine together in the product design process. 

Constructive recommendations to improve the design process and progress design 

as a profession are gathered through the literature review and case studies. 

 

The aim of this study is not only to examine the current product design landscape 

and plot the issues facing product designers in terms of technical product 

development tools, but also to critically examine the subtle contribution that an 

individual designer brings to the process. This human context impacts on both an 
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individual perspective as well as a team member’s contribution to the design 

process.  

 

The process of product development is often a complex journey that requires a 

variety of specialists, design tools and communication amongst the team, often at 

various different stages of that development period. Many design tools and 

methodologies have been developed to aid the designer and these will be 

examined and evaluated from both a broad global perspective and a more local 

perspective. However, the critical focus of this study will be to align these 

numerous design tools and approaches to the real lives of individuals and their 

character types as they use these tools, or indeed choose not to use these tools for 

their own reasons, in a study of live design practice. 

 

This study will refer to empirical data and highlight the significant design issues and 

design tools available, while applying an embedded research approach with a 

working design team to examine the parallel focus of the individual human 

dynamics of the designer in relation to design tools and the design team. 

 
 
1.2 Research approach 
 
This study aims to examine established literature and design practice in the first 

instance to form a thorough understanding of the broader context in which this 

study falls. This approach of scale looks initially at the recent historical evolution of 

the design profession and at the global drivers and issues affecting the larger 

commercial, economic and environmental challenges. The literature review 

continues to reduce in scale with an examination of the more immediate challenges 

for the product designer, such as legislation, as well as a more in-depth study of 

the various design tools that may be employed during the design process.  

 

The second strand of this study is an examination into the effect of an individual’s 

personal character and its impact on their approach to design and that of the team 
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dynamics. For this element, literature will again be examined and the combination 

of the two strands of the study brought together in the form of several embedded 

case studies in a working design studio.  

 

The primary fieldwork research will build on the gathered literature reviews and 

formulate conclusions and findings that will deliver conclusions, recommendations 

and direction for further study. 

 

Action research applied through a longitudinal case study structure was selected 

as the most appropriate method of data collection, ensuring a very close focus into 

the realities of the design process at the designer and design team level. 

 

Gray discusses the key themes of action research in Doing Research in the real 

world (2004), which highlights common features of the research approach: 

 

•   Research subjects are themselves researchers or involved in a  
    democratic partnership with a researcher. 
•   Research is seen as an agent of change. 
•   Data is generated from direct experience of research participants. 
 
The action research process itself, as originally conceived by Lewin, is a 
cyclical one, working through a series of steps including planning, action and 
observing and evaluating the effects of that action. Note that the stages 
overlap, meaning that some activities are running in parallel to each other. 
Rather than see this as an entire project, a good way to begin is to collect 
some initial data in an area of general interest (a reconnaissance), then to 
reflect before making a plan for action. (Gray, 2004) 

 
 
 
 
 
 
 
 
 
 
 
 Planning Planning 
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Figure 1: The Action Research Model (Gray, 2004) 
 
 
This iterative design process allows continuous development and refinement of the 

research, in which it continually reflects and informs as it progresses through the 

longitudinal process. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reflecting 
Reflecting 

Acting Acting 

Observing Observing 

Monitoring 
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1.2.1 Research design and Methodology  
 

Design  Think  Tank

Pilot  Study

  

TRIZ

Arup

Case  Study  2

Pocket  Habitat  

Arup  Design  

School  A

Arup  Design  

School  B

Sustainable

Innovation  2005

Engineering  &  

Product  Design  

Education  2008

Arup

Case  Study  1

Abacus  Stadium  seat  

Engineering  &  

Product  Design  

Education  2010

Engineering  &  

Product  Design  

Education  2011

Sustainable

Innovation  2004

Sustainable

Innovation  2006

Eco-Innovation  

workshop  2006

Research Time Line

 Research sources

Industry case studies

Conferences & papers

Research activity map

Literature  Review

2004                            2005                           2006                          2007                          2008                         2009                      2010                          2011

 
   
 
Figure 2: Research activity map 
 

The research activity map (figure 2) has been designed to visually describe the 

evolutionary stages of this study and will be referred to throughout the thesis. The 

stages are set in chronological order and coloured into clusters that represent: 

 

• Research sources; 

• Industry case studies; 

• Conferences & papers. 

 

In this way the various stages can be viewed in the context of the entire study. 

Each chapter will use the research activity map to identify the specific stage to be 

discussed. 
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1.3 Research methodology justification  
 
The progress and structure of the research naturally took a linear form leading from 

the initial research question: 

 

• How does a product design team function in the modern context? 

 

With an ongoing literature review and a paper presentation at the 10th International 

Conference on Sustainable Innovation 2005:Towards Sustainable Product Design 

10, Global ‘state of the art’ sustainable product/services development and design 

(see appendix: ii), a more defined focus was established for the study. Opinions 

and industry perspectives were also gathered during a Design Think Tank in 2007, 

an event that highlighted the issues facing design companies and brought deeper 

insight to the study and raised the importance of live industrial case studies. This 

combined additional insight gave the research question more focus and aided the 

formulation of the appropriate strategic research approach. 

 

In the text Real World Research, Robson (2002) supports this flexible research 

approach to best respond to the evolving knowledge and understanding of a 

subject. This flexibility in allowing the research approach to develop is illustrated in 

the early paper Developing a new SPDS: Sustainable Product Design tool 

(Mclening, 2005). This topic was explored as a possible research direction at the 

early stages of the study, but through peer review and reflection, the study 

gradually developed into a more encompassing exploration into the wider design 

process and design team dynamics. 

 

The value of the presentation at an international conference and the intentionally 

open, flexible research approach as advocated by Robson (2002) allowed the 

feedback and further study to move beyond this initial SPDS tool concept and into 

a much deeper study of the design process utilising the longitudinal case study 

embedded research approach. 
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The process of designing the research approach took the form of stages: 

 

1. General literature review of the product design profession and its context. 

 

2. Engagement of wider design field and academics to test initial ideas and 

theories through international conference paper and Design Think Tank 

event. 

 

3. An additional, more focused literature review, based on the redefined areas. 

 

4. Formulation of a more defined research questions based on the initial 

research stages. 

 

5. Pilot study to establish suitability and areas for exploration in the field. 

 

6. Two main case study periods to follow the design team through embedded 

research while carrying out a number of trials and observations. The two 

periods allowed comparisons to be made across different projects. 

 

7. Additional short studies were carried out with a different but related group, 

allowing further contrast and comparison of the trials and observations. 

 

8. Conclusions could then be drawn from the range of research (literature, 

events, conferences, observations, embedded research) to bring a much 

deeper level of cross-referenced understanding to the questions of the 

research.  

 

The literature review seeks to explore the two study areas (process and 

personality), together, which can then be applied and studied through the fieldwork 

case studies. One main concern at the outset of this work was the importance of 

primary research to establish actual behaviour in real design situations. The 
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approach brings together the evaluation of current design tools that may or may 

not be applied in reality by the professional design team, to analyse which tools 

and approaches have the most effect. A simple theoretical study would be limited 

by the possible divergence of well-intentioned book-based assumptions against the 

reality of a professional design practice.  

 

The fieldwork was staged to give an opportunity to evaluate and apply further 

developments to the group. In this way, a deeper understanding of the complex 

issues of the characteristics of the designers involved could be built upon.  

 

The approach of embedded research was considered essential to develop a strong 

relationship with the design groups being observed (Yin, 2003). Establishing trust 

and openness with the individuals was essential to allow a deep understanding of 

their motivations, as well as gathering open accounts of elements that went to plan 

and those that were problematic. 

 

Two products were followed from initial design proposal stage through research 

and development and onto final product launch: the Abacus stadium seat and the 

Pocket Habitat green roofing system. It was considered important to examine more 

than one product’s development to explore any possible differences in approach 

and identify any consistencies of approach by the design team. 

 

The company chosen for the field work was selected for its scale and design 

approach. The Arup Product Design team was fairly small, consisting of an 

immediate group of specialists who had fairly consistent input to projects, as well 

as a much wider community of Arup employees and additional external partners at 

times. This gave the team a very broad base of team interaction and allowed the 

study to observe and examine the intricacies of team management and dynamics. 

 

The company also has a strong ethos of creative and sustainable design, which 

would be receptive to the more current approaches and methodologies examined 
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in this study. The company culture was an important element in its selection. The 

internal training and staff development programmes were also examined in this 

study using experiments and observations to explore the company communication 

and interaction of team members in the wider company context. 

 

This thesis aims to establish the role of personality type as a key human factor 

within the design process. In addition that this factor can have a direct impact on 

the types of desingn tools and processes employed to gain a successful design 

outcome.  
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Chapter 2: Literature Review 
 
 
2.1 Introduction  
 
The literature review aims to gather a broad overview of the current published 

empirical design associated literature and identify the wider context of issues 

facing the design profession. By exploring these issues from a number of 

perspectives, a depth of understanding will be obtained to provide a sound 

context for the following case study section of this research work. Figure 3 

shows the literature review in the context of the wider body of work. 

 

Design  Think  Tank

Pilot  Study
  

TRIZ

Case  Study  2

ARUP  Design  
School  A

ARUP  Design  
School  B

Sustainable
Innovation  2005

Engineering  &  
Product  Design  
Education  2008

Case  Study  1  

Engineering  &  
Product  Design  
Education  2010

Engineering  &  
Product  Design  
Education  2011

Sustainable
Innovation  2004

Sustainable
Innovation  2006

Eco-Innovation  
workshop  2006

 Liturature Review
Research activity map

Literature  Review

 
 
Figure 3: Research activity map: Literature review 
 

The literature review chapter is presented in topic areas as shown in Figure 4.  

The initial stage of the literature review examines the current issues affecting 

the product design field and gives some background on how the design 

profession has developed. The global design landscape has undergone 

profound changes and these will be examined, again presented in a way that 

substantiates the earlier discussed current state of design. 
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Figure 4:  Literature review topic areas 
 
 
Design is a complex profession by its very nature and often draws on a wide 

range of drivers and skills. As such the literature review also examines the 

various design tools and approaches used by design companies and individual 

designers, an area further examined through the longitudinal case studies in 

chapters 6 and 7.   

 

Through the literature review the focus extends from global design issues down 

to the practical realities of design for the individual. This macro to micro 

perspective is a conscious approach to give this chapter the required overview 

as well as the more human level review, an aspect that has a significant 

influence on the following case study work. Examples of current best practice in 

design are given to contextualise the theory, an important overall aim of this 

study. In addition there is an outline of the case study company, Arup, 

describing the project work and structure of the Arup Company. 
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Section 1: Global Issues and Drivers in the design industry 
 
 
2.2.1 Challenges and issues in the product design profession 
	  
Product design as a profession has developed and changed very rapidly in the 

recent past. In many ways this reflects changes globally. The post-war period 

saw an increase of product designers supplying the developing demand from 

consumers for new goods, while the expansion of manufacturing capability 

brought increased opportunity for new products.  

 

For many the global emerging markets are the new focus for business and 

design opportunity. Manufacturing and construction, slow in Europe, is finding 

increased demand in the Far East, Middle East and Asia while the BRIC (Brazil, 

Russia, India and China) economies also exhibit a growth of product 

consumption: 

 
Since the beginning of the new millennium, the spectacular growth of 
some countries has been noticed more and more by the media and the 
opinion leaders. Western countries seem to have finally realised that 
places like India and China are extremely promising investment 
destinations becoming the engines of world growth for the years to come. 
The opportunity of building on the growth of some of the most potent 
economies has given the inspiration for the word BRIC, coined by 
Goldman Sachs in 2003. (Pelle, 2007)  

 

These new and emerging markets are of course important for design and 

manufacturing in terms of economic survival in a global recession, however they 

also represent an important opportunity. Indeed the current focus is already 

turning to the Next Eleven, a term for the next group of developing countries 

identified by Goldman Sachs as countries with most new growth potential. 

 

What is clear is that the consumption rates of the developing world far outweigh 

the global reserves in terms of materials, energy and emissions. This model of 

consumption spread to the entire global population is unsustainable and as 

such a different type of sustainable consumption is essential. This is an 

unravelling issue but one that many have identified in advance. (Braungart & 

McDonough, 2002) 
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China is developing and building eight pilot low carbon cities as part of its 2001-

2015 national economic plan developed by the People’s Congress. In many 

ways these new cities are an experiment of all the current ideas in sustainable 

living, building and working, all in one site. These pilot cities aim to have a 

hugely reduced environmental footprint in terms of construction, through the 

reduction in traditional building materials, transportation and master planning to 

provide efficient transport, communication and services that are water and 

power efficient at every opportunity. 

 

One of China’s pilot low carbon cities is Baoding, which has a population of one 

million and has established more than 20,000 clean energy jobs within the three 

years up to 2010. This is a crucial step in disconnecting existing resource 

greedy approaches of construction into more sustainable ones. The 

consequences are enormous and the great hope is that it will lead to a more 

sustainable approach that will include more of the global population in the 

developed world while avoiding the excessive consumption that Western 

societies have established. This is perhaps idealistic but is an important 

principle of design and engineering which many designers, architects and 

engineers have to take into consideration. (Karlenzig, 2011) 

 

Product designers are also much involved with this issue, for example the 

United Kingdom based Gillette design teams sent research teams to India to 

understand the needs specific to those populations, rather than simply applying 

European products. Gillette then developed new, more suitable and importantly 

sustainable, products for this new market, for example the Gillette guard, a 

razor that would give a safe, nick-free (and hence reducing risk of infection) 

shave without needing running water, focused on the functions needed by 

users. (Gillette, 2010) 

 

The challenges for the design profession can be seen in terms of economic, 

environmental and social impact factors. Clearly the developed countries within 

North America, Europe, Australasia and Japan possessed the biggest 

commercial demand and this demand has grown. But these markets are in 
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some ways saturated markets. The BRIC economies have proved to be the 

emerging new areas of commercial opportunity and design has in many ways 

turned its focus towards these developing markets. (Pelle, 2007)  

 

Another economic factor affecting current design is that of manufacturing costs. 

Countries such as China and Taiwan have taken advantage of their relatively 

low labour costs compared to those of Europe and North America, in order to 

establish themselves as the manufacturers of the world. Now many mass-

produced components are built in these countries with manufacture declining in 

Europe and North America.   

 

Nations like Japan have approached this challenge by re-positioning their 

national manufacturing focus onto the high-tech and advanced technologies, 

while countries such as Germany have held their place as a manufacturing 

nation through a high-quality approach. Eastern Europe has begun establishing 

a strong manufacturing stance, perhaps due to some wage increases in China 

as their wealth grows, and because the cost of transportation is rising so 

countries like Poland are now relatively cost-effective manufacturing areas for 

European products.  

 

 

2.2.2 In-house design and design consultancies  
 

To some extent the role of the designer has gone from general designer of all to 

specialist designer and perhaps now the focus is back to more rounded general 

designers. When generalists such as Raymond Lowey and Henry Dreyfuss 

forged the outline of the modern design profession back in the post-war era, the 

design profession grew in stature with specialists evolving in different areas. 

(Dreyfuss, 2004). Almost like being typecast, designers began to focus on more 

specialist areas due in some cases to reputation and repeat commissions but 

also the complex nature of some areas suiting specialist experience. An 

example is automotive design which involved designers specialising in car 

designs with studios growing around this work, such as Pininfarina and his 

design studio. (Prunet, 2000) 
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Design exists in larger companies who can support their own dedicated design 

team such as Ford motor company or Dyson. Design is also very successful 

when in a focused design consultancy who are commissioned by numerous 

companies for the design stages of product development, such a Factory 

Design or Ideo, (Myerson 2004) 

 

	  
2.2.3 Emerging global, environmental and sustainable challenges 

	  

There have been several important environmental global milestones, either 

through legislation or agreements between countries and industries. At each 

step the environmental impact has been addressed in a way that reflects the 

knowledge and impact of the time. In early meetings	  the Brundtland 

Commission highlighted ‘Product Development’ as a core activity and an area 

the world’s industries must focus on. The commission also outlined its own 

definition of sustainable activity: 

 
A sustainable development can be defined as a development that 
satisfies the needs of today without comprising the possibility of future 
generations to fulfil their needs. (Brundtland, 1997) 
 

The focus was very much on the obvious ‘end-of-pipe’ pollution issues and as 

such legislation was developed to deal with the issues of Greenhouse gas 

reduction at Kyoto (1997) and cleaning factory emissions and water pollution at 

the Rio Earth Summit (1992). While the Copenhagen Climate Conference was a 

more unilateral agreement from the big global manufacturing nations, the 

negotiations were very tough. 

 
Europe has been at the forefront of the sustainable movement. As such they 

have developed and continue to evolve new guidelines and legislation. The 

Europeans have a two-level approach: the global objectives of carbon emission 

targets alongside Europe-wide guidelines and legislation. These aim to address 

several issues such as: energy use, environmental impact, waste reduction and 

social change, all to encourage a more sustainable society within Europe while 
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also contributing to global carbon reduction. (Centre for Sustainable Design, 

2011). 

 

 

2.2.4 The product life cycle 
 
Increasingly designers are being obliged to expand their field of work to include 

the whole life cycle	  of a product.	  The approach of Cradle to Cradle design has 

been used to describe the entire product life cycle that also recognises the end 

of life consequences and impact of a product. The value of previously unwanted 

waste products is now becoming a rich source of resource for the production of 

the next new product, a philosophy that requires the designer to understand this 

whole product life cycle during the design phase. (Braungart & McDonough, 

2002). 

 

Designers need to be aware of the local and global requirements for their 

products and also of the impending legislation that may affect the products they 

develop. Product design is in a global market and in reality most products are 

sold around the world; hence legislation is beginning to become aligned 

between nations. 

 

ISO14062 is a good example of the design management process of a product 

being linked to the whole product life cycle, discussed in the Mclening (2005) 

(see appendix: ii). It ensures that the design addresses the issues through the 

total product life cycle, not just in manufacture and use. 
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Section 2: Design methods, processes and tools 
 
 
2.3.1 Introduction: the product journey  
	  
Product designers have a wide range of design methodologies and processes 

that they can apply to the design process. The development of a product can 

use a number of different design processes and design tools best suited to 

specific stages of that product development journey. Ulrich and Eppinger give a 

good overview of the conventional design stages and more general approaches 

in their book Product Design and Development (2011). The following section 

aims to give some key examples of the methods, processes and design tools 

that are relevant to contemporary product design and development.  

 
Advances in technology and communication have been particularly important 

developments that the professional designer must engage with. Computing and 

the internet have given unprecedented access to information and allowed 

people to gather knowledge and understanding, bringing not only a rich 

research resource, but also providing a link between the designer and other 

stakeholders. This has been a particular advantage to the smaller design 

consultancy which often has a varied client base, allowing good communication 

to both company and collaborators on projects virtually. (Myserson, 2004) 

 

Computing technology has also been a wonderful tool for the designer by 

providing technical tools such as three-dimensional design programmes ideal 

for allowing design proposals and concepts to be presented with full visual 

impact. The computer is also an effective conduit for the application of design 

tools such as those aimed at evaluating a product’s environmental impact, 

again helping the designer to coordinate and link the many facets of product 

design and development together.  
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2.3.2 Established design approaches and tools: 

 
There are a number of well-established design methods and processes that are 

widely used in both design education and the design industry. In many cases 

these approaches are naturally evolved and developed by each designer, in an 

adaptive, individually unique approach to design. Below are outlined a number 

of relevant design approaches: 

 
Iterative design 
The fundamental design process involves stages that lead into each other, 

stages that may well be defined in a variety of terms but are essentially the 

same in that they progress an idea through refinement and development. The 

iterative process recognises these stages and introduces a feedback loop of 

reflection and review. This then allows the stages to be refined and developed 

throughout the entire design process, as described by Nielsen: 

 
Iterative development of user interfaces involves steady refinement of the 
design based on user testing and other evaluation methods. Typically, one 
would complete a design and note the problems several test users have 
using it. These problems would then be fixed in a new iteration, which 
should again be tested to ensure that the "fixes" did indeed solve the 
problems and to find any new usability problems introduced by the 
changed design. (Nielsen, 1993) 

 

There are various interpretations of the iterative process but all share the 

common theme of continuous process reflection and improvement. See Figure 

5: The iterative design process (Smit, 2007).In many ways most designers 

naturally go through this process of review and reflection, indeed the nature of 

project management often requires a staged review of progress, providing a 

more formal stage of reflection. 
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Figure 5: The iterative design process (Smit, 2007) 
 
 
Product Design Specification (PDS) 
 
Pugh developed the Product Design Specification (PDS) for use when 

developing new products and this will be very familiar to many product 

designers. The PDS tool can be used as a design guide or checklist to ensure 

no factors are missed that could lead to product failure. A major advantage of 

the PDS is its simplicity and hence the ease of use for all stakeholders. 

Therefore the PDS is a valuable tool that does not alienate team members but 

allows clear communication, which is important when defining expectations of 

the design team. (See figure 6). 

 

The simplicity of the diagram allows a simple list to be compiled during early 

stage design when details may be forming, while later stages may bring more 

quantitative values and very specific PDS lists. Pugh describes the PDS as: 

 
The constituent elements of a PDS are applicable to all products, 
irrespective of the technology, be they pumps or process plants. The 
majority primary specification elements are shown [see figure *: Elements 
of the Product Design Specification]. Remember that they are the primary 
triggers from which the PDS will evolve; the information on which they are 
based will have come (or should have come) from the preceding user 
need definition stage. (Pugh, 1991) 
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Figure 6: Elements of the Product Design Specification (PDS) (Pugh, 1991) 
 

The basic PDS may often be seen combined within more complex product 

proposals. A more substantial design proposal may well include staffing lists, 

time frames and staged costing, as well as the PDS. But despite this 

embellishment into a more involved document, the basic function of the PDS is 

to allow a focus and checklist of the design ingredients to be formed. A clearly 

defined PDS can be communicated to all stakeholders easily and is still a key 

tool in the designer’s tool kit. (Pugh, 1991) 

 

 

2.3.3 Design visualisation: 
 
Drawing and sketching  
To some extent the use of drawing and sketching in the design process is taken 

for granted. The majority of literature addressing design sketching and drawing 

focuses on the techniques and styles, rather than the motivations for using this 
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very visual tool. The sketch offers a number of benefits to a professional 

designer: 

 

• A visual thinking tool to develop individual ideas on the page; 

• A visual record of ideas; 

• A communication medium to engage stakeholders in the design process; 

• A presentation medium, helping to create a projected impression of an 

idea or product. 

 

Sketching and drawing then become much broader tools for the designer, 

becoming an element of the design process that can be very adaptable. From 

quick hand sketches through to more involved computer generated 

visualisation, the cognitive decision making and design development remains 

the key (Tovey et al, 2003). 

 
In their paper, Sketching is more than making correct drawings (Waanders, 

2011) a team at the University of Twente in the Netherlands explore the issues 

of sketching with design undergraduates. While the study investigated different 

sketching techniques, these techniques were put into the context of sketching 

as a design tool to aid the designer. The approach saw sketching connected to 

the wider design process with the sketching a tool used for: recording, 

developing thoughts and communication ideas. (Waanders, 2011) 

 

Further analysis into the role of sketching in the design process has been 

carried out by Goel (1995) whose studies identify two types of operations 

happening during sketching in the problem solving phase: 

  

• Lateral transformations (where sketching moves from one idea to 

another);  

• Vertical transformations (where the sketching adds further detail to a 

single idea). 
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Design sketching can be broken down further into sketching types with 

Ferguson defining three types of design sketch: 

 

1. thinking sketches; 

2. prescriptive sketches; 

3. talking sketches. 

 

These sketching types can be seen in combination during the design process to 

aid a designer with the process of designing, developing and communicating 

design intent. (Ferguson, 1992)                                              

 

Automotive designer and engineer Gordon Murray expresses the essential role 

of sketching in his design company: 

 
We don’t have anybody in this office who can’t sketch. We operate here in 
a very old-fashioned way. We still have a full-size drawing board. When 
we are doing a design programme, we have a design meeting every 
Monday morning where everybody sits around the board and argues 
about packaging. And then they go back to CAD. So everybody can see in 
full-size, not on a 14 inch screen, where their bits goes and why it has hit 
the handbrake cable or fouled the gear leaver. It’s a little bit ‘back to the 
future’ and I want to take that philosophy and put it back into the workshop 
and the design office. (Valentine, 2011) 

 
 

Models and prototypes 
An extension of the sketch into three dimensions and the spectrum of physical 

models and prototypes is wide, the type often being dependant on the stage of 

the design process. Designers often use the early two-dimensional sketching 

process to cross into a three-dimensional realm with the use of sketch block 

models to explore form or volume. Simple card or foam can be shaped quickly 

bringing a fast intuitive tool to the design process. Again it is important to 

understand the reason for using a model in the design process rather than 

arbitrarily making physical models. The design decision to move into three 

dimensions has been further supplemented with the increasingly capable 

computer aided design tools. Israel et al (2009) explore this blending of 

traditional sketching and digital immersive technology (using three-dimensional 
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goggles to visualise the sketch in real time) to allow virtual three-dimensional 

sketching and identify the following key advantages of using an immersive 

digital system to sketch in three-dimensions: 

 

The key advantages of Immersive 3D sketching compared to traditional 
sketching methods expressed and desired by the participants were as 
follows: 
 
• Spatiality: The possibility ‘‘to work with the space’’, to create spatial 

models and to perceive their spatial impact. 3D sketching would allow 
‘‘walk-in’’ models and could ‘‘raise the communication to a higher level’’. 

 
• One-to-one proportionality: The possibility to draw models ‘‘one-to-one’’, 

e.g. in the proper proportions in relation to the own body or in relation to 
other pieces of furniture. This feature was emphasised when compared 
to CAD systems ‘‘where you often see what it looks like only after it is 
finished’’. 

 
• Associations: The possibility to ‘‘take existing objects into the virtual 

space and work with them’’, for example, to ‘‘walk into a restaurant and 
to sketch pieces of furniture there’’; or using ‘‘object libraries’’ which 
make it possible to ‘‘load’’ pre-defined models into the sketching 
environment for further refinement. 

 
• Formability: The possibility to manually warp virtual sketches, which in 

turn allows for a gradual developing and testing of ideas until they are 
‘‘mature’’. (Israel et al, 2009) 

 

The development of technology to visualise concept ideas may have changed 

the shape of the tool, but whichever approach is used it still clearly relies on the 

same decisions from the designer. The CAD tool as a constructional tool is 

addressed in a following section, however the decision to use CAD is still the 

same as for other prototypes: is it the right step to take in the design 

development process? The designer then must evaluate which type of 

prototyping approach will help them to develop the product best in the context of 

the changing design development process, as Zhang et al outline:  

 

Developing prototypes, i.e., product prototype flexibility, is a way to 
transform product concepts into working models that can be used to 
gather feedbacks from customers, engineers, and managers. Prototyping 
is essential for product development because it allows participants to react 
to working products, thereby overcoming the uncertainty in product 
conceptualisation. As prototype development moves forward, new 
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information emerges and corrective actions can be taken with low cost and 
time penalties. For this reason, rapid prototyping is advocated as a 
mechanism to enhance product development flexibility and increase 
experimentation in product design (Zhang et al, 2009) 

 

 

Computer Aided Design (CAD) in the design process 
With the rapid developments in Computer Aided Design (CAD), the speed to 

market of products can be just weeks. CAD programmes have made it possible 

to design and test components and products with Finite Element Analysis 

(FEA). In this way products need not be over engineered, and thus reduces 

materials and weight.  

 

Also, computers have brought the World Wide Web, E-mail and video 

conferencing, allowing designers to communicate around the world with 

different team members collaborating in different continents. Ong & Shen 

(2009) discuss the advantages of this virtual studio: 

 

The mixed reality (MR) environment for collaborative product design and 
development, can be described as a collaborative environment based on a 
client/server architecture where multiple users can create and modify 
product features in a 3D physical space simultaneously.(Ong & Shen 
2009) 

 

Products can now be designed entirely on computers, from concept through to 

manufacturing and testing. With computer-controlled assembly increasing 

variability on the manufacturing line, designers can now begin to increase 

diversity, a concept traditionally stifled by mass-production.  

 

Dr Charles Clarke (2011) writes on the increasing trend of design for 

customisation that is allowing consumers to choose the specification of a 

product to suit their needs more precisely. The variety of choice is increasing 

allowing consumers to purchase a unique item. 	  
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2.3.4 Sustainable design approaches and tools: 
 

Design for dis-assembly 
With the entire life cycle in the minds of designers, the assembly and 

dismantling of the product becomes a significant issue. Reducing the variety of 

materials and making dismantling faster can lead to the introduction of fast 

fittings such as moulded-in clips or quick-release fasteners. Professor Billett, 

Pro-Vice Chancellor at Brunel University presented a paper Active Disassembly 

using Smart Materials (ADSM) (1999). The work focused on the WEEE directive 

end of life issues for electronic products by using smart materials in construction 

to help in the disassembly stage. Brunel focused on two types of smart 

materials: Shape Memory Alloys (SMA) and Shape Memory Plastics (SMP). 

The materials change shape at well-defined temperatures, thus can be 

designed to move apart under heat during the disassembly stage, helping 

efficient recycling. For example, an old mobile phone could simply be heated 

then fall apart with no interaction by operators, speeding the process and 

reducing cost of recycling (Billett,1999). This total product life-cycle approach is 

advocated in the ISO and European directives on Integrated Product Policy 

(IPP). 

 
Materials reduction 
Reduction in weight not only reduces raw material used, but can reduce 

transport and recycling costs due to less weight in transit. Sprout Design Ltd 

employs a concept development method named ‘Dematerialisation’. The 

process assesses the weight and possible areas for weight reduction, thereby 

reducing the cost of materials as well as exploring issues such as transportation 

and recycling cost (see section 2.5.2). The automotive industry has long been 

working towards weight reduction in vehicles. Their aim is not only to reduce the 

quantity of materials and cost of shipping but also the crucial energy 

consumption in use, so important to consumers due to rising fuel prices. The 

reduction of excess material and weight has long been a well-established 

objective for good designers as it is often rewarding in terms of material cost as 

well as performance. (See appendix ii) 
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Design for customisation 
With increasing technological advances in manufacturing, CAD and logistics, 

products can now be customised by consumers before manufacture. The 

specification can be fed into the manufacturing process to a flexible production 

line using computerised parts ordering and automated assembly to provide 

customers with a bespoke product best suited to their needs. The increased 

trend for design customisation is discussed by Chen et al (2005): 

 

In recent years, owing to the rapid changing customer needs and much 
shorter product life cycle than ever before, employing more efficient 
and flexible approaches for product concept development has become an 
imperative for a successful product.  

 

To an extent this process is being used effectively by vehicle manufacturers 

where a car can be chosen with specific seats, trim and colour, then the order 

processed with the production line building a succession of individual vehicles 

on an automated production line. This process is expanding as computer 

ordering, tracking and logistics are becoming more efficient, with links to the 

internet allowing customers to order products they specify. With this increase of 

customised products, manufacturing is becoming more flexible and the products 

are more appropriate and personal to the consumer.  

 

Jonathan Chapman explores this issue of products that connect to users in a 

deeper way, hence becoming more valued and used longer as a positive way of 

reducing waste. In his book Emotionally Durable Design (2006) he established 

the personal links customers build with objects. The customised approach can 

be very valuable to the consumer. 

 

 

2.3.5 TRIZ creative problem solving tool 
 
Chapters 5 and 6 apply some of the following TRIZ tools in the industry case 

study research stage. For this reason the TRIZ tool is given a more focused 

explanation in this section. 
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TRIZ (Teorija Rezhenija Izobertatel’skih Zadach) is a Russian design 

development system that translates into: Theory of Inventive Problem Solving. 

Developed by Russian engineer Genrich Altshuller, the TRIZ tool kit of inter-

related creativity tools stemmed from a study of previously developed 

engineering solutions through an extensive patent study. Altshuller started by 

reducing patented solution down to simple elements and principles allowing 

similar solutions to similar problems to be better defined. The effect of this 

cross-referencing highlighted common design problems solved in similar ways 

across a wide range of different engineering fields. (Altshuller, 1996) 

 

The TRIZ approach has been adopted by the international engineering 

community and developed into a tool kit of creative TRIZ tools. Karen Gadd, 

TRIZ expert and Director of Oxford Creativity outlines the TRIZ approach: 

 
TRIZ is the only solution toolkit which exists so far in the world that offers 
engineers help beyond brainstorming at the actual concept-solution 
location and problem solving moments. There are wonderful toolkits for 
understanding problems, with analysis processes for capturing the 
requirements, analysing the systems, looking at processes and pinpointing 
actual causes of problems. There are also many rigorous and useful 
toolkits for the time after problem solving has occurred, including 
processes for selecting solutions and developing them, with useful ways of 
evaluating and predicting costs etc; but for the actual moment of problem 
solving, the search and capture of the right solutions or new concepts, 
there is only TRIZ. Until TRIZ the assumption has been that clever 
engineers and scientists would somehow find the right answers either 
individually or collectively by brainstorming and using their experience and 
knowledge. (Gadd, 2011) 

 

The great value of TRIZ in the design process is that it can help to define the 

problem into simple elements, reframing the issues and uniquely giving 

suggestions to those newly defined problems. The tools within TRIZ help to 

bring a new, clearer perspective to the problem and also bring in ways of 

creatively solving them. Several TRIZ tools use the extensive patent review 

carried out by Altshuller and continued by many TRIZ supporters. For each 

simplified engineering problem, there are a number of suggested solutions 

(solution triggers). These solutions are also reduced to the simplistic minimum 

and as such require some interpretation, however their simple nature allows the 

user to work with the starting points and then generate further solutions alone.  
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Perhaps the most widely recognised TRIZ tool is the Contradiction Matrix 

comprising of 39 technical parameters and the 40 Inventive Principles as shown 

in Figure 7. These two TRIZ tools were developed into a matrix allowing 

engineers to evaluate the design problem using the simple technical principles, 

which in turn generate suggested solutions through the 40 Inventive Principles.   

 

The matrix has several interpretations, in either paper form or as an internet 

based system, such as the TechOptimizer 3.5 by Boston based Invention 

Machine Corporation (2000).  

 

Ongoing research work at Bath University has been examining a wide range of 

design tools and building these onto the basic TRIZ tool: 

 
The paper examines the broad range of methods, tools and strategies 
available to designers and attempts to distil the best of each in a bid to 
generate a coherent, ‘systematic creative design’ philosophy. Although 
using the Soviet-originated Theory of Inventive Problem Solving, (TRIZ) as 
its foundation, the proposed design method also encompasses elements 
of, amongst others, QFD, Design for X, Value Engineering, Axiomatic 
Design and Robust Design. (Mann, 2002) 

 

Another manifestation of the TRIZ approach has been a physical TRIZ solutions 

matrix developed by a team at Karlsruhe Institute of Technology. They have 

built up an online matrix that then links to numbered boxes of physical objects 

that have applied each of the 40 Inventive Principles, an ideal teaching aid and 

an example of the continued development and interpretation of TRIZ. (Albers et 

al, 2011)	  
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Figure 7: TRIZ Contradictions Matrix of 39 technical parameters and the TRIZ 

40 Inventive Principles  
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While the TRIZ contradictions matrix and Inventive Principles may be the most 

well-known and recognised TRIZ tools, there are additional TRIZ tools that can 

also prove valuable in the creative design process. 

 

Altshuller observed and mapped the problem solving approach of creative 

engineers, developing a number of TRIZ tools which replicate the stages and 

approaches used. One on those approaches and subsequent TRIZ tool is 

explained by Gadd (2011) in TRIZ for Engineers: Enabling Inventive Problem 

Solving: 

 
The TRIZ tool called Thinking in Time and Scale (also called 9-window 
and 9-boxes), helps us view all aspects of problems and solutions and use 
our brains and knowledge more effectively to both understand and solve 
problems. By requiring us to think in Time and Scale in 9-boxes, we can 
use the vertical axis to focus in and look at the detail, or pull back and see 
the whole context, and the horizontal axis for time steps of past, present 
and future. (Gadd, 2011) 

 

The TRIZ 9-box tool principle layout can be seen in Figure 8, which exhibits the 

combined aspects of Scale and Time which can be used to examine a design 

problem with a more focused and thorough approach. 
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Figure 8: TRIZ 9-box tool. (Gadd, 2011) 
 
 
In many ways TRIZ can bring some structure to the creative problem solving 

process without constraining the thought process. The TRIZ system also uses 

a problem reduction approach allowing issues to be shared by non-technical 

participants. Indeed one of the most valuable benefits of using TRIZ can be the 

common language that problems are set within, allowing excellent collaboration 

during the critical concept development stages. 
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Section 3: Personality Types 
 
 
2.4.1 Design team dynamics 
 

The way in which the design team functions is a complex mixture of design 

methodology, design process and the dynamic interactions of the individuals 

themselves. This study seeks to examine this combination of factors through 

the study of design in action. The behaviour and personality of design team 

members is an important element of this research and as such it is vital to 

establish a reference to the established approaches of personality and 

behavioural study.  

 

From the individual design consultant through to a large multi-national company 

with numerous design groups, the fundamental design questions are 

reassuringly similar, that of: understanding the problem, establishing the need, 

followed by development and improvement through to production, all the basic 

building blocks of research and design.  

 

However the management of design in organisation can vary beyond the 

immediate design activity and the spectrum of small to large design groups can 

be very wide. The study draws a distinction between designers working for a 

single company often as an in-house design group such as a large car company 

like Volkswagen or a large design manufacturer such as Dyson (McDermott, 

1999). These larger companies often have an established design group, and 

although no doubt the design group follows familiar design processes they often 

possess an extensive community of expertise to support development and 

spread the workload. In the car industry many of the large companies will have 

numerous departments working on long term research and development 

projects. With bigger staff numbers, they often have the luxury of employing 

very specialist staff such as dedicated materials experts or ergonomists.  

 

In contrast, the smaller design groups do not have the scope for such a wide 

range of specialists and as such rely on the designers to identify issues and 
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either solve them within the group or call in the relevant expertise. This then 

gives the group much more control over the process but also challenges the 

team to understand the issues sufficiently in order to make the correct 

judgement on expertise needed. This scenario is widespread in the design 

consultant field where companies are often involved in a variety of projects, 

often for different client companies.  

 

In the paper New design Challenges and Concepts (1999), Bernd Meurer 

comments on the vast breadth of knowledge needed for the design process: 

 
The invention of new, socially and ecologically discerning product-process 
systems is one of the key issues of social, economic, political and 
technological modernisation. Anyone who has an edge in this type of 
discipline-linking development of innovations will not only score ecological 
and social success, but, to put it in economic terms, will gain premiums on 
the world market. The ‘cross-disciplinary’ team is essential for innovation 
in terms of commercial success. The training of tomorrow has to focus on 
two things, namely, on developing expert knowledge and abilities and on 
unleashing contextual competencies.  

 

Meurer has identified what so much of the professional design world has 

expressed, namely that designers work in teams on complex problems and that 

it is the team’s collective, varied knowledge and expertise, applied in context as 

Meurer puts it, that is the way forward for the design industry. He has identified 

that design has evolved into a complex process over the last Century and that 

the new millennium requires complex solutions. Such complex solutions are 

best solved with multi-disciplinary teams and Meurer proposes that the training 

of designers be split into two dual-tracks that are delivered in parallel: 

 

Track 1: Specialist training 

Track 2: Inter-systemic further education 

 

Meurer suggests university undergraduate design courses should move forward 

and become specialist training with an interdisciplinary horizon, while 

developing postgraduate courses to trigger the development of innovation as a 

transdisciplinary process. (Meurer,1999) 

 



Product Design: process and personality   
	  

Chapter 2 Literature review page   
	  

34 

Concurrent engineering (also known as simultaneous engineering) is also 

changing the way products are developed with communication and speed, the 

key to product quality and ultimate commercial success. As such the design 

team plays a vital role in implementing the process and communication is 

important in the team dynamic. In his book Concurrent/Simultaneous 

Engineering (1994), Paul Ranky highlights the communication challenges facing 

designers in such a diverse group: 

 

Concurrent Engineering is very much a team management, people, 
communications, sound technology and a "culture" issue. It is about 
thinking of the "total design and manufacturing cycle" and implementing it 
using appropriate (not necessarily the latest) technologies and excellent 
people equipped with multi-disciplinary skills. The heart of the problem is 
that engineers in design, manufacturing, quality assurance and 
maintenance do not speak the same language. Most of the obstacles are 
cultural and organisational. 

 

The following section: 2.5.1, aims to show the spectrum of companies, large to 

small and give an outline of the differing design dynamics the teams involved 

with design may face.  

 
 

2.4.2 Personality types 
 
During this study the design team dynamics and characteristics have been 

considered alongside the methods and approaches used in the design process. 

The individual and combined team decision making approaches can be 

examined through a number of well recognised personality tests and analysis 

techniques. It should be noted that this analysis should be seen as a 

component of the study rather than the main focus of the work. 

 

There are a number of team evaluation tools available to break down the roles 

of individuals within a team into tasks and approaches. Tools such as the Belbin 

test (Belbin, 2010), can give some useful models to work within teams. Also the 

six hat approach proposed by Edward De Bono that encourages teams to view 

a problem from six different perspectives (De Bono, 2000) can be a useful team 
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design tools. Both approaches were examined but did not fully address the 

individual personality preferences in the context of the wider team. From the 

initial pilot study the individual’s personal decisions and interactions were 

exposed as an important element in the design decision making process. The 

study seeks to view the participant’s personality type and identify factors that 

may influence the design process. 

 

Observation of personality types is an age-old subject with Plato and Aristotle 

both identifying commonality in personalities. Today there are numerous 

personality tests available and it was decided to apply those best suited to 

teams, team dynamics and decision making. Much of the contemporary 

personality theories and tests are underpinned by the work of Carl Jung. Jung 

proposed a set of simple decision making viewpoints as a preference of 

thinking, which could be viewed as a cognitive version of being either left or 

right-handed. Jung suggested that while most people could write with either 

hand to a degree, most have a preference for one hand above another. Jung 

suggests this cognitive preference forms the very basic personality of 

individuals and can be identified and predicted through behaviour. Clearly 

people are individuals and over this basic personality type numerous 

differentiating factors exist such as; education, experiences, environment, 

intellect and so on. However, Jung believed that the basic underlying 

personality preference could still be a clearly identified and predicted measure 

of an individual’s personality and hence behaviour. (Jung, 2002). 

 

In his book Personality Assessment: a critical survey (1969), Professor Philip 

Vernon outlines a number of psychological processes involved in understanding 

personality, many of which are still used in contemporary theory. Indeed the text 

highlights effective research approaches to personality assessment during field 

studies, with guidance on the design and implementation of field research. 
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2.4.3 Myers Briggs personality types 
 
Developed from the principle of Carl Jung, the Myers Briggs Type Indicator 

approach seeks to evaluate an individual’s personality preferences. (McCaulley, 

1981). Jung’s theory proposed that many characteristics are similar among 

people, a theory that was further developed by Isabel Myers with help from her 

mother Katharine C. Briggs. The pair went on to develop the well-known 

psychometric questionnaire: the Myers Briggs Type Indicator, which has been 

used extensively to evaluate a person’s Jungian type. There are now many 

versions of the test, including a shorter version that can be used for individuals 

or groups. All however, are based on the Jungian principles and as such have a 

common outcome in terms of the sixteen defined personality types, indicated by 

four letters. (Myers, 1995) 

 

Regardless of the means of evaluation, through questionnaire, interview or 

observation, the principle of the Jungian theory and subsequent Myers Briggs 

type personality categories is based on simple preferences. The theory 

suggests each individual has a preferred function, which is balanced by a less 

commonly used auxiliary function. Individuals then will have the full spectrum of 

personality function, but for each of the four basic cognitive functions a 

preference will exist. It is this preferred function that becomes more familiar and 

well used, leading to the resultant, and recognisable personality type. While it 

should be noted individuals have much capacity to develop and change their 

own use of their preferred or auxiliary cognitive functions, it is often an innate, 

subconscious action and is often evident in times of stress. Again the analogy of 

the preferred hand for writing can be drawn. 

 

The personality preference or auxiliary function is selected from four pairs of 

cognitive functions that form the personality type, see Table 1: 

 



Product Design: process and personality   
	  

Chapter 2 Literature review page   
	  

37 

Energising 
How a person is 
energised. 

Extroversion (E) 
Preference for drawing 
energy from the outside 
world of people, 
activities and things. 

Introversion (I) 
Preference for drawing 
energy from one’s 
internal world of ideas, 
emotions and 
impressions. 

Perceiving 
What a person pays 
attention to. 

Sensing (S) 
Preference for taking in 
information through the 
five senses and noticing 
what is actual. 

Intuition (N) 
Preference for taking in 
information through a 
‘sixth sense’ and noting 
what might be. 

Deciding 
How a person decides 

Thinking (T) 
Preference for 
organising and 
structuring information to 
decide in a logical, 
objective way. 

Feeling (F) 
Preference for 
organising and 
structuring information 
to decide in a personal, 
values-orientated way. 

Living 
The lifestyle a person 
adopts 

Judging (J) 
Preference for living a 
planned and organised 
life. 

Perceiving (P) 
Preference for living a 
spontaneous and 
flexible life. 

 
Table 1: The Four scales of the Myers-Briggs personality preference types 

(Hirsh et al, 2000) 

 

 
Jung, and subsequently Myers Briggs reduced the distinctive personality 

preferences down to four key activities, each with opposing preferences of 

interpretation. This then gives two preference options, which by their nature can 

not be used simultaneously. For example, the Living function describes how a 

person may prefer to manage their lifestyle. The two options are either Judging 

(J) or Perceiving (P). While it is acknowledged that most people will at times use 

either preference, there will be a naturally preferred and hence more well-used 

and comfortable preference taken by an individual. This preference will become 

more distinct as it is practised more and will form common behavioural patterns 

that can be observed. These preferences affect not only the individual’s life but 

also the way people interact. For example an individual who prefers a more 

organised Judging (J) way of living will find affinity with others of that type, while 

an individual with a Perceived (P) preference for living, when obliged to adapt to 

a majority of Judging (J) types, may find the situation more uncomfortable. 

Clearly there is a risk of generalisation with such personality analysis and this 
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study is keen to focus more on the general patterns of personality type in the 

context of the wider design process. 

 
The Myers Briggs Type personality preferences can then be placed in a simple 

grid of sixteen personality types. The types share different mixtures of 

preferences and hence the relationship between types can be studied with 

issues of empathy or friction between types identified. (See Figure 9 ) 

 
 

 
 
 
Figure 9: Myers Briggs Type Indicator Matrix of character types  
 
 
The Myers Briggs Type grid can be viewed with each type having some 

commonality to the adjacent type within the grid. Indeed the top row and bottom 
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row can be seen as adjacent as can the first column and the fourth column, 

giving the grid a three-dimensional link between types. 

 

Much has been made of these interconnections and common elements in the 

Myers Briggs grid and the use of the principles is widespread in management 

training and team building. The types are used in applications such as the 

military and aviation where individuals can be working under stress, which tends 

to bring personality types to the fore. Research has also used the Myers Briggs 

test extensively, with studies into personality types and professions an area of 

much interest. One such study is that of Isabel Briggs Myers and husband Peter 

Myers who explored data on the personality types associated with different 

careers. Their book Gift Differing; Understanding Personality Type (1995), 

highlights data collected on careers selected by undergraduate students and 

shows a correlation between certain personality types and careers. This 

clustering of types to careers supports the theory that certain personality 

preferences can be an asset to certain job types. For example the first column 

has a strong focus on facts and process while the third column has more of a 

focus on people and possibilities. With this knowledge of preferences it is not 

surprising we see more finance and accounting careers from column one, while 

the frequency of healthcare councillors is higher with column three. (Myers, 

1995) 

 

 

2.4.4 Keirsey Temperament Sorter 
 
David Keirsey developed a distinctive interpretation of the Jungian theory in his 

own Keirsey Temperament Sorter tool. The approach is very similar to that of 

the Myers Briggs Personality Type test and indeed uses the same form of 

questioning or observations. The results also provide the same four letter 

personality types and so can be seen as interchangeable with Myers Briggs. 

However Keirsey clusters the grid in a slightly different way, identifying four 

distinct groups or clusters of personality types which can seen as very similar; 

The 4 Keirsey Temperaments. (Keirsey. 1998) 
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Figure 10: Keirsey Temperament Sorter clusters 
 
 
Keirsey brings a very recognisable interpretation to the Jungian model with his 

four Temperament Types. (See figure 10). While Keirsey provides further detail 

to the different temperament type clusters, the general interpretations are as 

follows: 

 

• Guardians (SJs) can be seen as responsible, loyal types. 

• Artisans (SPs) can be seen as clever, responsive types. 

• Idealists (NFs) can be seen as imaginative, friendly types. 

• Rationalist or Thinkers (NTs) can be seen at rational, inventive types. 
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Keirsey uses these additional descriptions of the four main personality types to 

effectively cluster recognisable groups and personalities together and 

complement the Myers Briggs descriptors. (Keirsey, 1998)  

 
  

2.4.5 Summary of personality type assessment 
 
The Jungian approach has been developed and refined into a very widely used 

tool for evaluating personality types. Indeed Myers noted in her book Gift 

Differing, that in 1995 alone, over two and a half million people took the Myers 

Briggs Type Indicator test. The process can provide detail of an individual’s 

personality but also crucially can draw some more general characteristics that 

are shared in others. Keirsey shows how the principle method can be built upon 

and further interpreted, bringing clustered behavioural characteristics, which 

can be evaluated and compared.  

 

The study of personality types in the business and management context has 

been widespread however studies of working designers are very limited. Some 

relevant studies into personality and design activity have been made using the 

more accessible student population. Prior et al (2007) explore the issues of 

type in their paper: Comparing the personality type of design students in the UK 

and Taiwan, while another study explores issues of team working with 

engineering students at Cambridge University in an attempt to improve the 

team dynamics during design projects (Busseri et al, 2000). Both studies could 

be said to be somewhat contrived, in that they use student participants working 

to a set design project. The results do however suggest that personality types 

do indeed approach design problems in different ways and also interact within 

a working group in different ways during the design process. 

 

An additional study of personality types is presented in the paper: The effect of 

personality on the design team; lessons from industry for design education. 

(Mclening, 2010) (See appendix iv). This study examines and compares the 

industry case studies explored in this thesis while also drawing on a study of 

University undergraduate students involved in design to further explore the 
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impact of different personality type preferences and the career selection of 

engineers and designers. 
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Section 4: Best practice and example companies 
 
 
2.5.1 Examples of design best practice  
	  
The following section seeks to illustrate the design approaches of a number of 

companies which work in the design field. The size of operation varies and the 

area of design they work within is intentionally wide to give a broad overview 

and examples of design best practice. The examples are not exhaustive but in 

combination provide a range of design approaches, which illustrate the variety 

of working practice within the design profession. The companies discussed 

include:  

 

• Smaller design consultancies, which often operate through collaboration 

and for many different clients;  

• Consulting companies which provide supplementary design support, 

such as environmental and sustainability guidance; 

• Large international companies with their own in-house design teams; 

• The thesis case study company Arup Associates, of which is provided an 

overview of the company and examples of projects and working practice. 

 
 
2.5.2   Small scale design consultancies:  
 
The following examples are small design consultancies which were visited and 

interviewed for this research. They provide an insight into the way many design 

companies operate: 

 
Product First design consultancy (A small consultancy who supply a variety 

of product design, branding, packaging, and design strategy)  

Product First has been involved with design for over twenty years. The three 

company directors came together to create the company, which started as a 

product design and branding consultancy. Over the years Product First has 

expanded and contracted with the levels of work and indeed the design 

direction from the owners. In an interview with Director David Scothron, the 
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changing working practice of design can be traced through Product First. The 

company exemplifies the gradual evolution of design from a simple product 

focus to a more strategic approach. As many companies have a more 

sophisticated understanding of design and the design process, they also are 

utilising design input to develop company strategy as well as the products 

themselves. This is perhaps the biggest and most important change in the way 

the company has evolved the company design strategy. 

 

Product First are now a smaller design consultancy in number, but have a much 

bigger impact. They now specialise in the strategic implementation of design 

rather than solely the design of a product, a transformation that highlights the 

growing maturity of the design profession. (See Figure 11) 

 

 
Figure 11: Product First company profile 
 
 
Superblue Design Consultancy (Team of three working on a variety of three-

dimensional design, public space design, architecture and product design)  

With two designers based in London and a third partner in Japan the company 

is small but does call in additional staff when needed. The early stages of the 

business revolved around small commissions with a product design and 
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exhibition design portfolio. Work involved in-house design and small batch 

assembly in the design studio and workshop. This model of practice can be 

seen as a familiar one to many small designer maker consultancies. 

 

However this model gradually changed for Superblue. Larger projects and 

commissions required a strategic decision between increasing manufacturing 

and volume of mainly small batch products made in their workshop or a move to 

more design and project management. The latter was the chosen route for 

Superblue who took on larger contracts such as hospital interiors and social 

recreation spaces (see Figure 12: Superblue Design, Furzefield Community 

Space). These larger scale projects involved more complex management, 

review and coordination but much less manufacture of parts for the team.  

 

It should be noted that the direction change was a conscious one by the 

directors. The decision they faced as the company grew was one many small 

designer makers face, to either stay small scale and manufacture more or to 

aim for the bigger commission projects that require less making but more 

project management. Ultimately for Superblue the larger scale projects provided 

much higher income but at the expense of the enjoyable practical workshop 

time. 
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Figure 12: Superblue Design, Furzefield community space 
 
 
Sprout Design consultancy (A small sustainable product design consultancy) 

Sprout Design was set up as a design consultancy with a specific focus on 

sustainable design. The founding directors were involved in postgraduate 

research in the sustainable field at the Royal College of Art in London, and 

identified the growing demand for a more focused, sustainably aware design 

service. (See Figure 13) 
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Figure 13: The Sprout design approach diagram 
 
 
Sprout was commissioned to produce an environmental policy document for 

national do-it-yourself store B&Q in 2005. The document provided guidelines for 

consumers as well as suppliers to B&Q, thus obliging them to become more 

sustainable to continue their trading with B&Q. The guideline booklets included 

the following: 

 

• Product Design Guidelines: Towards ‘single planet’ home improvement. 

• Inclusive Design guidelines: Towards usable products for everyone. 

 

Using a cut down LCA tool and their own Sprout Index they evaluate concepts 

as they are developed: 
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 Sprout Index =   utility (out of 10) x product life expectancy (years) 
      Mass(grams) 
 

The Sprout Design consultancy was established with a strong sustainable 

design agenda. However the group, initially two designers, faced some 

challenges familiar to those of small design consultancies. Staffing and 

resources were limited and although external input was always available Sprout 

drew on their own experience to develop design tools to assist their sustainable 

agenda within the design process. (See appendix ii (Mclening, 2005)) 

 
The Sprout Index is a design tool based on a sound design principle aimed at 

evaluating a product design proposal quickly from the view of sustainable 

impact. An example of the Sprout design approach is the REEE chair, a single 

source recycled chair made from old Sony Playstation plastic cases, (see 

Figure 14). The chair won the 2008 Best Innovation award at the National 

Exhibition Centre (NEC) Interiors Birmingham event.	  

 
 
Figure 14: Sprout design: recycled plastic REEE chair 
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Best Foot Forward (A sustainable/environmental consultancy) 
Although not strictly a design company, Best Foot Forward is an example of the 

growing demand for specialist environmental input in design and business 

management. The company has a focus on environmental impact and 

evaluation, but with a more strategic approach aimed at improving a company’s 

environmental footprint as well as their business model going forward.  

 

The inclusion of this company is important as it gives an example of the breadth 

of design consultancy in its broadest terms, demonstrating the developing 

design field with somewhat flexible boundaries. 

 

As an environmental consultancy, Best Foot Forward has a much more focused 

approach towards the evaluation and business strategy for sustainable design. 

As such they employ more complex evaluation tools more familiar to larger 

companies with bigger resources. The tools would prove too complex for a 

small design consultancy to offer alongside design. The approach is based on 

recognised scientific analysis used to evaluate products or company processes 

in terms of environmental impact. Best Foot Forward can then make wider 

strategic recommendations based on the evaluation and their company 

experience. The company does not provide specific design input as such, but 

offers more design focused advice, a good example being the work with 

Herman Miller furniture company in the ecological and carbon footprint 

calculations for a number of their chair designs. Their work with Herman Miller 

represents the more product design orientated projects that they tackle: 

 
Herman Miller is a global provider of furniture, which researches, designs, 
manufactures and distributes furniture to offices, schools, hospitals and 
homes. The company is an international leader in eco design and wanted 
to build on its reputation for designing green furniture.  

Best Foot Forward calculated the ecological and carbon footprints of four 
different chairs assembled at the company’s headquarters in Chippenham. 
Herman Miller was keen to understand its hotspots – those processes with 
a high environmental impact that could be reduced.    

Best Foot Forward and Herman Miller looked at ways of reducing the 
impact of the materials, packaging, waste, transport and energy use 
involved in making the chairs. The company discovered that by increasing 
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recycled content it could significantly reduce its footprint. (Best Foot 
Forward, 2011) 

This interaction shows how the design challenges of environmental impact are 

being addressed using a more collaborative approach with specialist companies 

working alongside designers. 

 
	  

2.5.3 Large scale design in companies: 

 

Dyson Design. (Large design lead manufacturer, 300 engineers and designers 

based in United Kingdom) James Dyson has been a well-publicised exponent of 

the small multi-disciplinary design team. In The Product Book (McDermott, 

1999) James Dyson explains his company structure and design approach: 

	  
The studio has changed over the years in formal structure, from six we 
have grown to 300, and we've had to work hard to keep hold of this 
philosophy of design.  We've kept the team atmosphere through the fluid 
use of groups working on different products. So, as we develop a new 
piece of technology a team will be working on that new technology, along 
with another team who work on engineering and designing the product. 
 
Each team is headed by a team leader, all of whom are graduates who've 
been with us for a few years. We've also added to that assembly of 
designers and engineer’s graphic designers, marketing people, patent 
lawyers and manufacturing people. So the entire team is "in-house" to 
ensure that the creative heart of the company really is at the heart of the 
company, both philosophically and geographically. 
(McDermott, 1999) 

 

The Dyson approach of multidisciplinary teams working in small project groups 

has proved to be a successful model for design project management. The small 

group brings an intimacy and builds strong working relationships within a close-

knit team, while the larger company community provides a rich source of 

knowledge and technical input, but crucially at arm’s length from the project 

teams, allowing them to operate with the best of both a small design 

consultancy and a larger resources company.  
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Gordon Murray Design. (Design consultancy that work closely with larger 

automotive manufacturers as well as their own projects). Gordon Murray is an 

engineer well known for designing formula 1 cars and the McLaren F1, a sports 

car capable of over two hundred miles per hour. It is a sign of changing global 

demands that Gordon Murray Design is now developing a micro city vehicle in 

conjunction with a new efficient manufacturing process. The key change from 

traditional vehicle manufacturing is the approach Murray has used in developing 

the manufacturing process using techniques more familiar to smaller consumer 

products. (see Figure 15) 

 

 
Figure 15: T.27 car. Gordon Murray Design, 2011 

 

The T.27 car uses the iStream® assembly process that assembles the vehicle 

as a large product. The system employs more composite materials and recycled 

plastics to negate the large scale steel presses often associated with vehicle 

manufacture. 
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The iStream® assembly process is a complete rethink and redesign of the 
traditional automotive manufacturing process and could potentially be the 
biggest revolution in high volume manufacture since the Model T. The 
simplified assembly process means that the manufacturing plant can be 
designed to be 20% of the size of a conventional factory. This could 
reduce capital investment in the assembly plant by approximately 80%. 
Yet the flexibility of this assembly process means that the same factory 
could be used to manufacture different variants. The iStream® design 
process is a complete re-think on high volume materials, as well as the 
manufacturing process and will lead to a significant reduction in full 
lifecycle CO2. (Gordon Murray Design, 2011) 
 

The motor industry provides some insight into the challenges all design faces. 

The car can be viewed as a large complex product, but with the added political 

and environmental pressures. These pressures are increasing for smaller scale 

commercial products with consumers demanding innovative, efficient products 

that use less energy and have a smaller environmental impact. In many ways 

the car manufacturers give some insight into the effect of legislation and social 

political motivation for change that the product design industry could adopt. 

 

 

2.5.4 Arup engineering and design consultancy: 
 
As is explained in the Introduction, much of this research study has been 

carried out with the engineering and design consultancy Arup Associates. The 

following section includes a more detailed examination of the company and 

highlights areas of specific interest to this study.  

 

The company epitomises the way multidisciplinary design and engineering 

consultancies are operating in a global environment, while continually adapting 

to the many new challenges ahead. For reference a short overview of the 

company follows: 

 
Founded in 1946 with an initial focus on structural engineering, Arup first 
came to the world’s attention with the structural design of the Sydney 
Opera House, followed by its work on the Centre Pompidou in Paris. Arup 
has since grown into a truly multidisciplinary organisation. Most recently, 
its work for the 2008 Olympics in Beijing has reaffirmed its reputation for 
delivering innovative and sustainable designs that reinvent the built 
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environment. 
 
Arup brings together broad-minded individuals from a wide range of 
disciplines and encourages them to look beyond the constraints of their 
own specialisms. 
 
This unconventional approach to design springs in part from Arup’s 
ownership structure. The firm is owned in trust on behalf of its staff. The 
result is an independence of spirit that is reflected in the firm’s work, and in 
its dedicated pursuit of technical excellence.  
(Arup, 2011) 

 

Arup founder, Ove Arup was a structural engineer with a strong philosophy that 

he developed in his company. He noticed how architects and engineers did not 

always work well together on building projects and set about addressing the  

importance of understanding between different disciplines in design teams. This 

ethos of cross-disciplinary understanding and appreciation of the value of others 

has been a foundation stone for Arup as a company and despite their growth 

globally Arup continue to value shared knowledge and supportive collaboration 

highly. 

 
The Arup company approach and mission statement embeds sustainable 

values and innovation at its core and has set up a number of policies and 

strategies to implement and develop these: 

 
The firm’s commitment to sustainability informs the firm’s approach and is 
at the heart of every project. The firm is acutely aware of the responsibility 
it has in designing and influencing the built environment, to do the best 
possible work for current and future generations. The result is solutions 
that work for clients and for the people who use them and live or work in 
and around them. (Arup, 2011) 

 

With much of the work at Arup involved in large scale public projects such as 

roads, large buildings and infrastructure, the political and social impact of the 

work is hard to avoid. This no doubt heightens the company’s awareness of the 

impact and consequences of these projects on their own reputation and brand 

image. This concern for the sustainable elements of the company, its staff and 

projects is translated through the company in a number of different ways. Arup 

has developed these approaches through the Arup Sustainable Policy 

Document which uses a Macro to Micro approach for an overall company 
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sustainable strategy with ambitious aims and sub-categories. The policy clearly 

seeks to embed sustainable thinking into all of the Arup staff to then develop 

and grow the policy from within the company. The Arup Sustainability Policy 

notes the inclusion of the environmental policy in its title to recognise the wide 

reaching and inclusive nature of the word ‘sustainable’.  

 

 

 

Arup strategy 

Arup has a strong tradition of supporting and developing staff, recognising that 

Arup project work often relies on strong team work. The nature of a global 

company with many large projects running concurrently, staffed by multiple 

teams, requires excellent communication. This networking relies on good 

channels of communication but also crucially staff who understand the systems 

and the philosophy the whole company strives to work with.  

 
Founder Ove Arup was critically aware of the problems that occur when large 

teams do not communicate well and have different agendas, with his own 

experience of these problems early in his career with architects and engineers 

working together, not always smoothly. Ove Arup was also ahead of his time in 

realising that growing information was a resource that needed managing to fully 

utilise: 

 
Only limited use is made of all the existing technical knowledge, a wealth 
of new knowledge, new materials, new processes has so widened the field 
of possibilities that it cannot be adequately surveyed by a single mind.  
(Ove Arup, 1942) 

 

Again the umbrella term of ‘sustainable policy’ is used by Arup to draw in the 

staff and embed a common approach to sustainability and the environment. 

 
Outcomes in meeting these objectives, the firm will:  
 
For its people: 
 
• Employ and retain staff who have a high degree of awareness and 
expertise in sustainability for all disciplines practised; 
• Provide ongoing education and training for all staff on sustainability 
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issues relevant to the firm’s businesses; 
• Support innovative approaches in implementation of sustainability 
strategies on projects. 
(Arup Sustainable Policy Document, 2011) 

 

Arup Drivers 
Staff Research and Development (R&D) is encouraged, with the company 

trading on its knowledge and experience. This R&D could be seen as an 

integral part of staff professional development, ensuring the value of the 

company. Staff development and support is very strong at Arup and there are a 

number of programmes designed to enhance and develop individuals within the 

company, for example the Arup Design School event for new staff (see Chapter 

5 and 6). 

 
Part of the Arup approach involves more speculative research. This on-going 

research seeks to explore the trends and challenges facing the globe on a 

number of levels, from water shortage to population change. The work has led 

to the publication of the Arup Driver of Change cards conceived by the 

Foresight, Innovation and Incubation team at Arup. These cards are a concise 

resumé of the wide reaching research programme run to highlight future 

challenges to the wider Arup community. (Luebkeman, 2009). (See Figure 16). 

 

 
 

Figure 16: Arup Drivers of Change: Waste-Tech card. (Luebkeman, 2009) 
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Often used as ideas prompts, the Drivers of Change cards offer a simple way of 

distributing the research throughout the company. They provide design and 

engineering teams with a quick tool that can be used in design meetings to 

expose possible new ideas and perspectives based on sound research 

developed within the company. 

 
 
Arup Knowledge network 
With over 8,000 staff in more than 40 countries, Arup needs to have an effective 

means of project coordination and communication. The internet and internal 

Intranet allows staff to communicate online in addition to phone calls, while 

linked Computer Aided Design (CAD) and video conferencing brings teams 

together virtually. Arup has developed an internal intranet based system called 

Arup People, which gives staff the ability to find and communicate within the 

company and across the entire global Arup network.  

 
The Arup People application allows staff to search for colleagues with specialist 

areas of knowledge or previous project experience. The system includes staff 

experience and qualifications, similar to a curriculum vitae. With the company 

running a huge number of projects requiring a mixture of staff skills, the task of 

assembling the best staff for project teams is not always easy.  

Using Arup People, team managers can search for team members as well as 

contacting people with expertise for advice. This can lead to a simple email or 

phone call through to staff joining a design team. 

  
The system is very effective but does rely on staff updating their projects and 

experience and the process of searching may not always identify the best 

people. For example, a team working on a medical product may find a structural 

engineer helpful but a search of medical projects would not necessarily highlight 

the individual. But although the system has some shortcomings it is a well used 

and effective communication tool and a good way to spread the Arup mission 

statement to all employees.  

The Arup People application was developed by the Arup Knowledge 

management group, who have been developing the intranet system and 

knowledge transfer strategy for the company. In the paper Knowing what we 
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know (Pool, 2006), the team set out the challenges for the global company to 

communicate and convey knowledge within the company and to external clients 

effectively. Tony Sheehan is group knowledge manager at Arup: 

 
In order to be effective, any knowledge management initiative must take 
into account the central importance of people and their knowledge to the 
future success of the organisation. Arup put ‘people-centric KM’ at the 
heart of its efforts to create Arup People, a firm-wide application that has 
already proven its value many times over. (Sheehan, 2002) 

 

The Arup Knowledge management group also produced the Arup Knowledge 

Handbook that supports the online Arup People application which provides staff 

with a number of key visual icons designed to encourage knowledge sharing in 

a more structured way. (see Figure 17) 
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How do we manage 
information overload?

Arup’s Knowledge Brands were 
introduced to help us recognise the 
value of information accessible through 
our intranet. There is a great deal of 
information that is effectively unbranded, 
meaning that it is not validated in any 
way. Users ought to take account of this 
fact when using unbranded content. 
Branded content indicates that the 
information is owned and validated and 
thus deemed of value. On the other 
hand, all other content is ‘buyer beware’.

Arup’s Knowledge Brands can help you 
to locate the right knowledge through 
the intranet. They also guide you to the 
best place to upload content so that its 
context is understood and can be rapidly 
accessed by those searching. The 
search tool on Ovanet enables you to 
filter your search results to find relevant 
information.

The challenge is to guide people to the right information. This requires good 
management of e-mail, and reducing information overload on the intranet. To help 
with the latter, our knowledge is branded according to five categories:

Insight: Knowledge that has been validated as appropriate best 
practice by a business or skills network and, as a result, can be used 
with confidence. 

Networks: Content volunteered within an Arup network, possibly 
refined by debate or discussion, but not yet formally designated as 
agreed best practice (Insight). 

Projects: Centrally stored project information, lessons, experiences 
and outcomes of reviews from the project team that can be shared 
across the firm. 

People: People who have declared specialisms, interests, opinions 
and uploaded references within Arup People. Content is generated by 
individuals and includes items relating to their skills, interests, hobbies 
and industry profile.

Essentials: Agreed Arup policies and procedures. Includes content 
from the Arup Group Board, Legal Group and Corporate Services 
board sites.

Unbranded Content: All other content on the intranet which has not 
yet been branded in any of the other categories.

Each of our knowledge brands has its own intranet site. You will find the brands at the 
top of your Ovanet homepage and you can navigate to these sites by clicking on the 
appropriate brand.

Email Top Tips
Consider if email is the most appropriate communication method.1 

Address and send email to the right people and restrict distribution to those 2 
who need the information.

Only use CC when necessary and indicate the action required by the  3 
copied recipients.

Consider email as instant receipt not instant reply.4 

If your issue is urgent, use the telephone, videoconference or a  5 
face-to-face meeting.

Never ‘reply to all’ on meeting requests or emails unless you want to impart 6 
information to all.

Avoid using email to resolve difficult or confidential issues.7 

Use transfer areas for sending attachments to internal staff.8 

Use ‘Mail Manager’ to file project messages to the relevant network folder.9 

Use http://share.arup.com to send large files to external clients, or set up an 10 
FTP site or an extranet.

Managing information overload: email
With email having become a key method of communication it is important that we 
adopt best practice in its use and also make good use of the tools that we have to 
help us manage the size of our mailboxes.

We have tools such as Mail Manager which should be used for filing and retrieval of all 
project email. Mail Manager simplifies and speeds up the process of filing, finding and 
sharing emails and requires minimal input from you to stay within mailbox size limits. 
Visit http://oasys.intranet.arup.com/mailmanager for further information.

In the example below a search has been carried out for 
‘snow loading’, however the user is only interested in best 
practice guidance relating to snow loading so they click 
on the Insight brand to limit the search results returned.

Refine your search. For example, 
if you are looking for best practice 
related to ‘snow loading’ you would 
filter by clicking the Insight brand

Enter your search  
term here

Knowledge brands

6 7

 
 
Figure 17: Arup Knowledge Handbook: knowledge brands (Arup, 2008) 
 
 
Arup is a consultancy and not a manufacturer so trades on a business model 

built upon knowledge and expertise. As such Arup is acutely aware of the 

importance of knowledge ownership and has a team of layers and Intellectual 

Property specialists to protect their work. Many of Arup’s projects involve 

collaborations and joint partnership ventures with external companies, where 

Arup provides design expertise in its capacity as consultant. The external 

partners then contribute in numerous different ways, for example; construction, 

manufacture, marketing or infrastructure.  
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2.5.5 Arup Product Design group project examples 
 
Within Arup there are specialist groups with expertise is a more defined area. 

The Arup Product Design group is a small but influential team who link into the 

wider Arup community through the development of products and product design 

expertise. The following section provides some examples of the Arup Product 

Design group’s projects and products. 

 

As a consultancy and not a manufacturer, Arup often develops products through 

joint partnership ventures with external companies. Arup usually derive a royalty 

sourced income from design work, with products often being sold in large unit 

numbers, unlike a single large building construction.  Arup often retain the 

Intellectual Property Right (IPR) for a design, for example; the Kinnarp F-Bench 

system was manufactured, marketed and sold by the partner company while 

Arup earned an income from the royalties on sales. This approach is not always 

applied and does rely on good predictions of sales but fits well with the Arup 

ethos of knowledge being at the centre of the company rather than 

manufacturing units. 

 
The following are projects by the Arup Product Design group: 
 

The Euro seating project was developed from the work Arup was involved in 

during train station development. The opportunity for Arup to not only design the 

terminals but also contribute their own products was ideal for the Product 

Design group and the extensive experience of the train terminal team was used 

to inform the Product Design group’s work. (see Figure 18) 

 
The Arup Euro Seat: The aspiration was to produce a system wide design 
capable of a variety of configurations for different functions at different 
levels of comfort and image. It is intended that the seat can be branded 
according to the client. The system is capable of providing both a 
collective row and a single seat. The product team liaised closely with a 
number of external manufacturers and the wider Arup community allowing 
them to draw on a larger knowledge base during development. (Arup, 
2002). 
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Figure 18: Euro seat (Arup, 2002) 
 
 

The Technik flooring system is a mineral hollow floor comprising of tile 

modules placed on height-adjustable steel pedestals. Each tile is made from a 

panel made of 95% recycled paper laminated with a stone and ceramic layer.  

The tiles are joined together via a tongue and groove joint, resulting in a 

monolithic support layer. This advanced flooring system was developed by Arup 

for airport terminals specifically to reduce installation and maintenance time. It 

has been used at Heathrow Airport, UK, an excellent example of a fully 

integrated and sustainable solution. (see Figure 19) 

 

The Product Design team drew on expertise from across the Arup community, 

including engineering analysis and design contributions from architectural 

facades designers, demonstrating how well the group can share knowledge. 

 
 
         
 

  
 
Figure 19: Technik Flooring system (Arup, 2007) 
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The Bench F is a modular desk system designed in collaboration with seating 

manufacturer Kinnarps (see Figure 20). The Arup team were keen to implement 

a modular solution and follow the Arup Sustainability Policy to produce a 

flexible, sustainable system: 

 
Arup’s product design team is celebrating the launch of its new ergonomic, 
future-proofed bench system. Bench F – a product of collaboration 
between Arup and Kinnarps – was unveiled at the office furniture 
manufacturer’s London store on Thursday 24 April 2008. The Arup bench 
will be used in Arup offices throughout the world, and will also become part 
of Kinnarps' new office range. 
 
"Combining Arup's design expertise and Kinnarps' technology has enabled 
us to develop a product that meets Arup’s needs and exacting standards," 
comments Arup product designer Rebecca Minnitt. "Bench F is also 
applicable to a wider commercial market, particularly where office 
managers desire the neat rows of a benching system with the versatility of 
a height adjustable desk system." 
 
Designed using as few component parts as possible, Bench F is quick to 
assemble and lightweight construction makes it easy to deliver. Together 
with a range of accessories and a cable management system, the 
benches can be reconfigured at any time to suit an individual's needs – 
making the product ideal for shared workspaces and hot-desks. 
 
Bench F is also good for the environment. The design uses Dufalite and 
Lamine™, two unique materials specifically engineered to help reduce the 
environmental impact of Bench F throughout its lifecycle. 
(Arup, 2008) 
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Figure 20: The Kinnarps’ Bench F system (Arup, 2008) 
 
 
As can be seen in the range of Arup products the company is keen to tackle the 

design challenges in terms of sustainability. The company ethos is one of cross-

disciplinary support during projects, with constant learning and knowledge 

development at the heart of the company.  

 
 
2.6 Literature review summary 
 

The literature review draws on four key topics affecting contemporary product 

design to put the following study into the wider design context. The design 

issues that stem from the global perspective can be viewed in terms of; 

economic, environmental and social issues. For product design to succeed in 

such a competitive market, the designer needs to understand the impact of 

these issues and also identify the changing shape of the drivers that are ahead. 

This then suggests that a wider base of general knowledge in areas such as 

business and culture is valuable to the modern design profession. 
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Design approaches, tools and processes should assist the designer in their aim 

to develop a successful product. The wide range of tools combined with the 

ability to modify and combine approaches gives the designer almost endless 

options. The key then is to understand the drivers and contexts of the design to 

then select the most appropriate tools and processes. The early concept 

generation stage can be viewed as the most flexible, with less formal tools in 

comparison to the design development stages, but the TRIZ tool does give 

some opportunity to support the design process during the creative concept 

design stage. 

 

While the technicalities of the design process have been explored extensively, 

the contribution of the individual designer’s personality to that process has 

perhaps had less attention in other studies. This may be due in part to the 

challenges of identifying the impact of personality on the design process, which 

is often combined with other stakeholders in a team process. A number of 

established personality type evaluation tools have been reviewed and the wide 

use of these within other fields can provide some reassurance that personality 

could be better understood within a working design team. 

 

Key to building better insight into the way the design team applies the design 

process is the observation of live design teams. Academic design team 

simulation using student groups is inevitably somewhat divorced from the 

realities of a professional design team. Reliable examples of best practice in 

design should be drawn from design professionals and companies, ideally those 

who have achieve success through an innovative design approach or gained 

design peer praise. The literature review provides a sample of companies with 

very different approaches to the design process, some due to size of company 

with others due to design philosophy. The final case study explores the way in 

which Arup Associates approach design and how they structure their work, 

providing a reference to the following case study research. 

 

The literature review describes a rich design profession working hard to adapt 

and evolve in a fast changing world. The tools designers are using are evolving 

as are the types of products that are demanded from an ever more sustainably 
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aware consumer. The pressure on the design team to create a product that 

performs, not only to a high technical standard, but also adheres to the 

economic and social criteria is high. The personality type of the designer can 

also contribute to that creative process to ensure product success. 
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Chapter 3: Methodology 
 
 
3.1 Introduction to methodological approach to the study 
 
This chapter introduces the second stage of the study that builds on the initial 

literature review in chapter 2. It also adds the Design Think Tank event data and 

conference feedback to develop the research strategy and methodological 

approach. 

 

A primary research approach forms the next stage of the study and the Arup 

Product Design team was selected for the industry case studies for a number of 

reasons. The Design Think Tank had identified a number of design groups willing 

to participate in a design process case study. The timing of design projects and the 

researcher’s availability required some overlap of schedules, while the type of 

design projects was also a factor with Arup having a variety of projects best suited 

to this study. A comfortable working relationship is important for an embedded 

research approach and Arup as a company was considered to be very open to a 

research study of this kind, an important consideration for such a long and in-depth 

study period. Section 2.5.4 outlines the Arup company philosophy and gives 

examples of the product design projects previously tackled by the company. 

 
The study seeks to explore the complex nature of current design practice through 

an empirical literature review, by progressing the research through case studies 

and through active research experiments with data gathered through embedded 

research observations. This multilayered approach was deemed to be the best 

way to give the required breadth and depth in this multidisciplinary area. By 

utilising a combined qualitative research approach, the findings become complex, 

multiple, constructed and stratified (Reichardt & Rallis, 1994). This combined 

research approach allows the evolution and real-world testing of theoretical 

approaches in a live context for a deeper understanding. 
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The longitudinal Action Research approach involves a flexible design strategy 

(qualitative) across a number of staged case study periods with the company. This 

longitudinal case study design allows the embedded research approach the 

opportunity to introduce some smaller experiments and study comparisons across 

the study period and across a number of different design projects.  

In his book Real World Research Robson (2002) highlights a typical flexible design 

research strategy: 

 
Case study: 
Development of detailed, intensive knowledge about a single ‘case’, or of a 
small number of related ‘cases. 
The details of the design typically ‘emerge’ during data collection and 
analysis. 
 
Typical features:  
 

• Selection of a single case (or a small number of related cases) of a situation, 
individual or group of interest or concern; 

• Study of the case in its context; 
• Collection of information via a range of data collection techniques including 

observation, interview and documentary analysis.  
(Robson, 2002) 

 

This study explores the interconnected issues within a multidisciplinary design 

context. By employing a number of different research approaches throughout 

different stages of the study the process builds on the reflection at each stage. The 

combined research approach also allows a certain overlap of different 

methodologies to examine the same issues in subtly different ways, hence building 

a broader and deeper understanding of the design process. 

 

 
3.2 Research approaches and tools  
 
After the literature review, conference paper and the Design Think Tank event (see 

appendix: i and ii), it was evident that the research needed to develop in a more 

detailed and exploratory way in the context of a working design team.  
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A case study approach was identified as a research method that gave the scope 

for a long-term study. This would both track the progress of a product development 

cycle, while also allowing data collection through observing the design process in 

context, as an embedded researcher working alongside the designers. Yin 

concurs: 

 
A case study is an empirical inquiry that: 
 
• Investigates a contemporary phenomenon within its real-life context, 

especially when; 
• The boundaries between phenomenon and context are not clearly evident. 
 

In other words you would use the case study method because you 
deliberately wanted to cover contextual conditions – believing that they might 
be highly pertinent to your phenomenon of study. (Yin, 2003) 

 

 

3.2.1 Action Research methodology design 
 

The case study approach was examined and while a multiple subject study is 

valuable for comparison across subjects, the more in-depth single case study can 

allow the research to examine the process in a richer form, with the addition of 

embedded experimentation and trials across a long study period. As Yin highlights 

in Case Study Research Design & Methods: 

 
Longitudinal case: studying the same single-case at two or more different 
points in time (Yin, 2003) 

 

The extended period single case study focuses on one industrial company, namely 

Arup, but the design of the research also seeks to develop throughout the stages 

of study using an iterative design methodology, see section 1.2 (Grey, 2004). In 

this way the pilot study can help to refine and focus the main study, bringing more 

depth and relevance to the subsequent experiments and observations. Robson 

(2002) gives further definition and clarity to the suitability of action research to this 

study approach: 
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Action Research is primarily distinguishable in terms of its purpose, which is 
to influence or change some aspect of whatever is the focus of the research. 
In this sense it is concerned with the emancipatory purpose of research. It 
adds the promotion of change to the traditional research purposes of 
description, understanding and explanation. Improvement and involvement 
are central to action research. There is, first, the improvement of a practice of 
some kind; second, the improvement of the understanding of a practice by its 
practitioners; and third, the improvement of the situation in which the practice 
takes place. 
 
Collaboration between researchers and those who are the focus of the 
research, and their participation in the process, are typically seen as  
central to action research (Robson, 2002) 

 

The research methodology design stages have been structured across the 

longitudinal case study research period. (See Table 2) 
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Case Study  
Element 

Location & 
Participants 

Methodology 
 

Outcome 

Pilot study  
  

Arup European 
Product Design 
team.  
London, United 
Kingdom 

Holistic Case 
Study – 
Exploratory 
• Participant 

observations; 
• Interviews 
 

Broad inquiry: 
• Research design for 

following studies; 
• Reflection  

Arup study 1 
(Stadium seating) 
 
 

Arup European 
Product Design 
team.  
(including 
stakeholders) 
London, United 
Kingdom 

Case Study – 
Exploratory 

• Participant 
observation; 

• Embedded case 
study elements – 
TRIZ using 
exploratory 
experiment; 

• Physical artifact – 
Stadium seating; 

• Reflection 
 

Design School A 
 

Arup European 
staff.  
(36 participants) 
Chalfont, 
Buckinghamshire 
United Kingdom 

 Experimentation  
Exploratory 

• Participant 
observation; 

• Interviews; 
• Embedded case 

study elements – 
TRIZ using 
exploratory 
experiment; 

• Reflection 
 

Arup study 2 
(Pocket Habitat) 

Arup European 
Product Design 
team.  
(including 
stakeholders) 
London, United 
Kingdom 

Case Study – 
Exploratory & 
Explanatory 

• Participant 
observation; 

• Interviews; 
• Embedded case 

study elements – 
Personality study 
using exploratory 
experiment; 

Physical artifact – 
Pocket Habitat 

 
Design School B Arup European 

staff.  
(36 participants) 
Milton Keynes, 
United Kingdom 

Experimentation 
Exploratory & 
Explanatory 

• Embedded case 
study elements – 
Personality study 
using exploratory 
experiment 

 
 
Table 2: Research methodology design stages. 
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3.2.2 Case study selection 
 
The case studies selected arose from initial meetings with staff at a number of 

design companies and during the Design Think Tank event in 2007. Arup was 

selected for the study as they exhibited a very positive approach to design 

collaboration. The company is of a size that requires strong trans-disciplinary 

teams to work on multiple projects, bringing a breadth of opportunity to the 

research as highlighted in section 2.5.4. The Arup Product Design team was also 

shown to be very progressive in developing new working approaches to design 

with a sustainable requirement well established in the company. Thus they were 

considered an ideal case study team.  

 

It should also be noted that the Arup Product Design team was also involved with 

another ongoing PhD study exploring design and strategy, carried out by Dr. John 

Stevens (2009) at Cambridge University. While Stevens’ study had a different 

research focus, the qualitative research methodology of observations and 

interviews had familiarised the participants to the embedded research approach. 

This then helped the planning of the research as the subject group was already 

familiar with the research protocols and methods of data collection, such as 

interviews and observation session. 

 

The pilot study was used to establish methods of working and also to identify 

potential experiments in the case study periods which followed, using an 

embedded research approach.  

 

From the pilot study it was clear that following a design project from start to finish 

would give the the best opportunity to observe and collect data of the the design 

team across the various design stages, as the team makes decisions. For this 

reason the two main Arup Design Team case studies (1 & 2) followed two live 

design projects: 
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• The stadium seating system 

• Pocket Habitat Bio bag. 

 
The two Arup Design School studies (A & B) were also identified by the pilot study 

as an ideal opportunity to trial experiments with a wider Arup community of 

designers, engineers and architects, bringing a valuable comparison and a wider 

sample group to the study. 

 
 
3.2.3 Participant observation  
 
Participant observation allowed the researcher the perfect vantage point to gather 

data on the design process, in essence becoming one of the design team. This 

insider viewpoint brings valuable observations into the workings of the team, both 

as individuals and as a group. Grey (2004) identifies participant observation as: 

 

The central intent of this method (participant observation) is to generate data 
through observing and listening to people in their natural setting, and to 
discover their social meanings and interpretations of their own activities. Part 
of this process is the reporting of the researcher’s own experiences, feelings, 
fears, anxieties and social meanings when engaged with people on the field. 
With participant observation the researcher becomes a member of the group 
being researched and so begins to understand their situation by experiencing 
it. (Grey, 2004)  

 

Thus this approach seeks to immerse the researcher while becoming part of the 

study group. 

 

The embedded case study research approach requires some consideration and 

preparation into the process protocol and ethics of the study. One of the 

considerations in the selection of Arup as the subject company was the company- 

wide approach to research and shared knowledge. This very positive approach 

from the company was also balanced with the issues of an individual’s right to 

privacy and confidentiality during the study. A number of similar studies and 

examples from literature were reviewed to ensure a clear working protocol for the 
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research methodology. Stevens (2009) and the Social Research Association 

ethical guidelines (2003) were used as methodological research models. 

 

Researchers are in a much closer proximity with the subjects of the research 
– the ‘moral community of their hosts’ (Ellen, 1984) – and often for longer 
periods than with most other approaches. In the case of ethnographic 
observation, researchers are unique in actually sharing the lives of those they 
are researching. (Grey, 2004) 

 

The research ethics of an observational study clearly need a respectful approach 

and some recognition of the natural limitations of the methodology. A number of 

professional associations provide valuable guidance for such study and the British 

Sociology Association give sound advice in areas of: 

 

• Professional integrity; 

• Relations with and responsibilities to research participants; 

• Relations with responsibility towards sponsors and funders. 

 

Following this guidance the study has removed names from observations and 

interviews to provide a degree of confidentiality for the participants. Any company 

sensitive information has also been omitted. To increase subject’s confidentiality 

during the study, which included some very open discussions, participants’ names 

have been omitted. The observation periods were supported by subject interviews, 

which have been summarised in the following chapters into Analysis boxes. This 

unstructured interview approach was selected as it provided the least intrusive and 

flexible tool to gather data in the form of participants’ thoughts, comments and 

opinions during the design process. Robson (2002) describes unstructured 

interviews as: 

 

The interviewer has a general area of interest and concern, but lets the 
conversation develop within this area. It can be completely informal. Semi-
structured and unstructured interviews are widely used in flexible, qualitative 
designs. 
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Robson however does raise concerns over the reliability of the interview approach 

with the inevitable risks of bias or misinterpretation. However he does concede the 

opportunity for some highly insightful information and outcomes that give the 

approach much validity in research case studies. 

 

 
3.2.4 Exploratory experiments  
 
Experiments were also used within the case study approach. This brings a further 

dimension to the study by allowing the researcher the opportunity to explore the 

hypotheses of design tools and impact of personality types with the design team 

during the case study period. The small experiments brought additional insight into 

the complex design process and provided some valuable quantitative data that 

could also be compared across the case study groups. 

 
 
3.2.5 Design tool experimentation 
 
The literature review examined a wide range of design tools and design methods 

for working in the product design field. A number were focused on developing a 

more sustainable product, which is an increasingly important aspect that the study 

is keen to include. Indeed the very early research aim was to explore the potential 

for a new sustainable product design tool. (Mclening, 2005) (see appendix: ii). 

However, further exploration and valuable feedback from the conference paper re-

focused the direction of research. This was a pivotal developmental stage in the 

research question, which arrived through a valuable mixture of reflection on the 

primary research methodology and peer discussion at international conferences. 

The findings highlighted that there were many capable design tools, but that the 

key area for further investigation was the way in which the design team selected 

and used those design tools.  

 

The pilot study highlighted the early stage creative design process as an area of 

specific interest to the study. It was found that this early design stage was less well 
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represented during the literature review. Many more design tools were available as 

the design process progressed from concept towards production, such as; design 

consolidation during production, materials reduction, modularisation and design for 

manufacture (DfM). It was decided during the pilot study that the area of most 

interest, and indeed design significance, occurred during the early concept design 

development stage. A number of design tools relevant to this stage were used to 

examine the design team interaction using an experimental element of the active 

research case study. 

 

The TRIZ creative problem solving tool was identified during the literature review 

for its breadth and flexibility, that included a number of elements that could be 

applied to the design process in different ways. (See section 2.3.5). TRIZ also has 

the unusual benefit of being very straightforward in the way it deals with problems. 

This re-framing and simplification of issues brings clarity to the problem but 

crucially allows non-specialists to engage in the discussion. In this way the TRIZ 

range of tools is ideal for multidisciplinary team collaboration, an area of specific 

interest in observing the team dynamics during the design tools implementation 

(Gadd, 2011). Additional TRIZ tool experiments were undertaken on a small scale 

with university students to gauge the use of TRIZ in a team unfamiliar with the 

design tool (see appendix: iii). This allowed the researcher to better prepare for the 

industry case study experiments.  

 

The Arup Product Design team had not previously utilised any TRIZ tools, but 

were receptive to the proposal to try some of the TRIZ approaches to design 

during the case study period. This provided an opportunity to compare the team 

response before and after using the TRIZ tools.  

 

The TRIZ design tool experiments required the embedded researcher to follow two 

TRIZ training programmes to become a TRIZ champion. This involved using the 

full range of TRIZ tools and demonstrating these through design examples. This 

was carried out during 2007 through Oxford Creativity, a TRIZ specialist training 
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company, culminating in an advanced TRIZ certification. The TRIZ tool was also 

introduced to the Arup Product Design team and the Arup Design School groups to 

evaluate the benefit to the multidisciplinary design teams. 

 
 
3.2.6 Personality type testing 
 
Critical areas of examination during the case study were the inter-personal 

interactions of the design team to the design process and those of the wider group 

of stakeholders during the product development process (see section: 2.4.1). By 

understanding the personalities of the individual team members and their 

personality types, greater insight into the decision-making process can be gained. 

Personality type can also indicate behavioural differences in the way those 

individuals interact with other people during the design process. (Philip,1963) 

 

As discussed in the literature review, the personality type theory developed by Carl 

Jung provides the foundation for a number of personality type tests, which have 

become a well-established method of evaluating an individual’s personality. The 

results of such personality tests can provide valuable data on characteristics and 

behaviour of team members.  

 

The Myers Briggs Type Indicator test (Myers, 1995) and the Keirsey Temperament 

Sorter (Keirsey, 1998) both build on Jung’s work and require participants to select 

characteristic preferences to build a simple personality type overview. The two 

personality tests interpret the results from very similar questions in a slightly 

different way and for the case studies both tests were used to give a richer result.  

 

The two tests were selected due to their wide use and the extensive data provided 

by them in other research fields over a considerable time. The tests are fairly 

straightforward and easy for most people to grasp while giving specific results that 

can be clustered into common behavioural types, whilst also not being overly 

specific or imposing to each person. Areas of analysis include: interaction with 
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others, perception, judgment and orientation, all areas of interest during the design 

process. 

 

The majority of studies involving personality tests exist in the business and 

management field rather than the design realm.  Many tests are focused solely on 

the interpersonal interactions within a group, an aspect that this study seeks to 

observe but not in isolation. This study also seeks to establish the way in which 

different personality types approach design problems and use design tools, as well 

as how they interact with other stakeholders. Pearman and Albritton (2009) 

examine the detail of inter-personal interactions, and indeed seek to examine the 

reasons for misunderstandings between different personality types in their book 

I’m not crazy, I’m just not you: the real meaning of the 16 personality types. 

(Pearman & Albritton, 2009) 

 

This study of personality seeks to go beyond the majority of previous studies with 

this multiple view into the design tool use and the design team dynamics. The aim 

is to establish some common behaviours and methods of working both with design 

tools and within the design team. 

 
 
3.3 Research timeline 
 
The stages of the research are listed below to provide more detail of the activities 

in addition to the Research Activity Map diagram. 

 
         2004–2008 Literature Review  
 
 September 2004 Sustainable Innovation 2004, UK.  

Conference attendance 
 
September 2005  Mclening, C. (2005) Developing a new SPDS: Sustainable 

Product Design Specification tool. Sustainable Innovation 05. 
Towards sustainable Product Design 10. Global ‘state of the 
art’ sustainable product/services development and design. 
10th International conference. Farnham, United Kingdom. 
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     October 2006 Sustainable Innovation 2006, UK.  
Conference attendance 

 
September 2007 Design Think Tank, Design Council, London, UK. 
 
 December 2007 TRIZ courses. (Introduction and Advanced), Oxford, UK. 
 
    January 2008 CFSD Eco-Innovation: Resourceful Innovators workshop.  
 
           May 2008 Arup pilot study (2 weeks), London, UK. 
 
 September 2008 Arup Study 1 (4 weeks);  

Abacus seating (including Mentmore Studios) London,UK. 
 

October 2008 Mclening, C. and Buck, L (2008) An investigation into the 
sustainable approaches of the Arup associates Product 
design group. Sustainable Innovation 08. Future products, 
technologies and industries. Towards sustainable product 
design: 13th International conference. Malmo, Sweden.  

 
          April 2009 Arup Design School A, Beaconsfield, UK.  
 
          July 2009 Arup study 2: Pocket Habitat (4 weeks) London, UK. 
 
    October 2009 Arup Design School B, Milton Keynes, UK. 
 
         May 2010 Pocket Habitat launch, London, UK. 
 
   October 2010 Mclening, C. and Buck, L (2010) The effect of personality on 

the design team; lessons from industry for design education. 
International conference on engineering and product design 
education 2010. Norwegian University of Science and 
Technology. Trondheim. Norway.   

 
   October 2011 Mclening, C. and Owen, J (2011) Practice based learning for 

automotive engineering students. International Conference on 
Engineering and Product Design Education 2011, City 
University. London, United Kingdom. 

 
(see appendix for full published papers) 
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3.4 Stages of research question and hypothesis development: 
 
As can be seen from the preceding research timeline (section 3.3), the study has 

developed over a number of years in terms of both breadth and depth. The 

research focus and indeed the additional experiments and case study direction 

evolved with continuous reflection, evaluation and comparison to other research 

studies to bring a more robust body of work. The following section seeks to expand 

on the reason and justification for the staged development of the research 

question and formation of the research hypothesis. 

 
Research Aim: 
 

This study aims to gather a deeper understanding of the complex issues involved 

in the product design development process within a design team.  

It will investigate the interconnected elements of design tools, design 

methodologies and human team dynamics in the creative design process.  

 

The research approach is set over three stages and uses a literature review, 

empirical observations and a project-based longitudinal case study approach to 

examine the design process in practice, testing the hypothesis to ultimately 

establish areas of best practice in design process.  

 

The study explores approaches within the Arup European Product Design team 

using an embedded research approach to best examine the intricacies of this 

multi-faceted profession in action.  

 

Case studies explore the hypothesis and action-based research brings a new 

objective perspective to the design team dynamic. 

 
 
 

 



Product Design: process and personality          

Chapter 3        Methodology                                                                    page 79 

3.4.1 Stage 1: Literature review and first paper including conferences  
 
The initial research question sought:  

 

To build greater understanding of the issues in which product design teams 

function in multidisciplinary groups. Specifically to examine the complex inter-

related areas of use of design tools, the creative design development process and 

design team dynamics in practice.  

 

A significant development at this stage was the conference paper; Developing a 

new SPDS: Sustainable Product Specification tool (see appendix: ii). The 

discussion on the subject highlighted that while design tools were valuable, 

specifically sustainable design tools, new design tools were not necessarily 

needed. Instead it was suggested that it was not the design tools but the way in 

which they were, or were not used, which was the critical element. This early peer 

review and feedback led to the development of the more focused industry review 

and the Design Think Tank event. 

 

 

3.4.2 Stage 2: Design Think Tank  

 

This established the need for the team to be considered in parallel with the design 

tools and stages of the design process. The question posed was:  

 

What is the best method for evaluating the real-working design process within a 

live design team?  

 

The Design Think Tank included a number of design companies, designers and 

design academics, allowing a range of views to be gathered. They included: Nokia, 

Product First, Superblue Design and Ben Wilson Design. The industry 

contributions advanced the research and identified an opportunity to further 
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progress the research through a more focused study of the design team in action. 

(Grey, 2004) 

 

 

3.4.3 Stage 3: Pilot study 
 

The pilot study sought to identify the potential links between design team 

dynamics, personality and the design tools selected during the design process. 

The question posed was:  

 

Can patterns of team behaviour and design activity be connected with the design 

process and design tools being employed by a real working design team? 

 

The pilot study established the feasibility of the longitudinal case study 

methodology as an effective qualitative data gathering approach, which could be 

applied to the following case study research stages. 

 

 

3.4.4 Stage 4: Arup Product Design team case studies  
 

This longitudinal case study research methodology was designed to explore the 

hypotheses: 

 

a. That employing a mixture of character types (personality preferences) in a 

working design team has a positive impact on the design process. More 

specifically that by understanding individuals’ personal working method 

preferences and individual preferences or strengths of personality, team 

leaders can bring different skills to the design process at different times 

during that design process. The most successful design teams recognise 

and utilise both the diversity of skills in a multidisciplinary team, and those 

individuals’ personality preferences in combination. 
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b. That a successful product design team will utilise a multidisciplinary source 

of expertise to contribute to the design process at specific times, not 

necessarily throughout the entire process. Furthermore, that it is important 

that the design team themselves and those leading/managing the team 

appreciate the value of the individuals’ interpersonal as well as technical 

skills. The case study seeks to illustrate how a professional design team 

operates with these specific issues to ensure a successful product outcome 

that is rigorously developed from all technical as well as personal 

viewpoints. 

 

c. That an individual’s character type (personality preference) has an effect on 

which design tools they use and how they use those design tools, in 

addition to the purely functional reasons of using a specific design tool. 

Tools studied include the TRIZ matrix and the TRIZ 9-box tool. (Mclening & 

Buck, 2005) see appendix: ii. 

 
 

3.4.5 Arup European Design School case studies 
 
This Design School study followed on from the Arup Product Design case study. It 

allowed the research to be repeated and tested through experimentation with a 

different group of participants. The aims of the two Arup Design School studies 

were:  

 

a. To establish a link between character type (personality preference) and the 

effective team-working of a multidisciplinary team during the early stages of 

a creative design process. More specifically to show that an individual’s 

greater understanding of their own personality preferences and those of 

others will have a positive effect on team dynamics and functional 

performance. 
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b. To establish a connection between character type (personality preference) 

and the preferred use of a specific design tool (TRIZ matrix and TRIZ 9-box 

tools). More specifically to identify the preference of different character 

types for different design tools. 

 

 
3.4.6 Research activity map  
 
Whilst the overall aim of the study formed the strategic direction for the work, it 

was important that as the stages progressed they each informed the following 

stage in terms of desired focus and hence most appropriate method of study. 

Therefore the literature review informed the approach for the pilot study, which in 

turn guided the method of study for the case study sections, building through 

reflection and multiple analysis during the longitudinal case study structure. 

(See Figure 21) 
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Figure 21: Research activity map (full) 



Product Design: process and personality          

Chapter 3        Methodology                                                                    page 84 

3.5 Aim and objectives of the Design Think Tank event 
 

The initial stage of the study was to examine the current perspectives through a 

literature review, specifically the breadth of subjects associated with the wider 

design context. This literature review stage examined design methodologies and 

the context for product design in terms of commercial and legislative pressures as 

well as exploring  the personalities of individuals and team members. This 

literature review sought to draw some themes and directions for the work that 

follows. See section 2.6. 

 

From this initial literature review it was important to confirm views and focus the 

data collection to include practitioners, with a view to understanding the issues 

from designers first hand. 

 
A Design Think Tank event was developed and held at the Design Council offices 

in London in 2007. (see Research activity map Figure 21). The aim of the event 

was to gather design practitioners’ views and thoughts on the issues and drivers in 

the design profession. A mixture of design industry and design academic 

delegates attended. A series of key design speakers gave their perspectives 

through a data collection form, providing a rich source of qualitative data. A 

chaired discussion session with delegates was also arranged, exploring the 

current state of design and future directions to allow a wider open discussion to 

allow ideas and thoughts to develop. (see Design Think Tank event programme: 

appendix i) 

 

The invited participants were intentionally selected from:  

 

• Design industry 
A range of design practitioners, from small designer makers through to large 

multinational design company designers. The intention was to gain a broad 

perspective on the current and future challenges facing the design profession. 
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• Design academia 
Design educators and commentators from United Kingdom universities were 

invited to bring a perspective on design challenges from a more theoretical stance, 

as well as bringing commentary from the design research field. 

 

The event proved very valuable in terms of gathering a broad range of views and 

perspectives on the design profession, while the conclusions led to some areas 

worthy of further study as well as presenting opportunities for case study partners. 

 

The Design Think Tank event was a crucial development in the study as it brought 

additional design practitioner qualitative data, building on the initial literature study. 

The mix of both academics and design professionals was useful in highlighting the 

fact that there were indeed numerous design methods and approaches available 

but in many cases the team dynamics were equally important in when and how 

such approaches were applied in the real world design process. Evaluating the 

Design Think Tank event led the study towards a practice-based case study 

approach with the objective of gaining greater insight into the complex relationship 

of the design approach and the design team dynamics.  

 
Key guest speaker Rebecca Minnitt, senior Product Designer at Arup, highlighted 

the Arup product designer skills wish list: 

 

• Intellectual property sweeping;  

• TRIZ knowledge, and other problem-solving tools; 

• Future forecasting; 

• Design process; 

• Ideas; 

• Marketing; 

• Concept sketches & models; 

• (DfM) Design for Manufacture; 

• (CAD) Computer Aided Design; 
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• Test requirements & analysis; 

• Reports & legislation; 

• Project management; 

• Personable; 

• Materials & technologies literate; 

• Enthusiasm for sustainability. 

 

While the above list is fairly broad it highlights some areas many design graduates 

are familiar with, such as computing skills and manufacturing knowledge. The 

areas less familiar and highlighted as important were those of ideas generation in 

terms of new business, such as future forecasting and intellectual property 

sweeping. These along with the important people skills, could be further developed 

at universities to go along with industry demands and would form a focus of 

investigation for the following case studies. 

 

Nicola Ralston, Senior Design Manager at Nokia, also highlighted the type of 

designer she would like to see. She explains that she needs people to be: 

 

• Informed; 

• Self aware; 

• Appreciative of anthropologists; 

• Inspirational; 

• Globally aware;  

• Socially aware, with good communication, attitudes and enthusiasm; 

• Able to research, develop and, explore; 

• Use network insight to implement; 

• Articulate in order that she can get a good insight into their thought 

    process of why something is there rather than just the end product. 

 

Nicola Ralston was very clear that the key to design success is people with high 

human awareness to identify the issues and link these insights together to solve 
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problems. Personality is important. Not everyone should be the same, but they 

should understand each others’ differences in order to benefit the team and to 

cover more views and issues. The design team developed at the Nokia concept 

studio by Nicola Ralston is deliberately multidisciplinary, encouraging a crossover 

of disciplinary functions and ideas. The idea of a materials expert working with 

ergonomics and aesthetics was seen as very positive, helping to build a more 

holistic understanding across the entire team, echoing that of the Dyson 

multidisciplinary design team approach, (see section 2.5.3) (McDermott, 1999). 

 
 
3.6 Field study structure: selection and approach 
 
The structure of the field study was informed by the initial literature review and the 

Design Think Tank event, both of which gave a focus and defined the research 

question for the study. 

 

It was decided to use a staged approach to the field study, allowing time for 

reflection and analysis for the subsequent stages in a cumulative approach, to 

develop deeper understanding. The staged approach also allowed a number of 

long running industrial projects to be followed from conception to product launch. 

 

Arup’s Product Design team was selected as the case study company after 

discussions at the Design Think Tank event highlighted the support from Arup staff 

and the appropriate design team structure for such a study. The selection was 

based on the range of projects undertaken and the composition of the design team 

within a wider design consultancy, giving greater scope for analysis of both the 

design approaches as well as the group dynamics of team members involved with 

different projects. This approach follows on from a similar study: Comparing the 

Personality Type of Design Students in the UK and Taiwan (Prior et al, 2007) by 

academics at Middlesex University, which establishes some initial links with 

personality types of design engineering students. 
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3.6.1 Pilot study: plan and structure 
 
This initial industry based pilot study aimed to test the embedded research 

methodology and observe the current practices of a working product design group 

as it tackled a number of design projects. In many ways the pilot study acted as a 

reconnaissance mission for the case study research that followed. This approach 

of observation with reflection influencing subsequent research design is a 

recognised method outlined by Grey (2004). 

 
The pilot study objectives were to: 

 

• Test the embedded action research methodology approach; 

• Examine team composition and specialist expertise; 

• Study project management;  

• Look into design methods and approaches used by the team in context; 

• Observe interpersonal team dynamics; 

• Highlight areas for further study and opportunities for subsequent case study 

focus. 

 
The methods of study undertaken were: 
 

• Interviews; 

• Participant observation: embedded action research through embedded 

researcher; 

• Analysis of team parameters (time, team expertise, processes). 

 
The pilot study structure involved a two week study of the Arup Product Design 

team within the wider Arup community of consultants and clients involved with the 

design process. The study sought to gather an overview into current practices in 

terms of team composition, design approaches and methods used, as well as 

beginning to identify the individual and group dynamics of the design team. 
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It should be noted that the pilot study created an ideal opportunity to allow the 

design team’s actions to determine the issues and focus for the following case 

study periods. Indeed the pilot study provided the insight and opportunity to better 

understand the team before any changes to their working practice were examined, 

an ideal control and reference point for the study that followed.  

 
 
3.6.2 Arup case study 1 & 2: research plan and structure 
 
The two main case studies examined the Arup Product Design team during two 

design projects from conception to product launch. This allowed a full analysis of 

the design stages as they happened and a valuable comparison to be made 

between the two projects.  

 

The embedded action research approach was used to study the design process 

and personalities interacting within the mixed design teams. By allowing the 

researcher to become a team member this approach gave valuable insight into the 

subtle decisions made and interactions of the team, a participant–observer 

research approach. The researcher’s vantage point within the team also allowed 

much more honest observations into the use and application of design tools in the 

real-world product design process. (Strigger,1999) 

 

In addition to the embedded action research a number of design related 

interventions were carried out within the practising design group. These design 

tools and tests were trialed during the two case study periods. The interventions 

provided a means of evaluating the theories identified during the literature review 

stage and also of testing and substantiating proposals that were developed during 

the pilot study observational period. The trial findings from the two case studies 

were later analysed and compared to allow evaluation and assessment of their 

impact on the design process and team dynamics. 
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3.6.3 Arup European Design Schools A & B: research plan and structure  
 
Once the findings from the Arup Product Design team case study observations 

and design interventions had been examined, they were then applied to this more 

diverse Arup European Design School group of staff for further evaluation. The 

interventions for each of the Arup European Design School events saw different 

experiments, which were directly drawn from the two case study periods, being 

applied to extend the comparison and provide an opportunity to evaluate a wider 

sample group. 

 

The Arup European Design School allowed two groups to be analysed and 

compared. The first study group was evaluated using a personality test while they 

worked on a design brief. The Myers Briggs Type Indicator test was used since it 

is widely established and well recognised as an effective and fairly quick 

evaluation tool, based on straightforward questions. (Myers, 1995).    

 

In addition, some TRIZ design tools were tested with the group to identify possible 

links between personality type and design tool preference of use. (Gadd, 2011). 

 

The second Arup European Design School group followed the same personality 

test as the previous trial, but was coached on the impact of the different 

personality types within a working group. The Keirsey Temperament Sorter was 

also introduced to the groups to further develop their understanding of types and 

personalities during the design project. (Keirsey,1998). The Keirsey Temperament 

Sorter allowed the personality test results to be clustered into groups of similar 

personality traits. This informed the evaluation of the participants in relation to the 

types of working approach individuals used in design, building a deeper 

understanding of the team working dynamics. 

 

Previous studies into team working were taken into account although it should be 

noted that none covered the specific creative early stage product design process 

in a multidisciplinary group. However, some parallels in methodology were drawn 
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from the Middlesex University study Comparing the Personality Type of Design 

Students in the UK and Taiwan (Prior et al, 2007) and another study analysing 

building engineering students at Cambridge University, Improving teamwork: the 

effect of self-assessment on construction design teams (Busseri & Palmer, 2000) 

used a similar short design project to assess the impact of team working, 

supporting the use of such a methodology for this study due to its similarity of 

objective. The Cambridge study noted the individual contribution to the working of 

interdisciplinary teams on the engineering design process they studied: 

 

Professionals from different backgrounds can work together in many different 
ways but in an interdisciplinary team, team members strive to contribute 
beyond their discipline’s traditional boundaries. (Busseri & Palmer, 2000) 

 

While the Cambridge study has multidisciplinary design teams in common, the 

area of building design can often be on a larger scale and can be considered a 

unique product for each building, whereas a product design project is for mass 

production and the brief for this study is somewhat different. However, it provides a 

clear research approach appropriate to this study. 

 

A closer evaluation of the design team member can highlight the multifaceted 

nature of the individual. Indeed the skills and specialist make up of such a mixed 

group can be a contributor to the group success. Karjalainen et al (2011) highlight 

this valuable mixture in their design education research: 

 

We have also observed through our year’s long collaboration with a number 
of companies that design intensive success stories often emerge from the 
good use of multidisciplinary team practices. Multidisciplinary approaches 
bring together experts from different professional backgrounds and contribute 
to creation of business through design.  (Karjalainen et al, 2011)  

 

The nature of such teams can be viewed in terms of the T-shaped professional 

initially defined by McKinsey & Co, corporate business consultants who identified 

the value of the T-shaped employee.  However This T-shape professional can be 

at risk of isolation in a specialist silo, the challenge then is for the whole team to 
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understand each individual’s specialists skills (depth of knowledge) while also 

having the ability to cross disciplines and interact with each other (breadth of 

understanding), hence creating an effective T-shaped linked team with both depth 

of specialist knowledge and breadth of understanding bringing a holistic 

understanding of the project (see figure 22). 

 

 
Figure 22: T-shaped team working 

 

Tim Brown, Ideo CEO, writes about the Ideo design company approach to 

recruitment and identifies T-Shaped people as key: 

 

We look for people who are so inquisitive about the world that they're willing 
to try to do what you do. We call them "T-shaped people." They have a 
principal skill that describes the vertical leg of the T – they're mechanical 
engineers or industrial designers. But they are so empathetic that they can 
branch out into other skills, such as anthropology, and do them as well. They 
are able to explore insights from many different perspectives and recognise 
patterns of behaviour that point to a universal human need. That's what 
you're after at this point – patterns that yield ideas. (Brown, 2005) 
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3.7 Definition of team working types 
 
There are a number of definitions for the way in which team working can operate in 

groups. These have important differences and as such are worthy of further 

clarification in relation to this study: 

 
Multidisciplinary:  

 

Oxford English Dictionary (2011) definition: 

 

Combining or involving several separate academic disciplines. 

 

In the paper, Towards a multidisciplinary definition of innovation, Baregheh et al 

(2009), sought to set the context of multidisciplinary working in the industrial 

innovation context: 

 

As a concept that is owned and discussed by many business 
disciplines, “innovation” has many different definitions that align with 
the dominant paradigm of the respective disciplines. Building on these 
diverse definitions, this paper proposes a general and integrative 
definition of organisational “innovation” that encompasses the different 
perspectives on, and aspects of, innovation, and captures its essence. 

 

Interdisciplinary:  
 
Oxford English Dictionary (2011) definition: 

 

Of or pertaining to two or more disciplines or branches of learning; 
contributing to or benefiting from two or more disciplines. 

 
In the paper, Improving teamwork: the effect of self-assessment on construction 

design teams, Busseri et al (2000), identify the impact of the interdisciplinary team 

in the design and engineering field: 



Product Design: process and personality          

Chapter 3        Methodology                                                                    page 94 

 

Professionals from different backgrounds can work together in many different 
ways but in an interdisciplinary team, team members strive to contribute 
beyond their disciplines’ traditional boundaries. One engineering executive 
explained that in this kind of team, ‘a designer’s influence extends beyond 
their own skill base, beyond what they’re contracted to do.’ In practice, this 
kind of team working blurs the distinction between contributions from, say, an 
engineer and an architect. (A reference to Arup Key speech, Busseri et al, 
2000). 

 

Transdisciplinary:  
 
Oxford English Dictionary (2011) definition: 

 

Of or pertaining to more than one discipline or branch of learning; 
interdisciplinary. 

 

Co-design:  

 

A development from ‘systems thinking’ outlined by Churchman (1971) in The 

Design of Inquiring Systems: Basic Concepts of Systems and Organization:  

 

Beginning when first you view the world through the eyes of another.  
 

The pragmatic co-design philosophy builds on the premise that all stakeholder 

views are of value in the design process and that in the product design context, 

these different viewpoints should be considered and respected by the design 

team. 

 
 
3.8 Summary of methodological approach 
 
The research design explored examples of research best practice to best develop 

the research question through the stages of fieldwork. The research stages apply 

a longitudinal case study structure that follows a single company, Arup, while the 

additional experiments and different sub groups offer a stronger evaluation through 
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cross-referenced feedback and reflection data. The case study approach 

advocated by Yin (2003) provided the investigative methodology that allowed the 

subjects to be observed in their normal working environment, while the longitudinal 

approach (Robson, 2002), provided important breadth of study over time and the 

opportunity to compare two major design projects. The embedded research 

approach allowed the subjects to be observed at close proximity to a level 

essential to gain a deep insight into the micro activities of the working design team. 

 

The case study stages also provide an opportunity for the embedded action 

research approach to influence the development of the research approach through 

reflection as the stages progress, bringing a more appropriate focus to the work 

through an iterative and reflective methodology design.  

The RESPECT Code of practice for Socio-Economic Research (2004) provided 

process protocols for the research and the two main case study projects were 

publicly launched prior to any data being disclosed. 

 

The study recognised the inevitably broad initial starting point at the literature 

review stage, which was an important stage to introduce the context to the work. 

The initial research question led to the development of the appropriate research 

method, which in turn led to a more focused set of research questions. A more 

focused field study was the next development stage, again the questions asked 

prompted the appropriate case study selection and led to the most suitable 

methodological approach. 

  
Finally, the research process has been shared through four academic conference 

papers presented during the period of study. These peer reviewed papers 

presented at international conferences in the design field have given the 

opportunity to disseminate the work. Indeed the papers also generated much 

discussion and debate with peers during the research period, bringing the 

welcome opportunity for reflection. The combination of case study research and 

external conference feedback has been an excellent ongoing test for the study. 
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Chapter 4: Pilot study     
 
 
4.1 Introduction 
 
A pilot study was used to establish the feasibility and form of the subsequent case 

study methodology design. The Arup Product Design team had been identified 

during the Design Think Tank event (2007). As a case study subject the Arup 

company combined a broad mix of different product design projects with a flexible 

design team approach, giving the opportunity to compare each design project and 

its different team participants, ideal for the research. The embedded research 

approach requires a close relationship between the participants and the 

researcher, and therefore trust and confidence. The two week pilot study (May 

2008) provided the opportunity to test that observatory role while evaluating the 

normal working interactions prior to the full studies. Robson (2002) identifies the 

value of the pilot study: 

 

The first stage of any data gathering should, if at all possible, be a ‘dummy 
run’ – a pilot study. This helps to throw up some of the inevitable problems of 
concerting your design into reality. The effort needed in gaining access and 
building up acceptance and trust is often such that one would be reluctant to 
regard a case study or ethnographic study simply as a pilot. 

 

An important function of the pilot study was to identify any potential links or 

patterns of behaviour between the design team and the design tools selected 

during the design process through a qualitative observational data gathering 

approach. Yin (1994) identified the value of the pilot study approach in building the 

research through trial, evaluation and reflection: 

 

Helping the investigator to refine their data collection plans with respect to 
both the contents of the data and the procedures to be followed. The pilot is, 
as it were, a laboratory for the investigators, allowing them to observe 
different phenomena from many different angles or to try different approaches 
on a trial basis. 
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The role of the pilot study in the research context can be seen in figure 23. The 

pilot study period tests the research methodology and allows the embedded 

research approach to be applied, gathering valuable feedback  to form the case 

study methodology design for the following study. 

 

Design  Think  Tank

Pilot  Study
  

TRIZ

Case  Study  2

ARUP  Design  
School  A

ARUP  Design  
School  B

Sustainable
Innovation  2005

Engineering  &  
Product  Design  
Education  2008

Case  Study  1  

Engineering  &  
Product  Design  
Education  2010

Engineering  &  
Product  Design  
Education  2011

Sustainable
Innovation  2004

Sustainable
Innovation  2006

Eco-Innovation  
workshop  2006

                   Pilot Study

Research activity map

Literature  Review

 
Figure 23: Research activity map: Pilot study 

 

4.1.1 Arup Product Design team pilot study  

 

The pilot study formed the reconnaissance and reflection stage for the following 

longitudinal case study research (see Research activity map). As such, this stage 

was very important in proving that the selected study group, the Arup Product 

Design team, were a feasible subject to observe and were appropriate for the 

ongoing research. Grey (2004) 
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The literature review established some key themes around the design 
process, design team dynamics. This early stage research also explored the 
complex interconnections and challenges faced by modern design teams. 
(Grey, 2004) 

 

These themes were further explored during the Design Think Tank (2007) event 

held at the Design Council, London (see appendix: i), with participants from a 

number of design-based companies attending. The feedback and subsequent 

evaluation highlighted the need for an industry-based study to further explore the 

impact of design tools and the design team in action. The company Arup 

Associates, a global design consultant with expertise in the product design field, 

was involved in the Design Think Tank event, presenting some progressive 

approaches to the product design process.  

 

A short pilot study of two weeks was considered enough time to follow a mix of 

design activities at Arup and gather data. The pilot study objectives had been 

defined from the previous literature review and Design Think Tank event, which 

both led to the research question for the pilot study stage, which follows. 

 

 

4.1.2 Pilot study aim and research question 
 

Aim of Pilot study: To identify the potential links between design team dynamics, 

personality, and the design tools selected during the design process through 

observation and reflection. 

 

Question: Can patterns of team behaviour and design activity be connected with 

the design process and design tools being employed by a real working design 

team? 

 

The research approach applied during the pilot study period was that of embedded 

case study research, which was used to observe and record qualitative data. No 
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additional experiments or input were considered appropriate at this stage. The 

research objectives simply aim to evaluate the suitability of the pilot study subject 

group for further stages of study and to identify or expose potential evidence of the 

research hypothesis question. 

 

The Arup Product Design team is a small group within a larger design consultancy 

firm; Arup Associates. In many ways, the group functions like a typical small design 

consultancy firm, discussed in section: 2.5.2, regularly engaging with additional 

consultants and providing expertise when needed. In Arup’s case, the additional 

expertise is often, but not exclusively, found in-house which allowed easier access 

to observe and interview these additional members for the purposes of the 

research. 

 

The pilot study took place in the two weeks from the 6th to the 16th of May 2008. 

 

 
Figure 24: Arup Product Design team management structure 

 

The management structure (see figure 24) includes strategic leadership from the 

Director of Technical Design, who is responsible for the United Kingdom, the 

Middle East and Asia. Communications with the Lead Product Designer are good 
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and the Director of Technical Design is very familiar with the ongoing projects, 

indeed often involved as a design team member in a consultative role. The Director 

of the Façade engineering group is involved with the closer management of the 

Product Design team and has day-to-day contact with them and is involved in 

meetings with clients. The alignment with the Façade engineering group is in part 

due to the common areas of expertise they possess (in the engineering and 

manufacturing realms).  

 

 

4.2 Structure of pilot study  
 

This initial industry-based pilot study aimed to observe current design practice of 

the Arup Product Design team at the Fitzroy Square design offices in London, 

while also testing the research methodology approach as a feasible one in 

practice.  

 

The two-week study in May 2008 had a two-part objective, the first to establish how 

the design group currently operates and functions as a team. 

 

 

4.2.1 Pilot study focus  
 
The pilot study focus was established to examine the following issues: 

 

•  Team composition and specialist expertise; 

•  Project management;  

•  Design methods and approaches used by the team in context; 

•  Inter-personal team dynamics; 

•  Areas for further study and opportunities for subsequent case study focus. 
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The second objective was to identify areas that could benefit from further 

examination in relation to the study. To achieve this, the study period was used to 

highlight any difference of approach to that of the more theory based literature 

review section, and identify any opportunities to trial approaches with the team in 

future studies. An important aim of this pilot study was to establish the current 

design practice within the team through a number of appropriate research 

approaches. 

 

 

4.2.2 Methods of pilot study 
 
Several methods of study were selected to add depth of understanding across the 

variety of issues involved within the design process and for the examination of the 

design team dynamics, including qualitative data collection methods: 

 

•  Interviews; 

•  Participant-observation: through embedded primary observation research; 

•  Analysis of team parameters (time, team expertise, processes). 

 

The pilot study structure involved a two-week study of the Arup Product Design 

team and also examined the wider Arup community, consultants and clients 

involved with the design process.  

 

It should be noted that the pilot study, while possessing some general aims and 

objectives, was also seen as an ideal opportunity to allow for unexpected 

outcomes, which could be used to determine issues and focus the following case 

study methodology (Yin, 2003). Furthermore, the pilot study provided the insight 

and opportunity to better understand the team before any changes to their working 

practice were applied. This is an ideal control and also an ideal evaluation of the 

research approach outlined in section 3.4.3.  
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The main section of commentary involves primary research observation of the case 

study. This is supplemented with additional analytical note boxes, titled: Analysis 

(Grey, 2004) which add some commentary after reflection of the study.  

 

 

4.2.3 Aim and objectives of pilot study 

 

The aim of the pilot study was to understand the current design practice and team 

dynamics of the Arup Product Design team and their relationship with the wider 

design team during projects. The study sought to gather an overview into the 

current practices in terms of team composition, design approaches and methods 

used, as well as beginning to identify the individual and group dynamics of the 

design team. The findings would then be compared to the conclusions drawn from 

the literature study to establish some comparison and identify areas for further 

examination for the subsequent case studies. 

 

 

4.2.4 Participants 
 
The pilot study involved the observation of the immediate Arup Product Design 

team based at the main company headquarters in Fitzrovia, central London. The 

product team also worked closely with the wider Arup community and this working 

relationship was of particular interest as it highlighted the opportunity for different 

specialist teams to be readily assembled, with the subsequent mixed teams being 

observed. 

 

Beyond the Arup company community, there were external consultants and 

companies sometimes involved in joint partnership collaborations. It should be 

noted that Arup is a consulting company only and does not manufacture any 

products so often works with other companies. As described in 3.2.3, participants’ 
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names were withheld to provide anonymity during the study, a protocol based on 

the well regarded Social Research Association ethical guidelines (2003). 

 

The following provides a breakdown of the Arup group’s structure: 

 
Arup Product Design team participants: 

• Leader, Global Product Designer 

•  Senior Product Designer 

•  Junior Product Designer 

 

Arup consultants associated with the Product Design team: 

•  Studio Director (Group) 

•  Associate Design Engineer 

•  Director of Technical Design (Region) 

•  Studio/office Manager 

•  Structural Engineer 

 

External consultants with links to the Arup Product Design team: 

•  Manufacturing company Engineer 

•  Manufacturing company Director 

•  Stadium seating Consultant 

 

 

4.2.5 Parameters of the pilot study 

 

The initial pilot study ran for two weeks (May, 2008) and involved the design team 

functioning as normal while being observed through a single embedded 

researcher. The team was working on a number of design projects, which were 

running at different stages of the design process. This allowed a useful overview of 

how the team worked at different points in the design process, but did not offer any 

direct process comparisons across projects.  



Product Design: process and personality           

Chapter 4 Pilot study page  104 

 

Access to all meetings was granted which included design group meetings, 

management meetings, and client meetings. All research notes were kept 

confidential until after any product launch, as done by Steven, 2009. 

 

Arup uses an internal intranet web-based communication system, which includes 

Arup People, (see section 2.5.4), a system that allows all employees to 

communicate and access data such as employee profiles. Like a curriculum vitae, 

these included the technical expertise and project experience of each individual. 

This internal intranet system was also open to the research study, allowing access 

to the wider Arup consultant community. Informal interviews were conducted with a 

number of staff to establish their thoughts on the design process, design methods, 

the issue of sustainable design and the effects of a multidisciplinary design team. 

The interviews were conducted over lunch or during coffee breaks to avoid any 

disruption to the normal daily routine.  

 

It is important to note that during the pilot study stage a very open interview style 

was used. The research objective was to conduct open discussion and encourage 

suggestions from the design team while avoiding any leading questions. 

 

 

4.2.6 Process and implication of the pilot study 

 

A daily diary recording all interviews, discussions and observations was used to log 

the pilot study data collection. The embedded observational research approach 

allowed for full access to the Arup Product Design team digital database of 

resources and the Arup People intranet resource.  

 

Both scheduled interviews and informal discussions were recorded in note form 

throughout the two-week study. Team discussions were also recorded with notes 

and mind maps to help with reflection of the event at a later date. 
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It should be noted that all the staff involved were very open to the research study. 

While not wishing to overtly emphasise the research theme, the participants were 

aware of the general aim of the embedded research approach: to observe the 

working process and behavioural outcomes over a study period. The study was 

seen by most as a useful task to engage with, indeed some staff found the 

opportunity to discuss their part in the design process during interviews a valuable 

opportunity to reflect on their own design practice. 

 

All ongoing project work remained confidential until after the official product launch. 

Any sensitive company data has also been withheld or restricted and the 

unstructured interview results were anonymous and reduced further to summary 

points. (Yin, 2003) 

 

The familiarity of the participants to the embedded research observer is an 

important aspect of this study. The process of design can be awkward, and at 

times messy, especially at the early concept stage where ideas can be developing 

and are easy to criticise. It was important that the participants were comfortable 

with the embedded research approach and that they did not feel inhibited or 

unwilling to share the working process in its entirety with the research observer. 

The adverse was also important, that the researcher did not impose any direction 

onto the study, but accurately observed and recorded the behaviour and events to 

provide data for subsequent reflection. 

 

 

4.3 Pilot study observations 

 

The Arup Product Design team operates with a design office that also deals with 

specialist consulting in lighting, and facades design. The office is one of several in 

a cluster around Fitzrovia Square in central London and this is also the location of 

the Arup headquarters. The physical working area for the Product Design team is 
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an open plan office space with large desks, each with a computer unit. The Product 

Design team sits in a small group with the three designers in close proximity. The 

office also accommodates the majority of the other Arup employees that work with 

the Arup Product Design team, such as design engineers, and structural 

specialists. The office manager, information support and the studio manager are 

also within the office. 

 

There is no formal model-making space in the office, however the Product Design 

team have created an area with models and prototypes, allowing basic model-

making and experimentation. The adjacent building houses a professional model-

making workshop with a technician. Rapid prototyping can be carried out at a 

nearby modelling consultancy. The office space has several meeting room areas 

with video conferencing facilities and there is a small kitchen area and social 

seating area for more informal discussion. 

 

The Arup People and intranet system allow staff to communicate with other Arup 

employees both nationally and globally. While the computer aided design system 

allows concurrent real-time model manipulation, several parties were also online. 

This allowed computer generated parts to be viewed and manipulated at the 

simultaneously by people in different countries. 

 

The adjacent building also houses the Arup library resource centre and a staff café, 

which is often used for Arup staff to meet informally, away from the numerous Arup 

offices on site. For the study the embedded researcher was located within the 

Product Design team. 

 

 

4.3.1 Design approaches and methods 
 
The Arup Product Design team promotes the benefit of having the wider Arup 

community of consultants to draw from. A small commercial product design group 
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would operate in a similar way, but would sub-contract out to experts as needed. In 

fact, Arup still need to pay for the internal consultants’ time on projects, but the 

nature of the company does make bringing in expertise a little simpler. The value of 

having a wide source of people, especially at the early stages of a design process 

is highlighted in an Arup Product Design brochure, (see figure 25). 

 

 

 
Figure 25: Diagram of Arup Product Design team working structure 

 

The team worked using a very efficient and logical approach, built around the 

design brief and the product specification. This product specification would be 

initially developed from the client and often further developed with the product 

design team before a final product design specification (PDS) was established. The 

PDS approach established by Pugh (1991) can be clearly seen as a familiar design 

and engineering approach used by the team.  
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During the pilot study period it was not possible to identify any more explicit design 

approaches used by the immediate product design group.  

 

The sustainable design specialist was called on by various teams at Arup and 

would on occasion work with the Product Design team. However the Product 

Design team felt they had a good grasp of the issues around ‘sustainable’ design 

and the impact on the design processes appropriate to the projects at the time of 

study.  

 

Materials selection and manufacturing issues were usually developed in 

collaboration with the external manufacturers and tool makers who would supply 

specialist input at the required stages, although much of the initial concept design 

stages would be carried out by the immediate Product Design team alone. Cost 

was the main driver for the team, with the product volume a key factor in the 

appropriate manufacturing process, and hence with the design to best match that 

process. 

 

Much of the ethos of Arup involves the use of expert knowledge. This was an 

effective approach that was not inhibited by any feelings of underperformance 

among the team. On the contrary, they were encouraged to seek expert verification 

or additional advice. 

 

An example of this additional input occurred during a product component modelling 

process, by the Product Design team. The computer-aided model was discussed 

live via the online system with an Arup structural engineering expert. The 

telephone discussion allowed the Product Design team to make some 

improvements on the recommendation of the engineer. 
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4.3.2 Sketching and drawing 
 

The Arup Product Design team used sketching and drawing continually during the 

design process, their techniques including a mixture of; pencil, pen and the basic 

application of colour. Sketching was used as a tool to develop ideas, record 

concepts and communicate these to other stakeholders. It was noted that the 

sketching focus was predominantly on internal Arup concept development and 

communication amongst the design team, similar to the thinking sketches identified 

by Ferguson (1992) (see section: 2.3.3). The primary aim was to be fast and easy 

to interpret, rather than employing a time consuming full-colour rendering. The 

different members of the team had individual styles and preferences of drawing 

materials but were all confident and comfortable showing the drawings to the rest 

of the team. 

 

A distinctive observation was the prevalence of sketching and drawing that took 

place in the wider Arup community. During many internal meetings the majority of 

Arup staff carried sketchbooks or logbooks. These were often used during 

meetings to sketch ideas and details or make notes, rather than using laptop 

Analysis 

• The Product Design Specification was developed early and the 

design development referred back to the PDS continually. 

• Much of the sustainable design issues were taken by the immediate 

design team and based on logical design decision, such as parts 

consolidation, selecting recycled materials or reducing mass. 

• Consultation with manufacturers or external producers was a normal 

process during the design phase to establish the best design to 

manufacture fit. 
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computers. Indeed, most of the engineers used sketchbooks to develop ideas and 

resolve details as discussion progressed during meetings. The engineers tended to 

draw using elevations and sections and generally did not sketch in perspective 

views. The engineers’ sketches were similar to engineering drawings produced by 

hand with notes, measurements and details, but were drawn by hand, without a 

ruler or guide. 

 

One possible reason for the use of hand-drawn sketches is revealed in an analysis 

of the inherent nature of Arup as a company. Arup is a consultancy and does not 

seek to produce definitive solutions, but rather advice and recommendations. With 

this ethos the clients are often provided with technical reports and drawings that 

while containing advice and guidance often include hand drawings rather than 

finished engineering drawings. The client is then responsible for the interpretation 

of the advice and sketches. In this way Arup is also not liable for the final 

realisation of clients work. 

 

 

 

 

 

 

 

 

 

4.3.3 Models and prototypes 
 
Models and prototypes were produced by the Arup Product Design team to help 

with design development when appropriate. The Product Design office area did not 

have a dedicated modelling area but the team imposed a simple card prototyping 

area into their work space. Simple sketch models of a design element or scale 

model were quickly made using card and tape to gain a fast visual three-

Analysis 

• Sketching was used primarily to develop designs and communicate 

design intent with others in the design process. 

• The wider Arup community of engineers, architects and managers 

utilised logbooks and sketchbooks to record designs. 
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dimensional interpretation of a design. More detailed models were made in the 

Arup model shop, which allowed the use of plastic, wood, foam and card.  

 

The limited modelling and prototyping facilities on site did appear to slow down the 

fluid design process for the Product Design team. More complex prototypes 

required external contract agencies that would often add time to the process. The 

design team appeared to want more model making facilities but also recognised 

that complex models took time to produce. However in summary, additional 

modelling space and equipment would be welcomed by the Product Design team. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

4.3.4 Computer-aided design tools  
 
Computer-aided design (specifically SolidWorks 3D modeling software) was used 

in addition to well-established hand sketching and modelling to convey design 

intent and develop designs. Additionally, more visual graphical software (Adobe 

Analysis 

• Card, foam sketch models (often scale models) – internal models to 

help develop initial concepts. 

• Full-size card and wood models utilised to establish more developed 

ideas and concept testing. 

• Rapid-prototyping was carried out for more developed prototypes used 

in internal reviews and client meetings.  

• External agencies were commissioned to build prototypes where 

needed. 

• Pre-production prototypes were made by manufacturers working in 

joint partnership with Arup to establish design details and testing prior 

to full production. 
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PhotoShop and Adobe InDesign) were available for presentations and publicity 

material via the wider Arup community. 

 

The Arup Product Design team possessed an excellent range of skills between 

them. All used a parametric three-dimensional design tool for developing 

components and engineering detail. For more advanced computer skills, such as 

Finite Element Analysis (FEA) of component, Arup specialists could be called upon 

for input. Visual images and presentation boards for clients could be developed 

and refined by an Arup graphic design group. However this would incur a project 

cost, so for the majority of client meetings and presentations the Product Design 

team produced the visual work.  

 

 

4.3.5 Management structure 
 
 As with many design consultancies several design projects were running 

concurrently and all at very different stages of development. Each project consisted 

of a different team of people, most of which involved at least one of the product 

designers with input from a design engineer and supervised by the Studio Manger 

and Studio Director. 

 

The nature of Arup encourages the use of cross-disciplinary teams to form into 

project groups when expertise is required. This wider Arup community was a 

valuable source of expertise to the small product design team allowing them to join 

Analysis 

• Two-dimensional and three-dimensional computer-aided design tools 

are frequently used by the Arup Product Design team. 

• Advanced computing techniques, such as FEA, use input from Arup 

specialists. 
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the product process when needed. In this way the staff costing for projects could 

be carefully tracked as each Arup employee was assigned to projects on an hourly 

or daily consultative basis. 

 

The consultation bases of the company also led to joint partnership ventures and 

collaborations with other companies or other consultants, and as such the ‘design 

team’ could expand to accommodate still more factions from different groups, 

enriching the knowledge and expertise available to the group. Figure 26, depicts 

the layers of the project team. 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 26: The context of the designer in the wider Arup design team 

 

With each project the design team composition can vary, so the individuals will be 

involved in a number of overlapping projects and teams. In some cases similar 

projects will include the same people.  

 

Each design project is allocated a job number, which associates that job with a 

defined funding stream. With the job number established, staff and the hours they 

have allocated to each job or project can be recorded, enabling staff and managers 

to coordinate their time and track costs while multiple projects run concurrently. 

Designer 

Product 
Design 
Group 
ARUP 

ARUP 
Community 

Stakeholders: 
 
Customers 
Manufacturers 
Collaborators 
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4.3.6 Strategic design direction 
 
The Director of Technical Design (regional) was not interviewed during the pilot 

study stage but the design strategy and direction for the Arup Product Design team 

is led by input from the Director level. The Lead Product Designer would often refer 

to the Director’s importance in guidance and support to the team. 

 

The Studio Director (group) reported to the Director of Technical Design (regional) 

and gave management guidance to the Product Design team.  

This involved guidance on project coordination and establishing the schedule of 

work and budgets for each project. Any contract negotiations with joint partner 

companies were also managed by the Studio Director and coordinated with the 

Lead Product Designer. The Studio Director gave a summary of his priorities: 

 

My priority is to make sure we get the projects in and run them to time. We 
clearly need to turn a profit but we also look for interesting projects that will 
showcase Arup as an innovative company. I am also interested in developing 
good working relationships with our partners, we only design so close links 
with manufacturers works well, also have to consider a sustainable 
relationship. Royalties and intellectual property rights are a key objective to 
ensure we remain profitable. (Studio Director, May 2008). 

Analysis 

• Each Arup project has a team allocated to the job number. 

• Project teams are made up of a variety of best-suited staff, often a mix 

of the Product Design team, wider Arup staff and outside companies or 

experts. 

• With multiple projects running, management and coordination was 

challenging. Internal checks and meetings were used to track progress 

by managers and directors. 
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The Lead Product Designer was the main driving force behind the Arup Product 

Design team and hence involved in many of the projects. Officially, all Arup staff 

are contracted by the hour to each project via a job number. Observations made 

through embedded research during the pilot study indicated that there was a 

significant amount of advice and input from Arup staff given in the form of good will 

via emails and phone calls and during coffee breaks. This open and collaborative 

approach seemed to be used by several, but not all, Arup employees observed, 

suggesting it was individual style of working rather than an Arup policy. 

 

The Lead Product Designer’s responsibility was to ensure projects were developed 

to schedule and coordinated between the team, manufacturers and clients. The 

team was fairly compact for the initial development of the design brief and it was at 

this time that the product specification and time line were set.  

The initial concept development stage of projects would generally be tackled by the 

immediate Product Design team, with occasional input from the Studio Director to 

ensure good progress, and the Associate Design Engineer to ensure the 

engineering context of the brief was embedded at the critical concept development 

stage.  

 

It was noted that much of the Senior Product Designer’s time was spent attending 

meetings and coordinating the various parties involved with the projects. A logical 

staged design and development plan was used for most projects that included the 

predicted stages, resources, costing and the staff involved. Other than this 

structure there seemed to be no distinct design method applied. The designer 

describes the working process: 

 

Much of my time is spent pushing through projects to get our return. We need 
to get the income back to support the group and some of the big projects take 
a very long time (three years) before we see the money. Once we have a few 
more in and a bit of a cushion we can then push to do a bigger variety of 
projects. The wider [Arup] company is an ideal source for product design 
opportunities so we need internal marketing as well as external, they need to 
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know about us and bring us into projects. (Leader, Global Product Designer, 
May 2008) 

 

On the issue of sustainable design approaches, the Senior Product Designer had a 

view that improving efficiency and reducing materials was vital:  

 

If we can include recycled materials in our designs, that’s great. The use of 
advanced CAD can also help us reduce materials, increase efficiency in our 
designs and get things tested. We have a sustainable arm of the company so 
can get input from them on projects that require it. (Leader, Global Product 
Designer, May 2008) 

 

 

4.4 Summary of pilot study  

 

The Arup Product Design team can be considered a small, well-connected team 

similar to many product design consultancies, such as Product First who were 

involved in the Think Tank event, (see section: 3.4.2). The main difference is that 

many of the specialists a small design studio would collaborate with are already 

Arup employees, which gives some advantages of access to the study. Projects 

ran with a mixture of input from the Arup Product Design team, Arup specialists 

Analysis 

• Product design develops design briefs from inside Arup as spin-off 

projects from other contacts. 

• The strategy is to build a portfolio of products associated to the built 

environment, while also being open to other opportunities. 

• Arup favours a joint partnership arrangement with manufacturers and 

an Intellectual Property Rights contract to own royalties to generate 

income. 

•  Internal checks and meetings were used to track progress by 

managers and directors throughout the design process. 
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and external members, often as a joint partnership company. Arup would usually 

control the project planning and hold the IPR or design royalties. 

 

The aim of the design team was to satisfy the design brief within the budget and 

time frame. The brief and schedule were established at the start of the project and 

outlined in very prescribed, measurable stages. A possible disadvantage to this 

approach was that the design team may feel constrained and therefore their 

flexibility in responding to changes was reduced. This strict schedule was 

reinforced by the various levels of management and by the relatively small team 

needing to keep people and resources coordinated with many Arup colleagues 

also involved in other ongoing projects. 

 

The Lead Product Designer was adept at managing the team and coordinating the 

multitude of people involved. This skill with people was crucial to the small core 

team. It was observed that this team management demonstrated a subtle 

understanding of an individual’s talents, allowing each member of the team to work 

in the best way to them. This awareness of individual skills and personalities was 

evident during the team meetings and meetings with clients, and in the selection of 

specialists, which were invariably people the team had worked with before. This 

familiarity clearly played an important role in the working of the group and in the 

way they sorted expertise and input for the various projects.  

 

On one occasion a design problem required some technical input and the Senior 

Product Designer contacted an Arup specialist who had previously contributed to 

product design briefs. The specialist was able to give advice in a few moments via 

a phone call.  

 

It should be noted that despite the available option of the Arup People web 

resource, which provided a means to source staff with the appropriate expertise, 

the tendency was to contact the people who had worked with the team in the past, 
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suggesting that familiarity of ability and temperament was an important factor in the 

decision-making of Arup Product Design team contributions.  

 

While the team were well-structured in terms of time schedules and design stages, 

the more intellectual approaches and design thinking at the early design stages of 

the process were perhaps less explicit. The team did not employ specific design 

methods other than those familiar to engineering designers such as the Product 

Design Specification (PDS) (see section 2.3.2). The initial concept development 

stages clearly had less time and human resources allocated compared to the more 

involved development and pre-production stages, which could be said to have a 

more defined focus.  

 

Creating sustainable products was also an important concern of the Product 

Design team. The input from the sustainable consultants tended to be during the 

more advanced development stages rather than the early stage concept 

development stages. The pilot study showed that the Product Design team had a 

good general awareness of the issues of sustainable design and some of the 

design methods and approaches involved in it. This was implemented more from 

intrinsic design experience rather than a deliberate applied design methodology.  

 

Team working and creating a strong team dynamic appeared to work well, with the 

product designers playing the role of the project ‘hub’ coordinating the numerous 

members of the team. This interpersonal skill was noted as an important Arup 

‘people skill’ and further investigation is considered appropriate for the following 

case studies.  

 

With such a small design team the various members developed an understanding 

and familiarity with each other’s characters and skills. An example of this was a 

complex CAD component completed by the team member most skilled in CAD, 

while another team member was asked to join a client meeting as their individual 

approach and character were considered a valuable addition to the meeting.  
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In this way the team played to their individual strengths to benefit the whole. This 

suggests a deep inter-personal understanding of one another’s skills base and 

personality, worthy of further investigation. 

 

 

4.4.1 General conclusions 
 

The Arup Product Design team possessed a strong design and engineering 

background with the three main product designers holding honours degrees and 

postgraduate Masters level qualifications in product design or engineering design 

courses.  

 

The Lead and Senior Product Designers both had more than ten years’ 

professional experience, including the successful launch of numerous products. 

 

The management of the product design processes was familiar to the team, with 

projects coming from either external briefs or internally generated projects, 

initiatives encouraged by Arup. 

 

 

 

 

 
 
 

 

 

 

 

 

Analysis 

• The different designers had very different ways of working, with 

people and with design tools (some liked drawing, some modelling) 

and with how they approached a design problem.  

• The soft people skills were a very important part of managing the 

design process, including the various stakeholders. 

• Property Rights contracts were important in owning royalties to 

generate income. 

• Internal checks and meetings were used to track progress by 

managers and directors. 
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4.4.2 Reflection on pilot study stage question 
 
The aim for the pilot study was to test the research methodology and explore the 

research question: 

 
Question: Can patterns of team behaviour and design activity be connected with 

the design process and design tools being employed by a real-working design 

team? 

 

The design process is a complex mixture of issues, people and processes and the 

pilot study highlighted this mix of activities. The research methodology proved an 

effective qualitative data gathering approach and can be applied with confidence in 

the following cases studies.  

 

Essentially the research question can be answered as; yes. There were distinct 

indicators of behaviour and patterns of repeated incidence that suggested a strong 

link between the different individual approaches to design within the Product 

Design team.  
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4.4.3 Case study research design 
 

As identified in Chapter 3: Methodology, the longitudinal research approach allows 

time for reflection and review to contribute to the focus of the subsequent research 

stage. The pilot study allowed the embedded research approach to be tested, it 

Analysis 

• Patterns of behaviour suggest a connection between the Arup Product 

Design team members and their individual approach and use of the 

design process, with different team members approaching problems in 

subtly differing ways. 

• Evidence of design best practice could be a possible outcome, defined 

by commercially successful and peer reviewed products. 

• Management styles appeared to be numerous and different at various 

hierarchical levels of the company. This suggests that different 

management approaches better suit different stages of scale. 

• Some evidence suggested different team members tended to take on 

tasks they enjoyed or preferred, for example some would volunteer for 

more model making tasks.   

• Patterns of behaviour suggest a link between individuals’ preferred 

working approaches and which design tools/methods of working they 

selected (some preferred model making to visualise, CAD, discussion, 

or quiet reflection – the personal approach). 

• Property rights contracts were used to own royalties and therefore to 

generate income. 

• Internal checks and meetings were used to track progress by 

managers and directors. 
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also gave the Arup design team the opportunity to become accustomed with the 

researcher prior to any further study. The pilot study provided a good range of data 

collection in the form of interviews with participants and observations of the design 

process in action. Some general trends and patterns of behaviour could be 

identified through simple observation and recording, while the unstructured 

interviews allowed the researcher to be fairly flexible and take opportunities and 

moments, such as coffee breaks, to gather the participants views and opinions of 

the process, a useful combination of research methods recommended by Robson 

(2002). 

 

The opportunity for some small scale experiments was raised during informal 

discussion and the participants were open to some design tools being introduced 

to the group in subsequent case study periods. Again the pilot study proved a 

useful opportunity to identify research options with the participants, helping to build 

respect and thus the working relationship between researcher and participant that 

is advocated by Gray (2004). 

 

The pilot study was used to observe the Arup Product Design group working, along 

with the wider associated participants. This allowed the subject group to be 

evaluated to establish the suitability for further study and define potential areas for 

research focus. The following areas were defined for further examination through a 

longer case study: 
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The final analysis box is a summary of the issues that the pilot study identified and 

areas that warranted further investigation in the following case study periods. The 

flexible research approach outlined by Gray (2004) recommends the building of 

research approach in iterative stages through trial (pilot study), evaluation and 

reflection to gain depth of insight into the subjects’ actions. This methodology then 

is developed further for the following case studies.  

 
 

Analysis 

• Develop markers to identify patterns of behaviour. 

• Test tools to establish individuals’ preferred method of working and 

evaluate why, impact on team. 

• The communication in the team was very subtle and requires a longer 

study period and closer embedded research approach to observe fully. 

• Differing skills and pressures at different times of the design process 

may indicate different personalities have a preference for different 

stages in the design process, i.e. some like the early open concept 

stage, others like more defined development stages. 

• Property rights contract to own royalties to generate income. 

• Internal checks and meetings were used to track progress by 

managers and directors. 
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Chapter 5: Case Study 1 & Design School A 
 
 
5.1 Introduction to Arup case study 1 
 
The embedded research methodology now takes the study into a longitudinal case 

study period exploring the design process alongside the Arup Product Design 

team. With the pilot study having identified the potential links in the design process 

and team dynamics, Case Study 1 seeks greater depth and understanding of this 

behaviour in the team’s approach. The pilot study also highlighted opportunities for 

additional experiments to test the research question using some concept design 

development tools. 

Design  Think  Tank

Pilot  Study
  

TRIZ

Case  Study  2

ARUP  Design  
School  A

ARUP  Design  
School  B

Sustainable
Innovation  2005

Engineering  &  
Product  Design  
Education  2008

Case  Study  1  

Engineering  &  
Product  Design  
Education  2010

Engineering  &  
Product  Design  
Education  2011

Sustainable
Innovation  2004

Sustainable
Innovation  2006

Eco-Innovation  
workshop  2006

Arup Case Study 1

Research activity map

Literature  Review

 
Figure 27: Research activity map: Case study 1 

 

The Arup Product Design team and most of the wider Arup community are 

normally involved with several projects simultaneously, as highlighted in the pilot 

study. The longer case study 1 allowed the research to focus on one project in its 
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entirety: the Abacus stadium seating system, see figure 27. The Abacus seating 

project was highlighted during the pilot study period as a project involving a broad 

range of people, skills and processes, while timing meant the design process could 

be observed from project start to product launch. It should be noted that the 

product team were also involved with other projects during this process 

 

As in the pilot study, the main case study 1 was carried out with the Arup Product 

Design team at their Fitzroy Square office in London. Additional prototyping and 

physical design development was also carried out at a well-equipped London 

design studio workshop. The joint partner company, who are also the seat 

manufacturer, built pre-production prototypes. 

 
 
5.2 Research approach to Arup case study 1  
 
The pilot study established the embedded research methodology as an effective 

method of participant observation and data gathering for the study of a design 

team. A longitudinal case study offered the best opportunity to observe the design 

process in action over a longer period. This allowed the researcher time to follow 

the development journey from concept through to product launch and to study the 

potential changes of design approach taken by the team. In addition to the 

behavioural observation data gathering element, the research also seeks to 

introduce some experiments through action research to test the use of specific 

design tools with the participants.  

 

The field study was split into two case study periods (case study 1 & case study 2), 

to allow full evaluation of two live projects and give two distinct periods of study to 

compare, allowing greater reflection and evaluation of the research.  
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5.2.1 Research aim and objectives for Arup case study 1  
 

The aim of the two case studies was to trial some of the design approaches 

explored through the literature study and examine their connection with the 

different personalities and team dynamic in the design group and specifically to 

explore the proposal that different characters may apply design tools and 

methodologies in suitably different ways. The Methodology chapter 3, identifies the 

staged research questions with a specific focus for the Arup case study 1 period 

and with an aim to explore the following hypotheses: 

 
a. That employing a mixture of character types (personality preferences) in a 

working design team has a positive impact on the design process. More 
specifically that individuals’ personal preferences for working and individual 
preferences or strengths of personality, can bring those preferred skills to 
the design process at different times during that design process. And that 
the most successful design teams recognise and utilise both the diversity of 
skills in a multi-disciplinary team, as well as those individuals’ personality 
preferences in combination. 

 
b. That a successful product design team will utilise a multi-disciplinary source 

of expertise to contribute to the design process at specific times, not 
necessarily throughout the entire process. Furthermore, that it is important 
that the design team themselves and those leading/managing the team 
appreciate the value of the individuals’ technical as well as interpersonal 
skills. The case study seeks to illustrate how a successful design team 
operates with these specific issues to ensure a successful product outcome 
that is rigorously developed from all technical as well as personal 
viewpoints. 

 
 

5.2.2 Research method and implementation 
 

As in the pilot study, the main section of commentary involves the embedded 

research participant observations made during the case study. This is 

supplemented with additional analytical note boxes titled: Analysis, advocated by 

Grey, (2004) which adds some commentary after observational reflections. 

Additional action research experiments (Robinson, 2002) were also carried out to 

provide a rich qualitative data set, as outlined in sections 3.2.3 and 3.2.4. 
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5.2.3 Design tool experiments 
  

The literature review highlighted the early stage concept generation stage as 

having had less research investigation and study. The TRIZ design tools offered a 

number of potentially useful tools that could be applied during the case study with 

live projects to explore their impact to the design team. It was important that the 

experimental trial process did not disturb the general team working, so a number of 

short sessions were added into the general design team meetings and group 

discussions. By embedding the experiments into the normal design process, the 

tools could be added through the embedded action research approach and 

coordinated by the researcher to gather results. 

 

By coordinating the design tool activity with the designers, not only was the tool 

demonstrated, but the team response to that tool could also be observed in real 

time. The output from the design tool was recorded by embedded research and the 

behavioural response to the tool observed, recorded and reflected on with the team 

during following interviews and discussions. 

 

 

5.2.4 Structure of case study periods 
 
The research involves a number of study periods while following the design 

development of two main projects. In addition to the observational research 

element, additional experiments were carried out with the Arup Product Design 

team. The case studies existed beside adjacent Arup Design School studies, which 

added breadth to the study. (See Figure 28) 
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Figure 28: Case study plan. 
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5.2.5 Timeline of case studies and Design School studies 
 
September 2008 Arup case study 1: Abacus seating (4 weeks), (including 

Mentmore Studios) London, UK. 
 
    October 2008 Sustainable Innovation 2008 – Future products, technologies 

and industries. Towards sustainable product design: 13th 
International conference. Malmo, Sweden.  
Paper: An investigation into the sustainable approaches of the 
Arup Associates Product Design group 
 

         April 2009 Arup Design School A. Beaconsfield, UK.  
 
          July 2009 Arup case study 2: Pocket Habitat (4 weeks) London, UK. 
 

       October 2009 Arup Design School B. Milton Keynes, UK. 
 
                  May 2010 Pocket Habitat launch. London, UK. 
 

 

5.2.6 Context of the Arup Product Design team case study 1  
 

The Arup Product Design team studied in the pilot study and both case studies, 

was based in the London design office and remained the same team during the 

entire period. The wider Arup community of specialists, consultants and associated 

staff were consistent, although different members were brought in during various 

times when appropriate for the particular projects.  

 

The group functioned very much as they would usually do and no significant 

changes to the group’s routine or behaviour occurred during the pilot study. The 

application of trials by the embedded research approach was done so in as non-

intrusive a way as possible to allow a very natural working practice to continue. 

 

The design processes, design tools used and methods of working were examined 

through interviews, observations, practical design sessions and through the Arup 
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database system, which allowed the opportunity to interview the wider Arup 

community for additional perspective. 

 

The field studies seek to explore the following from the perspective of the Arup 

Product Design team’s activities: 

 

• The use of the Product Design Specification (PDS); 

• The sustainable focus such as use of the ISO 14001 range;  

• TRIZ – tools that assist the design process; 

 

The Arup Product Design group interaction in the immediate project 

processes including the wider design team interactions. 

 

 

5.2.7 Arup case study 1 participants 
 

Arup case study 1 involved the observation of the immediate Arup Product Design 

team based at the main London company headquarters in Fitzrovia, central 

London and the wider Arup community of consultants. In addition, external 

consultants and companies were involved with the joint partnership collaborations 

of the Abacus stadium seating system. 

 

The following table identifies the participants associated with the case study 1 

research stage: 

 

Arup Product Design team participants (Abacus seating) 

• Leader, Global Product Design 

• Senior Designer, Product Design 

• Junior Designer, Product Design 
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Arup consultants (Abacus seating) 

• Studio Director (group) 

• Associate Design Engineer 

• Director of Technical Design 

• Studio/office Manager 

• Structural Engineer 

• Stadium Group Architect 

• Advanced Materials Engineer 

• Specialist CAD Engineer 

• Lawyer (patent specialist) 

• Lawyer (contractual) 

 

External consultants (Abacus seating) 

• Tool making company, UK 

• Manufacturing company, Poland 

• Stadium seating consultant, UK 

 

 

5.3  Abacus stadium seating system 
 

The Abacus stadium seating system brief came to Arup from the Nowy Styl Group, 

a manufacturing company based in Poland, wishing to re-develop their product 

range with a simple initial brief; design it simpler and cheaper. Arup was 

approached to bring that design development experience to the project.  Jonathan 

Aldridge, stadium seating consultant, commissioned Arup, outlining their needs: 

 

Forum Seating (a division of Nowy Styl) needed an up-to-date, innovative 
product. When a stadium is built, seating is inevitably the last element to be 
brought and almost certainly the last item to be installed. By the time seating 
hits the agenda, the building is likely to be over-budget and overdue. The 
challenge was to halve the purchase price and decrease the instillation time 
of stadium seats. (Arup, 2009) 
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For the research case study, the stadium seating project was first encountered at 

its early concept development stage and followed through from the development 

process to pre-manufacture (see figure 29).  The research had a specific focus on 

the design tools, and design methods applied by the team, with a number of 

experimental trials carried out through embedded research during the study. 
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Figure 29: Abacus pre-production prototype outside the Arup Product Design office 
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Early stage concept development was a particular focus of this study and a number 

of design tools develop from the TRIZ design and creativity methodology were 

applied. The design team’s approach to issues of sustainable design were also 

investigated through observations and interviews. More traditional tools such as 

the PDS were also explored to establish any precedent. In an attempt to gain a 

better understanding of the complex creative early stages of the design process, 

the more general early stage concept development relationship between the 

following factors was also closely studied: 

 

• The design brief; 

• Sketching; 

• Model making; 

• Group concept development; 

• Prototyping; 

• Design management stages; 

• Client meetings. 

 

Importantly, this overview of the numerous activities of the early stage creative 

process was noted as critical in establishing the design, with decisions at the start 

of projects being quick and inexpensive at the time, but ultimately very influential 

and expensive to alter later on.  

 

Some of the tools and approaches examined in the design group were then 

repeated during the Arup Design School A event, to examine the consequences of 

translating these tools and approaches to a wider but related audience. 
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5.3.1 Team structure for the Abacus stadium seating project 
 

! 
 

Figure 30: Abacus stadium seating design team composition 

 

The Abacus project involved a multi-layered design team approach. At its focus, 

this Arup Product Design team worked closely with the stadium seating consultant 

who together coordinated the product development. The wider Arup community 

was brought in when needed and the partner companies also linked into this 

system. The coordination required a strong holistic awareness of issues and clear 

project management from the design team. (See figure 30). 

 

 

5.3.2 Methods, tools and design approaches used for Abacus seating 
system 
 

In addition to the overall research aim for case study 1, (see 5.2.1) the research 

will be seeking to identify the way in which the design team and the numerous 

contributors interact with a number of areas. The Arup Product Design group 
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produced a small booklet, which showcases a number of projects and explains the 

ways in which the team work. The Arup Product Design team booklet: Product 

Design Stories (2009) outlines the design stages, see figure 31: 

  

 

 
Figure 31: The Arup design to production process 
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The design to production: the process diagram (Arup, 2009) is a very graphical 

representation of the process, however it is a rather simplified version. Much of the 

diagram highlights questions to be asked of the process and these questions form 

logical challenges to any design brief and help to form the parameters for the work.  

 
 
5.3.3 Design proposal stage 
 
The Arup company runs a large number of projects and management of these is 

demanding. The application of defined phases of work assists with the design 

process management, with defined chunks of tasks making up a phase. These 

tasks are also translated into a Gantt chart system for managers and the team to 

track progress. 

 

 

Analysis 

• It should be noted that the architectural profession, with which Arup  

has close links, uses a structured phase of work scheme defined by  

the RIBA (Royal Institute of British Architects). This has some  

similarities with the Arup team’s proposed phased work scheme.  

 

 

The following proposed phases of work example is the initial project scheme 

used in the stadium seating project. It clearly outlines the activities and the team 

member responsible, with defined outcomes. The additional tracking factors, such 

as time and cost, are also a useful tool for managers (note: individual’s names, 

costing and sensitive information has been withheld). 
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Nowy Styl – New Stadium Seat 

1 Proposed phases of work 

Proposed is a 4-phase work scheme, beginning with a short brief confirmation 

before carrying out concept design. Before proceeding to the next phase, the work 

to be carried out should be confirmed at each stage. Agreement is expected on the 

terms between Arup and Nowy Styl covering intellectual property ownership and 

licensing, fee payments and royalty payments before commencing phase 1.  

 

Phase Product activities 
Phase 1:  
Brief 
confirmation 

Questions and confirmation of the brief; 
Introduction to Forum Seating products, process and 
materials; 
Collate information on other competitor products (other than 
Bluecube);  
Outline stakeholder requirements (comfort, specification, 
installation, maintenance etc.); 
Establish materials and manufacturing methods available for 
use; 
Global market; 
Common needs; 
What usage variables stand out as geographically specific 
vs. building type specific? 
 
½ day workshop with Nowy Styl team on the above. 

Phase 1 output Comprehensive brief for a new Forum Seating stadium seat. 
Short market report – competition analysis 
 

Time period 2 weeks from go-ahead 
Man hours Withheld 
Expenses Withheld 
Cost Withheld 

 

Table 3: Proposed Phases of Work. 

 

Phase 1: Brief confirmation, establishes the working relationship between Arup 

and the partner company. Legal discussions to define property ownership and 

royalties were also agreed at this stage. The phase includes some initial competitor 
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analysis and analysis of the potential market for the product, to ensure the project 

is feasible to carry forward. 

 

Phase 2:  
Concept 

• Concept design brainstorming on the following: 
Architectural style; 
Functionality, including: 
Folding; 
Rail and individual mounts; 
Material and manufacturing process concepts; 

• Finalizing on 3 different basic seat system concepts, ranging 
from the basic entry level seat, through to a high design 
‘sculptural’ seat and to the ‘high tech’ seat. 
 
2 ½ day workshops with Nowy Styl team. 
 

Phase 2 
output 

3 concepts communicated using: 
Sketches, scaled drawings, 3D visuals, style boards.  
 

Time period 1 month 
Fee on 
acceptance  

Withheld 

Expenses Withheld 
 

Table 3: Proposed Phases of Work. 

 

Phase 2: Concept stage again reflects the RIBA stages of design commission. It 

should be noted that the output involved a mix of sketches, models, and three-

dimensional computer images to convey the design concept.  

 

Phase 3:  
Design 
Development 

Direction from Nowy Styl as to which concept to progress; 
Communication of how the concepts can be part of various 
different system solutions and usage types, for example: 
Basic seat;  
Fold-away mechanism; 
Seat and arms; 
Cup-holders; 
Written press desk; 
Commentators desk; 
Companion seat for wheelchairs; 
Smart seat unit; 
Both rail mounted and individually mounted options. 
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Iteration of design development with stakeholder requirement 
analysis; 
Easily specifiable – corner fit, compact footprint; 
Fold away functionality – ergonomics and usability; 
Robustness – weathering, vandalism etc; 
Installation, maintenance and replacement; 
Design development iterations;  
Desk-based analysis of: structure, functionality, 
environmental impact, durability, ergonomics; 
Suggested materials, finishes and manufacturing processes; 
System layout drawings/ models;  
Details of required testing regime; 
User feedback (architect, engineer, contractor, supplier…); 
First estimate of cost to produce. 
To be completed in close collaboration with Nowy Styl. 

Phase 3 output Physical scale models (indicating functionality and style);  
Visualisations; 
Plan and section layout drawings; 
Testing schedule; 
Bill of parts; 
Developed design solutions for hand over to manufacturing 
design.  

Time period 3 months  
Fee Withheld 
Expenses Withheld 

 

Table 3: Proposed Phases of Work. 

 

Phase 3: Design Development, is perhaps the most detailed phase of the four 

proposed. This perhaps reflects the majority of the work for the design team, the 

manufacturing being taken on by the partner company. 

 

Phase 4:  
Design for 
manufacture 
and testing 

Final design iteration according to results from ergonomic and 
functionality mock-ups; 
Liaising with Nowy Styl design team on component design for 
manufacture; 
Final material and finish selection according to confirmed 
manufacturing process; 
Design of communication of different configurations of system 
for use in Nowy Styl literature. 

Phase 4 output Ergonomic and form scale mock-up; 
Functionality mock-up; 
Prototype for test; 
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Test report; 
Marketing samples; 
Publication of product guide. 

Time period Tbc 
Fee Withheld 
Expenses Withheld 

 

Table 3: Proposed Phases of Work 

 

Phase 4: Design for manufacture and testing includes significantly more 

collaboration with the partner company as they are also the manufacturer. The final 

pre-production prototypes and early mouldings were also produced by the 

manufacturer but sent to the Arup team for evaluation and design development. 

 

Sustainable design approaches and the tools and methodologies used were also of 

importance to Arup. The group was interviewed and questioned to establish 

themes, good practice and any other related opinions relating to their own design 

practice. It should be noted that the immediate Arup community had specialist 

knowledge in this area and were also interviewed. However, it was a key objective 

to fully understand the viewpoint and real life experience of the creative design 

team, with a specific focus on the crucial early stage concept design stages. 

 

The early stage concept design phase was also examined from a more general 

inter-connected viewpoint to gather a clearer overview of how the various aspects 

of the design process interplayed in the creative process. Sketching, prototyping, 

discussions, CAD, all play a part in this non-linear creative stage which has such 

important consequences on the developing product and indeed project. (See 

section: 2.3.3). By working alongside the design team, it was possible for the 

researcher to gather observations, interviews, and practical demonstrations on the 

way these factors all function together.  

 

Applying some of the findings from the design team study to the Arup Design 

School allowed the approaches to be tested with a wider group. The Design School 
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consisted of a broad range of Arup employees all involved with projects and 

problem solving in various stages. A number of the trials were run to examine if 

there were any similarities or examples of good practice that could translate well to 

a wider design and engineering group. 

 

 

5.3.4 Product Design Specification (PDS) tool  
 

Perhaps by coincidence the number of diagram question boxes is the same as the 

number of issues for Pugh’s (1991) Product Design Specification (PDS) check list, 

(see section 2.3.2). In reality the design team worked to a far more precise design 

brief and used the design specification to define this further.  

 

Research aim: 
 

• PDS – Is the PDS tool of value and used by a modern design team? The 
PDS approach was to be studied through the interpretation of the design 
brief and the project management through the early stages of the design 
process. 

 

The issue of how the design team engaged a PDS was evident at the very start of 

the stadium seating project. With the project being established as a joint partner 

venture, the business case for management and outcomes was the main driver for 

the team. As such there was clear demand for all parties to understand what was 

involved in the project in terms of time, resources, cost, materials and expertise. 

The need to quantify all of the elements that led to the end product were well 

structured through a design proposal document that encompassed the brief as well 

as the logistics, costings and time frame.  
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 Analysis 

• The Pugh PDS example was not explicitly referred to but was very  

much evident in the design brief and documentation that formed the  

working framework for the team.  

• Arup may have been unusually proficient in the issues of project 

management and contracts as they have extensive experience in  

often much larger projects. This may well give Arup an advantage  

over a smaller design consultancy as they have the extensive  

expertise in project management and legal advice in-house to allow  

the contacts to be produced efficiently.  

• The team used a similar staged approach to that used by architects  

with Royal Institute of British Architects (RIBA) who have a guidance 

contract for each stage of the design process. These phases can  

then be costed and quoted for by the design team to clients. Arup,  

like many companies has a focus on staff time and each project has  

an allocated job number to which staff time must be charged  

allowing the company to track and evaluate project costs. 

• Although the initial design contracts were more focused on timings  

and costings, the design details would be established as soon as  

possible to help guide and focus a project. The biggest cost concern  

of the team was that of staffing time. The PDS was a very good tool  

for establishing design parameters for the team and also for the 

engagement and negotiations with any collaborating company of 

subcontractor. 

 

  

In the case of the stadium seat, clearly issues of health and safety and legislative 

requirements were an essential part of the PDS, which all parties could work 

towards with consistency. The seat back needed to withstand a set force 

(replicating someone kicking or standing on the chair) to pass safety legislation. 
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With this parameter defined in the PDS, both the Arup Product Design team and 

the manufacturers could work to the same constraint.  

 

In the early design stages the Arup Product Design team brought in internal Arup 

advanced materials experts to help test the loading via FEA (Finite Element 

Analysis) CAD systems. This tested the seat design virtually. This same 

requirement was then used by the manufacturing team to test early pre-production 

sample seats in the workshop. 

 
Figure 32: CAD assembly of prototype seat design 
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In the case of the stadium seating design, one of the key requirements of the 

design was the issue of the installation cost of stadium seating systems. This 

important requirement was included in the initial design specification and became a 

key design driver for the team as they progressed through the initial design 

process as outlined in section 2.3.3. 

 

The unit cost of stadium seating is often priced to include installation. With the 

seating often one of the last elements to go into a sports stadium, and the very 

high cost to contractors of late deadlines, the speed of installation in combination 

with the total price is hugely important. The Arup Product Design team not only 

incorporated this into the PDS but also used it as a design focus for their initial 

concept development. 
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Figure 33: Abacus seat, beam and clamp assembly 
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The issue was in fact a well-developed part of the design brief development by the 

entire team, while researching the feasibility of the product and establishing the 

context for the business case for the product. The speed of installation resulted 

from the experienced joint partner working with Arup as well as the expert input of 

the Arup in-house stadium design team (involved in the Beijing and London 

Olympic stadiums).  

 

So we see that the PDS, outlined in section 2.3.2, can be a valuable tool for 

focusing the design team, aiding the coordination between various partners in the 

design process and helping the design management, costing and time 

management of the project. 

 

However, perhaps the more important part of the PDS is in the early stages when 

the PDS is being developed. It is critical for the PDS requirements to be based on 

sound and feasible proposals based on good research. This allows the correct 

parameters to give definition to the design brief, such as the seat strength 

legislation, while providing the design team with guidance but also some design 

freedom to solve the problem, for example by highlighting the importance of 

installation costs, but not dictating how to solve that explicitly. 

 

In many ways the success of the PDS is a direct result of the thorough research 

and development investment and philosophy which sees a rigorous early stage 

investigation and gathering of knowledge prior to the more fixed PDS stage, hence 

a more resolved and relevant PDS for the team to work with. 

 

Analysis: 

• One note regarding the PDS is that the elements must have a justified  

reason for inclusion. For example the issue of ‘speed of installation’ was a  

critical element influencing the design process and final design. So it was 

important that the requirement itself was not simply an arbitrary addition  

that may have restricted the design process.  
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5.3.5 TRIZ tool 
 

The TRIZ tools were discussed and then introduced to the design team during 

scheduled team design sessions. The TRIZ tools used were those developed for 

early stage innovation rather than the more traditional TRIZ evaluation tools best 

applied to later design development stages. The participatory research approach 

engaged the team in real time allowing embedded research to gather observations 

and feedback during the design process first hand. (see section 2.3.5). 

 
Research Aim: 

• TRIZ tools - can they be applied to assist the design team in early stage 
product development? By applying a number of TRIZ tools with the design 
group, their response to the value of such tools to the product development 
process can be observed. 

  

The TRIZ 9-box matrix is a simple and fast tool that aims to combine two important 

elements: time and scale. The tool is fairly flexible and can be applied in a number 

of ways or repeated to focus on different aspects of a problem. 

 

The structure is simply a 9-box grid with a timeline going from left to right and an 

indicator of scale (Macro to Micro) bottom to top.  

 

The tool is a good way to engage a team in viewing the problem in context, and the 

grid gives some focus for this by requiring the problem to be examined in each box 

with its two criteria of time and scale. The way the time and scale are established is 

not prescribed, so it is open to the team to decide scale, but again this allows for a 

flexible approach.  

 

For this trial experiment, the embedded research approach introduced the basic 

outline of the TRIZ 9-box tool principle during an informal meeting with the design 

team and sketched out the grid noting contributions from the team on the grid. 

Participants: 
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• Lead Product Designer 

• Junior Product Designer 

• Engineering Designer 

• Embedded Researcher (scribe) 

 

A discussion formed around the 9-box activity and the notes were added to the 

diagram. The meeting lasted approximately 20 minutes, but it should be noted that 

the group continued to discuss points raised during the following days. (see figure 

34) 

 

 

 
Figure 34: TRIZ 9-box diagram from sketchbook 
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Analysis 

• The 9-box TRIZ tool proved to be a very effective device to engage the team 

in discussion helping to define the design problem. All the participants 

contributed ideas that added to others’ ideas. 

• The box stages were effective in focusing on specific areas of the problem, 

for example, as people arrived (before a sports event starts - column 1) 

there was a good discussion about the journey and process of finding your  

Seat in the stadium. This was something the initial design team had not 

explored before. 

• Sketches added to the communication and the research participants  

quickly drew ideas as they were being discussed. The ability to sketch  

was clearly an added benefit to the TRIZ tool as it was a catalyst for more 

comments and suggestions from the wider team. 

• The 9-box TRIZ tool gave the advantage of identifying general ‘design gaps’ 

or areas not well considered. This very visual evaluation (the box was 

empty) helped to draw the team’s focus to cover all the issues.  

• It was noted that the two participating designers tended to raise human 

issues of how people would use and interact with the seat. Once the  

issue was raised the other participants were quick to add to the discussion. 

• It was noted that the engineer brought more systems and technical  

issues to the discussion, such as the fold mechanism. As above,  

although the engineer raised these issues, the other team members were 

comfortable discussing ideas further. 

• The 9-box TRIZ tool worked very well in bringing the team together on a 

multitude of issues while allowing the language to be shared, (as it  

wasn’t too technical), an ideal tool for cross-disciplinary collaboration.  
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Figure 35: Initial sketch designs (a) following TRIZ session 

 

Following the TRIZ 9-box system, the team took a number of ideas forward to 

develop. Sketchbooks were used to quickly expand on the areas identified through 

TRIZ and the concepts discussed with the Lead Product Designer for design 

direction. (see figures: 35 and 36) 

 

Analysis 

• The use of the TRIZ system appeared to refresh the design team in  

terms of project perspective. By examining and importantly discussing  

the project in the 9-box grid of time frame and scale, the TRIZ tool  

brought some new perspective to the design. This brought about a flurry  

of design ideas, sketches and discussions, leading to more design 

developments. 
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Figure 36: Initial sketch designs (b) following TRIZ session 

 

 

Analysis 

• The TRIZ box tool proved to be a very quick and effective way to explore 

ideas and get the team talking beyond their subject specialism. The simple 

grid allows the participants to spot gaps easily and can help to focus minds 

down a little, rather than being overwhelmed with the total problem.  

• The designers and engineer seemed to initially suggest ideas and solutions 

from areas they were familiar with, such as more technically or user 

focused. However the value of this tool appeared to be that it blurred the 

subject boundaries by being so easy to contribute to. 

• Participants could contribute in a number of ways: notes, verbal suggestions 

and visual images, some diagrams, sketches or questions posed. This gives 

the tool a breadth of contribution methods well-suited to a mixed team of 

participants. 
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The TRIZ 9-box tool will be trialed with another project and with the Arup Design 

School group to explore further the benefits to a multidisciplinary team and their 

communication. 

 

 

5.3.6 Sustainable design at Arup 
 

As a company Arup has a clear sustainable and environmental policy as a core 

value for the entire company. The Arup Product Design group naturally follows 

these higher aims and the following are some key points relevant to product design 

from the Arup sustainability policy document: 

 

Arup Environmental and Sustainability policy:  
 

Mission: To shape a better world 
 
Objectives: The firm will implement practices that promote economic 
security, social betterment and environmental stewardship and will strive for 
continuous improvement of performance in these areas.  
 
To deliver this, the firm aims to: 
 
• Set a sustainability strategy for the firm; 

• Be a leader in sustainable development in areas relevant to its business; 

• Promote sustainable practices; 

• Operate within a management system that is registered as meeting the 
requirements of ISO 14001. 

Outcomes: In meeting these objectives, the firm will: 
 
• Deliver projects recognised for their sustainability credentials, in line with 
client expectations; 

• Evaluate projects with respect to their sustainability risks and opportunities 
and, where appropriate, work with the client to deliver a more sustainable 
outcome. (Arup, 2011) 

 



Product Design: process and personality                

Chapter 5 Arup case study 1 & Arup Design School A page  154 

The Arup Product Design team is no different in their desire, in the broadest sense, 

for making ‘better’ products that encompass the complex requirements of function, 

business justification and the environmental considerations of sustainable design. 

In terms of sustainable design for this case study the research aim is to: 

 

• Establish the application of sustainable design in the early stages of the 
product design process through interviews and observations and explore 
how the sustainable design approach operates in practice. 

 

The design team saw issues of environmental impact and sustainability as value- 

adding elements that would enhance their work and as such were keen to 

introduce these drivers early in the design process. The main consensus was that 

any design utilising sustainable or environmentally beneficial elements, should 

function as well or better than that of a conventional product. This is a logical aim 

and one which embraces the wider Arup sustainable design policy.  

 

During the initial feasibility stages of the stadium seat the design team had 

meetings with the Arup stadium team to gather background information ahead of 

the design phase. One of the architects gave a very vivid example of the way 

stadium seating can be treated, giving the design team an excellent example to 

work with: 

 

During an average football game at the Real Madrid stadium in Spain, up to 
300 seats can be damaged and destroyed if the home side has an 
unsuccessful game. (Arup Stadium team architect) 

 

This statement was used by the product design team to build up a deeper 

understanding of the hostile environment the seating would be exposed to. It also 

added to the issue of seating installation time as the same issues apply to the cost 

and time of repair/re-installation. 
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5.3.7 Sustainable design approaches for the Abacus stadium seat 
 

The working approach used by the immediate product design team was very much 

based on sound design skills and principles; principles that would be well-

recognised by many designers and engineers as a ‘good design’ approach, rather 

than explicitly sustainable design approaches. Some of the common issues raised 

by the designers included: 

 

• Parts consolidation; 

• Materials reduction;  

• Weight reduction; 

• Simplification; 

• Modularisation; 

• Energy use reduction; 

• Resources reduction; 

• Secondary impact (transport costs); 

• Recycling efficiency. 

 

During discussions with the design team it was noted that the general consensus 

from the product designers was that they were practising good design principles 

within the design process rather than using any extensive design tool specifically 

developed for an environmentally positive or sustainable result. (See section 

2.3.4). 

 

The team was aware of such tools as (SimaPro) Life Cycle Analysis and 

environmental impact evaluations but did not tend to use these in their early design 

concept stages.  

 

This sustainable design expertise was provided by the Arup environmental 

specialists, and it was considered that the team could call upon them to input such 
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advice as needed. However, it raised a question as to how the environmental 

contribution would be introduced into the design process during the early stages.  

 

The manufacturing process used for the moulding of the two main plastic parts of 

the seat, the base and back, were designed with two possible manufacturing 

processes in mind. The established injection moulding process was well-

recognised and effective in achieving the desired performance. The team also 

explored a new recycled plastic forming process: Powder Impression Moulding 

(PIM) which could be applied to the production of the two main mouldings using 

recycled plastic. (See Figure 37) 

 

 
 

Figure 37: The Powder Impression Moulding (PIM) process, Environmental 

Recycling Technologies Plc. 
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Initially the PIM process worked well for standard sheet material, but then would 

need a little more development to manufacture the seat components with the 

required strength and predictable properties. It does demonstrate the team’s desire 

to push the established processes and look into further sustainable opportunities. It 

is expected that a PIM moulded stadium seat would eventually be an order option. 

 

 

Analysis 

• The Arup Product Design team was very aware of design issues and 

approaches aimed at more sustainable and environmentally sensitive 

solutions. This was highlighted in general discussions as well as more 

formal design meetings where issues were explored by the team. 

• The wider Arup community had excellent sustainability specialists who were 

often consulted, bringing added external viewpoints to the design process. 

• For the stadium seating project an external manufacturer involved with  

a very sustainable manufacturing process, was brought in to explore the 

potential of using recycled plastic in the seat mouldings. This was  

evidence of the extra effort the team were willing to make in pursuing  

the sustainable goal. 

 

 

 

5.3.8 Two and three dimensional design tools 

 

As identified in the pilot study, across the entire Arup company sketching was 

prevalent. Most staff used logbooks or sketchbooks for day-to-day meetings, notes, 

site visits and as a personal log of ideas and project development. 

 

The research aim for 2D and 3D sketching in this case study was to: 
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• Develop a greater understanding of the inter-connection between concept 
design, sketching, prototyping and discussion/debate. Through observation, 
interview and participation through embedded research it is hoped to gather 
a clearer understanding of the complex relationship and inter-dependency of 
these elements in the early concept design development stage of the design 
process. 

 

Sketching was the one of the first tools used to develop ideas within the team. The 

team used A4 and A3 size pads with a mixture of pencil and pen, depending on the 

designer. Engineers were also quick to use visual sketching to explore ideas and 

the entire company was very open to showing and sharing simple sketches, 

regardless of technical ability. This open approach proved very valuable for sharing 

ideas and hence creating lots of team collaboration and mutual support.  

 

 
Figure 38: Seat cover: Initial concept sketch development 
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Analysis 

• The use of simple, fast hand sketching across the entire Arup company was 

clearly a very effective communication tool for meetings and design 

development.  

• The technical quality of the sketching was not always high but all were 

simple and clear, often with notation. Very few participants used colour as 

this added time and complexity. Black and white sketches were also simple 

to photocopy (note the above sketch is on lined paper). 

• More advanced visual design drawings, often used for client meetings, were 

passed onto an Arup graphic design team who specialised in more advance 

presentation images. 

 

 
 

Figure 39: Computer Aided Design (CAD) image of the seat, developed from an 

earlier sketch 
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Computer Aided Design (CAD) was a valuable tool used by the Product Design 

team. CAD was employed fairly quickly in the design process with the design team 

using a three-dimensional parametric design programme (SolidWorks). The CAD 

was used alongside the other methods of working, sketching, physical modelling 

and prototyping. (see Figure 39) 

 

Analysis 

• As a company Arup developed from a strong ethos of collaboration with the 

early company involved in the architect engineer interface. This cross-

disciplinary approach requires excellent communication and often  

between very different professional disciplines. Perhaps due to the strong 

relationship with architecture, the company has an excellent attitude to 

communication and sharing and much of this is done visually.  

• The sketchbook, workbook or notebook plays a key part for all of the Arup 

employees. The importance of recording ideas, notes, data and sharing 

these with others played a crucial role in the meetings and individual time of 

the design team.  

• The role of the sketchbook was at the very centre of the product design 

group activity, with the designers developing concepts, resolving design 

details and sharing ideas through the sketchbook medium.  

 

 

It should be noted that much of the wider Arup consultancy work is often presented 

to clients in the form of sketches, especially when consulting for another company, 

for example developing the design solution for a new roofing system. The Arup 

work will be presented in an assembled document. This will include the research 

and initial study while the possible solutions would very often be hand-drawn 

sketches and drawings, akin to the fast decision forming sketching approach 

outlined by Tovey et al (2003). Details and notes would be included with technical 

information in support. The sketches could often be fairly technical with cross 

sections, but all drawn by hand without a straight edge.  
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The reason for this presentation is in many ways linked to the stance Arup take as 

a consultant rather than a manufacturer or producer. The drawings are presented 

not as a definitive answer but as a suggestion to a solution. In this way, the 

company would need to interpret and produce their own solution, but as the Arup 

sketches are very detailed this should be fairly straightforward. It also provides 

Arup with some insulation from any legal responsibility as the drawings go through 

a second phase of interpretation by the final company. 

 

Meetings played a key role in the function of the product design team. With several 

projects running at any one time and with a mixture of team members involved, the 

designers were often at the centre of the process and hence coordinated meetings 

to track progress. The sketchbook would often be referred to during these 

meetings where designers may share ideas and participants could make 

suggestions.  

 

It was noted that the engineers would also use notebooks, although their drawings 

and sketches were a little different, showing more Vertical transformation as 

described by Goel (1995) (see section, 2.3.3). The engineers tended to sketch 

more detailed elevations and use their sketchbooks to record data as well as 

drawings. 

 

The design team used models and prototypes throughout the design process from 

concept generation though to pre-production testing. This study is particularly 

interested in the early stage concept and design development phase. The product 

design team at Arup would combine two-dimensional sketching with three-

dimensional modelling to help the development of ideas and concepts. The 

simplest of materials, such as card and foam, would give quick results and could 

be made in the studio. 
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More elaborate models could then be produced in the Arup modelling workshop (in 

an adjacent building) with a professional model maker, although this would 

increase costs. With the product team sometimes needing more specific product 

design models and prototypes, the team would also contract out to a London 

based design consultancy: WilderCreative based at Mentmore Studios, London, for 

the use of their workshop prototype area and skilled staff. (see figures: 40 and 41) 

 

 
 

Figure 40: Mentmore Studio, London. Workshop area. 
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Figure 41: Mentmore Studio, London. Studio area. 

 

Mentmore studios and workshop in north London, was used by the Arup Product 

Design team to assist in prototype development and construction. Additional 

design development input into the early stage concept design was also provided by 

WilderCreative design director Dominic McCausland. 

 

This extra external facility brought greater prototyping scope to the team who could 

produce full-size test prototypes for the stadium seat, beyond the confines of the 

Arup office. 

 

 

5.3.9 The sketching and prototyping relationship 

 

The following sketches show the development of the stadium seat armrest system. 

These drawings were produced during a three-day development period at 

Mentmore studios and highlight the interaction and combination of sketching, team 

discussion and physical prototyping in the design development.  
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The sketches were made as the team discussed ideas and these were 

complemented with card profiles, then a more sculpted foam form, all made by the 

design team, while CAD models were developed in parallel.  

 

   

 
   

Figure 42: Seat armrest development sketches 
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Figure 43: Testing card armrest profile with stadium seat prototype at Mentmore 

studio, London 

 

Like the sketchbooks, the prototypes brought an immediate form of 

communication. The team could use prototypes to better understand the design in 

terms of form, size, ergonomic function, materials, colour, texture, visual impact 

and importantly engage others in the process.  

 

This function of engaging others was critical in the design process. The design 

team were working in collaboration with partners who also needed to be happy with 

the design so would use photographs of prototypes and CAD images to update 

partners. 
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Prototypes were often used in meetings to gather views and evaluate and agree on 

progress, and the physical presence of the objects was a valuable communication 

tool in helping all parties understand the projects more fully. 

 

 
 

Figure 44: Armrest sketch development 
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Figure 45: Testing foam armrest profile with stadium seat prototype at Mentmore 

studio, London 

 

Discussion and debate on the design progress was a crucial element of the project. 

Some discussions were conducted within the team and could be informal questions 

on design detail, while other interactions could be more structured in the form of 

arranged meetings and design reviews. All provided the design team with the 

opportunity to gather views and present ideas. The skill of managing, encouraging 

and in some cases defending the design is extremely valuable, and one in which 

the design team were very experienced.  

 

With progress being made, the prototyping naturally moved towards the pre-

production phase. This involved a number of specialists including tool makers in 
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Cambridge and the Nowy Styl manufacturers in Poland all working towards the 

production process. 

 

The Arup Product Design team had been developing the CAD details from the 

early stages and so this refinement continued with the data being provided in 

partnership with the tool-maker for an initial pre-production seat to be moulded. 

 

The first moulded prototype seat was valuable in several ways: 

 

• Tooling design and testing; 

• Performance testing (standards, strength, assembly tolerances); 

• Marketing images and advertising graphics; 

• Confirmation of design (Arup Product Design team); 

• Internal Arup marketing (inviting the stadium design team to view). 

 

The full-size prototype created a real buzz of excitement and interest in the Arup 

office. Other members of staff were keen to try out the seat and discussions 

developed with questions and suggestions made. The managers, often with 

multiple ongoing projects to coordinate, appeared to really appreciate the 

prototype. (see Figure 46) 
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Figure 46: Pre-production prototype seat outside the Arup Product Design studio. 

Fitzrovia, London 
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Figure 47: The interdependent design process 

 

Analysis 

• Through in-depth observation of the design process in action, the role of the 

team and stakeholder discussions and meetings was critical. This 

opportunity to meet, confer, argue, challenge and develop the design 

together was the glue that held the process together. The additional 

elements were then brought into the design process by the core Product 

Design team to support the journey. 

• The role of each was important but 2D sketching and 3D realisation (in both 

CAD and physical prototypes) was a significant element that progressed the 

process. Meetings with design drawings or prototypes tended to make 

considerable progress when discussed, with the sketch  
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or physical artifact a focus that all stakeholders could engage with very well. 

This interdependent mix of activities in the design process was explored 

with the design team who highlighted the essential elements to the process, 

described visually in figure 47: The interdependent design process. 

• The product designers were critical influences in the coordination of the 

design process, bringing the appropriate elements and people to contribute 

at the most appropriate moment. People skills were critical to the smooth 

running of the project. 

• The Arup Product Design team needed a holistic overview of the entire 

project, with a clear understanding of the aims and objectives relative to the 

constraints of time, funds and expectations of stakeholders. 

• Sketching and prototyping proved a very effective process in design 

progress. Often coordinated by the product designer, the visual and physical 

medium proved very effective in allowing multi-stakeholder understanding 

and hence contribution. 

• The team appeared to progress the design faster with the external workshop 

facility capable of building full size prototypes. The interconnection of 2D 

and 3D development proved very effective. 

• The full–size, functioning prototype provided surprising enthusiasm in 

others. It allowed the management to see, feel and try the seat and this 

interaction clearly reinforced the appreciation of the design potential.  

 

 

 

5.4 Introduction to Arup Design School A 

 
The Arup Design School programme provided the ideal opportunity to test the 

research experiments with another subject group. Importantly, the Arup Design 

School participants were very similar to the main Arup case study Product Design 

team as they were involved with design projects and were familiar with the Arup 

company structure and process. Indeed a number of the Design School 
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participants possessed direct experience of working on projects with the Product 

Design team, an example of the fluid nature of the project groups within Arup. Two 

Arup Design Schools were observed and are referred to as A and B in this 

research. 
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TRIZ
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ARUP  Design  
School  A

ARUP  Design  
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Engineering  &  
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Innovation  2004

Sustainable
Innovation  2006

Eco-Innovation  
workshop  2006

ARUP Design School A

Research activity map

Literature  Review

 
Figure 48: Research activity map: Arup Design School A 

 

The Arup Design Schools programme has been running for ten years within the 

company and aims to bring new Arup employees from across Europe together for 

a three-day design event (see Figure 48). The Design School programme is 

described as:  

 

Developing a passion for design: 

Arup has run ‘Design Schools’ regularly all over the world for over a decade. 
At these three-day events, younger employees of all disciplines step out of 
their comfort zones and tackle extraordinary creative challenges together. 
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This internal design education sharpens lateral thinking and collaborative 
instincts and connects people, strengthening Arup's unique design culture. 
 
Broad in concept and execution, the Design Schools are experimental and 
fun but with serious intent. They encourage reflection on design, provide an 
experience of the whole design process and enable networking with peers 
from other disciplines. They also give early-career Arup staff the opportunity 
to develop skills in team-working, communication, planning and group 
decision-making – all essentials for world-class designers and consultants. 
(Arup website, 2011) 

 

The opportunity was presented to deliver a short TRIZ Masterclass session 

showing the delegates some design tools that could be used while tackling the 

design project during the event. The TRIZ 9-box matrix was selected, as this had 

proved to be well received by the Arup Product Design team in the earlier case 

study period. The delegate teams then used the 9-box TRIZ tool in the event 

design activity, which was then evaluated through observation and discussion with 

the teams and individuals.  

 

The second experiment involved a short presentation and evaluation of personality 

type. This was based on Carl Jung’s principles and the simplified structure of the 

Myers Briggs Type tests (Myers, 1995). The presentation also outlined the 

simplified clusters used by the Keirsey temperament sorter (Keirsey, 1998). The 

short presentation was followed by some character type questions and discussion 

to gather the personality types of the delegates. This was also linked to each 

individual’s specialist subject, such as architecture, structural engineering or 

systems managing. By linking the character type to the job type, possible patterns 

of job type and character preference may be identified. 

 

Arup Design School A overview 

 

The Arup European Design Schools are bi-annual events run by the company to 

develop innovation and creative thinking within design teams: 
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Philosophy, where, when, who, how, what was tested –trials embedded into the 

established programme to mirror the field study trials. 

 

The Arup Design Schools offered the opportunity to apply some of the findings of 

the main design group trials to a related but more diverse engineering and design 

group of Arup employees to assess the potential of the concepts translating to 

other groups. 

 

 

5.4.1 Research aims and objectives for Design School A  
 

This Design School study followed on from the Arup case study 1, which  allowed 

the hypothesis to be repeated and tested through experimentation. The research 

aims for the Arup Design School A experiment were developed in the Methodology 

and are outlined below: 

 
a. To establish a link between character types (personality preferences) and 

the effective team-working of a multi-disciplinary team during the early 
stages of a creative design process. More specifically that greater 
understanding of personality type preferences and those of others will have 
a positive effect on team dynamics and functional performance. 

 
b. To establish a connection between character type (personality preference) 

and the preferred use of a specific design tool (TRIZ 9-box tool). More 
specifically to identify different character types’ preference for different 
design tools. 

 

The Arup Design School programme facilitated two separate study groups, (A and 

B) allowing the experiments to be repeated to reinforce the findings from the 

previous case study. 

 
The TRIZ 9-box tool was selected as it is a quick system for early stage design 

problem identification and concept generation. The tool was trialled with the Arup 

Product Design team and was identified as an effective communication tool 

amongst the team, as well as a generator of ideas. 
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5.4.2 Design School A project and participants 
 

Team project: 
The three-day event involved a group design-and-build challenge to be 

supplemented with a very busy schedule of short talks and masterclass 

presentations, aimed at supporting creativity as the delegates worked on the 

design challenge. The Arup Design School A study involved the following event  

design challenge: 

 

From playground to podium: The challenge is to design a travelling 
roadshow to tour the UK in the run up to the London Olympics, be used 
during the Olympics, and have a legacy of use afterwards that furthers the 
2012 Olympic vision and goals of the Olympics movement, with a specific 
focus to inspire more children to take up sports. (Arup School group design 
brief, 2009) 

 

The design brief was deliberately broad with scope for teams to explore ideas 

beyond their specialist field. Teams were encouraged to take risks and be brave 

with ideas and concepts. Structured mini-presentations were given throughout the 

event to support the design process, including:  

 

• Unpacking the brief (defining the issues and drivers); 

• Generating ideas (visual mind maps); 

• My people (user centred design approach); 

• 9-box TRIZ; 

• Prototyping (fast, proof of concept making); 

• Presentation techniques. 

 

Delegate profiles: 
Thirty-six delegates were working in six design teams. The event was held for 

employees who had been in Arup for less than five years so the average age was 

in the mid-twenties. The delegates were nominated to attend the event by their 

managers and were from across Arup Europe, with less than half being United 
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Kingdom based. The majority of delegates were qualified to postgraduate level in 

subjects reflecting the Arup company as a whole, including architects, systems 

engineers and structural engineers. 

 
 
5.4.3 The TRIZ 9-box tool in action at Arup Design School A 
 

The TRIZ 9-box tool was selected from the earlier Arup Product Design team case 

study 1 as a quick and effective tool for generating ideas within a group. The teams 

quickly grasped the principle and most drew up a grid on an A3 sheet of paper. 

The majority of teams managed this with one team member leading the sketching 

and note taking on the sheet with others contributing with ideas and suggestions. 

Quickly the obvious ideas were mapped onto the 9-box sheet and it was observed 

that in most teams the members would stand up and gather around the sheet, 

suggesting and adding to areas. The process of filling in the boxes helped most 

teams to focus on specific issues. It was noted that some teams saw members add 

sketches to a single sheet , while other groups tackled the sheet as individuals 

then all added their own notes together. The 9-box system was used throughout 

the design project activity by most teams, returning to the tool to help them further 

develop ideas during the design development. Several teams referred to the 9-box 

tool in their final presentation as the stage in which they discovered their design 

project direction. 

 

Two teams used the 9-box system less, working on the sheet initially then moving 

on with a specific idea so felt they no longer needed the tool. 

 

Most of the teams found the 9-box tool easy to use and effective to communicate, 

forming ideas and establishing the design issues quickly.  

 
Feedback from delegates on the TRIZ 9-box tool: 
The participants gave the following feedback after using the 9-box TRIZ tool: 
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I liked it, it got us all talking and I think made us look into areas I did not 
initially think about when they gave us the brief, so yes, good at making sure 
we cover all the bases. (Systems engineer) 
 
 
It helps if you’re good at sketching but we all had a go. I liked the way you 
can break up the problem in terms of scale, helped us develop our final idea 
actually. (Architect) 

 

 

Analysis 

• The majority of teams found the TRIZ 9-box tool easy to understand; 

• Most thought the tool was very effective at identifying the issues of the 

design problem;                     

• The teams used a mixture of sketches, notes and lists; 

• The tool generated and focussed a lot of group discussion and debate; 

• Most thought the tool was useful in identifying areas of design  

opportunity or gaps not usually addressed; 

• Some thought the tool was vague and too general. 

 

 

 

5.4.4 Personality type evaluation at Arup Design School A 
 

The delegates were given a short introduction to the Jung personality type theory 

and a shorter Myers Briggs Type Indicator test was carried out. The Keirsey Type 

sorter was also used as this clusters the types into four common characters, an 

approach considered appropriate for this short session, (see section 2.4). The 

focus of the talk was to highlight the different types of personality and how 

individuals may approach the design problem differently. Delegates were also 

encouraged to appreciate the different personalities in their own group and be 

aware of the different ways they may work together. 
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Feedback from delegates on the personality type assessment: 
 

God I am such an ‘E’, (extrovert) I am always talking things through, drives 
my partner mad, he must be an ‘I’ (Introvert). I think it will be really valuable to 
my office to understand all our types so we can support each other as we 
work. (Architect) 
 
I do tend to enjoy the wider view, more holistic, and feel bored by the day-to-
day detail of work. I guess I must be more the possibilities (Intuition) type guy. 
(Architect) 
 
Get things done, like completing projects so yes, I’m in the first column. I even 
remember phone numbers like you said. I can get a bit frustrated by the arty 
type but I think that is all about the different types. Don’t think it will change 
the way I work. (Structural engineer) 

 

 

Analysis 

The delegates were very interested in the personality type evaluation and  

many requested further reading material during the event. The effect of the 

personality test was less clear to observe in the groups. However, through 

discussion and asking delegates it was clear many were more aware that  

there were differences that could be very useful to a working team.  

 

• Most found the (E) Extrovert and (I) Introvert categories very clear to 

understand, several teams consciously managed their teams to allow 

both types of contribution. 

• Most identified the different working approaches of (S) Sensing and  

(N) Intuition, considered by many as fundamentally different working 

approaches. 

• Some delegates tried to approach the design problem through each 

personality type, to ensure they had a full perspective of the problem. 
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Figure 49: Arup Design School A: Team presenting design ideas to judges 

 

 
Figure 50: Arup Design School A: Teams demonstrating concepts to judges 
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Parameters, process and implication of the Arup school study 
 
With the event schedule time limitations, people, extent of study and requirement 

to fit into working schedule were important factors.  

 

The research methodology involved a number of different approaches,  including:  

1. Literature review  

2. Design Group trial  

3. Design School trial  

Although all have subtle differences they are all linked in focus, giving a stronger 

overview of the results through the ability to cross-reference perspectives through 

the evaluation.  

 

 

5.4.5 Results of Arup Design School A 

 

Analysis 
The Design School A test of the TRIZ 9-box tool concurred with that found during 

the Arup Product Design team trial: that the tool was effective in not only 

generating concepts but also in increasing the effective communication of the team 

through a mixture of sketching, notation and discussion, often with further 

discussions following on after the official session. 

 

The personality test (Myers Briggs, 1995, and Keirsey, 1998) proved to be of great 

interest to the delegates. Most could identify with the types and reflect on their own 

type when working, as well as recognising the different characteristics in others. 

The teams responded well to the guidance in approaching the design challenge 

with their own character type preferences in mind, remembering to try and be more 

open to others’ viewpoints. 
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Figure 51: The introversion–extroversion split. 

 

The introversion (I)–extroversion (E) split (see figure 51) is often the most 

immediate personality type to be observed in a group. Indeed during the discussion 

and personality test itself some more vocal delegates raised questions and 

comments which were later attributed to being of the extroversion disposition. 

These two orientation types were clearly evident during the design activities 

throughout the three-day event with the (E) delegates taking the group project lead 

in most cases, with questions coming from them early in the project. 

As would be expected of the type preferences the (I) delegates were often a little 

slower to question and raise issues, the internal thought process giving some 

internal reflection and analysis before the discussion. However the contribution 

was no less valuable. 

 

Extroversion 
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During the final group presentations one particular group exhibited some classic 

introverted and extroverted behaviour. The assumed leader for the group had an 

extroverted personality and led the presentation as he was confident talking to a 

big audience. However he was less clear with detail than other team members, 

specifically a quieter member with an introverted personality who finally contributed 

with a very concise statement about the design.  

  

 

Analysis 

• The teams found the TRIZ 9-box tool to be very quick in identifying areas of 

design development, while also highlighting neglected issues. 

• When using the TRIZ 9-box tool the teams were sketching more. (This may 

be due to the masterclass introduction showing the tool with sketches as 

well as notes). 

• The character type test helped the teams understand and appreciate the 

different team characteristics. There was much discussion as to the way 

people contributed (extrovert and introvert) to the group. 

• The character type test suggested different personalities had a preferred 

way of working and addressing the design brief. 

 

 

 

5.5 Conclusions 

 

The Arup case study 1 and Design School A allowed the investigation to be applied 

to two study groups for comparison. The Design Think Tank event highlighted Arup 

as the industrial research subject and also their interest in design tools, specifically 

TRIZ. The case study allowed a number of selected TRIZ design tools to be trialled 

and then one (TRIZ 9-box tool) to be introduced to the Design School delegates 

during the three-day design programme.  
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Importantly for this study the design tool needs to be viewed not in isolation but 

within the context of a real working group. The personality type test used in the 

Design School event brought valuable insight into the subtle differences of 

approach to the design tool and indeed the team interactions.  

 

While the Design School A event represented a much shorter observational 

opportunity that the Arup case study 1, the creative design focus and team activity 

gave excellent opportunity to observe multiple design groups.  

 

The Design School A study highlighted the importance of team dynamics and 

personality type in the design approach. The variety of personalities within a group 

was a valuable feature to bring a full spectrum of views and personal perspectives 

to that group. This was witnessed in the teams that had the most complete final 

design solution, which included the creative concept element as well as the 

delivered criteria.  

 

 
5.6     Case study design development 
 

The initial case study 1 highlighted some clear links with the preferred working 

methods and design tools the team used and the individual team members. The 

use of concept visualisation in the form of 2D sketching and 3D model making and 

CAD among the product designers was evident.  

 

The product designers clearly needed to use a wide range of interpersonal skills 

during the design process to interact with the other team members. This empathy 

and professional understanding of the way in which others worked was a skill 

which will be studied further in the following case study period, as highlighted in the 

Design School A personality experiment and observations. 
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Chapter 6: Arup case study 2 & Arup Design School B 
 
 
6.1 Introduction to Arup case study 2 
 
For the second stage of the longitudinal case study period the embedded 

research methodology again facilitated close observation of the Arup Product 

Design team during a live project. This consistent research approach brought a 

uniform view to the study while the second case study period focused on a 

different design project, providing a good opportunity to compare and evaluate 

the design process across the two case study projects.  

 

The research for Arup case study 2 focused on the design process of the Pocket 

Habitat (initially known as the Bio bag during early development), a green roofing 

system, which was officially launched in 2010. The Lead Product Designer 

outlined the benefit of the system at the product launch: 

 

The Pocket Habitat is an adaptable way to create a biodiverse rooftop 
environment allowing a green roof to be easily retro-fitted to existing 
buildings. Furthermore, the innovation is generating much interest from 
developers for temporary greening of development sites. The Pocket 
Habitat can be rapidly installed and removed if maintenance of the roof or 
other areas is required. A further attraction is that it can be tailored to a 
user’s home or work area postcode, using locally sourced aggregates, 
thereby promoting localised biodiversity and reducing carbon footprint 
through travel. (Arup Lead Product Designer, 2010) 
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Figure 52: Pocket Habitat bags showing alignment and substrate varieties 

 

Like the Abacus stadium seating project examined in the previous chapter, the 

Pocket Habitat project was studied through the entire design development 

journey, from early idea proposal through to market launch. This longitudinal 

research methodology allowed the various design stages to be studied while 

observing the design team as they worked through the process. (Robson, 2002) 

 

The Abacus stadium seat started with a design brief that developed from an 

external company need. In contrast, the Pocket Habitat project was initially 

developed within Arup through their internal ideas development programme: 

Intellectual Property Exchange (IPX). The IPX group has been established by 

Arup to identify potential new projects from within the Arup community, providing 

funding for development and support. 

 

During this second Arup case study 2 period, some of the research experiments 

trialled during case study 1 were repeated to ascertain any differences, or 
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common features across the two design projects. The repeated experiments and 

observations sought to explore:  

 

• How the team used the PDS;  

• How the design teams approach sustainable design issues;  

• The influence of sketching and prototyping.  

 

In addition to these research objectives, Arup case study 2 sought to explore:  

 

• How team personalities, characteristics and team dynamic affect the 

design process.  

 

This additional research area of investigation was highlighted during the previous 

Arup Design School A event. The personality types of the design teams studied 

exhibited subtle differences in design approach. Research activity map, figure 53, 

shows the timing of case study 2. 

 

To add consistency to the study, the Myers Briggs Type Indicator and the Keirsey 

Temperament sorter were again used to evaluate the team members. As in case 

study 1 the embedded research approach allowed the design team to be 

observed closely using observations and interviews to gather data for evaluation 

and reflection. (See section: 2.4). 

 

The personality type tests used in the design group were then translated to the 

Arup Design School B event, to examine the effects of team dynamics and 

design approach with a different group of Arup employees for more rigorous 

comparisons. 
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Figure 53: Research activity map: Case study 2 

 
The Arup Product Design team and the wider Arup community were also involved 

in a number of other design projects that ran concurrently. At some points during 

the case study research stages the team were working on both the Abacus 

stadium seat and the Pocket Habitat. (See figure 28: Case study plan).  

 

The majority of the Pocket Habitat design development was carried out by the 

Arup Product Design team at the Fitzroy Square office in London.  

 

The initial Pocket Habitat concept was proposed by an Arup landscape architect, 

who then took the concept to the internal Arup IPX team, based in central 

London. The IPX panel supported the early concept development led by the 

Product Design team. As the project progressed external specialist consultants 

were brought in to develop the product feasibility. A joint partner company, Sky-
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Gardens, joined the project, eventually bringing the product to market through 

their distribution networks. 

 
 
6.2 Research aims and objectives for Arup case study 2 
 
Case study 2 seeks to repeat some observation from case study 1 while adding 

some additional areas of focus that have been identified through reflection using 

an iterative research design methodology, (see section 3.2). The longitudinal 

approach gives the researcher the opportunity to observe, reflect and develop 

during time, allowing a more responsive approach. (Yin, 2003) 

 

The Arup Design School A highlighted the issues of personality in the design 

team and how that team approaches a design problem. This then is added to the 

research focus for case study 2 in an attempt to further understand the complex 

team dynamics which occur during the design process. 

 

Research aims a. and b. are a repeat of those applied in case study 1, while the 

addition of aim c. brings the issues of team personality into the research area for 

case study 2. 

 

As defined in chapter 3’s Methodology, the longitudinal case study was designed 

to explore the hypotheses: 

 

a. That employing a mixture of character types (personality preferences) in a 
working design team has a positive impact on the design process. More 
specifically that individuals’ personal preferences for working and 
individual preferences or strengths of personality, can bring those 
preferred skills to the design process at different times during that design 
process. And that the most successful design teams recognise and utilise 
both the diversity of skills in a multi-disciplinary team, as well as those 
individuals’ personality preferences in combination. 

 
b. That a successful product design team will utilise a multi-disciplinary 

source of expertise to contribute to the design process at specific times, 
not necessarily throughout the entire process. Furthermore, that it is 
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important that the design team themselves and those leading/managing 
the team appreciate the value of the individuals’ technical as well as 
interpersonal skills. The case study seeks to illustrate how a successful 
design team operates with these specific issues to ensure a successful 
product outcome that is rigorously developed from all technical as well as 
personal viewpoints. 

 
c. That an individual’s character type (personality preference) has an effect 

on which design tools they use and how they use those design tools, in 
addition to the purely functional reasons to use a specific design tool. 
Tools studied include the TRIZ matrix and the TRIZ 9-box tool (see 
Mclening & Buck (2005) appendix: ii). 

 

 

6.2.1    Design tool experiments 
 

The TRIZ design tools as used during case study 1 were repeated using the 

same embedded research approach in case study 2. This allowed the design 

team to engage with the design tool at a natural point in the design process 

without making any artificial changes. The TRIZ tools were explained to the entire 

Arup office during a weekly lecture slot, when a variety of talks introduce the 

office to new topics. This was the ideal forum for the embedded research 

approach to introduce the new design tools. 

 

The personality type assessment tools were also introduced to the Arup office 

through the weekly lecture slot. This allowed the issue of team dynamics and 

personality to be tested and discussed in the wider office environment. The 

participants could then be interviewed individually over the following days and 

weeks to ensure the correct results from the personality testing. 

 

 

6.2.2  Personality type tests 
 
The personality types of the design team and the influence this has on the 

behaviour of individuals during the design process, is a key research area for 
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case study 2. The Arup Design School A established the potential for assessing 

personality types and working characteristics during a short 3-day group design 

activity.  

 

Case study 2 provided the opportunity to repeat this evaluation with the addition 

of the TRIZ design tools and observational techniques used during case study 1. 

 

The Arup design studio held a weekly lecture and discussion session where staff 

and guest speakers presented new topics or projects. For case study 2 the studio 

was introduced to the Myers Briggs and Keirsey personality assessment 

techniques. The session involved the entire studio including the Product Design 

team, Facades Engineering team, lighting team, managers and support staff. 

 

The results of the individual personality types were recorded along with their job 

specialisms. Figure 54, below shows the studio results of the 18 Arup participants 

using the Myers Briggs matrix and numbers in combination with the Keirsey type 

colours.  
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Figure 54: Arup studio staff personality types, using the Myers Briggs matrix and 

Keirsey Temperament type colour key 

 

Mclening and Buck (2010) present the Arup studio personality type results in the 

paper, The effect of personality on the design team: Lessons from industry for 

design education.(see appendix iii, for full paper). 

 
The results show a mixed office that included:  
 
• Product designers - all INFJ;  
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• Architects – 2 INTP, 1 ENTP, 1 ISFP; 
• Engineers (structural & mechanical) – 2 ISTJ, 1 ISTP, 3 ENTP,  

1 INTJ;  
• Managers/admin/support – 1 ISFJ, 1 ESFP, 1 ESFJ, 1 ENFJ.  
 

It should be noted that the Product Design team were all an identical type (INFJ).  

The engineering team was a mix of the 1st and 4th columns, while the architects 

were mainly the 4th column. The managers and support staff were all in the 2nd 

column. (Mclening & Buck, 2010) 

 

For case study 2, the research seeks to further explore the hypothesis that 

personality affects an individual’s design approach and preferences for different 

design tools and ways of working. The inter-connected effect of team work and 

the use of multiple design tools can also be observed through the embedded 

research approach, allowing a longer in-depth study of behaviour. 

 

Where possible, the participants involved in the Pocket Habitat design 

development will be identified by both their job role and their character type. The 

individual’s personality type can be identified when referring to the design 

methods or design tools being used at that stage. In this way the personalities 

can be aligned to the different design approaches. 

 

The Myers Briggs and Keirsey types have been combined in the following 

diagram and the elements will be used to give the Myers Briggs letter types and 

Keirsey cluster colours to individuals throughout observational reporting during 

this research stage. (see Figure 55) 
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ISFJISTJ

ISTP ISFP

ESTP ESFP

ESTJ

INFJ INTJ

INFP INTP

ENFP ENTP

ENTJENFJESFJ

 
Figure 55: Personality matrix combining Myers Briggs Type letters and Keirsey 

clustered types in colour 

 
 

6.2.3 Arup case study 2 participants 
 

Case study 2 involved the observation of the immediate Arup Product Design 

team based at the main London company headquarters in Fitzrovia, central 

London and the wider Arup community of consultants. In addition, external 

consultants and companies were involved with the joint partnership development 

of the Pocket Habitat product. 
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The following list identifies the participants associated with case study 2’s 

research stage, including their Myers Briggs Type letter and Keirsey 

Temperament cluster type in colour: 

 

Arup Product Design team participants (Pocket Habitat) 

  Leader, Global Product Design   

 Senior Designer, Product Design 

  Landscape Architect 

 Embedded Researcher 
 

Arup consultants (Pocket Habitat) 

  Studio Director (group) 

  Associate Design Engineer 

  Director of Technical Design 

  Studio/office Manager 

 Architect (Arup Facades group) 

  Structural Engineer 

  Lawyer (patent specialist) 

  Lawyer (contractual) 

  Environmental and Sustainable Specialist (Arup Materials) 
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  Arup IPX Leader (plus additional support from IPX team) 

 

External consultants (Pocket Habitat) 

  Dusty Gedge: President of the European Federation of Green Roofs 

Association 

  Bag manufacturer. UK (mixed team) 

  Sky-Gardens. UK. Joint Partner and distributor (mixed team) 

 

 

6.3  Pocket Habitat System 

 
The need for the Pocket Habitat system was first identified by a landscape 

architect at Arup, a specialist previously working on landscaping a new train line 

being exposed to issues in city developments. The diversity of the projects Arup 

tackles gives many employees exposure to new areas beyond their specialist 

realm, the Pocket Habitat being a perfect example. The demand for greening 

cities was the catalyst for developing a system that was more flexible. The 

concept idea drew on the landscape architect’s previous project experience of 

installation issues and systems of rail line greening. 

 

The Pocket Habitat product website best explains the concept: 

 
Pocket Habitat is a unique modular vegetation system specifically designed 
to promote biodiversity on roofs or on brownfield sites set aside for future 
development. Each module or pocket is an independent unit containing 
different textured and coloured recycled substrates and wildflower seed. 
 
Pocket Habitats are made from recycled PP fibres to form a sculptured, 
engineered habitat that is specifically designed to improve vegetation 
growth and variety. The Pockets are then tessellated to form a mosaic of 
habitats that adds form and structure to the design as well as providing an 
ideal biodiverse habitat. 
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Pocket Habitat has been designed to be moved as needs dictate and as 
habitat and diversity develops; Pocket Habitat retains its value wherever it 
is. It's unique, clean and portable, making it the perfect solution for retro-fit, 
new build and temporary structures. (www.pockethabitat.co.uk, 2011) 
 
 

 

  
 
Figure 56: Pocket Habitat installation process 
 

 

6.3.1 Team structure for the Pocket Habitat project 
 
 

 
 
 

Figure 57: Pocket Habitat design team composition 
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The initial design team for the Pocket Habitat was very small. The landscape 

architect who conceived the idea secured funding from the internal Arup IPX 

group, which allowed some experimental trials of the Bio bag (later to become 

known as the Pocket Habitat) and brought the product design team into the 

design process at the earliest time. 

 

As the project progressed and the test bags proved feasible the team grew to 

include more Arup members and external contributors. As with the Abacus 

stadium seat the team established a joint partnership with manufacturer Sky 

Gardens. The Lead Product Designer was the main project coordinator liaising 

closely with the Arup landscape architect. (see figure 57: Pocket Habitat design 

team composition) 

 

The Product Designers all had the same Myers Briggs Type Indicator result of 

INFJ. While the group sampled in this research is small, the fact all three 

designers are of exactly the same type is of note. The frequency of this type is 

approximately 2% of the general population and hence suggests a potential 

preferred job type in potential new ideas, such as product design. 

 

 

6.3.2 Methods, tools and design approaches used for Pocket Habitat  
 
 
For the Pocket Habitat project, the Arup design team used the same design 

method. This is outlined in the design to production process diagram, in 5.3.2. 

(see. Figure 31)   

 

This gives some consistency to the design team approach for each project 

tackled and allows valid comparison for the research. 
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6.3.3 Design proposal stage  
 

As a company, Arup are driven to seek innovative new solutions and tackle only 

those projects they feel fit with the company aim of a sustainable and innovative 

future. Indeed in 2003, Arup set up the Foresight & Innovation division at a new 

studio location in Hoxton, London. The Foresight and Innovation group contribute 

to the strategic approach of the Arup company internally, as well as helping 

clients develop their company strategy. Chris Luebkemen heads up the group 

and outlines their aims: 

 
Through our foresight work, we help companies to think about their future, 
about the drivers of change for their business and their industry sector. 
(Luebkemen, 2011) 

 

It is this company passion for innovation at every level that is perhaps one of 

Arup’s most distinctive drivers. The opportunity for staff to develop new products 

from an internal brief is how the Pocket Habitat came to fruition. 

 

As an independent organisation owned in trust, Arup has the scope to develop 

internal projects that fit with the company ethos. Speculative research and long 

term projects are often developed and the Pocket Habitat proposal fitted in with 

the company’s desire to evolve its environmental and sustainable portfolio. 

 

The internal Arup IPX panel has been set up specifically to support new projects 

within Arup. The panel consists of a range of Arup employees with previous 

project development experience and they focus on a number of criteria including: 

potential commercial success, innovation, progression of knowledge, and how 

well the project aligns with the company strategy. The panel was presented with 

the concept and market justification, including the proposed vision of a green roof 

London, to highlight the potential applications (see figure 58): 



Product Design: process and personality 

Chapter 6                          Arup case study 2 and Arup Design School B                     page  199 

 
 
Figure 58: Proposed vision of a green roof London (Arup, 2009) 
 

The IPX panel then agreed initial funding for the Bio bag to establish product 

feasibility, giving the Arup Product Design team funding to achieve this. A review 

would then establish how to progress with the project. The projected income 

suggested the project should be supported, and the second stage involved the 

joint partner company as the project developed to full production. 

 

 

6.3.4 Product Design Specification (PDS) tool 
 

The Product Design Specification (PDS) formed a central part of the IPX 

proposal bid as a tool to give the proposal some project parameters and design 

detail. The IPX panel was looking for specific criteria to allow funding and the 

proposal needed to prove it could be a commercial success, but also that it 
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included innovation and would be a product that fitted into the Arup philosophy of 

sustainable design (See section 2.5.4). 

 

The PDS went on to form part of a broader document, containing a proposed 

staged development plan and costing estimates, including staffing expertise and 

timescales for each development phase.  

 

In many ways this approach is similar to that used by architectural practices and 

recommended by the RIBA for contract work. It may be the case that due to 

Arup’s experience with building and architectural projects they have developed 

this system, which uses some elements familiar to those professions.  

 

The initial concept was taken to the Product Design team initially to put together 

the bid for the IPX panel. This then allowed the Product Design team to work in 

partnership with the initial creator of the concept (the landscape architect who 

works primarily in a different Arup group) and fund the time and resources 

needed to develop the product further. 

 

While the bid did not explicitly use the Pugh PDS form with its set number of 

elements, the use of a measured specification was at the centre of the bid.  

 
Pocket Habitat Product Design Specification (PDS): 
 
• Dry weight 56kg/m2 (can be carried and installed by one man); 
• Regional substrate seed mix (appropriate wildflower seeds for region); 
• 4 options of substrate blends to add habitat diversity; 
• 3 Pocket Habitat units cover 1m2; 
• 5 l/ m2 water retention; 
• Simple installation (no specialist equipment required); 
• Units can be relocated within a target of 15 years; 
• 20% recycled content, 100% reusable. 
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Additional features were also developed as the project progressed. Some, like 

the tamperproof clips, developed from the prototype units being tested on the 

Arup office roofs. Additional features included: 

 
Tamperproof clips: Ideal for ground level installation with public access. The 

simple tie-system allows the bags to be locked together creating a fixed mat. This 

system suited sites such as the London 2012 Olympic park site where public 

access during the games would require wide, clear walk ways, while at other 

times the site could be greened using more Pocket Habitat units, safely locked 

together providing a semi-permanent green habitat area. 

 

On-site substrate filling: With transportation cost determined by size and 

weight, an important consideration in terms of cost and environmental impact, 

filling the bags on-site is a very sustainable option. On-site rubble can be used to 

part fill the bags creating a locally sourced substrate. Test bags filled with a 

variety of substrates were trialled on the Arup main building roof. (see Figure 59: 

Pocket Habitat prototypes showing variety of trail substrates). 

 

Aesthetics: The bags themselves can be made using coloured materials. The 

recycled carpet that makes up most of the bags is often processed to be a 

natural colour. The recycled carpet material could be used in its initial colour, so 

random carpet patterns or colours could be selected depending on the source. 

Indeed a multi-coloured system could be specified to enhance the visual impact 

of the roofing system. During prototype development it was noted that the 

interlocking bags create a visually interesting diamond pattern on rooftops. 

Several architects working in the Arup London offices who overlooked the test 

roofs noted this visual pattern as an additional design feature of the system. 

 
While these additional features were not initially part of the PDS, the Arup 

Product Design team was very open to adding to and improving the concept. The 
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brief may have had some more flexibility due to the fact it was an internal Arup 

project initially, and one the company was keen to see exploring its full potential.  

 

 
 
Figure 59: Pocket Habitat prototypes showing variety of trail substrates 
 
 
6.3.5  TRIZ tool 
 
Following case study 1, the TRIZ 9-box tool was again used with the Product 

Design team during the early stages of the Bio bag (Pocket Habitat) 

development. The research aim for this element remained the same as defined in 

the methodology chapter: 

 

a. To establish that an individual’s character type (personality preference) 
has an effect on which design tools they use and how they use those 
design tools, in addition to the purely functional reasons to use a specific 
design tool. Tools studied include the TRIZ matrix and the TRIZ 9-box tool. 
(see paper in appendix ii, Mclening & Buck, 2005). 

 
The embedded research approach allowed the TRIZ 9-box tool to be used by the 

team during scheduled design meetings, while also allowing the team to discuss 

the value of the tool more informally.  
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The TRIZ matrix tool was not selected for case study 2 after it was found to be a 

little too complex and time-consuming by the small product design team during 

case study 1. 

 

Instead, case study 2 repeated the use of the TRIZ 9-box tool. This allowed the 

tool to be tested in a very similar way to case study 1 (see 5.3.5: TRIZ tool) but 

with a different mix of participants and a different design problem, the Pocket 

Habitat. The Myers Briggs personality letters and the Keirsey clustered type 

colours (see: Personality matrix combining Myers Briggs Type letters and Keirsey 

clustered types in colour. Section 6.2.3). 

 

Participants in TRIZ 9-box design session: 

  Leader, Global Product Design   

 Junior Product Designer 

  Landscape Architect 

  Embedded Researcher (scribe) 
 

The two product designers and the embedded researcher all had previous 

experience of the TRIZ 9-box tool as it was used with the Abacus seating project. 

The landscape architect was the only participant unfamiliar with the tool. A brief 

outline was given and the tool was used during and scheduled design 

development meeting. The team spent 20 minutes adding to the TRIZ 9-box 

matrix during the meeting, but as in the previous test, participants continued to 

discuss the matrix and add comments after the meeting. 
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As previously described in case study 1, the participants have some control over 

the rate of time and scale in the TRIZ tool. The time frame was selected to 

represent: 

 

• Before: Assembly/distribution stage 

• Current: Installation on roof stage 

• After: Life in service 

 

While the issue of scale was represented as: 

 

• Super-system: Multiples issues 

• System: Single unit issues 

• Sub-system: Detail 

 

See figure 60: TRIZ 9-box diagram: Bio Bag development session: 
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 Figure 60: TRIZ 9-box diagram: Bio Bag development session 
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Analysis 

• The Product Design team were very confident using the 9-box TRIZ  

tool, with full participation and enthusiastic discussion. 

• The box stages were effective in focussing on specific areas of the  

problem, for example, the product journey was explored from 

manufacture, storage, transport, installation and removal points of  

view, all adding extra ideas to the matrix. 

• The team was quick to physically interact with the matrix. The sheet  

of A3 paper was no precious object, and participants happily added 

sketches and notes to the sheet. 

• The 9-box TRIZ tool gave the advantage of identifying general ‘design  

gaps’ or areas not well considered. This very visual evaluation (the  

box was empty) helped to draw the team’s focus to cover all the  

issues.  

• As in the first case study trial, the two participating designers tended  

to raise human issues: how the Bio bag would be handled, filled,  

carried etc. 

• The 9-box TRIZ tool engaged the landscape architect into the  

discussions very well, encouraging sketching, notes and full  

contribution to the ideas being formed by the group.  

 

 

Following the TRIZ 9-box system, the team took a number of ideas forward to 

develop. Sketchbooks were used to quickly expand on the areas identified using 

the matrix. A pivotal design feature was the way the Bio bag sealed for storage 

and transit. This originates directly from the TRIZ 9-box tool discussion when it 

highlighted the issue of moving the bag. (See figure 61: Design sketches after 

TRIZ 9-box design session) 
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Figure 61: Design sketches after TRIZ 9-box design session 
 
 
The TRIZ matrix prompted the team to explore how to reduce components and 

they used the essential product elements to do this. This approach saw parts 

reduction, removing the handles to make a closure system, while another idea 

explored the felt bag being dipped in rubber to create a water-retaining lower 

section without the whole bag becoming water-logged. 

 

 

6.3.6 Sustainable design approaches for the Pocket Habitat 
 

Clearly at the very centre of the Pocket Habitat project, the environmental impact 

is the biggest driver. This fits very much with the Arup policy of sustainable 

projects. It is worth noting that the landscape architect had been involved with the 



Product Design: process and personality 

Chapter 6                          Arup case study 2 and Arup Design School B                     page  208 

London Development Agency drive to improve the green habitat areas in London 

with green roofing a specific area of study. 

  

This environmental and commercial demand leads to the initial concept for this 

more flexible, smaller system; the Pocket Habitat. Hence, as is often the case, 

the initial idea came from a defined need and from some established prior 

knowledge and experience in the field. 

 

During the early design development stages the product design team explored 

ways to improve and add value to the concept. Materials used were a key focus 

as the performance requirements of a product left out on exposed roofs for years 

were fairly demanding. The Pocket Habitat is clearly a very environmentally 

friendly product and the team sought to further ensure the material impact and 

process had minimal impact.  

 

The PDS was established early on in the project and used to develop the product 

performance requirements and measure test samples against existing green 

roofing systems. The issue of construction materials and assembly were 

examined and materials’ samples tested for Ultra Violet (UV) resistance and 

general performance over the desired product life. The team also ran extensive 

rooftop trials of the Bio Bag system on several Arup offices. These trials allowed 

the team to evaluate the feasibility of the bag design and the substrate 

composition. The plant species and wildlife were also studied to verify the use of 

the Bio Bag in encouraging biodiversity. 

 

The Arup Product Design team was keen to further integrate environmental 

sustainability into the working design process. The Lead Product Designer and 

the Arup Environmental and Sustainability Specialist established a more formal 

design and sustainable approach with the aim to refine the ‘Design to Production’ 

process to account more formally to environmental sustainability objectives.  
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The Arup Lead Product Designer outlined the context: 

 

Arup Product Design has a common approach to take a product idea from 
the point of identifying need, to market sales. This is called the ‘Design to 
Production’ process and it underpins the work of Arup products in many of 
the projects we deliver. Design to Production provides a seven-step process 
incorporating steps that identify need, define scope, develop the concept, 
undertake design, provide marketing, and review performance following 
sales.  
 
Sustainability objectives are becoming ever more important across many of 
the product development areas in which we operate. It has become an 
agenda that our clients are now interested in (ie. as demonstrated by BAA 
in procurement of Technik for T5; and Olympic Deliver Authority ODA and 
their sustainability strategy for the Olympics and considering out stadia 
seats). We need to be able to differentiate our offering to that of our 
competitors; and in doing so add value to the products we take to market. 
Having a process which addresses sustainability in the many different 
guises it might take across the different projects we are involved in will give 
us the capacity to develop sustainable products and articulate this to the 
market. (Lead Product Designer, 2010)  

 

In this combined approach using the Arup Design to Production methodology and 

the more explicit Arup environmental sustainable objectives, the Product Design 

team can ensure a very thorough approach to sustainability in its widest sense 

throughout the entire design process. 

 

In many ways Arup has an advantage over a small product design company in 

the fact it has a wider Arup community of specialists to call upon. Arup as a 

company has a keen interest in developing more sustainable approaches. The 

company size gives Arup the capacity to employ environmental sustainability 

specialists, which provides the team with a rich source of input. This is not to say 

other design companies could not do the same, indeed the Arup Product Design 

team is required to pay for the time of all staff, but the advantage of having such 

specialists in-house no doubt helps the process, enabling easier communication 

and collaboration between employees. 
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A meeting with ODA (the 2012 Olympic Delivery Authority) highlighted the Pocket 

Habitat’s potential to be used at ground level as well as in roofing applications. 

The team realised the system could be used at ground level for temporary 

greening of sites, such as barren development sites prior to development which 

can stand empty for periods of time, or indeed flexible greening of areas such as 

the Olympic 2012 site. This ground level option was highlighted in the marketing 

images at launch to promote the flexibility of the product. (see Figure 61).  

 

The team felt it was important to differentiate the Pocket Habitat from other green 

roof systems (often sheet systems, and usually professionally fitted). These 

systems had very little ‘up close’ interaction with everyday people. One of the 

unique features of the Pocket Habitat was its very human scale and easy 

interaction. The team was keen that the product should appear friendly, un-

threatening and simple to interact with. Indeed it was suggested school children 

could all have a Pocket Habitat at school. The project shows the very human 

focus and understanding of the Product Design team. Marketing images have a 

very human, quirky feel, similar to a more Bachelor of Arts type designer, 

showing the diversity of the Arup team,  see figure 62, 63 and 64 for images of 

the Pocket Habitat promotional image shows bags in an urban situation. These 

are all very familiar everyday situations and are presented at a very human scale. 
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Figure 62: Pocket Habitat promotional image shows bags in an urban situation: 

street scene 
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Figure 63: Pocket Habitat promotional image shows bags in an urban situation: 

postbox 
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Figure 64: Pocket Habitat promotional image shows bags in an urban situation: 

Central London 

 
The Pocket Habitat design development focussed on three environmentally 

sustainable areas to ensure a well-rounded design approach to the challenge of 

environmental sustainability. The three areas with the Pocket Habitat feature: 

 
Environmental:  

• Reduces solar gain, insulates building; 

• Increases roof life;  

• Reduces rain run-off by 50%; 

• Bio-diversive, supports species and can add to green corridors in cities; 
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• Constructed in the UK and filled with local soil to reduce transport costs  

and weight of transport; 

• Made from recycled waste materials. 

 

Economic: 

• London Development Agency grants and subsidies; 

• Reduced weight of 25kg can be lifted by a man safely, hence no need of   

expensive lifting equipment installation;  

• Can be easily removed/replaced as in small units; 

• Reduces solar gain and insulates – reducing energy consumption of  

building; 

• Reduces rain run-off by up to 50%, thus reducing demand of water system 

incentives from water companies; 

• Can be sold through a variety of outlets, as small and easy to store/move. 

 

Social: 

• Improved well being of residents and local community – increase bio- 

diversity; 

• Units constructed by specialist company (See Figure 65: Hill Holt centre) 

helping people in the community to work, based in the UK. 

• Can be installed without specialist equipment on a small scale-domestic 

level;  

• Ideal temporary greening of waste land or pre-construction sites, 

improving local visual impact. 
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Figure 65: Pocket Habitat trial at Hill Holt young people’s charitable trust 

conference and teaching facility (2010) 

 
The Arup Product Design team was keen to see the Pocket Habitat engaging 

with the full spectrum of sustainable opportunities. The Hill Holt teaching centre 

was selected as an early trial roof. This involved a young people’s charity 

scheme which planted up the Pocket Habitat bags with local Bio-diverse Action 

Plan species and seeds. 

 
Joint partner company and Pocket Habitat distributor, Sky-Gardens, highlighted 

the benefits of the system during the product launch: 

 
‘This is the perfect time for this innovative new product. Green roofing is 
taking root in city environmental agendas the world over. In Greater London 
alone it is estimated there are 24,000 hectares worth of building roofs. That 
is 16 per cent of the capital. Pocket Habitat can help effectively and 
effortlessly convert this area into a greener space.’ (Mike Cottage, Sky-
Gardens, 2010) 
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6.3.7 The sketching and prototyping relationship for the Pocket Habitat 
 

The Arup Product Design team used sketches and 3D models and prototypes in 

combination when developing the Pocket Habitat. Early stage meetings with the 

landscape architect involved a mixture of sketching, discussion and notes 

including issues around the developing product specification. 

 

It was important that the bag units would function as bio-diverse habitats, in a 

similar way to a conventional green roofing system (one that was laid in a larger 

sheet). This required sample bags to be tested with a variety of sedum mixes in 

them. These physical test bags were managed by the landscape architect on two 

roof sites in London. The product designers then set about developing the 

product. This involved understanding the physical demands of the bag such as: 

water level, substrate depth needed for plants and the overall dimensions for the 

bag unit. Sketches and models were used to visualise the options with paper and 

subsequently felt sheets being used to mock up the bags. (See Figure 66). 

 

           
 
Figures 66: Scale models demonstrating Bio bag open and closed 

BIO BAG. 3 a  BIO BAG. 4.d 
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The sketches and paper prototypes had a significant impact on the design 

decision-making process during team meetings. The models were clearly basic 

and as such people would happily pick them up, move them and interact with 

them. Several paper models were lined up in different patterns to simulate 

possible layouts. The value of the models was their simple, unintimidating, basic 

quality which appeared to encourage such physical participation. Indeed the 

models attracted much attention from other Arup employees interested in the 

project who would see the prototypes and come over to talk about progress, 

often while they picked up and played with the models. 

 
The paper models also gave the Arup Product Design team a physical 

representation to interact with, view from different angles, position and 

experiment with. This process of design development and design reflection 

allowed the designers to gradually develop the bag into a functional product, 

while the sketches and models provided a continuous visual and physical 

presence for all to engage with, the ideal tool for communication and shared 

reflection. 

 

An example of the interplay between sketch and model can be seen in the paper 

prototypes in figure 66, scale models demonstrating Bio Bag open and closed. 

These models were soon followed by the following sketch (Figure 67: Pocket 

Habitat sketch development of bag volume and form). This design evolution led 

to the final Pocket Habitat form of the boat hull diamond and came about from the 

way the paper model bowed out when folded full of dry beans. These simple 

sketches were later taken into CAD and used for the Pocket Habitat 

manufacturing data sheet. (See Figure 68: Arup manufacturing information, 

produced from earlier sketch development drawing – Figure 67). 
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Figure 67: Pocket Habitat sketch development of bag volume and form 
 
 

This 3-dimensional model making took place in the design studio with no 

extravagant equipment, but the small-scale models helped the designers to 

visualise and test the way the bag may fold. Initial designs included some form of 

lid to keep the pre-seeded substrate in the bag during transport, but through 

model-making the paper forms were manipulated and the idea of folding it over to 

form a seal was developed. This development came from a combination of 

physical model, sketches and discussion between the team. Indeed, the paper 

models, figure 66, were examined (and played with) during a pivotal team 

meeting where the discussions led to the sketch above to be made during the 

meeting, showing the more sculpted boat hull type form that evolved through 

paper and felt models. 
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Figure 68: Arup manufacturing information, produced from earlier sketch 

development drawing – (Figure 67) 
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Figure 69: Pocket Habitat: Full-size pre-planted prototype bag 
 
 
The full-size pre-production bags were made by a specialist manufacturer based 

in the United Kingdom, who was selected for their sustainable recycled materials. 

The full-size design incorporated two plastic hoops sewn into the lip of the bag as 

well as the additional water retention layer in the lower half of the bag, see figure 

69. This specialist construction and full-size prototype using the specified 

recycled materials was an important aspect of the developmental stage. The 

prototype quality and materials were at a level the Arup Product Design team in 

London could not achieve and this next step in the design process was important 

in visualising and conveying the design to others, such as the joint partners and 

managers at Arup. This highlighted how important the physical prototype is in its 

various guises throughout the design process. 
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Analysis 

• The sketching, paper models and team discussions together helped to 

develop the final form of the Pocket Habitat. It was this mixture of 

approaches that was key to realising the design.  

• The prototypes and models did not need to be of a very high quality at  

the initial stages. The value was in the process of making and  

visualising the form, proving the principle, and physically manipulating  

the form. This was very much an integral part of the design process 

alongside sketching and discussion. 

• The mixture of sketching and physical prototypes was a very effective  

way to engage other people in the process and in communicating the  

design intent. 

 

 

 

6.3.8 The effect of personality in the design team 
 
The Arup Design office was assessed to establish the personality types and job 

descriptions to explore potential patterns connecting the two. 

 

The small Arup Product Design team worked alongside a wider design group 

including: engineers, designers, managers, planners and architects. The 

following diagram* is taken from The effect of personality on the design team; 

lessons from industry for design education (Mclening & Buck, 2010), (see 

appendix iii for full paper). Where the office profile was assessed and grouped 

into four clusters, it should be noted that these clusters follow the Myers Briggs 

vertical columns and not the Keirsey Temperament types, although they are 

similar in many ways. This initial interpretation of the subjects highlights a 

possible clustering of types and profession. The diagram colour does not match 

those colours elsewhere. (See figure 70) 
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Figure 70: The Arup Product Design office, London: Personality type profile. (See 

appendix iii, Mclening & Buck, 2010). 

 
The hypothesis that different personality types have different approaches to the 

design process is key to this research. Four specific individuals involved with the 

Pocket Habitat design process have been examined in greater detail. The four 

each have different personality types identified in the earlier tests and each 

represents an example of the four Keirsey temperament types. 

 

Keirsey expands on the four character types with details of their orientation 

towards certain situations (Keirsey 1998), (see table 4) 

 
Orientation Guardian  

SJ 
Artisan  
SP 

Idealist   
NF 

Rationalist 
NT 

Present Stoical Hedonistic Altruistic Pragmatic 
Future Pessimistic Optimistic Credulous Skeptical 
Past Fatalistic Cynical Mystical Relativistic 
Place Gateways Here Pathways Intersections 
Time Yesterday Now Tomorrow Intervals 
 
Table 4: Keirsey’s orientations of different personality types 

Product 
Designers 
 
 

Engineers 
 

Managers 
Admin 
 

The immediate  
design studio team  
group’s MBTI 
profiles 
 

Architects, 
Planners 
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The following analysis brings in Hirsh & Kummerow’s (2000) Introduction to Type 

in Organisations data. This book is based on the Myers Briggs personality 

analysis and seeks to highlight temperament characteristics in working teams. 

The suggested characteristics are then added to the observations from the Arup 

case study 2 period, to explore any behavioural trends. 

 
 

  Structural Engineer:  Guardian – Factual, structured, dependable. 

Involved in the Pocket Habitat development with specific input into the building 

regulations, especially with roofing installation and structural calculations. The 

Structural Engineer was a well-known and established member of the studio. 

Main areas of specialism were building facades and structural projects with Arup. 

The Structural Engineer was involved in the structural feasibility of the project. 

 

Keirsey identifies ISTJ personality as a GUARDIAN character type. For Keirsey 

the distinctive letters are: SJ, the Concrete Cooperators. The future orientation 

(see table 1, page 37) is described as Pessimistic and the Structural Engineer 

was professional but not overtly enthusiastic about the Pocket Habitat project in 

the initial discussion. This may be due to the developing brief, which was perhaps 

less familiar in comparison with the usual more defined engineering briefs 

encountered. The following table compares the case study observations during 

the research with the established characteristics for SJ Guardians by Hurst & 

Kummerow (2000). Keirsey describes the Guardian type as one who likes 

conventions, is very dependable and often adverse to change unless clear 

evidence is provided. The Guardian type is also very dependable, reliable and 

excellent at task completion. This was noted in the solution focused approach in 

meetings, seeking ways to solve the problem and achieve a solution, which is 

perhaps why the vague initial brief was frustrating as no clear PDS could be 

compared in establishing a solution. In many ways the Structural Engineer fitted 

this type description very well.  
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 Structural Engineer 
 

SJ Guardian 
characteristics: 

Case Study 2: Observations: 

Leadership style: 
traditionalist, stabiliser, 
consolidator 

Not involved in leading project;  
Keen to establish aims and objectives at the 
earliest point;  
Perceived as traditional engineer in the office. 
 

Work style: Has a sense of 
duty, responsibility, loyalty 
and industry 

Been working at Arup for over 10 years;  
Very well respected for a reliable, dependable 
working approach. 
 

To do best work, they 
need: Knowledge of the goal 
and what they’re supposed to 
do to get there 

Was initially uncertain about the project as the 
early stages were not well defined. A limited PDS 
and the still-developing potential market seemed 
unsettling;  
‘What part would you like me to do?’ was asked 
of the project leader. Became more comfortable 
as the detail was more defined during the 
development process. 
 

Learning style: Step-by-
step, with preparation for 
current and future utility 
 

Liked to know how the test samples were 
progressing. 

Want others to see them 
as: Hard-working and reliable 

Would list tasks achieved at the start of each 
meeting. 
 

Acknowledged for 
contribution: Administrative 
expertise, timely output 

Has an informal lead role in induction and 
development of new engineers into the office; 
Always very prompt, well organised and enjoys 
getting things done. 
 

Want to be known for their: 
Dependability 

Well respected in the office as a very reliable 
colleague 
 

Can get into trouble by 
being: Too bureaucratic 

Not specifically an issue with the Pocket Habitat 
project, although was keen to ensure the building 
regulations were strictly adhered to. 
 

 

Table 5:  Case study observational analysis and characteristics of SJ Guardian 
Type from Hirsh & Kummerow (2000), Introduction to Type in Organisations. 
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  Associate Design Engineer: Artisan – enthusiastic, drives projects. 

The Associate Design Engineer played a significant role in many projects within 

Arup and was very experienced and highly regarded, with an engaging 

extroverted character happy to engage in discussions and debates. He was very 

much an Artisan type in his challenge of convention, never feeling restricted by 

the conventional ways of working. Indeed he made several lectures to the studio 

on new processes in glass manufacturing and techniques. This encouragement 

to explore and develop professionally was evident in his supportive team 

approach. Often keen to step in to help project groups, the Associate Design 

Engineer would be a very positive team member, keen to support new 

approaches. 

 

A good fun character, clearly excited by new projects and challenges and this 

drive was well channelled during the Arup Design School A.  In many ways a 

classic Artisan, he ran a design innovation session with delegates exploring 

design development through play, using modelling clay. This fun, non-conformist 

approach was well suited to the product design where challenging conventional 

solutions and ways of working was key. 

 

  Associate Design 
Engineer 

 

SP Artisan characteristics: Case Study 2: Observations: 

 

Leadership style: 
Troubleshooter, negotiator, 
fire-fighter 

A well established a senior employee at Arup;  
An engineer with a wide range of interests and 
often selected in new project development; 
Relishes helping Arup teams develop new briefs 
and often joins teams in project negotiations with 
clients;  
Called upon if things look tricky. 
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Work style: Acts with 
cleverness and timeliness 

Often thinking of several problems. Will wander 
over to see a team member with a thoughtful 
solution he was thinking about.  
 

To do best work, they need: 
Freedom to do things as they 
see fit 

Tends to challenge the conventional process, 
happy to turn things on their head in terms of 
structure.  
 

Learning style: Active 
involvement to meet current 
needs 
 

Loves to get involved with projects, a quick chat 
on progress will see an enthusiastic discussion 
develop quickly, often followed by further 
involvement in the project, developing ideas 
together or suggesting new approaches. 
 
 

Want others to see them as: 
Resourceful and risk taking 

Perceived as good fun by others, happy to try 
new approaches to see what happens, 
‘everything is learning’. 
 
 

Acknowledged for 
contribution: Expeditious 
handling of the out-of-the-
ordinary and unexpected 

Has a very well respected position in Arup as a 
versatile engineer who can deal with the 
unusual. Often selected to join and support 
project teams at early stages of projects. 
 

Want to be known for their: 
Spontaneity that includes a 
spirit of play 

Ran an innovation session at the Arup Design 
School A: Exploring design development through 
playing with modelling clay. 
 

Can get into trouble by 
being: Too expedient 

Not an issue in this context. 
 
 

 

Table 6:  Case study observational analysis and characteristics of SP Artisan 
Type from Hirsh & Kummerow (2000), Introduction to Type in Organisations 
 

 

 Product Designer: Idealist – people aware, ideas & possibilities. 
 
The Lead Product Designer was the key member of the Pocket Habitat team and 

the driving force behind the successful design, development and launch. Keirsey 

describes the Idealist as a people focused, ideas person, with one eye on the 
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future and always looking for the potential in people and situations. Observations 

of the team over the case study period showed the Product Designer to be an 

enthusiastic individual with great people skills. Demonstrating empathy and 

insight into other people’s viewpoints was critical in diplomatically managing the 

team, contributors and project as a whole.  

 

The role needed a vision of what the product could become at a very early stage 

of the development. The basic roof tray idea was a very long way from the 

finished Pocket Habitat product and the understanding of that commercial 

product was essential early on. Inspiring others about the product potential was 

also important and no easy task with such a vague initial proposal. The product 

designer understood the need for concept buy-in by managers and the IPX panel 

funding initial development.  

 
 

  Product Designer 
 

NF Idealist 
characteristics: 

Case Study 2: Observations: 

Leadership style: Catalyst, 
spokesperson, energiser 

As Lead Product Designer and Pocket Habitat 
project manager the role demanded an engaging, 
enthusiastic leader. Natural at engaging others into 
the project and inspiring the team 
 

Work style: Persuades 
people about values and 
inspirations 

Very skilled with people, a natural empathetic style 
that engaged people at their own level;  
Excellent at framing issues to appeal to an 
individual’s own perspective. 
 

To do best work, they 
need: Personal meaning 
and congruence with who 
they are 

Needs to make a positive difference, much like the 
Arup company mission. Does not want to produce 
wasteful, pointless products to clog the world. But 
enjoys being involved with projects that make a 
positive impact on the world. 
 

Learning style: 
Personalised and 
imaginative ways of self-

Decided to make some better prototypes in the 
office so simply went out and brought some sheet 
felt to make scale models, ideal to explore and find 
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awareness 
 

out about the potential form of the Pocket Habitat. 
 

Want others to see them 
as: Authentic and inclusive 

Very inclusive, always ensuring stakeholders felt 
happy and fully engaged with progress. Would call 
and spend time discussing people’s concerns, 
ideas and issues at length. Very personable and 
supportive to everyone involved.  
 
Indeed the Pocket Habitat product launch saw 
many complements to the excellent care and 
support that was given throughout the project. 
 

Acknowledged for 
contribution: Something 
unique or special vision of 
possibilities 

As Lead Product Designer, innovation is a core 
element of the job and as such the insight and 
contribution was clearly an important contribution 
to the role. 
 

Want to be known for 
their: Ability to inspire 
others 

Always very self-deprecating and encouraging of 
others abilities and expertise. A caring individual 
who would include others into discussions readily, 
always giving recognition for contributions. 
 

Can get into trouble by 
being: Too idealistic 

In some ways always striving for the ideal solution, 
always aiming to achieve the best outcome. 
 

 

Table 7:  Case study observational analysis and characteristics of NF Idealist 
Type from Hirsh & Kummerow (2000), Introduction to Type in Organisations 
 
 

  Director of Technical Design (architect): Rationalist – strategic thinker. 

An architect by profession, the Director of Technical Design was involved in the 

strategic development of the group. Two formal interviews were held with the 

Director during the case study research period as well as a number of group 

meetings with the Director in attendance. Friendly and interested in the team, the 

Director would often ask questions about the projects and progress. Strategy was 

clearly of high importance and the Director was very keen to see the Product 

Design team grow and develop their scope of work. He explained the potential for 

the group in developing products from within Arup to supplement the projects and 

Arup groups already working in specialist areas. An example of this would be the 
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Abacus stadium seat where Arup was already heavily involved with the design 

and construction of sports stadiums, and as such had prior expertise that could 

be built upon with collaboration with the product design group. The Director fits 

the Keirsey Rationalist profile as a strategic thinker, good at seeing the 

interdisciplinary potential for development, which in many ways is a core Arup 

philosophy. Rationalists often enjoy multiple tasks and are happy with change, 

often seeing issues before other. The post clearly requires much of this vision 

and tactical, holistic overview of events.  

 

  Director of 
Technical Design 
(architect): 

 

NT Rationalist 
characteristics: 

Case Study 2: Observations: 

Leadership style: 
Visionary, architect of 
systems, builder 

Director of a large technical group at Arup – a 
complex role that involved developing the strategic 
future direction of the group; 
An architect by training, still involved with a wide 
range of new projects, including a personal interest in 
the Product Design team. (often included in product 
design project bids as consultant input) 
 

Work style: Adds 
ingenuity and logic to 
ideas and actions 

Meetings including the Director defined aims and 
quickly established the potential of a project, which 
would then involve tasks and other people. Meetings 
were very quick due to time constraints;  
The Director would often send new suggestions to the 
design team, for example: would work on ideas during 
flights, and send email suggestions and ideas. 
 

To do best work, they 
need: intriguing models 
to challenge their 
imagination 

The role of Director required a considerable workload 
with a multitude of challenges. Much of the task 
appeared to be involved in the development of the 
group at a strategic level. While projects were seen as 
enjoyable to be involved with, fun even, the main job 
was seeking new ways of working and structuring the 
efforts of the group for their best future development 
in a changing global industry. 
The Director saw the Product Design team as an area 
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with potential for growth globally. The potential for 
Arup projects to generate product design briefs was of 
particular interest. 
 

Learning style: 
Impersonal and 
analytical process for 
personal mastery 
 

Not specifically observed but the Director was very 
analytical in meetings, listening to the project team 
then responding with a rational evaluation and 
contributing suggested approaches. 
 

Want others to see 
them as: Competent 
and logical 

The research observation of the Director was confined 
to team meetings and two allocated interviews, rather 
than day-to-day activities. However the Director was 
always observed as very calm, in control and aware of 
all the Arup projects running at the time. 
 

Acknowledged for 
contribution: Strategic 
analysis of complex 
issues 

The strategic focus of the Director’s role was 
discussed during two interviews for this research. The 
desire to further develop the Product Design team 
was an indicator of the reflective and strategic role of 
Director. 
 

Want to be known for 
their: Expertise 

The Director was keen to continue involvement as 
architect and designer in ongoing Arup projects. This 
clearly highlighted the Director’s expertise and value 
as a creative team member as well as group director. 
 

Can get into trouble by 
being: Too competitive 

The Director was clearly keen for the group to make 
good progress and continue achieving, the Product 
Design team was specifically noted as an area that 
could be developed, while the Director himself noted it 
needed to be grown at the right pace to be 
sustainable and achievable. 
 

 

Table 8:  Case study observational analysis and characteristics of NT Rationals 
Type from Hirsh & Kummerow (2000), Introduction to Type in Organisations 
 
The personality evaluation of the Product Design team and its contributors is 

admittedly small, but one that shows some alignment with type in both job choice 

and also approach to design process. The 4 key Keirsey character types can be 

identified in the group with recognised behaviour patterns and approaches to the 

design process and the wider team.  
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6.3.9 Review of Pocket Habitat project 
 
The Pocket Habitat was launched in the Arup London head office in 2010, 

bringing to a close the role of the Arup Product Design team. The design process 

provides a product case study with a number of distinct examples of best practice 

working.  

 
The Pocket Habitat is an adaptable way to create a biodiverse rooftop 
environment allowing a green roof to be easily retro-fitted to existing 
buildings. Furthermore, the innovation is generating much interest from 
developers for temporary greening of development sites. The Pocket 
Habitat can be rapidly installed and removed if maintenance of the roof or 
other areas is required. A further attraction is that it can be tailored to a 
user’s home or work area postcode, using locally sourced aggregates, 
thereby promoting localised biodiversity and reducing carbon footprint 
through travel. (Rebecca Stewart, Arup, 2010). 

 

The Arup ethos is one of bringing specialists together to form the best team, 

unique to each individual project. In many ways the key to this was the 

coordination skills and holistic vision of the Product Designer. The Pocket Habitat 

brought in a number of internal Arup experts with specialist knowledge from the 

joint partner company, Sky-Gardens.  

 

Personality plays a role alongside technical skills as the team negotiated the 

project and the Lead Product Designer was instrumental in the diplomatic 

management of the entire product development journey. Understanding the 

different viewpoints and working approaches of the individuals involved help the 

Product Designer build a development process that had no gaps in its approach. 

The Engineer brought technical expertise but also a keen eye for detail and a 

cautious approach that challenged the more avant-garde ideas suggested. The 

Director of Technical Design brought a more strategic vision to the projects, 

helping to expand the breadth of the project, while the product designers 

themselves brought the ideas and people skills to the project. 
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Figure 71: Pocket Habitat launch. Arup, London. (2010) 
 
 
 
 

 
 
Figure 72: Multiple arrangement display. Pocket Habitat launch. Arup, London. 

(2010) 

 
 
Joint partner company Sky-Gardens summed up the potential market for the 

Pocket Habitat during the launch: 

 
This is the perfect time for this innovative new product. Green roofing is 
taking root in city environmental agendas the world over. In Greater London 
alone it is estimated there are 24,000 hectares worth of building roofs. That 
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is 16 per cent of the capital. Pocket Habitat can help effectively and 
effortlessly convert this area into a greener space. (Mike Cottage of Sky-
Gardens, 2010) 

 

The Pocket Habitat projects represent much of what the Arup company and its 

Foresight group encourages: future-focussed projects based on the well 

researched issues and drivers facing society. This future focus does not simply 

respond to the current trends but purposefully seeks to understand the emerging 

challenges that thorough research can expose. 

 
 
 
Analysis 

• The Arup company ethos – ‘bringing something special to everything we  

do’ – helped to recognise the potential of the initial Bio bag concept; 

• The project drew on a multi-disciplinary development team to develop 

every aspect of the concept; 

• Development used a mixture of concurrent processes: sketching and 

prototyping;  

• The Arup Product Design team functioned as the project ‘hub’; 

communicating, coordinating and negotiating the process. This is where the 

people and personality skills really have impact. 

 
 
The Arup approach of pushing boundaries to expand knowledge is a key factor in 

the success of the company. The understanding that research plays a key role in 

keeping the staff and company competitive is also crucial and that is outlined by 

John Miles in the annual Arup Research Review Journal 2010: 

 
The importance of research at Arup: 
The Arup Research Review is one of our more recent publications. It 
presents some of the work which has been conducted by our Arup 
colleagues at the cutting edge of our industry over the past year. It captures 
one of the most important principles of Arup’s ethos, that being we bring 
something special to what we do, wherever possible. Client value can be 
added in many ways, one of the most fundamental contributions from our 
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firm has been in the area of ‘breaking the mould’. 
 
We like to make things possible that have previously been considered 
impossible. There are many examples we could cite since the firm was 
founded, ranging from the creative use of concrete, through geotechnics, 
fire engineering and advanced computer simulation. All these contributions 
were made possible because the firm has employed members of staff 
capable of working in the commercial environment at the leading edge of 
research and development. The Research Review demonstrates that this 
tradition is still alive and well in Arup today.  
 
Not all research ends up with immediate application in areas that bring 
direct benefit to our clients. That is the nature of cutting edge investigation. 
However, high quality research combined with creative thinking and 
innovative design, means that unconventional solutions to the problems 
brought to us by our clients are always a possibility. That, in turn, means the 
possibility of step change and consequent advantage, is always present. 
This in a nutshell, is the bedrock of all that we do.  
(John Miles Head of Energy, Resources and Industry Market, Arup 
Research review Journal, 2010) 

 

 

6.4 Introduction to Arup Design School B 
 
The Arup Design School B provided the opportunity to translate the case study 2 

research into an additional study group and repeat some of the study experiments. 

The Arup case study 2 followed the Pocket Habitat design process and a 

distinctive part of the study observed the way in which the team communicated 

during the design process. In many ways the product designers were the very hub 

of the project, not only in terms of project management but also crucially in their 

ability to bring a holistic overview of the project. 

 

The ability to communicate with the multitude of stakeholders during the product 

design development process highlighted the interpersonal skills of the Product 

Design team. The embedded research observed the subtle difference of approach 

between contributing experts, with the product designers needing to understand 

the issues and viewpoints from many people. 
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The research activity map: Arup Design School B, shows the timeline for the 

research case study (see figure 73: Research activity map: Arup Design School B) 

showing the progress and accumulation of the study. 
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Figure 73: Research activity map: Arup Design School B 

 

While the Arup Design School B included a good mixture of professions, there 

were no product designers. However, many of the delegates were involved with 

design and it could be argued professions such as architecture and engineering 

involve very similar skills to product design.  

 

 
6.4.1 Research aims and objectives for Design School B 
 

The research aims developed in the methodology for the Design School B 

experiment is outlined below: 
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a. To establish a link between character type (personality preference) and the 
effective teamworking of a multi-disciplinary team during the early stages of 
a creative design process. More specifically that greater understanding of 
personal type preferences and those of others will have a positive effect on 
team dynamics and functional performance. 

 
b. To establish a connection between character type (personality preference) 

and the preferred use of a specific design tool (TRIZ 9-box tool). More 
specifically to identify different character types’ preferences for different 
design tools. 

 

The second Arup Design School B gave the opportunity to repeat and compare the 

experiments to reinforce the findings from the previous case study. For the Arup 

Design School B the TRIZ 9-box matrix was introduced in a more informal way to 

the delegates, while the personality type assessment and observation was given 

more emphasis in the short time available with the group. 
 

 

6.4.2 Design School B project and participants 
 

Team project 
The Arup delegates attended the 3-day event that included: short talks, 

masterclass presentations and a group design and build challenge, all aimed at 

supporting creativity as the delegates worked on the design challenge. The Arup 

Design School B study involved the following long design challenge: 

 

The Green City: The future development of cities has a huge impact on 
global resources, your team needs to explore more sustainable ways of 
developing the infrastructure that respond to the human needs of living, 
working and socialising safely and sustainably.  
(Arup School group design brief, 2009) 

 

Delegate profiles 
The event was held for employees who had been working for Arup for less than 

five years, with the average age being mid-twenties. Delegates were nominated to 

attend the event by their managers and were from across Arup Europe, with less 
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than half being United Kingdom based. Most delegates were qualified to 

postgraduate level in subjects reflecting the Arup company, including architecture, 

systems engineering and structural engineering. Thirty-six delegates were put into 

six mixed background design teams.   

 

 

6.4.3 The TRIZ 9-box tool in action at Arup Design School B 
 

Arup Design School B provided the opportunity to introduce the TRIZ 9-box tool for 

a second time. Unlike the first design school A, the TRIZ tool was presented to 

each group of six delegates using a more informal approach. In this way it was 

possible to discuss the design tool with each individual team and guide them in its 

use. Most teams quickly grasped the principal and used the quick sketching and 

notation approach with a simple grid.  With this more informal TRIZ introduction it 

was noted that the six teams’ use of and approach to the tool were a little more 

varied than during the Arup design school A. This variation was seen in different 

uses of the macro and micro scale, as well as the use of different time scales. 

 

As in the previous trial, team members seemed happy to contribute sketches and 

notes to the grid, which was a useful focal point for discussion and ideas 

development within the group. 

 

Two teams continued to use variations of the ninth box tall throughout the design 

event, using several different versions as their design developed. 

 
Feedback from delegates on the TRIZ 9-box tool: 
 

  Civil Engineer:  Useful, it certainly helps us all at the early stages, 
highlighting a few useful areas that I hadn’t thought of, may use it again. 
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  Structural Engineer: I found the 9-box tool very useful, our team developed 
the final design from an early concept developed using the tool. It could be ideal for 
team working, but probably more at the concept stage. Not really my specialist 
area.  
 

  Structural Engineer: Our team did not really need the tool as we had 
already established a feasible solution early on. It was more a case of everyone 
getting on with the design development.  
 

  Architect: I think I naturally work through the scale of projects, so the big to 
small perspective made sense to me. For sure we look at the current in the future, 
maybe this is useful for the ‘before’ stage, so like transportation of modular 
components.  
 
 

Analysis 

• The more informal TRIZ tool introduction led to a wider range of team 

interpretations of the tool;  

• Most of the teams found the TRIZ 9-box tool easy to understand; 

• Several teams thought the tool was effective in generating concepts; 

• Teams used a mixture of sketches, notes and lists; 

• Group discussion and debate was often focussed on the TRIZ 9-box  

sheet; 

• Generally teams found the tool to be useful in identifying areas of design 

opportunity or gaps;  

• Some thought the tool was only useful if the team had no focus, once the 

project direction was established several teams did not feel they needed  

the TRIZ tool. 
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Figure 74: Arup Design School team activity 

 

 
6.4.4 Personality type evaluation at Arup Design School B 
 

The Arup design school A case study first introduced the subject of personality 

types in design teams. For the second design school the same approach was used 

to observe and compare results. As before, the delegates were given a short 

introduction to the Jung personality type theory, and a shorter Myers Briggs Type 

Indicator test was carried out. Delegates were also introduced to the four common 

Keirsey character clusters. The introduction highlighted the different types of 

personality and how individuals may approach the design problem differently. 

Delegates were also encouraged to appreciate the different personalities in their 

own group and be aware of the different ways they may work together. In addition 

to the method used with Design School A, more discussion took place into the 

ways team dynamics could be managed with examples of how teams could use 

the different personality preferences in their team to fully develop their design 

proposal during the team design project. 
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Personality type assessment feedback from delegates: 
 

  Architect: Useful.  
 

 Civil Engineer: I do tend to focus in on technical details, something my wife 
says. It could well be something I keep an eye out for but as a civil I often need to 
get into detail. Probably in the right job then! 
 

 

Analysis 

As with Arup Design School A, the delegates were very interested in the 

personality types. Several had previously taken the Myers Briggs test but none  

had encountered the Keirsey types. 

• Most found the (E) Extrovert and (I) Introvert category very clear to 

understand, several teams consciously managing their teams to allow  

both types of contribution; 

• The different working approaches of (S) Sensing and (N) Intuition were  

highlighted in the presentation and several teams used this distinction as  

a way to generate ideas with the mix of people exploring the different 

preferred areas; 

• The delegates who fell into the Keirsey Artisan type were clearly 

evident in the event, talking, more confident and lively in the team project. 

This difference may be exaggerated due to the short time delegates had 

known each other. 
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Figure 75: Arup School B: Teams prepare for presentations  

 

 

6.4.5 Results of Arup Design School A and B 

 

The use of the TRIZ 9-box tool during both the Arup Design Schools and with the 

Product Design team proved to be very effective in bringing the team together. In 

the Design School B trial the tool was again effective, not only generating 

concepts, but also in increasing the effective communication of the team through a 

mixture of sketching, notation and discussion, although less formal instruction of 

the tool generated more variation in its application. 

 

During Design School A and B, the personality test (Myers, Briggs and Keirsey) 

proved to be of great interest to the delegates. Most could identify with the types 

and reflect on their own type when working, as well as recognising the different 
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characteristics in others. The teams responded well to the guidance in approaching 

the design challenge with their own character type preferences in mind, 

remembering to try and be more open to others’ viewpoints.  

 

Of note was a subtle difference in approach to the design problem of delegates. 

Some people tended to focus on the facts of the problem, listing the fixed data and 

measurable facts needed to make a decision. These people tended to be very 

solution focused. They also tended to work towards establishing the project 

parameters and boundaries, seeking to quickly compartmentalise the task in hand.  

 

Others in the teams appeared to be more focused on potential new ideas and 

possibilities of new developments. This was a much more future focused approach 

which often involved questioning the project organisers as to what parts of the 

design brief they could challenge or change. This possibilities focussed group had 

a much more conceptual approach, happy to work with few defined project 

boundaries. (See Figure 76) 
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Figure 76: The Myers Briggs Type personality preference for a focus on Facts or 

Possibilities 
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Figure 77: Arup Design School A and B personality results, 2009 

 

Figure 77, shows the very even mix of personality types from the combined Arup 

Design Schools. There is a wide mix of professions including engineers, architects, 

systems engineers and managers. Of note is the high number of delegates in the 

first column, this held the majority of engineers (mixed types of engineers) with 

strong factual thinking and very logical working.  

 

In the general public the third and fourth columns account for approximately twenty 

percent of the population so the Arup Design School result is perhaps a little high 

in these two columns. However from a personality and profession perspective this 

is of interest. Many in these columns are possibilities focused with the final column 



Product Design: process and personality 

Chapter 6                          Arup case study 2 and Arup Design School B                     page  245 

including those who are naturally good with systems. The number of architects, 

systems mangers and design engineers in these last two columns was distinctive 

and highlights the professional bias of the group towards more ideas and systems 

skilled staff. 

 

Analysis 

• The TRIZ 9-box tool was quick in identifying areas of design development, 

while also highlighting neglected issues; 

• Without instruction the TRIZ 9-box tool was used well by the teams, who  

adapted it to suit their needs during the project; 

• The character types suggested different personalities had a preferred way 

of working and addressing the design brief; 

• There was a distinction between those with a personality preference with  

a factual focus and those with a possibilities focus.  

 

 

 

6.5 Conclusions  
 
Types and tools should be viewed together in the design process. Different types 

approach the problem in different ways, seeing different things and noticing 

different issues. By understanding personality types, the best team can be built to 

cover all the bases. The Arup company, by its very structure of collaborative cross-

disciplinary groups working on multiple projects, exposes the designers, engineers 

and all employees to a very wide range of different types.  

 

This Arup structure exposes the staff to new types and by its nature builds 

experience of working with lots of different types of people. This may well have the 

effect of subconsciously building understanding of the benefit of a multiple type 

team. 
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It also by design brings different type skills together, in essence the perfectly 

rounded type team. 

 

As has been written, while different types can bring valuable, different views and 

approaches to projects, they can also bring misunderstanding and conflict as types 

can at times disagree. The different ways of seeing and approaching problems can 

themselves cause friction and discord. At Arup the nature of the multiple mixed 

teams continuously changing suggests staff have more experience of working with 

a mixture of types and so are very well practised at working with people. Also the 

variety of teams could alleviate possible problems as there are different types on 

all projects. 

 

Types stick together, and the smaller design studio without the wider Arup 

community could be at risk of self selecting people of its own type. This may well 

be those deemed most compatible on character type rather than best skills type for 

a rounded type team. Naturally, empathy and commonality can draw like minded 

people together and this common ground could risk clusters of similar types 

grouping together, all very compatible but with potential blind spots in the design 

team type profile. 
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Chapter 7: Analysis, discussion and reflection 
 

 
7.1 Introduction 
 
This chapter seeks to draw together more general observations of the entire 

research period, including the literature review and the case studies in their 

entirety. Each of the iterative research stages contributed to the development and 

focus of the subsequent study period. Building the research strategy upon prior 

research and reflection was a very effective way of combining different research 

approaches, such as the literature review with observational embedded research. 

In this way the different research approaches could be compared and contrasted 

with each other, (Grey, 2004) enabling a more rigorous test of the hypothesis. 

 

The Design Think Tank introduced the importance of observing the design process 

in its natural environment: that of the live, working design team. This real-world 

research approach was validated as effective during the pilot study, which also 

highlighted the challenges of such a fluid research methodology. For this reason it 

was decided that the research approach should have the flexibility to develop 

through the analysis of more refined research questions as data and greater 

insight emerged during the embedded research period. 

 

The Methodology in chapter 3 sought to establish the initial research question that 

would steer the development of the study. As the research case studies 

progressed more focused questions were developed to add breadth and depth to 

the study as outlined in section 3. 

 

 

7.2 Initial research question 
 
At this point it may be useful to highlight the initial research question (see: 3.2), 

which seeks to establish the general thrust of the study: 
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Research Question: 
 
This study aims to gather a deeper understanding of the complex issues involved 
in the product design development process within a design team. It will investigate 
the interconnected elements of design tools, design methodologies and human 
team dynamics in the creative design process.  
 
The research approach is set over three stages and uses a literature review, 
empirical observations and a project-based longitudinal case study to examine the 
design process in practice, testing the hypothesis to ultimately establish areas of 
best practice.  
 
The study explores approaches within the Arup European Product Design team 
using an embedded researcher to best examine the intricacies of this multi-faceted 
profession in action. Case studies explore the hypothesis and action-based 
research brings a new objective perspective to the design team. 
 

By its nature the dynamics of a product design team and its interaction with the 

design process is complex. The pilot study identified the value of the embedded 

research approach, but also gave rise to some more focused questions that could 

be explored through subsequent experiments and observations. 

 

 

7.2.1 Detailed research question reflection 
 
The research stages built upon each other to develop a more integrated 

understanding of the initial research question. The following is a summary of each 

of those stages, bringing the general conclusions together to reflect on all of the 

research stages as a whole. 

 
Research question: reflections during stages: 
 
 
Literature review stage – Question: 
 
To build greater understanding of the issues in which product design teams 
function in multidisciplinary teams. Specifically to examine the complex inter-
related areas of the use of design tools, the creative design development process 
and design team dynamics in practice.  
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The literature review stage highlighted some excellent examples of design 

research and brought breadth and depth to this study. However it was noted that 

many of the academic studies focused on narrow areas of design in isolation, 

rather than exploring the wider context of design. In many ways this is 

understandable as many of the studies are not based within working design 

groups but are studies of university students (such as the Cambridge trial, see 

section 3.4.3). That said, a number of studies did seek to bring more than one 

element together. While this proved valuable it was not considered that any of 

them truly engaged the design team in the context of a working studio.  

 

The research challenge was to study both the individual aspects of the design 

process, such as the use of design tools, as well as bringing a more holistic insight 

to the way a working design team functions. 

 
 
Design Think Tank stage – Question: 
 
What is the best method for evaluating the real working design process within a 
live design team? 
 
The Design Think Tank opened the research to contributions from a range of 

design academics and working designers. This event reiterated the importance of 

understanding both individual design elements as well as the more strategic 

design approach in combination. A clear message from the delegates was that to 

truly understand the intricacies of the design process, the entire team must be 

understood in context. Indeed there was some scepticism of isolated academic 

studies without the reference to real-life design in action. 

 

This then established the importance of researching a live design team working on 

live design projects.  

 
 
Pilot study stage – Question: 
 



Product Design: process and personality  

Chapter 7 Analysis, discussion and reflection page
  

250 

Can patterns of team behaviour and design activity be connected with the design 
process and design tools being employed by a real working design team? 
 

The pilot study was pivotal in progressing the research. The Arup Product Design 

team provided the ideal subject for both exploring the design process in its wider 

context as well as delving deeper into the detail of team dynamics and the design 

process in action. The pilot study also provided the opportunity to test the 

embedded research approach, helping to establish the viability of a longitudinal 

case study. By using the embedded research approach, the Arup Product Design 

team could be observed in a more natural and unguarded way, as they were in 

their normal working environment and with work colleagues. The pilot study gave 

the embedded research approach the opportunity to build a good working 

relationship with the researcher and design team in preparation for the following 

studies. 

 
 
Case study of Arup Product Design group (Abacus & Pocket Habitat): 
 
This longitudinal case study was designed to explore the hypotheses: 
 
a. That employing a mixture of character types (personality preferences) in a 

working design team has a positive impact on the design process. More 
specifically that by understanding individuals’ personal working method 
preferences and individual preferences or strengths of personality, team 
leaders can bring different skills to the design process at different times during 
that design process. The most successful design teams recognise and utilise 
both the diversity of skills in a multidisciplinary team, and those individuals’ 
personality preferences in combination. 

 
b. That a successful product design team will utilise a multidisciplinary source of 

expertise to contribute to the design process at specific times, not necessarily 
throughout the entire process. Furthermore, that it is important that the design 
team themselves and those leading/managing the team appreciate the value 
of the individuals’ interpersonal as well as technical skills. The case study 
seeks to illustrate how a professional design team operates with these specific 
issues to ensure a successful product outcome that is rigorously developed 
from all technical as well as personal viewpoints. 

 
c. That an individual’s character type (personality preference) has an effect on 

which design tools they use and how they use those design tools, in addition 
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to the purely functional reasons to use a specific design tool. Tools studied 
include the TRIZ matrix and the TRIZ 9-box Tool (Mclening & Buck, 2005, 
paper appendix: ii). 

 

By following the progress of two different projects with the Arup Product Design 

team it was possible to compare and contrast the design process and approaches 

used. Three distinct research objectives were defined in the methodology (see: a, 

b, and c above). This gave the research a more detailed focus, complementing the 

wider aim of understanding the design process and product design team dynamics 

in context. 

 

The opportunity to take the research into the Arup European Design Schools 

brought an additional perspective to test the research question. This introduced an 

additional group of study subjects to further test and evaluate the research 

questions. Despite the duration of the two Design Schools being much shorter 

than the two product case studies, the larger groups of designers and engineers 

involved provided a bigger number of subjects to study. The Design School activity 

also involved team working on concept design development, which is ideal for the 

research area. Observations were made during the team design sessions, as well 

as during some repeated design tool trials. 

 
 
The Arup Design Schools case study – Questions: 
 
a. To establish a link between character type (personality preference) and the 

effective team-working of a multidisciplinary team during the early stages of a 
creative design process. More specifically to show that an individual’s greater 
understanding of their own personality preferences and those of others will 
have a positive effect on team dynamics and functional performance. 

 
b. To establish a connection between character type (personality preference) and 

the preferred use of a specific design tool (TRIZ matrix and TRIZ 9-box tools). 
More specifically to identify the preference of different character types for 
different design tools. 
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The Arup Design Schools allowed the personality testing and design tool 

evaluation to be repeated, providing the ideal opportunity to compare results with 

that of the Arup Product Design team study. 

 

 

7.3 Personality type test results 
 
The personality type tests were a key measure in evaluating an individual's 

approach to the design process. The main case study with the Arup Product 

Design team allowed the embedded researcher to not only test but also witness 

the different personalities in action. Much of the published personality type 

characteristics could be observed within the Product Design team (see section: 

2.4). In the BBC Radio 4 programme How Myers-Briggs conquered the office, 

Mariella Frostrup explores the impact of the personality test and discovers that 

most people feel they should be ESTJ, seeing this as the ideal type. (Frostrup, 

2010) 

 

The most immediate and most obvious distinction was that of the (I) Introversion or 

(E) Extroversion preference. This was clearly evident in those who preferred to talk 

and discuss ideas externally, and those who tended to internalise their thoughts 

before expressing them. However, although evident in meetings, this difference 

had less effect on the function of the design process itself. As well-rounded 

professionals the preference of Extroversion or Introversion appeared to have less 

impact on the teams’ interaction with the design process. Those with a more 

Extrovert preference would comfortably engage all team members, all those with a 

more Introvert orientated preference would contribute to team meetings and 

discussions as needed, although perhaps a little less ardently. There were no 

significantly different views about the design process observed, just different ways 

of expressing those views.  
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Keirsey introduces the concept of clustered personality type characteristics, which 

proved valuable in assessing the different professions working in the 

multidisciplinary teams. By using the Keirsey character type clusters in 

combination with the Myers Briggs Type Indicator test letters, some interesting 

patterns of behaviour were established in the teams. 
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Figure 78: The Myers Briggs Type personality preference for a focus on Facts or 

Possibilities 
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A significant personality preference that split people in their approach to the design 

process was that defined by Myers Briggs as (S) Sensing or (N) Intuition 

preference types. This split clusters columns one and two together as people who 

have a preference to focus on facts, defined as (S) Sensing. It is suggested that 

80% of the general population fits into this group. (Myers, 1995). The personality 

type literature, although not design specific, highlights common type behaviour as 

well as strengths and weaknesses. Much of this behaviour was also witnessed 

during the research stage of the case studies.  

 

The preference for this (S) Sensing group to focus on facts and detail was distinct, 

demonstrated by some of the structural engineers. Their eye for detail and 

tendency to focus meetings and discussions onto establishing project parameters 

with specific information were all aimed at achieving a solution. 

Keirsey defines this group as Guardians and Artisans, with Guardians having a 

natural ability to protect procedure and focus on completion. The Artisans also 

enjoy working with facts and figures but are perhaps a little more adventurous in 

challenging convention. (see Figure 78) 

 

The second grouping is of the (N) Intuition preference, with a focus on possibilities 

and ideas. This group represents a much smaller section of the general population 

at just 20% (Myers, 1995). However, the equivalent proportion of the Arup design 

studio staff is considerably higher than this. (See 6.2.2. and Figure 54: Arup 

Design studio staff character types, using the Myers Briggs matrix and Keirsey 

type colour key). The Arup design studio staff preference types are a marked 

change from that found in the general public. Indeed the final two columns account 

for 61% of the staff as opposed to 20%. Thus it is suggested that the studio has an 

unusually high level of people with the less common (N) Intuition preference type, 

often associated with a focus on possibilities and ideas. It is perhaps no 

coincidence that all three members of the Arup Product Design team are in column 

three and defined as idealists by Keirsey. From a professional viewpoint this 
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preference for ideas and a future focused perspective seems ideal for a creative 

designer. 

 

Within the studio there were an unusually high number of employees in the final 

column, defined by Keirsey as Rationalists. The Rationalist approach shares much 

with that of the adjacent Idealist, but has a strong focus on ideas and systems 

more than the ideas and people associated with the Idealist. This subtle difference 

was clearly observed in the focus of the Arup Product Designers as they often 

addressed human interface issues during the design of the stadium seat and 

Pocket Habitat, often looking to improve the user interface or interaction with the 

product.  

 

Many of those within the Rationalist category were architects working in the Arup 

studio. It was observed during group meetings and discussions that this group 

often possessed a natural ability at generating ideas, but also, crucially, at 

identifying connections and links with other subjects or issues. Indeed Keirsey 

defines the INPT Rationalist as an Architect, not intentionally to define their 

profession but to explain their natural ability to build and connect ideas and 

systems. 

 

The interaction between these two distinct clusters is an important one. Arup as a 

company has an ethos of challenging and developing new ideas and forward-

thinking products. It also has a reputation for thorough engineering that delivers 

high-quality detailed solutions. In many ways this company aim requires the 

natural personality skills of both the (S) Sensing personality types with their 

excellent focus on facts and solutions for project completion, as well as the (N) 

Intuition personality skills with their forward-thinking vision and natural ideas 

generation ability. 

 

The approach of the (S) Sensing and (N) Intuition personality type distinctions is 

perhaps the most important in affecting the design process. It was clear during the 
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research that these two preferences brought subtly different ways of interpreting 

the same aim and objectives. This required sensitive management and 

understanding of both perspectives. 

 

It was this understanding and appreciation of an individual’s different personality 

and skills that made the Arup Product Design team such an excellent example of 

an integrated multi-skilled and crucially multi-personality rich team.  

 

The unusual balance of sensing and intuition types within the studio perhaps 

helped all the staff become much more familiar in working with different types of 

personality. There was a very supportive working atmosphere within the studio 

with respect for each other's skills and different ways of working. In some ways 

Arup could be seen to support the more maverick type of person, giving flexibility 

in how people could work. An example of this was one of the advanced materials 

engineers, who was supported in developing his own speculative concepts, even 

allowing very flexible working and materials support so he could set up his own 

home workshop to develop his work. Arup recognised the individual’s interests and 

although not clear of the outcome, supported that employee in exploring his 

research work. This was a little unusual and the individual tended to work best 

alone and during the night, however Arup was sensitive to his preference for more 

solitary nocturnal working. This is very much part of the Arup ethos in action, 

where staff are supported in the pursuit of learning and discovery. 

 
A second personality type pattern that had a distinctive impact on the design 

process was that of (T) Thinking and (F) Feeling. This preference difference is 

defined by both Myers Briggs and Keirsey as giving either focus on facts and 

theory, or focusing more on people issues and relationships. (See figure 79) 
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Figure 79: Myers Briggs and Keirsey types, focus on facts or people 
 
 
The distinction between the (T) Thinking and (F) Feeling preference types was 

subtle, but evident within the design process. During both of the case study design 

projects, the Arup Product Designers would often consider the product or process 

from the user's perspective. For example, with the Abacus seating project the 

designers were very keen to understand the issues of installation from the 

installer’s point of view, giving consideration to the person fitting the seat, as well 

as to the users sitting and watching sports at the stadium. This focus on human 

interaction is very much in keeping with the personality preference defined by 

Myers Briggs and Keirsey, which highlights the natural empathy this personality 
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type has with other people, often wanting to see through the eyes of others to 

better understand a situation. 

 

Those in the first and fourth columns with the (T) Thinking preference, focused 

more towards facts and theory. This was clearly evident in team meetings and the 

working approach to the design process during both case study projects. There 

was a natural focus on defining the parameters of the project, often seeking to 

establish specifics such as: cost, weight, materials and timescale. Indeed it was 

noted that at no point did this group contribute to any human focused ideas or 

suggestions, although they were instrumental in establishing the required technical 

specification of both the Abacus stadium seat and the Pocket Habitat. 

 

In combination, the two preferences result in a very well-rounded product 

development team, one which understands the more technical parameters and 

details of the design as well as the human interaction and emotional needs of a 

successful commercial product. In many ways this mix of skills is identified in the 

Arup design wish list outlined in section 3.3. 

 

 
7.4 Evaluation of the two case study products  
 

For the two case study projects to be considered as examples of best practice it is 

important to establish the success of the products, both in terms of design merit 

and commercial viability.  

 

It is interesting to note that the Arup Product Design team themselves had no prior 

experience in either stadium seating or green roof systems, although the wider 

Arup community did have some experience in these areas. The Product Design 

team approached both projects with the Arup company ethos that encourages 

innovation and collaborative working, utilising all the expertise within the company 

and beyond. 
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7.4.1 Evaluation of the product: Abacus stadium seating  
 

The Abacus stadium seating system proved to be a very innovative new product in 

the marketplace. Several features make the seat distinctive and the Arup Product 

Design team was keen to recognise the importance of aesthetics and economics 

explaining that the visual impact of the seat was an important aspect 

in acquiring sales. Jonathan Aldridge (2010), Director of Forum Seating UK 

explains: 

 
You want it to look good, you want it to be strong. Most of all we’re looking for 
something that looks really nice, because we want it to appeal to people 
before they start looking at things like cost.  

 

The Arup Product Design team was also keen to establish significant installation 

time and cost advantages over existing seating solutions, so the team took the 

unusual approach of looking at the problem from the installation perspective first. 

This gave the team a fresh viewpoint to the problem and it recognised the labour 

time of installation, putting the issues of site assembly and installation higher up 

the design agenda. Rebecca Stewart (2010), Lead Product Designer states: 

 

You hope you can pull in enough brains from around your team to come up 
with that Eureka moment. The Eureka moment was when we saw how we 
could better support the seat on the beam, so the beam becomes an integral 
part of the seat’s functionality, in our case the beam has become the pivot for 
the gravity tip seat as well as the structure on which you’re mounting the 
seat. 

 

In 2009 the Abacus stadium seating system won the FX Awards category for 
Public, Leisure or Workspace furniture. This award is given by design 
professionals in the seating and furniture profession and is an excellent example of 
peer review. There was appreciation for the combination of technical performance 
with an innovative and stylish form. (See Figure 80) 
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Figure 80: The Abacus seat wins FX International award for Public, Leisure or 

Workspace furniture, 2009 

 
 
In addition to the FX design award 2009, the Abacus stadium seating system has 

already proved to be a commercially successful product having been installed in a 

number of sporting stadiums. Figure 81, shows the first Abacus installation in a 

sports stadium in Ireland. 
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Figure 81: Abacus seating system installed in first stadium. Ireland, 2010. 

 

 
7.4.2 Evaluation of the product: Pocket Habitat  
 
The Pocket Habitat was launched in 2010 at the Arup main offices in Fitzrovia, 

London. While it is a little early to judge the commercial success of the product in 

terms of sales, the potential green roof market is clearly developing very fast and 

has the support of government incentive schemes such as the London 

Development Agency (LDA) agenda for supporting a green London. (See figure 

58: Proposed vision of a green roof London. Arup, 2009). 

 

The Arup Product Design team was keen to explore the wider definition of 

sustainable design beyond the obvious environmental habitat implications of a 

green roof system. The team took a more holistic view of the entire product life 

cycle and identified some important and commercially distinctive features that set 

the Pocket Habitat apart from other green roof systems.  
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The physical construction of the bag was developed to use recycled carpet 

material, which gave the required performance as well as reducing the impact of 

manufacture. This was closely linked to the manufacturing methods, and 

importantly location of manufacture. The team was keen to address the issues of 

high product transportation costs and complex installation, which can so often 

increase the environmental impact of a product. The Arup Product Design team 

selected a number of regional manufacturers for the bag construction, which 

reduced the distance materials and products would have to travel. Another crucial 

decision was to promote local and regional substrates to fill the bags. Empty bags 

could then be filled on-site with the appropriate substrate, as well as ensuring the 

substrate content of the bags matched the regional soil make-up. 

 

While Pocket Habitat functions in a similar way to existing green roof systems it 

goes beyond an essentially fixed green layer system. The Arup Product Design 

team was keen to develop the concept beyond the functional role, developing a 

more cohesive product and hence adding value. 

 

It was this combination of possibilities and people focus that gave the Arup 

Product Design team the insight to develop some unique features for this product. 

The bag itself is designed specifically for installation by a single person, hence the 

small size. Design discussions around the way the person installing the product 

would interact with the bag gradually evolved to form the unique diamond boat hull 

form. The team also considered the bag in transit as well as insulation, which 

prompted the development of the bag folding, and being stitched closed, creating a 

very compact product with considerable market potential beyond that of a 

conventional green roofing sheet system. 
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Figure 82: Pocket Habitat launch. London, 2010. 
 
 
The launch of the Pocket Habitat in London proved very successful (See figure 82) 

The Arup Product Design team used a number of display prototypes to showcase 

the potential of the product and to allow guests to interact with the bags. 

 

The display and marketing images again highlight the human side of the product, 

with images of Pocket Habitat bags in urban environments and around people, a 

marked departure from the traditional flat roof installations which are rarely seen 

up close. Again this understanding of the functional technical performance of a 

product in combination with human connection with user interface is an important 

feature the Arup Product Design team brings to projects. 
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7.5 The design team mix: technical skills and people skills 

 

During the case study observations it became clear that that the Arup Product 

Design team managers were using the combination of technical skills as well as 

individuals’ people skills in assembling design teams. This selection was very 

subtle and not explicitly stated, however the long-term embedded research 

provided the opportunity to gradually build up a better picture of this selection 

process in action. 

 

During both case study projects the design team evolved in terms of the 

individuals selected for the various stages of the design process. Early-stages 

typically comprised of a small core product design group, who would then bring in 

expertise at the appropriate point during the design process. The embedded 

research approach allowed a very unguarded design team to be observed, indeed 

the process of team selection was made very carefully and illustrated the need for 

good project awareness and diplomatic skills. 

 

The Lead Product Designer and Studio Manager predictably have the biggest 

responsibility for team selection. The opportunity to both observe decision-making 

as well as compare this with individuals’ personality types, previously assessed, 

meant it was possible to better understand this subtle selection process. 

 

For both the Abacus seating and Pocket Habitat projects the immediate Arup 

Product Design team and the wider Arup design community were familiar to the 

Product Design team, who had worked with many of these people on previous 

projects. This then gave them prior knowledge of individuals’ skill sets as well as 

familiarity with personalities when considering the design team composition and 

selection. 

 

During both projects it was observed that the team was selected based on both the 

design skills of individuals as well as the personalities and approaches brought by 
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each. Indeed the Lead Arup Product Designer often described the team members’ 

contributions in terms of both technical skills as well as personality. For example, 

the Structural Engineer, a materials specialist brought in for the Abacus stadium 

seats project, was also described as having ‘an excellent analytical mind, with a 

great eye for detail’. It is this appreciation for both technical skills and the subtle 

personality differences that individuals can bring to the team that highlights the 

holistic Arup approach very well. 

 

Many of the Arup company projects are on a very large scale, for example the 

development of the Beijing Olympic Stadium in China. These large projects clearly 

involve many contributors working at different points during the project. As a 

company, Arup are used to working alongside other companies as well as 

providing specialist input to a large project at specific points. This then gives the 

Arup design teams very good experience in working alongside a mix of changing 

specialists throughout a project. Clearly good communication is important as well 

as an understanding of the overall project aim and specific detail tasks within that 

project.  

 

This skill could be clearly seen in both the Abacus seating and Pocket Habitat 

case study projects. The design process is not a rigid framework but more a 

complex and changing journey. A good holistic overview is needed for the 

management of the project and that needs to be adaptable in terms of design 

tools, design skills and implementation. 

 

Throughout the case study period the Lead Product Designer would continually 

refer back to the main project aim in an iterative design process. This need to 

understand the entire project and its progress in context was very evident. The 

Product Designer would often ask the team for an overview of progress, usually 

cross-referencing this with the project Gantt chart and timeline. The use of an 

iterative design process was an example of good design practice. (Cross, 2011) 
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It was also interesting to note that during these reviews the design team would 

also seek to identify which additional skills were needed as the project progressed. 

Sometimes the team would identify quite specific skills needed, such as an expert 

in stress analysis to evaluate the strength of the Abacus seat.  

 

But it is important to note that at other times more personal skills were identified as 

valuable to the project at a specific point. For example, the Lead Product Designer 

said ‘let us bring Bill in to evaluate the product proposal’. (Bill was an engineer 

well-regarded in the studio and known to have a good eye for detail, the ideal 

person for spotting issues or problems that may not have been identified by the 

main product team). This is an example of the Product Design team bringing in 

contributors for more specific individual skills rather than simply technical skills. 

 

 

7.6 The function of design tools 

 

The pilot study provided the opportunity to observe the Arup Product Design team 

prior to the main case study period. The team used their own mix of design 

approaches with familiar elements such as: time management Gantt charts, 

Product Design Specification (PDS) and wider company aims such as the 

environmental and sustainable policy, to steer the design process. 

 

The literature review highlighted a vast array of available design tools, some with a 

specific focus on areas such as cost reduction or sustainable design. Many of 

these design tools were developed for the refinement of a design in pre-production 

rather than at the early stages of concept development. 

 

In discussion with the Arup Product Design team during the pilot study period, it 

was suggested that the research could introduce a number of new design tools to 

the team. The early stages of concept creation was considered by the team to be 

less well-structured and ironically far more important as they can have a huge 
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influence over the subsequent design. The TRIZ design tools were identified as 

potentially valuable to the small Arup Product Design team, and these were trialled 

during the case study period.  

 

The more complex TRIZ matrix was less successful with the design team as it 

required a degree of prior knowledge and was very time-consuming. The Product 

Design team was already well experienced in design and felt that this tool was a 

little cumbersome for the fast-moving content development stage of their design 

process. 

 

However, the TRIZ 9-box tool proved to be far more flexible and was quickly 

adapted and applied by the Arup Product Design team. Of particular note was the 

ability to engage the entire team through the use of the TRIZ 9-box tool. The visual 

nature of the simple grid and the flexible way the tool could be used allowed 

everyone the opportunity to understand and contribute. The designers were very 

comfortable with the practical mix of visual sketching and notes, while other 

contributors such as engineers and managers could quickly grasp the concepts 

and contribute to the ideas being discussed. Indeed the layout of the 9-box grid 

helped to focus the team on various aspects of the problem in terms of scale and 

time. The positive feedback from the Arup Product Design team to the TRIZ 9-box 

tool was replicated during the Arup Design School trial. Again this mixed group of 

engineers, architects and designers very quickly grasped the idea of the TRIZ 9-

box tool which proved to be valuable in both developing design concepts as well 

as bringing the team together in a common, shared forum. 

 

It is perhaps this ability to become a shared conduit for discussion that was the 

TRIZ 9-box tool’s most valuable function. With its simple grid and clear terms of 

reference (scale and time), the tool allowed participants of different technical 

backgrounds to contribute on a level plane.  
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In all the groups observed using the TRIZ 9-box tool there were some differences 

in the approach individuals took while working with the grid system. Some people 

tended to focus on user issues and human impact. Indeed these were often people 

who would sketch figures in the grid (see figures 5.3.5 & 6.3.5). With the 

advantage of knowing the personality types of those using the TRIZ 9-box tool, it 

was possible to identify the types within the teams. Those who did raise more 

people focused issues tended to have the (F) Feeling character type preference. 

While this people focus was not exclusive to this group it made up a distinct 

majority in all the tests. 

 

The TRIZ 9-box tool also identified another personality type distinction. Those with 

the (S) Sensing preference tended to initially focus on the current, central part of 

the grid. This focus was the immediate product at its normal scale and recognises 

this personality preference for working in the present.  

 

The (F) Feeling preference group would also start with the central and current 

position in the grid but quickly move to the other grid squares which focused on 

issues in the future. Again, this difference of approach when using the design tool 

was subtle but distinct between the two preference types of (S) Sensing and (F) 

Feeling. 

 

This difference of approach to the TRIZ 9-box tool from different individual 

personality preferences was only evident at the very start of the teams using the 

tools. As the activity went on, the sketches and notes began to fill the grid and the 

teams started to discuss and contribute to the other grid squares. The grid time 

axis clearly helped to encourage team members to address the issues they had 

not initially selected. The process of filling all the grid squares was a very effective 

method of gathering and encouraging full participation, bringing all the individual 

team perspectives together. 
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By evaluating the TRIZ tool in parallel with the individual personality preferences, 

the different individual approaches to design problems can be observed. The same 

design tool was used in different ways by different personality types and often 

followed the broad behavioural trends outlined by Myers Briggs and Keirsey. 

These personality traits affected the way an individual engaged with, and used the 

design tool, suggesting the use of design tools should be applied in terms of 

personality type as well as function. 

 
The role of sketching and physical prototyping was an area of the design process 

that served a multitude of purposes. The obvious role of sketching is to record and 

explore ideas on the page and then to show others that idea. The case studies 

showed just how widespread this was within the entire Arup community, across all 

professions, not just the design team. Sketching was an integral design tool used 

as a visual thinking process. As a company, Arup were very open to collaborative 

working and the visual medium of sketching was often employed.  

A particular benefit of sketching was its speed and ease of communication. Not 

only did most employees carry a sketchbook or log book, but they also often used 

sketching during meetings as a means of developing ideas during discussion. The 

observations made during the case study period showed the great value of simple, 

quick sketches to communicate designs and ideas to a group of different 

professionals and proved to be an easy way for everyone to understand the design 

intent. 

 

The quality of sketching was not of significant importance; lines could be scruffy 

and not drawn with a ruler, but as long as the idea could be grasped that was 

sufficient. The use of sketching fell naturally into the TRIZ 9-box tool and sketches 

would often be combined with notes for speed.  

 

Physical prototyping was another tool used by the Arup Product Design team, and 

again this proved to have more benefits than the obvious design development and 

testing. The physical prototypes had a big effect in influencing others. Whether 
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during client meetings or reviews with managers and peers, the value of having a 

physical prototype was to help other understand the design and contribute to the 

process. Even simple rough scale card prototypes could be picked up, played with, 

demonstrated and discussed very easily during team meetings, making them a 

powerful conduit for design progress. The team needed a basic level of sketching 

and modelmaking skills as it was important that they were not restricted by the 

process but felt confident and uninhibited when working. 

 

 

7.7 Types, tools and teams: the mix 

 

The link between personalities and professions has been studied by several 

groups, including Myers (1995) who explore the clustering of different personality 

types within different professions. In general terms they suggest the personality 

preferences tend to lend a natural advantage in certain professions. For example, 

finance and commerce students were found far more frequently in the (ST) 

Sensing & Thinking, and (ES) Extroversion & Sensing types: 

 
The (ST) column is the one where the main objects of interest are the facts, 
approached with impersonal analysis, in a hardheaded, matter of fact way. The ES 
quadrant is the most practical and realistic quadrant and the least given to 
intellectual abstractions. (Myers, 1995) 
 

The engineering profession covers a wide range of subject areas, as such we can 

see a number of personality clusters in both the Arup case studies and the Arup 

Design School groups.  

 

The first distinctive group is in the first Myers Briggs Type column (ST). This group 

has a natural affinity for concrete language and factual cause and effect learning. 

The (T) Thinking preference brings a very logical viewpoint while the (S) Sensing 

preference brings a clear focus of that which is real and immediate. These 

preferences make an excellent solutions focused engineer, good at working within 

procedures and standards with a keen focus on project completion. However, this 
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drive for a solution can be a potential drawback, which can lead to a very 

determined, unwavering focus. This can require overwhelming evidence for a 

change of direction. It could also be said this preference tends to be best at 

focusing on a real and immediate problem rather than thinking in a more abstract, 

future focused way. 

 

The second cluster of Arup engineers we find within the fourth Myers Briggs Type 

column; NT. This group shares the (T) Thinking preference, indeed the first and 

fourth columns can be considered adjacent, as if the grid is seen as a continuum 

around a cylinder. (Keirsey, 1998) People with a preference for Thinking seek 

general truths and objectivity when making decisions. Thinking types are more 

likely to: 

 

• Seek logical clarity; 

• Question first; 

• Have an interest in data; 

• Know when logic is required; 

• Prefer things to be objective; 

• Remain detached when making a decision, weighing the pros and cons; 

• Search for the flaws in an argument; 

• Strive to be fair. 

(Hirsh and Kummerow, 2000) 
 

The (N) Intuition preference brings a more conceptual perspective, a focus on 

possibilities rather than facts, which brings a more abstract, visionary perspective 

to problems. This group was described by Myers    (1995) as: 

 

Inhabitants (of this preference type) have a capacity for seeing farther into 
the unknown than most people can penetrate. 
 

This then gives some insight into the effects of personality types within a single 

profession. Two examples are below: 



Product Design: process and personality  

Chapter 7 Analysis, discussion and reflection page
  

272 

 

  Arup engineer 

The Arup engineer within the first column (ST) showed a natural affinity for 

detailed work with a focus on project completion. The embedded research 

encountered a number of engineers in this group and found them to fit the 

personality profile closely, that of being specification driven, solutions focused and 

keen to work with concrete facts. 

 

The embedded research also encountered an engineer from the fourth column 

(NT) Intuition & Thinking. 

 

  Arup engineer 

As expected, the engineer would ask the familiar questions of a project, such as 

specifications and project parameters. However, the questions and discussions led 

to more probing and suggestions for project developments. During the two case 

study projects at Arup it was this final column of engineer that would tend to ask 

how the project could move forward or be changed, rather than discussing finer 

details, a distinction that follows the preference type towards ideas and 

possibilities. 

 
This illustrates that while personality type can be used to group professions it is 

also unwise to take such generalisations too far. As the Arup case studies and 

Arup Design School groups show, there can be distinct personality differences 

within professions and clusters can be observed given a reasonable study size, 

but exceptions should always be expected. 

  
The Arup example is of an ever-changing design team made up of multidisciplinary 

groups unique to each project. This approach continually forces different 

personality types together, which in turn builds familiarity of working with different 

types and ultimately results in a more rounded design team.  
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Crucially at Arup, individuals are comfortable working alongside team members of 

different technical skills, as well as those with different personality preferences and 

hence viewpoints on design approach. This culture has been encouraged at Arup, 

which has worked hard as a company to attract staff who possess a rich mixture of 

skills, with a higher incidence of (N) Intuitive personality types, bringing a very 

ideas and possibilities based approach to the company.  

 

It is this more complete personality type and skills set that ensures projects are 

tackled with all the personality type perspectives, such as: detail, people issues, 

strategic need, current demand and future issues. This was an important 

ingredient in the success of the two case study products developed by Arup during 

this research. 

 
In many ways design tools can be seen as communication tools. The tools and 

design approaches studied were specifically chosen as they addressed the early 

stage design process. As such they were found to be fairly flexible and open to 

interpretation, which gave the scope for all of the different personality types to 

interpret and interact through their own preferred viewpoints.    

 

For the early concept stages of the design process the design tool should be 

viewed not only as a process tool, but also a communication tool to help the team 

interact. The TRIZ 9-box tool was particularly effective in highlighting the 

numerous perspectives from which a problem could be viewed. The tool could 

then be used to prompt users into viewing the design problem from all of the 

personality type angles.  

 
7.8 The multidisciplinary approach 
 
The Cox Review of Creativity in Business (2005), highlights the need for a 

multidisciplinary approach for businesses to fully exploit the creative design and 
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engineering potential of the country. Companies such as Dyson and Arup, who 

both use multidisciplinary teams of specialists, have taken the principle on board. 

The education system has also responded to the Cox review with the emergence 

of courses such as the Design Strategy and Leadership Masters course at 

Cranfield University. This course intentionally brings the engineering focus from 

Cranfield University together with teaching from Central Saint Martins College, 

University of the Arts London. The competition seeks to give graduates the 

familiarity of both engineering and creative arts perspective when it comes to 

design. 

 
The common message from industry and education reflects the finding of the Arup 

approach, providing lessons for design management. They highlight the need of 

building and assembling effective design teams with flexible skills and also 

compatible personalities.  Indeed, the design management team needs clear, 

holistic understanding of: 

 

• Design process; 

• Design tools and methods of working; 

• Personalities and team dynamics. 

 
 
7.9 Conclusions 

 
When reviewing the two case study products, both can be considered successful 

but in very different ways. The Abacus stadium seating is a more technical design 

and engineering project to which the Arup Product Design team has developed a 

human, sculptural element that makes it distinctive. Indeed the FX award 

recognises the functional achievement of the simple design and installation while 

also commending the stylish aesthetics, a combination that sealed the winning 

award. 
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The Pocket Habitat is, at first glance, a relatively straightforward product, almost 

like a design-craft solution, but it has the addition of technical understanding that 

makes it a very successful product within a wider system. It is this technical input 

that has moved the Bio-bag concept into a more technically effective Pocket 

Habitat product, utilising recycling materials and becoming part of a holistic roofing 

system. 

 

The design approach used by Arup allows for this flexibility, bringing in expertise to 

the project when needed. The skill is then having a very aware, holistic overview of 

the entire project, and knowing who and when to bring people into the team. It was 

the product designers who were best placed to view the projects in their entirety, 

and the product designers who would identify skills or input needs throughout the 

product design process. 

 
As this study has shown, there is a distinctive difference between people in terms 

of personality, not unusual in itself, but this difference also has an impact on the 

way people approach the design process. This need not be a problem at all, but 

rather an advantage in identifying the differences and using this knowledge to the 

advantage of the team in terms of covering all perspectives of the design process, 

and hence avoiding any gaps. 

 
The Arup product designers all had an identical personality preference type: 
 

  All Arup product designers   

 

The (N) Intuition preference types are more likely to: 

 

• Like hearing general concepts first; 

• Prefer the new and untried; 

• Emphasise the theoretical; 

• Desire change; 
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• See problems as opportunities to innovate based on inspiration; 

• Focus on the future possibilities of a situation; 

• Want to know what could be; 

• Value imagination. 
(Hirsh and Kummerow, 2000) 
 
These are all characteristics well suited to ever changing projects and the task of 

developing new products while seeking out new opportunities.  

 

The other distinctive preference is the (F) Feeling preference: 

Feeling types are more likely to: 

 

• Seek emotional harmony; 

• Have an interest in people; 

• Know when support is required; 

• Prefer things to be personal; 

• Remain personally involved when making decisions and weighing values; 

• Search for pointers of agreement in an argument; 

• Strive to be compassionate. 

(Hirsh and Kummerow, 2000) 

 

These preferences highlight the product designers’ excellent awareness of people 

issues, not just in the day-to-day management and negotiation with others but 

crucially in the empathy they have for user of the products they are developing. 

This awareness brought considerable value to the Abacus stadium seat, which 

was not only easy for the fitter to install but also comfortable and elegant for the 

user. 

 

The same could be said for the Pocket Habitat project. A flat tray type bag would 

have satisfied the brief but the team identified the issues of the user and made the 

bag easy to carry, fill and install. This design feature gave the bag a unique form 
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and developed into not simply an easy to use product but also an aesthetic 

product, showing the team’s understanding of both function and form. 
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Chapter 8: Conclusion and recommendations 
 
 

8.1 Introduction 
 

From the outset, the research acknowledged that the design process involved a 

complex mixture of activities and the study of this process should focus on real 

industrial activity, rather than academic study. The Arup case study provided a 

unique opportunity to closely observe a design team and follow the stages of the 

design process in real time. 

 

As well as reflecting on the findings and conclusions of the research, this chapter 

also looks to the future, identifying areas of further work, some of which has 

already begun. It also provides additional insight into curriculum design in the area 

of design and education. 

 

During the entire research journey the work has sought to gain additional outside 

comment through the process of peer review via relevant design conferences. The 

value of continuous presentation and review of the work played a crucial role in 

developing the study direction through an iterative research design methodology. 

The published conference papers are compiled in chronological order in the 

appendix. 

 
 

8.2 Review of research approach 

 

The study sought to record the staged development of the longitudinal research 

approach advocated by Yin (2003) and show the interlinking case studies during 

the research process in a very visual way using the research activity map model. 

Figure 83 shows the research activity map in combination with the staged 

development of the research question which tracks the research question 

development through the stages of study activities. 
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Figure 83: Research activity map showing the staged development of the 

research question 

 
 

8.2.1 Development of the research question stages 
 

The research question was evolved and refined during the study and responded to 

each stage of the research, an iterative approach outlined by Robson (2002), (see 

Figure 83). The following section highlights the key stages in the development of 

the research question:  

 
 

• Initial research question 
 

A combination of literature review and attendances at a number of design 

conferences built up the broader context for the study. During this stage the design 
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process and specifically the early stages of new product development was 

identified as an area of important development and change in the design 

profession. This was in part due to the increasing demand for more sustainable 

products, which initially suggested the development of a new design tool could be 

of value. The first paper presented at the Sustainable Conference 2005 (see 

appendix ii) reviewed several design tools and presented some initial proposals for 

a potential new Sustainable Product Design Specification tool (SPDS). The 

conference provided an ideal forum to discuss the proposal, and feedback 

highlighted some of its limitations. There were indeed many design tools, several 

recently focused on sustainable design, which suggested that another new design 

tool was not needed. More importantly, how designers used design tools was less 

well understood. The shortcomings of a design tool developed in a theoretical 

academic environment were clear, and the need to better understand the real live 

workings of a design team within the industry was crucial. 

 

This need to better understand a working design team formed the initial research 

question, then lead the research for primary data in the field from observing 

working design professionals in action. 

 
 

• Questioning the design industry (Design Think Tank) 
 

The Design Think Tank event was developed in response to the initial research 

question to talk directly with working designers and gather their views on the 

industry. It was important that the research developed a better understanding of 

the issues and drivers faced by the design industry. The Design Think Tank event 

allowed designers to meet and openly discuss the design process from their 

viewpoint. The Design Think Tanks gave the research much more clarity into the 

issues and challenges of the design profession, while raising some interesting 

areas of further investigation regarding design tools and team dynamics. 

Discussions were chaired to keep some topic focus and the participants were 

invited to complete a short data collection form. This qualitative data was then 
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evaluated and formed the key research themes going forward. It also reiterated the 

need for the study of product design to be embedded within a working design 

team. The opportunity to work alongside and observe a design team was explored 

after the event and the Arup Product Design team was selected for the case study 

element of the research. It was important that the study allowed the entire design 

process to be followed and at a depth that could expose the small decisions and 

everyday actions of the team.  

 
 

• Identifying the design team issues to focus on 
 

The pilot study allowed the embedded research approach to be tested and 

established a working relationship with the Arup Product Design team. The data 

gathering methodology of embedded research worked well, providing good insight 

into the design team while giving the researcher ample opportunity to observe the 

design process. The methodology also proved effective in observing the design 

decision making process in relation to the design tools and communication types 

employed in the team, proving the validity and appropriateness of the method. 

(Grey, 2004). 

 

The research question could now be explored in the correct environment of a 

working team and additional experiments were proposed to look more deeply into 

the use of design tools and the effects of personality preference types within the 

design team. 

 
 

• Evaluation and development of the research question  
 

The Arup case studies 1 and 2 provided the opportunity to further test the research 

question and broaden this to a wider group during the Arup Design School. The 

methodology evolved in response to the pilot study with some additions of small 

experiments within the two case studies. Through continuous observation, 

discussion, interviews and testing of the participants over the duration of the case 
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study, the embedded research built up a rich understanding of the Arup Product 

Design team and the wider stakeholders in the design process of two significant 

products, the Abacus stadium seat and the Pocket Habitat.  

 
• Reflection 

 
This longitudinal embedded research approach allowed the study to evolve, 

allowing time to reflect on the observations of the team and the actions during the 

design process of two projects. By observing two different design projects led by 

the same team, the results could be compared during the research evaluation 

stage. 

 

Throughout the research the ongoing findings have been presented at a number of 

international conferences. This process of reflection, evaluation and dissemination 

brought additional feedback and peer review to the study and gave additional 

voices to the reflection. The following provides a list of these published conference 

papers in chronological order tracking the research stages: 

 
Mclening, C. (2005) Developing a new SPDS: Sustainable Product Design 
Specification tool. Sustainable Innovation 05. Towards sustainable Product Design 
10. Global ‘state of the art’ sustainable product/services development and design. 
10th International conference. Farnham, UK. 
 
Mclening, C. and Buck, L. (2008) An investigation into the sustainable approaches 
of the Arup Associates Product Design group. Sustainable Innovation 08. Future 
products, technologies and industries. Towards sustainable product design: 13th 
International conference. Malmo, Sweden.  

 
Mclening, C. and Buck, L. (2010) The effect of personality on the design team; 
lessons from industry for design education. International conference on 
engineering and product design education 2010. Norwegian University of Science 
and Technology. Trondheim, Norway.   
 
Mclening, C. and Owen, J. (2011) Practice based learning for automotive 
engineering students. International conference on engineering and product design 
education 2011, City University, London, UK. 
 
(published papers are compiled in the appendix) 
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• Conclusions and recommendations 

 

It is important that the study should return to the initial research question to 

evaluate the experiments and observations carried out. The conclusions 

themselves reflect the stages of the research question in that they are both initially 

general and then become more specific, as they respond to the research question 

focus. The dissemination of the conclusions is important to identify areas of further 

study and also to analyse the findings, a process which has been an ongoing 

process through conference papers and teaching. 

 

 

8.3    The link between the design process and personalities 
 

The two product case studies of the Abacus stadium seat and the Pocket Habitat 

show the Arup Product Design team to be a flexible and ever changing team of 

specialists. Key to their success is that the Lead Product Designer has a holistic 

awareness of the entire design process, understanding what is needed in terms of 

specialist input as well as people skills input at the right time. This highlights the 

changing mixture of input needed during the design process, not simply a singular, 

rigid approach, like those developed through academic theory, which would prove 

too simplistic. This link between design teams and personality was identified by 

Nicola Ralston, Senior manager at NOKIA, as a key to a successful design team. 

(See section 3.5). 

 
The study revealed that the real working product design process is much more 

inter-connected and flexible. The process required much more contextual design 

awareness from the Arup Product Design team and the ability not simply to follow 

the stages of a pre-defined design process but to adapt and respond to 

developments and changes. It was the holistic project overview of the Lead 

Product Designer combined with the flexibility of the small team who brought in 

specialist expertise at the right time, which makes the Arup Product Design team 
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very effective in managing the process and developing innovative successful 

design solutions. 

 
The product designer needs a clear overview and a holistic understanding of the 

design issues in order to be able to apply the best design tools and specialist 

people at the right moment. The personality type of all product designers at Arup 

was a factor in their natural preference to see the opportunities combined with a 

natural human awareness and empathy. This ability to comfortably consider the 

next innovative step forward gave the product designers an ideal vantage point of 

the entire product design process, which in turn helped them put each stage of the 

process into context and bring in the right skills (Myers, 1995). The product 

designers exhibited a more radical approach rather than simply working to 

incremental changes. The empathetic human preference was also key to the 

complex interpersonal team dynamic. An understanding of the different character 

types and interpersonal skills helped both the team’s interrelationships but also 

helped them design with the user needs in mind, a significant element in the 

success of the two case study products. 

 

 

8.4 The use of design tools in the product development process 

 

The use of specific design tools, such as the TRIZ 9-box tool, can help designers 

and engineers of different personality types ensure they cover all the issues of a 

problem (Gadd, 2011). By understanding the individual’s personality preference 

the selection of a design tool can be more accurate. The use of the design tool can 

prompt the individual into examining the problem from a number of different 

perspectives, rather than just focusing on their favourite, preferred view.  

 

For example, an individual whose preference is towards facts, may select a design 

tool with a more technical factual focus, which would be a natural selection of a 

tool fitting their preference, but this may produce a technical and factual based 
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solution. The risk of this choice however, is that self-selection where personality 

preference is ignored can lead to a solution that omits to address any of the people 

issues. This could result in a solution that is technically effective but has no human 

user focused element, which may make the outcome commercially vulnerable. 

Therefore by understanding the different personality preferences and then using a 

complementary design tool, such as TRIZ 9-box to broaden views beyond the 

comfort zone of preference, a more holistic and rounded approach to the problem 

can be formed. This is fundamentally how the Arup Product Design team manage 

their teams, by bringing in a rich mixture of technical skills as well as recognising 

the personal preferences that bring different perspectives to the design problem. 

This range of personalities helps the team ensure their design approach does not 

miss any obvious issues and hence makes sure there are no gaps in the product 

design development process. 

 

 

8.5 Process and personality: types and tools and teams 
 

The significant factors in the Arup case studies are the multidisciplinary design 

team configuration and the variety of design projects, and hence changing project 

groups. As a company wide approach this ever changing team system obliges 

different personality types to work together, inevitably building familiarity of working 

with different personality types. The teams are formed, by design, to achieve the 

best technical skills mix for each project, however this process also has the effect 

of acclimatising the individuals to a variety of personality types. This approach has 

similarities with that of the Dyson design team approach in section 2.5.3. The side 

effect of the ever changing multidisciplinary teams then is the development of 

individuals’ experience of working with different personality types. 

 

 It is this combination of technical skills and personality skills that brings a well 

rounded view point to the teams and ensures projects are tackled with all the type 

perspectives, such as: detail, people issues, strategic need, current demand, 
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future issues, etc. as well as the technical specialist skills. The combined approach 

builds on the principles of designers needing training in both specialist areas and 

inter-systemic areas to combine into a stronger design education and hence 

practice. (See section 2.4.1). (Meurer, 1999). 

 

The design tools can be seen to be functioning in two ways, as the fundamental 

tool for design development, a sketch to establish form, or a prototype to test an 

assembly, while also functioning as a communication tool and it is the aspect of 

communication that is crucial to the multidisciplinary teams’ ability to understand 

each other and communicate in the same visual language (See section 2.3.3).  

The varieties of tools selected for this study were specifically chosen as they 

addressed the early stage design process. As such they were fairly flexible and 

open to interpretation and intentionally accessible to all personality types to 

interpret and interact with through their own subtle viewpoints. The design tool 

then should be viewed not only as a process tool but also a communication tool to 

help the team communicate; viewing the problem through the same eyes. 

. 

 

8.6 Unique contribution to knowledge 

 

This thesis is the record of a research study of the way the product design process 

is applied within a working design team. The study explores the personality types 

of the team and design tools that affect this process during the design and 

development of a new product.  

 

Several unique contributions to knowledge in the field of design have been 

established during this study and the research has established the following: 

 
• Designers and engineers with different personality types prefer to use 

different tools and approach the design process in different ways; 
 
• Designers and engineers use and interact with design tools (specifically the 

TRIZ 9-box tool) differently depending on their personality type preference; 
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• The TRIZ 9-box tool was not only useful in early stage concept development, 

but it could also help teams communicate design intent to each other at 
different stages of development, creating a more incisive design insight; 

 
• Sketching and physical prototyping have a significant effect in communicating 

design intent to other stakeholders, crossing any personality type boundaries; 
 
• Design teams and design managers with an awareness of both the technical 

skills as well as individual personality type skills (type preferences) can build 
a design team with stronger design ability in terms of both depth and breadth, 
(see figure 84); 

 
• The value of flexible multidisciplinary teams is a key factor in the success of 

new product development. This was shown through the two industry product 
design case studies of best practice (Abacus stadium seating and the Pocket 
Habitat). 

 
• The research has established the importance of real time embedded 

research in providing genuine insight into the professional design process. 
The study of design process should be viewed in the wider context of the 
entire design process and not in short isolated moments or through simple 
academic models, which can not replicate the life industrial environment 
adequately.  

 
• The basic T-Shaped people principle can be developed in response to the 

Product Design team working model, specifically enhanced to take account 
of the skills required by the design profession, (see section 3.6). Figure 84 
shows the enhanced T-Shaped model with a re-interpretation of the top T 
element to build cross-disciplinary design related skills. These now include 
technical skills, such as design tools, process and a wider knowledge of other 
related disciplines, along with the Personality Type skills that provide better 
team working dynamics and empathy across the design team. While the case 
studies identified a natural ability for the Personality Type skills in some team 
members the recommendation would put more emphasis onto training and 
staff development in this area for the entire team. (see Figure 84). 
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Figure 84: The additional team layers of Personality Type skills and Technical 

skills added to the T-Shaped people model.  

 

 

8.7 Recommendations for further work 
 

Inherent in the nature of the embedded action research approach is that it tends to 

generate new areas for investigation and this research has highlighted a number 

of areas that would benefit from further study. 

 

It was important for this study to examine a working design team for a substantial 

period of time. By working with a single company it was possible to gain the 

required depth and scrutiny of the design process and personality types in action. 

(Grey, 2004 
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Additional design team studies would be a logical addition to the research, 

allowing further case studies to take place as well as providing an opportunity to 

compare best practice. While the Arup Product Design team was selected for their 

compact team size, they are clearly part of a bigger company and hence utilise the 

wider skills at hand. An independent product design consultancy may be of a 

similar small size to the core Arup Product Design team, and would also need to 

engage with external contributors. For example: 

 

• Jaguar Land Rover cars run small design groups of approximately six 

designers for each new vehicle design development, linking with the wider 

engineering design group as the design becomes more developed.  

• Design consultancy Factory Design in London have four designers who will 

either work alone on small projects or come together for larger projects, 

often sub-contracting additional skills when required from other companies.  

 

These two examples show how design teams can be fairly compact in number 

while still connected to a bigger group in the development of products, either as in-

house design or design consultants. This difference may be worth exploring to 

ascertain if the Arup company connections give a significant advantage to the Arup 

Product Design team. 

 

 

8.7.1 Assessing personality type in conjunction with the design team 
dynamics  

 

This has been a central theme of this study. The findings indicate the value of 

understanding the different approaches that individual characters can bring to the 

design process. The advantage to a design team in knowing both the technical 

skills as well as the different personality types of a team could be applied to 

numerous other study groups: 
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• University design courses, where student teams are involved with group 

projects. Specifically designers and engineers working together. 

• Staff development in commercial design teams. 

 

 
8.7.2 The design mix: discussion, sketching and prototyping 
 
This study shows the value of a multi-stranded design approach, which utilises a 

mixture of; design discussions, sketching and 3D prototyping in combination 

through to the design process to help designers build a better holistic 

understanding of the design problem and communicate this to other stakeholders. 

The important element is that it is the mix of approaches that bring clarity to the 

problem, while the design team holds a clear overview of the issues. This 

collaborative approach provides a very visual, inclusive and at times physical form 

of communication, which is greater than the sum of its parts. 
 

Both case study projects highlighted the value of this sketching and prototyping 

mixture for developing the design and engaging others. The company wide use of 

visual communication was marked. Sketching, modelling/prototyping and diagrams 

were all common tools and showed the great value of the visual tools in the 

development of ideas and crucially the understanding and communication of ideas. 

This may well be an area that could be developed further with commercial design 

teams. 

 

However it should be noted that this research has already fed into academic 

design teaching with the design mix of sketching, 3D prototyping and discussion 

being introduced to practical design team learning at University undergraduate 

level across a range of United Kingdom courses. For example Northumbria 

University launched a Masters in Multidisciplinary Design Innovation run through 

collaboration between the School of Design, the Newcastle Business School and 

the School of Computing, Engineering and Information Science in 2008.  
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8.7.3 Multidisciplinary design teams  

 

The Arup Product Design team effectively assembled the perfect multidisciplinary 

team for each new project. This ability to assess what is needed in terms of 

technical skills and people skills to build the best team was a key to the team’s 

success. The important stage is in understanding what skills are needed and when 

to bring these skills into the team and the Arup example highlighted the advantage 

of a flexible source of experts and also excellent communication within the 

company community with the Arup People knowledge network initiative, (see: 

2.5.4). With the ideal team of skills assembled, the Arup team could be confident 

that they had all technical angles of the project covered while the good mix of 

personalities helped to avoid any potential gaps in the design approach. The effect 

of a multidisciplinary design team is an area of potential further study and is an 

area of important multidisciplinary team working potential identified by the Cox 

review as best practice in design and engineering. (Cox, 2005). 

 
The value of a multidisciplinary design team was introduced to the undergraduate 

design and engineering curriculum design at Aston University in 2010. The 

teaching initiative CDIO has been adopted and the introduction of multidisciplinary 

teams has proved very effective. CDIO outlines the four fundamental learning 

stages of a more practice based learning approach: Conceive, Design, Implement, 

Operate. The Arup case study highlighted the value of a mixed team of designers 

and engineers and the students at Aston University are now set in groups to reflect 

the Arup team example. Initial results have proved very successful with mixed 

student teams working well on practical problems and developing strong working 

relationships. The next stage of this work is to translate the study of the team 

personality types to the academic learning setting. This also follows the guidance 

from the Cox review which explains the value of multidisciplinary learning and 

team working in education. 
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8.7.4 Design tools and personality 
 
There are many different design tools available and this study only examined a 

small number during the case study experiments (Mclening, 2005). The study did 

however show that the individual’s preference for a specific design tool is 

influenced by their personality preference in addition to the technical reasons for 

selecting a specific design tool. This research study showed that a tool such as the 

TRIZ 9-box tool was flexible enough to be used by a number of different specialists 

with different personality preferences. This then suggests that individuals may, in 

part, select a design tool which best suits their own personal personality type 

rather than a tool which would best develop the design. People working in ways 

they prefer with design tools they prefer to use is not unusual but the research 

suggests that this self-selection could be resulting in missed opportunities to 

approach a problem from a fresh angle. By better understanding the personality 

preferences of participants in design teams, the design tool selection could be 

tailored to not only match an individual but also challenge that individual to work in 

a different and new way. 

 

This is a complex area but one that could prove valuable not only to small design 

teams with limited time and resources, but also larger organisations. It may be that 

a number of different design tools can be assembled that represent a good range 

of different personality preference approaches. For example, they could include 

design tools which focus on: 

 

• Technical detail; 

• User needs and human issues; 

• Systems and strategic planning. 
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8.8 Dissemination of research 
 
The dissemination of the research and Arup best practice case studies is to be 

submitted for presentation at the International Conference on Engineering and 

Product Design Education 2012. This will give the opportunity to share the 

research with peers who have been an important sounding board and support 

during the research study. Examples of project best practice can also be shown in 

the award winning Abacus stadium seat and the Pocket Habitat projects. 

 
The research will feed back into the Arup Product Design team through the thesis 

and presentations to staff. The annual Arup Design School proved to be an 

excellent opportunity to work with a group of newer Arup employees and it is 

expected that this research can be developed through further Arup Design School 

activities, which in turn will help to disseminate the research work throughout the 

company. 
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Design Think Tank: at the Design Council. London 
 

The team at the Arts Institute at Bournemouth are investigating the developing issues in the global 
product design profession. This Think Tank event aims to explore the current and future directions 
that the design industry is moving, including their aspirations, hopes and fears for the next ten years 
of design. Key speakers will bring views from design companies big and small while the following 
chaired discussion will allow delegates to explore the issues together. 
 
Thursday 27th September 2007 (9am -1pm) 
 
The event will be held at the Design Council, 34 Bow Street, London. ++44(0)20 7420 5200. 

 
Schedule 
 
09.00 Welcome. Tea and coffee 
 
09.30 Three presentations from an industry perspective: Current and future trends in Design: 3 

industry guest speakers give an overview of what is currently happening in the design 
world and how their designers are working. With an insight into future trends and 
directions in design working practices.  
Key Industry speakers: 

 
o Ben Wilson  Director. Ben Wilson Design 
o Rebecca MInnitt  Senior Product Designer. Arup Associates 
o Nicola Ralston  Senior Design manager. NOKIA (London studio) 

 
11.15 Tea & coffee 
 
11.30 Presentation: Design education: The undergraduate designers skills set. Christian 

Mclening AIB. 
 
12.00 Delegates discussion. Chair: Joyce Palmer Director of School AIB 
 
13.00 Lunch 
 
Delegates 
 
Robert Brown  Director. SROUT Design 
David Scothron  Director. ProductFIRST. 
Greg Epps  Senior Architect. Harry Dobbs Architects 
Nick Kasai  Senior Architect. Fosters & Partners 
Natalie Woolf  Architect and Researcher 
David Grimshaw  Course Leader. 3D design. Manchester Metropolitan University 
Lyndon Buck  Principle Lecturer. Product Design. Buckinghamshire Chilterns University 
Ian Lambert  Senior Lecturer. Napier University. Edinburgh 
Joyce Palmer  Director of School of Design . Arts Institute at Bournemouth 
Christian Mclneing Senior Lecturer. Arts Institute at Bournemouth 
Robert Frith  Director. SuperBlue Design. 
 
Contacts: 
Organised by the Arts Institution at Bournemouth in collaboration with the Design Council. 
All inquiries to: Christian Mclening AIB: cmclening@aib.ac.uk. 01202 363250 
 
(Attached: Directions & Map. Travel details. Special food requirements) 
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Towards Sustainable Product Design 10 
Global 'state of the art' in sustainable product/service development and design. Farnham. 
United Kingdom. July 2005. 
 
Developing a new SPDS: Sustainable Product Design 
Specification tool. 
 
 
Christian Mclening 
Senior Lecturer: Product Design BSc.  
Buckinghamshire Chilterns University College. High Wycombe. United Kingdom. 
christian.mclening@bcuc.ac.uk 
Supervisors: Dr Trevor Dixon & Dr Lyndon Buck. 
 
Biography: Christian Mclening studied a BA (Hons) in Industrial Design at Coventry University 
specialising in Transportation. He has spent time working for PSA Peugeot Citroen at their 
advanced studio near Paris working on concept design and electric vehicles and has also been 
involved in consultancy work with manufacturers of vehicle components. Christian has been 
lecturing in Product design for ten years in various colleges and universities such as 
Valencienne in France, King Alfred’s University College in Winchester and at Buckinghamshire 
Chilterns University College in High Wycombe for the past 5 years. Christian’s interest in 
sustainable design issues came to the fore whilst working on his MA at Central Saint Martins 
College London. He is currently working on the development of a new SPDS-Sustainable 
Product Design Specification tool for a PhD through Brunel University whilst still lecturing in 
Product Design. 
 
PhD Supervisors:  
Dr Lyndon Buck specialising in Product Design and Manufacture.  
Dr Trevor Dixon specialising in Environmental Management. 
 
 
 
Developing a new SPDS: Sustainable Product Design Specification tool. 
 
Abstract  
With the increasing demand for more sustainable products coming from both consumers and 
through legislation, manufacturers are turning to their designers to provide the right products. 
Creative designers are now working in a new environment of global markets and tough 
parameters within which they need to remain creative and commercial. ISO:14062 is a design 
management focused document that attempts to structure the design of new products, but there 
are shortcomings in the communication between the management and the creative designer, 
not least in a different type of language and interpretations.  
Designers have always used design tools and methods to structure their work, many may not 
acknowledge they use a method but would recognise similarities with design tools in their own 
working. The scope of the designer has expanded as the entire life cycle of the product is now 
an important issue at conception with designers needing new knowledge and understanding of 
the entire Holistic life of the products they create.  
Sustainability can be split into three basic concepts; environmental, social and economic, with 
the majority of this work looking into the area of environmental sustainability in mass-produced 
products.  
This research aims to investigate the ways creative designers work within the global 
environment with specific attention to new product development. How designers deal with 
customer demands and industry/Government directives for sustainable design is a main focus 
of the work. 
 
An initial round of questionnaires and 5 semi-structured interviews with a range of different 
designers has been carried out to help focus the research (The semi-structured interview 
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approach allowed consistency in topic but a little flexibility during the interview depending on the 
discussion). The group included; automotive designer, medium sized company based designer, 
product design consultant, business design advisor and a CAD based designer, all to give 
breadth to this initial stage of the research.  
 
This paper investigates and defines the parameters that will be used to develop a new design 
tool.  It looks at the more traditional design tools and the new Eco-focused design tools to 
identify positive and negative elements for the working designer. The paper identifies the 
importance of a sustainable focus at the early concept development stages and indicates the 
development of a Sustainable Product Design Specification tool direction for further 
development. 
 
 
 
Developing a new SPDS: Sustainable Product Design Specification tool. 
 
Traditionally product designers often use a Product Design Specification or PDS(1) as a tool to 
help develop new products. By using a PDS the designer can ensure all factors of the new 
product have been addressed, using the tool to evaluate the design and indeed compare 
against other products. The PDS gives structure to the creative process. The PDS in this 
current form has a limited focus on sustainable issues and also tends to be solely used by the 
designer rather than as an inclusive tool within a company. A new design tool based on this 
PDS could be an ideal communication tool or vehicle with other relevant parties such as 
marketing, management and the consumer. Below is an example of Stuart Pugh’s PDS(1): 

 
(Figure 1. Stuart Pugh’s PDS diagram) 
 
The big challenge facing new product development involves the issue of sustainability.  
ISO14062: Environmental management-Integrating environmental aspects into product design 
and development(2)  introduces a whole new approach to developing products and issues of 
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DFE-Design for Environment all feed into this change. But ISO14062 comes very much from a 
management direction and not from the creative designers viewpoint, this can lead to 
misunderstanding and communication problems. During initial interviews with design students 
and working designers, may found the language and structure unfamiliar and difficult to 
understand leading to a variation in interpreting the document. 
The PDS has been an effective tool thus far but as changes in the way products are 
manufactured, used, and de-commissioned so the design tool needs to reflect and adapt to 
these changes, bringing the old PDS in-line with ISO14062 and DFE-Design for Environment 
issues. 
 
Leica Geosystems(3) manufacture measuring equipment for surveyors and have developed 
their new products using sustainable techniques to address new legislation. Their example 
product shows design approach familiar to engineering designers as traditional ‘good design 
practice’ and several have sustainable benefits but are primarily logical engineering practice in 
the first place, such as: Reducing weight and size and standardisation of components. The 
example brings together solutions for several issues and legislation such as Eco-Labelling of 
component materials, to water based paints covered by RoSH Restriction of Hazardous 
Substances in Electrical and electronic Equipment. This approach is focused on the ‘Product’ 
then addresses the secondary effects. (see figure: 2) 

 
(Figure: 2. Lieca-geosystems product) 
 
PSA (Peugeot Citroen group) Design studio near Paris have worked on a more ‘Systems ‘based 
design approach to investigate more sustainable transport systems. The Peugeot ION concept 
vehicle was developed with close links to government transport policy and proposes an electric 
city car that has priority parking/charging areas within Paris.  
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(Figure: 3. Peugeot ION electric hire concept vehicle) 
 
The vehicle can then be simply leased or hired by using a credit card in the car’s centre console 
to drive and leave the car in another parking bay. This approach expands the designers’ role 
from focusing on the ‘Product’ to the Product and the ‘System’ in which it operates. 
 

 
(Figure: 4. Peugeot ION electric hire concept vehicle. Interior showing consol credit card pay 
pad) 
 
Designers are also bringing other tools into their development process, such as SimaPro LCA 
(lifecycle assessment) software(4). These tools are often used in a cut down form to gain quick, 
rough figures. 
 Sprout Design(5) employ their own ‘Sprout Index’ system to help develop and evaluate products 
during development. (The sprout index was presented at the 9th International conference on 
Sustainable Innovation 2004). 
 
 SPROUT Index =   utility (out of 10) x product life expectancy (years) 
      Mass(grams) 
Sprout Design call this approach: ’De-Materialisation’. This approach highlights the working 
restrictions that LCA tools can present. A small design consultancy may only have one or two 
staff working on a project with very limited time and financial resources. In this scenario a full 
LCA analysis is often too expensive and too lengthy to apply, consequently a cut down version 
may be applied but may only give a rough approximation of the products possible impact. 
 
 
Interviews with Designers: Their views on the future design industry and issues of 
sustainable design: 
 
5 professionals in the design field were interviewed using a semi-structured method of set 
questions for all but allowing scope for addition comments. 
The participants: 
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1. (D.S) Product design consultant. Director (International clients, Products, packaging, 
design direction) (2002) 

2. (A.B) Business design Advisor. (Helping companies use design for commercial 
advantage) (2002) 

3. (S.B) In house designer in a medium size design consultancy (Product, transport) 
(2005) 

4. (L.S) Senior designer for an International Car manufacturer (Production and concept 
vehicles) (2005) 

5. (F.A) Account manager in International Design Agency (packaging, products, 
advertising) (2005) 

 
Results from interviews: 
The general qualitative results from the above group included the following quotes: 
On Sustainability in Design: 
D.S:” I’ don’t really think this is being addressed at all currently. The higher profile companies 
are simply paying lip service; we had old Victor Papanek at college but very little evidence of his 
work sadly. I do think the packaging world is having to at least show it’s making an effort. It all 
comes down to cash, at the moment there is not a big enough competitive advantage, if you can 
design it (sustainability) in on the way fine but take bottles, plastic is just so easy, versatile and 
cheap going for recycled glass is just to costly often.” 
 
S.B: “I feel that this (sustainability) is a crucial responsibility that we should be doing more 
about. Actually it is the clients that do not ask about it at all, and when we suggest ideas that 
may cost a little they don’t want to know!” 
 
F.A: “The emphasis needs to be on organic growth rather than on cosmetic changes, which is 
currently the most common form of design.” 
 
L.S: “Well we all agree that a car is only a large product but it has huge implications. (company) 
is looking very carefully at what types of restrictions and legislation may effect cars in the short 
and long term. We always have some Japanese boffin’s over to brief us on new technologies. 
Like all car companies we are developing different fuel options but the design of the vehicles is 
similar. As a designer I don’t know anything about sustainable design, not sure what it is really. 
Recycled materials etc are decided later on down the chain and are not really my focus as we 
have a materials and production department that deals with all that.’ 
 
On the future for Design: 
D.S:	  “ Their needs to be space and scope for the Maverick designers, the creative. But also the 
more engineering creative’s to. It is communication and combination of creative conceptual 
designers working with the more technically creative designers that I feel is the best 
combination.  
With Globalisation communication is critical and designers must realise that teams work. What 
clients are happy to pay for is technical skills such as the computing bit or a ‘people star’ like 
Seymour Powell and Philippe Starck, it’s an easy thing, tangible for your money, what they are 
actually buying is a whole team.”	  
 
S.B: “I think we will see more combined specialists all working in groups. Not necessarily in the 
same place though, Pentagram and IDEO are spread over the globe and this reflects the global 
type of service product design has become.” 
 
AB: “Time and again I go to companies that do not communicate with themselves or others, 
they feel that because they have been trading for the last 30 years they do not need to change 
radically. What they do not have is vision of their brand in the ‘big picture’. The world is indeed 
getting very small and your once safe local customer may have other new suitors.” 
 
F.A: “Multi-disciplinary designers without a doubt! Only multidiscipline can nourish creativity and 
innovative ideas.” 
Implication for Design Education:  
HEFCE: The Higher Education Funding Council for England, has identified the need for a 
holistic, sustainable approach throughout Higher Education in the UK. Their consultation paper 
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entitled: Sustainable development in higher education 2005(6) highlights the importance of 
curriculum design as a way to imbed sustainable issues at the centre of design students 
practice. 
The great advantage of using a PDS type design tool is that it forces designers to look into all 
the issues of a design; weight, cost, maintenance, ergonomics, etc, while giving a structure to 
the work allowing creative solutions to be developed in an efficient framework that can be easily 
tracked and evaluated.  
When asked what is needed in design education, D.S said: “The BA creative’s or ‘futurologists’ 
should be a little different to the BSc design engineering students, they need to co-exist as they 
will in industry they will only succeed in teams of creator and makers, but all must be original 
problem solvers and communicators.” 
This issue of communication highlights the possible use of a design tool that all parties can use. 
In the interview with L.S. he described the separate departments of a large motor manufacturer 
and how communication is limited between them.  
Ursula Tischner(9) identifies communication as crucial to a successful new sustainable product 
and the Smart EcoDesigntm(see figure: 4) Strategy Wheel shows how designer, engineers and 
managers could all use the same tool as a effective communication tool that all could 
understand. 
Just like the need to address sustainable issues as early as possible in new product 
development, so to it is important to catch young designers early in their training to ensure 
these issues are imbedded into the way they practice in industry. 
 
Direction of further SPDS development: 
What is needed is a revised PDS tool that incorporates the valuable elements of the traditional 
PDS but also addresses the issues of the ISO14000 range of guidelines, putting sustainability at 
the very core of the tool. Finally the issue of communication between different parties could be 
improved also.  Jessica Lagerstedt has looked at improving the PDS-based design process to 
make it more environmentally conscious in her paper ‘Advancement in product design 
strategies in early phases of design-balancing environmental impact and functionality’(7). 
Lagerstedt approach although based around a PDS system tends to be more of a ‘concept 
auditing' device after the ideas have been generated. It is intended that the new SPDS will be 
used during the concept development stage not simply to evaluate after the creative process is 
over. 
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(Figure: 5. ISO: 14062) 
 
By re-evaluating a number of design tools built around the idea of a Product Design 
Specification and combining these with up to date sustainable issues and communication, then 
a new tool can be developed that does not lose the valuable points from older models but brings 
them together with new a future sustainable issues.  
Several other theories and approaches can also be brought into the mix, with work from 
McDonough & Braungart(8) bringing ‘technical nutrients’ to the attention of designers with their 
book Cradle to cradle and their work with Ford motor company to develop the Ford Model U 
concept vehicle that not only uses recycled ‘technical nutrients’ but also expands out to the 
production plant and manufacture as well as a whole package.  
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(Figure: 6. Ford Model ‘U’ Concept vehicle) 
 
McDonough & Braungart’s approach to manufacture using a closed loop of ‘technical nutrients’ 
changes conventional design choices. Designers applying the theory that the materials from 
one design are reclaimed and become the new materials for the next need to change their 
current approach. Materials often discounted for high extraction cost could now be used, as 
their long term recycling affect would bring environmental benefits over time. Such as 
Aluminium that uses high energy to extract but is an efficient recycled material. So with this in 
mind the designer may specify Aluminium knowing that it can have a long life as a ‘technical 
nutrient’ in a continuous closed loop of manufacture and reuse. 
 
The plastic cup against paper cup is a well known example of how limited general knowledge 
suggests the paper cup would be less harmful to the environment than that made of plastic. 
Martin Hocking calculates the pros and cons in his paper: ’Paper Versus Polystyrene: A 
Complex Choice’(9) however with full LCA the energy used in processing and chemicals needed 
to produce the paper cup means it is the plastic cup that has less total impact, a surprise to 
most people. This highlights the importance of any information or advice being accurate and 
addressing the total life of the product. McDonough & Braungart take this to another stage and 
not only look at the single product but also the subsequent products. Their book ‘Cradle to 
Cradle’ is a good example of this and is made from plastic resins and inorganic fillers, called 
‘DuraBook’. Not initially as eco-friendly as a paper book but when expanded to the concept that 
the book can be recycled and formed into another book, again and again with very little 
processing or material degradation the material choice begins to make environmental sense. 
Applying this cradle to cradle evaluation to cups over a multitude of cycles the plastic cup 
begins to become an increasingly better environmental choice. Designers need to become more 
involved with looking long term at this continued use beyond disposal and at the larger system 
design of use, recovery and re-manufacture. 
 
Ursula Tischner(10) has developed several eco-design tools for SME’s (see figures: 7a & 7b) 
that can also be drawn on to bring depth and breadth to the new SPDS under development. 
With this new, all encompassing SPDS tool it is hoped designers will avoid the need to try and 
compile their own mixture of design approaches simplifying the concept designers task and 
allow other parties to understand and communicate with the design process. 
This visual spider graph has many benefits making communication between groups simple and 
comparison of different products being analysed very simple. Using a Spider graph alone in the 
new SPDS tool may prove difficult as Pugh’s original PDS has over 30 points making a spider 
graph a very complex image to process. However the system could well be used to highlight 
and compare a few key parameters of a design,  
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(Figure: 7a.& 7b.(above & below) Smart ecoDesignTM. Strategy Wheel. Tischner. Charter) 

7. Initial 
lifetime 
-‐	  Reliability	  
and	  	  
	  	  durability	  
-‐	  Easier	  
maintenance	  	  
	  	  and	  repair	  	  	  7	  
-‐	  Modular	  
product	  	  
	  	  structure	  
-‐	  Classic	  design	  
-‐	  Strong	  
product-‐user	  	  
	  	  relationship	  

1. Material components   
     procurement 
-‐	  Cleaner	  materials	  
-‐	  Renewable	  materials	  
-‐	  Lower	  energy	  content	  materials	  
-‐	  Recycled	  materials	  
-‐	  Recyclable	  materials	  

2. Material/components usage 
-‐	  Reduction	  in	  weight	  
-‐	  Reduction	  in	  volume	  	  	  	  
	  	  	  (transport)	  

8.	  End-‐of-‐life	  (EOL)	  
	  	  	  	  management	  (in-‐house/	  
	  	  	  	  ex-‐house)	  
-‐	  Reuse	  of	  product	  or	  	  
	  	  	  components/sub-‐
assemblies	  
-‐	  
Remanufacture/refurbishm
ent	  
-‐	  Recycling	  of	  materials	  
-‐	  Safe	  incineration	  

3. 
Assembly/production      
    processes (in-
house/ex-house) 
-‐	  Alternative	  
assembly/	  
	  	  production	  
techniques	  
-‐	  Fewer	  
assembly/production	  	  
	  	  steps	  
-‐	  Lower/cleaner	  
energy	  	  
	  	  	  consumption	  
-‐	  Less	  
assembly/production	  	  
	  	  waste	  
-‐	  Fewer/cleaner	  
assembly/	  
	  	  production	  
consumables	  

4. Material usage 
-‐	  Reduction	  in	  weight	  
-‐	  Reduction	  in	  
volume	  	  
	  	  	  (transport)	  
	  
	  

5. Distribution system (in-house/ex- 
    house) 
-‐	  Less/cleaner/reusable	  packaging	  
-‐	  Energy-‐efficient	  logistics	  
-‐	  Energy-‐efficient	  transport	  mode	  
	  

6. Impact during use 
-‐	  Lower	  energy	  
consumption	  
-‐	  Cleaner	  energy	  source	  
-‐	  Less	  consumables	  
-‐	  Cleaner	  consumables	  
	  

(Figure 7a: Strategy Wheel. By Smart ecoDesignTM. 
Developed by Charter & Tischner. Source adapted 
from the LIDS Wheel. Delft University. Brezet/van 
Hemel)	  
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A further method of development and trial of a new SPDS: Sustainable Product Design 
Specification tool, would be to introduce it into university design courses, giving the students a 
single tool which can help them develop new sustainable, commercially viable products. 
Sustainable design methods should not be simplified so as to make them too general and un-
useable but it should be recognised that product designers are best placed to apply methods 
that suit each situation for each company whilst working within ISO:14062. In this way designers 
can create a customised sustainable approach best suited for the company and its products. 
 
Methods: 
Evaluation of the current design tools available is on going, with the focus on ease of use, ability 
to communicate to other groups and effective value to the concept design process. 
Also a second round of structured interviews will be carried out:  This will take the form of 
focused questions and a qualitative interview with a number of creative product designers to 
look at any possible cross over of tools between traditional and new ‘Eco’ tools with an analysis 
of the language used. This will help to focus initial development parameters for the new SPDS 
design tool to be developed. 
 
New SPDS Issues & Categories: 
Although at the early stages of the new SPDS design tools development initial interviews and 
research has highlighted several categories that the tool should address in the developing 
global design field: 
1:Should address the development of Government, consumer and trade imposed demands on 
sustainable issues.  
2: Communication. A key area identified by several other studies and the initial  interviews. The 
increasing complexity of product development is demanding a more holistic team needing a 
common language or method of communication between them all.  
3: Consumers need a more sophisticated involvement in product development. Not just in 
market research of their demands in a product, but also research into how consumer use, 
understand and recycle products, A period outside the control of manufacturers. 
4: With most organisations using ISO:14001 as a standard to address environmental design 
issues implemented through EMS Environmental Management Systems. Then the new SPDS 
should be appraised against the aspects and impacts of this EMS, keeping the process simple 
and allowing designers to prioritise impacts over the long-term. 
 
Finally two specific areas of application will be focused on: 
(a) Design Education: Just as the introduction of Eco-design in the early stages of product 
development has a bigger effect, so the introduction of Eco-Design to training designers is also 
crucial. Imbedding sustainable issues and methods, such as the use of a SPDS design tool, at 
undergraduate level will help to prepare new designers for the inevitable demands on them in 
industry. 
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(b) Creative design consultancies; Often operating with a small group they lack the huge 
resources of the large manufacturers. Sprout Design for example is a two man company and 
uses a cut down LCA tool. Smaller consultancies are often used by the bigger multi-national 
companies as they offer a fresh unrestricted creative design approach. But they need to ensure 
they can apply sound sustainable issues into their small but creative process and communicate 
with the bigger clients. 
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Study of the ARUP associates Product Design Group: 
 
This paper is based on current PhD research by Christian Mclening, and follows on from 
research presented at Sustainable Innovation 05(1). Lessons learnt over the last two years have 
steered the focus away from the development and application of a sustainable design tool 
during the design process, towards the selection and operation of design teams and groups 
throughout the organisation. It is hoped that by encouraging a different mix of people and skills 
to work together on projects, the design process could be much more sustainable in the 
broadest sense of the word. 
 

1.  Company background 
2. Aim of study 
3. Methodology and approach 
4. Pilot study and outcomes 
5. Main study approach and methods 
6. Initial findings (ongoing) 

 
1. Company Background: 

 
‘ARUP is a global firm of designers, engineers, planners and business 
consultants providing a diverse range of professional services to clients around 
the world. Our innovative and fully-integrated approach brings our full 
complement of skills and knowledge to bear on any given design problem. We 
exert a significant influence on the built environment and are the creative force 
behind many of the world's most innovative and sustainable designs. Our firm 
has almost 9000 staff working in 86 offices in more than 37 countries. At any 
one time, we have over 10 000 projects running concurrently.  Arup has three 
main global business areas - buildings, infrastructure and consulting - although 
our multi-disciplinary approach means that any given project may involve 
people from any or all of the sectors or regions in which we operate. Our 
fundamental aim is to bring together the best professionals in the world to meet 
our clients' needs.’ 
http://www.arup.com (2)  
 

The ARUP Product Design Group within Europe has offices in London, Amsterdam, Milan, 
Spain and Berlin. The company works in collaboration with many other groups within ARUP 
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involved with projects such as seating and interior products, which are often developed in 
parallel. The company has a huge range of expertise across many fields in design, and the 
product design team have the scope to work with all these associated teams.  
This is typical of many multinational companies, another example being Royal Philips Electronic 
which employees 125,000. The Research, Development & Innovation area of Philips has 3,000 
Technical development staff and a Design Department of 600 people(3). In large companies 
such as ARUP there can be several thousand projects running at the same time.  Consequently 
a large number of projects are run across groups, with many different personnel involved, and 
there may be a subsequent loss of intellectual property and occasionally unsustainable or 
inefficient working practices. Sustainable working can be seen to stem from having an overview 
that picks up on commonalities, overlaps, inefficiencies, and suggests improvements. Many 
companies aim to implement a fully integrated approach yet inevitably with such complex and 
large systems their working practices and group structure may not always allow or encourage 
the best use of resources and lack the necessary flexibility. It should be noted that since the 
outset, founder Ove Arup recognised the importance of knowledge sharing and the 
management of knowledge. As such, ARUP have developed excellent internal systems to track 
projects, people, and expertise to allow design teams to communicate across groups and 
indeed the global network of offices. 

 
2. Aim of the Study: 

 
The aim of the study is to investigate the current working practices of the ARUP Product Design 
group within Europe and to develop approaches that could enhance the sustainable working of 
the Product Design group within itself and within the larger company community. Initial thoughts 
were based around the use of a design tool, but after an initial pilot study carried out in 2008 the 
thinking has moved on to investigating ways of breaking down barriers between the individuals 
and the groups themselves. Human nature, different professional training styles and the need 
for identified groups and management effects can often lead to a silo type mentality in 
companies. Although ARUP has excellent structures and systems the product design field does 
have some subtly different dynamics to that of the core structural design business, with product 
development often involving a diverse group of contributors, which can come from both 
engineering and more creative artistic backgrounds. The continuation of this study will 
investigate ways of classifying working approaches, project types and subjects. This 
classification, building on the established systems already in place, will allow an analysis to 
highlight ways of linking working styles with projects. 
 
3. Methodology and Approach: 

 
From previous work (see C.Mclening conference 2005(1)) the issues affecting sustainable 
design can be though of as three linked fields: 
 
 
 
 
 
 
 
 
These three elements are all equally important in the sustainable success of a product and as 
such should not be thought of in isolation. ISO 14062(4) has a valuable role in helping design 
teams address all of the complex inter-linked elements that lead to a more sustainable 
approach. The well recognised Product Design Specification tool: PDS(5) is also a valuable 
technical tool for breaking down a product for design analysis and development. Much of the 
work in the field of sustainable design has been done in the areas of technical and 
environmental approaches with design tools and systems being established, for example to 
ensure; waste is reduced, and materials selection is appropriate. These important areas will be 
monitored in the study but very much in conjunction with the social elements of sustainable 
design. Sustainable social design starts with the need to understand yourself as a designer, 
your team and then your clients before you can be fully aware of the implications of sustainable 

Environmental 

Technical 

Social 
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design. It is this inclusive approach to sustainable design that product design is developing to 
ensure all the stakeholders in the process are included in the processes.  
 
Several design tools and approaches have been identified and investigated with a view to 
applying them to the early stages of the design process. The early stages of commercial design 
projects have a major influence on the direction a project takes and this initial stage is also 
when project costs is are at their lowest. These early decisions become more financially 
important as development progresses, such as tooling, prototyping and construction. As part of 
a contract with the Design Management Institute Peter Philips writes about his observations and 
recommendations for ‘Making the In-house Design Function a Strategic Competency’. Focusing 
on larger In-house design teams in his article; Power of Ten-The top ten issues corporate 
design managers are facing in 2008, Philips writes: 
 

‘Design does add value to business, and it needs to be understood that 
designers are the ones who create that added value. However, many design 
groups are not communication their business value very well. Some, in fact, 
are not communicating this value at all. To evolve the design function into a 
core strategic business competency, it is the design group’s responsibility to 
demonstrate and communicate the true business value of design. 
Traditionally, design was indeed a support function, a service. But over the 
last 15 years or so that has changed dramatically.  
In many companies, design still needs to reposition itself in a stronger way as 
a credible function that can be trusted. The model shows that to reach the 
position of credibility and trust, design, design groups must first take stoke of 
their value, their role, their relationships, and their method of working with 
those people who commission design projects.’(6) 

  
By investigating this early stage, often when stakeholders are forming the PDS, best practice 
and opportunities for improved sustainable and efficient project management can be identified.  
Jonathan Chapman(7) writes about the need for sustainable design to be introduced at a far 
earlier stage of the design process and indeed to not simply address the functional and physical 
elements by the physiologic contribution design can make in the sustainability of a product.  
This argument can be broadened to suggest it is the social and psychological element of 
sustainable design that needs to be integrated into the design process in addition to the more 
established engineering and systems management. 
 
Several Design tools have been identified for this research, and it is acknowledged that this 
early stage needs a multidisciplinary approach. Traditional PDS tools can be used to establish 
the more immediate product requirements while management and development process issues 
must also be integrated such as ISO14062. Design analysis tools like TRIZ(8), a creative 
problem solving design tool, can be used to generate creative solutions and also allow 
stakeholders to communicate despite different backgrounds. This will allow the social element 
of the study to be explored in terms of self-awareness of the designers and their understanding 
of the other stakeholders in the process, such as other design groups and consumer needs 
from a sustainable viewpoint. The combination of tools used in this study is important as they all 
contribute subtly different perspectives and use subtly different design and management 
languages. The objective of the study is to use these tools to bring people, views, knowledge 
and the whole project together, allowing all parties to understand how the project is developing 
and running through its product design and development phase. Establishing an efficient 
system of compiling and communicating outcomes for this project is not straightforward. Project 
data and individuals skills need to be gathered and some parallel systems have been identified 
to apply in this study.  
 
From the personal characteristic and skills set/experience approach several systems currently 
operate to highlight and match people together. ARUP has a well established internal system to 
link people, and projects together, through staff profiles and project data. The internet has been 
instrumental in changing communication and information exchange and this can be seen well in 
online networking sites such as Facebook(9) and also numerous online friends and dating sites, 
where characteristics and interests are used to generate matches, often with a percentage 
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match according to criteria. Penguin Books Ltd(10) has a dating website which uses people’s 
favourite books as a system to match them to others with common interests.  
 
This ability to both match and suggest suitable people for online dating could also be an ideal 
vehicle to analyse the skills of employees and match them to projects and other people within a 
company who they may find mutually useful for; knowledge, project experience, and working 
approaches. These links could highlight not just technical skills, knowledge and experience but 
also crucially the more human skills that good working groups thrive on. These character traits 
and ways of perceiving and working with others can be identified through tools such as The 
Myers-Briggs Type Indicator (MBTI) test(11) based on the work of Carl Jung. This analysis of 
character type and consequently the ways that individuals may work with others in teams could 
be valuable in assembling teams of people for the constantly changing range of projects in large 
companies. Teams could be selected on skills and character-type appropriate to specific jobs, 
hence allowing teams to change and adapt in a more flexible way. The generation of matches 
can be easily given, and even random selection could be used to highlight possible adjacent 
interests that could contribute to a new viewpoint on a project. This additional ‘random’ 
suggestion is used effectively by amazon.com(12) where the criteria for searches not only shows 
direct matches but also makes suggestions which could be of interest. In this way the obvious 
matches of 90% may well identify the obvious team members but the system could also 
highlight more random matches of 70%, which could be used in design team dynamics, 
stretching people’s interests and experiences, working on new projects that they would not 
normally work on, bringing new perspectives and ideas. 
 
 

 
 
 

                     
 
       
           
 
 
     
 
 
 
 
 
 
 
 
 
 
The research will address the current sustainable design tools that will be used, identifying their 
strengths and differences, the stage of the design development process they may suit, and the 
level of knowledge and background of the user that they would suit be they economic, social or 
physical. 
 
 
4. Pilot Study and Outcomes: 

 
A two week Pilot study in May 2008 was used to investigate and make an initial review of the 
potential areas that could be investigated further during the main study. The London based 
ARUP Product Design team was shadowed working on a range of varied projects which 
included consulting manufacturers, strategy meetings and general design development 
activities. This qualitative observational research highlighted the role of the Product Design 
group within ARUP and how it interacted in the Micro and Macro systems of the ARUP 
associates community as a whole. By being embedded in the working practice of the group it 
was possible to gain more understanding of where sustainable working practice was being used 

Individual’s skills Data	  	   Project Data	  

Feedback & 
Networking 
Bringing Projects & 
People together	  

Analysis & 
Collating System	  
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and where it may be enhanced. It should be noted that the Product Design group interacted with 
various other groups within the larger company, both within the UK and globally as well as 
numerous external companies, a very complex communication.  
 
It was noted from this first study that like many large companies such as Philips and Nokia, the 
Product Design team at ARUP were in an ideal position to communicate and collaborate across 
the entire ARUP community. This communication relied on personal communication skills and 
good management skills to ensure the work was sustainable and indeed effective. It was noted 
that the technical methods associated with sustainable design were well addressed in ARUP, 
this may be due to the large size and consequent resources, which allowed the company to 
have, for example, dedicated environmental specialists. So the initial study suggested that the 
sustainable design challenges were more about how to build design teams and implement 
sustainable approaches through those teams, rather than simply introducing more technical 
sustainable design tools.  
 
The ARUP Product Design group is small but growing, depending on a core team of designers 
with excellent communication abilities who engage skilfully with a good range of different 
disciplines and people, from external market and brand agencies, through to global 
manufacturing and tool makers. A critical individual in the system was the Design & Technical 
Director, an experienced architect and designer who had the required understanding of the 
product design team, but also the vision to see the opportunities where the group could interact 
strategically within the ARUP community as a whole. This role is crucial to give perspective and 
direction to the team. 
 
Recent projects completed by the Product Design team show a collaborative and sustainably 
embedded approach, such as: 
 
 1. The ARUP Euro Seat: The aspiration was to produce a system wide design capable of a 
variety of configurations for different functions at different levels of comfort and image. It is 
intended that the seat can be branded according to the client. The system is capable of 
providing both a collective row and a single seat. The Product team liaised closely with a 
number of external manufacturers and the wider ARUP community allowing them to draw on a 
larger knowledge base during development. 
 

               (Figure1: ARUP Euro seat) 
 
2. Technik is a mineral hollow floor comprising of tile modules placed on height-adjustable steel 
pedestals. Each tile is made from a panel made of 95% recycled paper laminated with a stone/ 
ceramic layer. The tiles are joined together via a tongue and groove joint. This results in a 
monolithic support layer. This advanced flooring system developed by ARUP for airports and 
terminals to reduce time to install and maintain has been used in at London Heathrow Airport, 
an excellent example of a fully integrated and sustainable solution. The Product Design team 
drew on expertise from across the ARUP community, including engineering analysis and design 
contributions from architectural facades designers, demonstrating how well the group can share 
knowledge. 

    
 
(Figures 2 & 3: ARUP Technik Flooring system) 
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5. Main study approach and methods: 
 
This 4-week study based at ARUP associates London will focus on the Product Design group, 
(September 2008). The study explores the way the team interact and apply their design 
methods in relation to sustainable issues within design. A number of research approach have 
been applied to give a breadth to the information gathered though qualitative research and 
ethnographic study of the designers at work and their interaction with others in the team, the 
wider ARUP design community and other stakeholders such as manufactures and customers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Several methods have been used to assess the complex nature of this sustainable working 
relationship and it is acknowledged that these methods could be considered a little 
unconventional but do function as qualitative methods for gathering and evaluating the study 
trial. 
 
Areas of study (methods): 
a. A primary objective of the ARUP Product Design group within Europe is to ensure effective 

management of Intellectual Property (I.P.) and the sharing of the development and 
generation of designs efficiently amongst the group and indeed the entire ARUP Company. 
This process needs a sustainable and cost efficient way of functioning and the first trial will 
introduce the TRIZ system as a tool to gather the ideas and then disseminate ideas amongst 
the members of the group. TRIZ is a very good system for allowing all stake holders to 
communicate and contribute to a problem and can also be used as a tool to track ideas and 
record development of ideas. This could help managers to record, track and share ideas 
across the Product Design group and could also identify where teams could collaborate and 
share efforts where similar problems are being addressed. 

 
b. The way the team works and interacts on a social level is also an important design 

management issue helping to sustain good working practices. To manage and sustain a 
design team that functions, adapts and grows together requires understanding on the part of 
managers and individuals as to how the characters in the team interact and function 
together. This awareness of character traits in the workplace can be explored through the 
use of the Myers-Briggs Type Indicator Test, which identifies characteristics and the ways 
individuals may interact with others in a working group. This is also a valuable tool for the 
personal developments of individual designers who can both understand their own ways of 
working and that of their team much more efficiently.  
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c. Sustainable practice and awareness of sustainable legislation such as ISO14062. The teams 
will be interviewed to assess their awareness and depth of knowledge that the members 
have of specific sustainable issues in design and how they think their own work contributes 
and interfaces these issues.  

 
6. Study findings (ongoing) 
 
Initial findings are ongoing at the time of writing, the Product Deign group at ARUP works within 
a very strong and supportive design community and good practice in terms of sustainable 
practice can be seen throughout the company. This issue of knowledge management are 
embedded in the ARUP company ethos and the systems track projects and people well. This 
study looks to enhance these systems buy adding the personal characteristics and behavioural 
strengths to the selection and formation of project groups, specifically focused in the area of 
Product Design as this field often deals with a very broad range of projects and hence calls on a 
wide variety of experts across the community. The study also looks at was that the projects can 
be broken down into their more elementary problems, through the use of TRIZ elements of a 
project can be recorded, such as solving the issues of strength in a light weight structure, which 
could be tracked through the TRIZ solutions numbering system.   
 
This study is very much ongoing with findings initially being shared with the ARUP product 
design group through a series of group workshops, presentations and reports. It is hoped that 
through the valuable collaboration with ARUP product design, some new approaches will 
emerge that will help to design products and develop design teams in more sustainable ways. 
 
 
 
References: 
 
1. Mclening. C (2005) Developing a new SPDS: Sustainable Product Design Specification 

tool. Paper presented at the 10th International Conference. Sustainable Innovation. UK 
2. http://www.ARUP.com. ARUP associates company website. 
3. http://www.philips.com. Royal Philips Electric company website. 
4. British Standards (2002) ISO/TR 14062:2002 Environmental management-Integrating 

environmental aspects into product design and development. British Standards Institute, 
UK. 

5. Pugh. S. (1991) Total Design, integrated methods for successful product engineering. 
Addison-Wesley Publishing Company. UK. 

6. Philips. P (2008) Power of Ten-The top ten issues corporate design managers are facing 
in 2008 New Design. Issue 63. Editor: Welch.S. Publisher: DWB Associates Ltd. 
Warwick. UK. ISBN 1472-2674. 

7. Chapman. J. (2005) Emotionally Durable Design-objects, experience and empathy, 
Earthscan Publications Ltd, UK. 

8. http://www.triz.co.uk. Oxford Creativity TRIZ consultants company website. 
9. http://www.facebook.com. Online network community website. 
10. http://www.bbc.co.uk/1/hi/business/7577132.stm (BBC news article) 
11. http//:www.amazon.com Online book and product retailer. 
22 Kirby. L & Myers. D (1994) Introduction to Type: A guide to understanding your results on 

the Myers-Briggs Type Indicator (Revised 5th edition. European English version. Oxford 
Psychologist Press Ltd. UK. 

 

 

 

 

 

 



Product Design: process and personality  

Appendix   iv 

INTERNATIONAL CONFERENCE ON ENGINEERING AND PRODUCT DESIGN EDUCATION 2 & 3 
SEPTEMBER 2010, NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGY, TRONDHEIM, 
NORWAY  

  

THE EFFECT OF PERSONALITY ON THE DESIGN 
TEAM; LESSONS FROM INDUSTRY FOR DESIGN 
EDUCATION  

Christian MCLENING
1
, Lyndon BUCK

2 
 

1
Aston University, UK 

2
Buckinghamshire New University, UK  

ABSTRACT  
This	  study	  examines	  the	  effect	  of	  individual	  character	  types	  in	  design	  teams	  through	  case	  
studies	  at	  ARUP	  associates	  and	  five	  United	  Kingdom	  university	  design	  degree	  programmes.	  
By	  observing	  an	  individual’s	  approach	  and	  contribution	  within	  a	  team,	  patterns	  of	  design	  
behaviour	  are	  highlighted	  and	  compared	  within	  the	  industrial	  and	  academic	  examples.	  Initial	  
findings	  have	  identified	  discreet	  differences	  in	  design	  approach	  and	  ways	  of	  working.	  By	  
identifying	  these	  initial	  character	  clusters,	  design	  behaviour	  can	  be	  predicted	  to	  help	  teams	  
and	  individuals	  to	  strengthen	  their	  design	  process.	  This	  research	  brings	  together:	  	  

1.	  The	  design	  process	  and	  how	  engineering	  and	  design	  teams	  work	  to	  solve	  problems.	  	  
2.	  The	  natural	  characteristics	  of	  individuals	  and	  how	  they	  approach	  problems.	  This	  

difference	  of	  approach	  can	  be	  viewed	  in	  relation	  to	  the	  design	  process	  where	  engineers	  and	  
designers	  will	  recognise	  their	  preference	  for	  certain	  stages	  of	  the	  design	  process.	  This	  study	  
suggests	  that	  these	  individual	  preferences	  are	  suited	  to	  different	  stages	  of	  the	  design	  process,	  
and	  that	  industry	  uses	  teams	  to	  ensure	  a	  broad	  range	  of	  views,	  an	  approach	  design	  education	  
would	  do	  well	  to	  apply	  by	  establishing	  collaborative	  input	  in	  the	  design	  process.	  	  

Keywords: Character type, Design teams, Cross-disciplinary.  

1 METHODOLOGY:  
Case	  studies	  examine	  the	  ‘Character	  Types’	  of	  designers	  evaluated	  through	  the	  principles	  
outlined	  initially	  by	  Carl	  Jung(1)	  and	  later	  by	  psychologists	  Myers	  Briggs(2)	  and	  Kerisy(3).	  The	  
paper	  follows	  on	  from	  research	  presented	  at	  Sustainable	  Innovation	  2005(4)	  and	  Sustainable	  
Innovation	  2008(5).	  The	  Myers	  Briggs	  Type	  Indicator	  Test	  (MBTI)(6),	  the	  Similarminds	  online	  
site	  (7)	  and	  the	  Kerisy	  Character	  test	  are	  all	  derived	  from	  the	  work	  of	  Jung	  and	  are	  well	  
established	  in	  applications	  where	  team	  dynamics	  and	  approaches	  can	  be	  readily	  evaluated.	  
Several	  studies	  have	  examined	  character	  type	  in	  undergraduates	  with	  regard	  to	  the	  creative	  
process	  and	  teams	  such	  as	  those	  of	  Dym	  &	  Agogino	  (2005)(8)	  and	  Felder	  &	  Felder	  (2002)(9)	  
both	  explore	  the	  issues	  of	  character	  type	  and	  design.	  However	  both	  studies	  focus	  on	  
engineering	  students	  only.	  This	  study	  examines	  the	  wider	  spectrum	  of	  design	  in	  industry	  and	  
academia	  including	  engineering,	  product	  design,	  three	  dimensional	  design	  and	  architecture,	  
observing	  the	  differences	  of	  approach	  between	  these	  groups	  and	  how	  they	  interact	  during	  the	  
design	  process.	  Clearly	  the	  character	  type	  analysis	  is	  only	  one	  element	  that	  can	  influence	  
design	  behaviour	  but	  despite	  this	  limitation	  it	  was	  felt	  the	  findings	  were	  still	  a	  valuable	  
indicator	  of	  different	  design	  approaches	  and	  hence	  a	  good	  start	  for	  initial	  study	  with	  the	  view	  
for	  further	  detailed	  exploration.	  	  
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Just	  as	  we	  have	  a	  preferred	  foot	  to	  kick	  a	  ball,	  the	  preference	  becomes	  the	  most	  comfortable	  to	  
use	  and	  hence	  more	  practiced,	  so	  the	  work	  of	  Jung	  and	  others	  has	  put	  forward	  a	  similar	  
cognitive	  preference.	  These	  preferred	  ways	  of	  thinking	  can	  suggest	  people’s	  natural	  ‘preferred’	  
ways	  of	  making	  decisions,	  but	  should	  not	  been	  seen	  as	  definitive.	  The	  MBTI	  test	  has	  been	  the	  
starting	  point	  for	  a	  number	  of	  studies	  that	  has	  suggested	  people	  are	  drawn	  to	  professions	  that	  
suit	  their	  character	  type	  preference.	  The	  MBTI	  table	  suggests	  some	  cultural	  themes	  of	  
approach	  and	  focus	  with	  the	  clustered	  preferences	  shaded	  in	  the	  following	  tables:	  	  

                                                                         Table 1: 

 
 
 
 
 
 
Table 1 shows S-‐Sensing	   has	   a	   factual	   concrete	   focus.	  N-‐Intuition	   has	   an	   abstract,	   ideas	   &	  
possibilities	  focus.	  	  

Table 2: 

 
 
 
 
 
 
Table 2 shows T-‐Thinking	  focuses	  on	  objective	  cause	  and	  effect.	  F-‐Feeling	  focuses	  on	  Human	  
issues	  and	  impact.	  	  
                                                                           Table 3: 

 
 

 
 

Table 3 shows I-‐Introversion,	  has	  an	  internal	  reflective	  approach,	  often	  pondering	  an	  issue	  
before	  presenting.	  E-‐Extroversion	  processes	  and	  thinks	  externally,	  often	  verbally	  talking	  
through	  ideas.	  	  

It	  was	  decided	  to	  select	  a	  range	  of	  students	  to	  reflect	  the	  profile	  of	  the	  group	  at	  ARUP,	  so	  
courses	  range	  from	  BA	  and	  BSc	  to	  BEng.	  	  The	  students	  were	  given	  the	  same	  induction	  and	  
questions	  to	  establish	  their	  character	  type	  as	  with	  ARUP	  employees,	  then	  the	  student’s	  
individually	  selected	  major	  design	  projects	  were	  recorded	  to	  explore	  any	  possible	  trends	  or	  
patterns.	  	  

2 DESIGN INDUSTRY CASE STUDY-ARUP ASSOCIATES EUROPE:  
During	  the	  last	  two	  years	  embedded	  research	  has	  been	  carried	  out	  by	  the	  author	  within	  ARUP	  
Product	  Design	  Group’s	  London	  Office	  (10).	  By	  working	  directly	  with	  the	  design	  team	  an	  in-‐
depth	  study	  of	  the	  real	  world	  issues	  and	  processes	  could	  be	  studied.	  This	  study	  followed	  the	  
Product	  Design	  group	  who	  work	  in	  collaboration	  with	  engineers,	  architects	  and	  others	  in	  areas	  
such	  as	  systems	  design.	  The	  immediate	  group	  involved	  with	  the	  Product	  Design	  were	  
evaluated	  to	  identify	  their	  character	  type.	  The	  way	  the	  individuals	  would	  interact	  and	  
contribute	  to	  design	  projects	  was	  also	  observed,	  noting	  the	  timings	  of	  project	  involvement	  and	  
working	  relationships.	  	  

ISTJ	  	   ISFJ	  	   INFJ	  	   INTJ	  	  
ISTP	  	   ISFP	  	   INFP	  	   INTP	  	  
ESTP	  	   ESFP	  	   ENFP	  	   ENTP	  	  
ESTJ	  	   ESFJ	  	   ENFJ	  	   ENTJ	  	  
	  

ISTJ	  	   ISFJ	  	   INFJ	  	   INTJ	  	  
ISTP	  	   ISFP	  	   INFP	  	   INTP	  	  
ESTP	  	   ESFP	  	   ENFP	  	   ENTP	  	  
ESTJ	  	   ESFJ	  	   ENFJ	  	   ENTJ	  	  
	  

ISTJ	  	   ISFJ	  	   INFJ	  	   INTJ	  	  
ISTP	  	   ISFP	  	   INFP	  	   INTP	  	  
ESTP	  	   ESFP	  	   ENFP	  	   ENTP	  	  
ESTJ	  	   ESFJ	  	   ENFJ	  	   ENTJ	  	  
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The	  second	  studies	  with	  ARUP	  associates	  brought	  the	  test	  to	  a	  more	  focused	  group	  of	  ARUP	  
employees.	  ARUP	  Design	  Schools	  are	  a	  biannual	  event	  where	  employees	  within	  their	  first	  5	  
years	  working	  for	  ARUP	  are	  invited	  to	  a	  three	  day	  event	  to	  develop	  and	  enhance	  their	  creative	  
working	  practice,	  expose	  them	  to	  other	  company	  employees	  and	  build	  more	  design	  team	  skills.	  
With	  groups	  of	  36	  ARUP	  designers,	  engineers	  and	  architects	  two	  events	  were	  tested	  and	  the	  
groups	  put	  into	  design	  teams	  for	  a	  project	  supported	  with	  lectures,	  seminars	  and	  
presentations	  focused	  around	  themes	  of	  creative	  design	  process.	  The	  same	  character	  type	  
evaluation	  was	  run	  with	  these	  groups	  and	  their	  individual	  types	  recorded.	  The	  design	  sessions	  
were	  observed	  to	  identify	  any	  patterns	  of	  behaviour	  that	  could	  be	  attributed	  to	  character	  type	  
preferences	  of	  approach.	  It	  should	  be	  noted	  both	  Design	  School	  sessions	  included	  a	  range	  of	  
employees	  from	  across	  ARUP	  Europe	  with	  a	  diverse	  range	  of	  specialist	  backgrounds	  The	  
industrial	  case	  study	  group	  in	  this	  study	  is	  the	  Product	  Design	  group	  at	  ARUP	  London	  (Table	  4	  
&	  Figure	  1).	  ARUP	  is	  a	  global	  consultancy	  working	  in	  a	  broad	  range	  of	  fields	  with	  a	  technical	  
focus	  covering	  construction,	  design,	  research	  and	  planning.	  The	  Product	  Design	  group	  was	  
observed	  in	  relation	  to	  their	  internal	  links	  and	  relationships	  in	  everyday	  design	  activity.	  The	  
wider	  ARUP	  community	  was	  also	  investigated	  through	  the	  ARUP	  junior	  design	  school	  with	  
engineers,	  architects,	  designers	  all	  working	  together	  on	  creative	  workshop	  projects.	  ARUP	  
highlighted	  the	  range	  of	  professionals	  working	  together	  and	  the	  spectrum	  of	  backgrounds	  and	  
character	  types.	  	  

Table 4: ARUP Design Staff 8/7/2009:  

 
 

Figure 1: ARUP Design office MBTI 
results: A	  mixed	  office	  including	  
product	  designers-‐all	  INFJ;	  architects-‐2	  
INTP,	  1	  ENTP,	  1	  ISFP;	  engineers	  
(structural,	  mechanical)-‐2	  ISTJ,	  1	  ISTP,	  3	  ENTP,	  1	  INTJ;	  managers/admin/support-‐1	  ISFJ,	  1	  
ESFP,	  1	  ESFJ,	  1	  ENFJ.	  It	  should	  be	  noted	  that	  the	  Product	  Design	  team	  were	  all	  an	  identical	  
type.	  The	  engineering	  team	  was	  a	  mix	  of	  1

st	  
and	  4

th	  
column,	  while	  the	  architects	  were	  mainly	  

4
th	  
column.	  Themanagers	  and	  support	  staff	  were	  all	  2

nd	  
column.	  Embedded	  research	  in	  the	  

form	  of	  design	  consultancy	  within	  the	  Product	  Design	  group	  was	  carried	  out	  during	  2008,	  
2009	  and	  2010.	  The	  London	  Product	  Design	  team	  is	  a	  small	  group	  involved	  with	  new	  product	  
development	  generated	  from	  internal	  projects,	  external	  contracts	  and	  connected	  ARUP	  work	  
such	  as	  commercial	  seating,	  flooring	  systems	  and	  stadium	  seating.	  With	  ARUP	  involved	  in	  
consultancy	  in	  a	  vast	  number	  of	  areas	  such	  as	  construction,	  environment,	  planning	  and	  
structural	  design	  it	  is	  clearly	  essential	  that	  the	  product	  designers	  can	  interact	  with	  the	  wider	  
community	  of	  experts	  and	  as	  such	  much	  of	  ARUP’s	  working	  practices	  involves	  multiple	  design	  
teams	  with	  a	  variety	  of	  specialists	  in	  each.	  It	  was	  this	  mixture	  of	  specialists	  and	  the	  way	  they	  
work	  and	  approach	  design	  problems	  that	  exposed	  some	  interesting	  observations:	  1.	  The	  
Product	  Design	  team	  were	  good	  at	  coordinating	  and	  engaging	  with	  professionals	  across	  the	  
whole	  ARUP	  community.	  More	  that	  any	  other	  group	  the	  Product	  team	  need	  to	  explain	  designs	  
and	  manage	  the	  design	  process	  with	  marketing,	  legal	  contract	  teams,	  structural	  materials	  
experts,	  external	  manufacturers,	  systems	  designers,	  consumer	  groups	  and	  managers.	  	  

 

ISTJ	  2	  	   ISFJ	  1	  	   INFJ	  3	  	   INTJ	  1	  	  
ISTP	  1	  	   ISFP	  1	  	   INFP	  0	  	   INTP	  2	  	  
ESTP	  0	  	   ESFP	  1	  	   ENFP	  0	  	   ENTP	  4	  	  
ESTJ	  0	  	   ESFJ	  1	  	   ENFJ	  1	  	   ENTJ	  0	  	  
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1. The	  Product	  Design	  team	  (all	  INFJ)	  were	  very	  good	  at	  exploring	  the	  commercial	  need	  for	  

products,	  the	  human	  and	  social	  aspects	  and	  also	  issues	  of	  user	  needs	  and	  requirements.	  	  
2. The	  Product	  Design	  team	  would	  engage	  specialists	  for	  more	  detailed	  development	  where	  

needed,	  such	  as	  FEA	  where	  a	  structural	  or	  materials	  engineer	  (column	  1)	  would	  
contribute.	  	  

3. The	  Product	  Design	  team	  operated	  as	  a	  hub,	  bringing	  in	  many	  specialists	  and	  coordinating	  
these	  very	  well.	  They	  had	  a	  very	  good	  awareness	  of	  project	  scale	  and	  time.	  	  

	  
Table 5: ARUP Design Schools: 2/4/2009 & 
5/11/2009: 

  

 

Figure 2: ARUP employees MBTI results:  

The	  two	  ARUP	  Design	  Schools	  studied	  bring	  together	  junior	  ARUP	  staff	  nominated	  from	  all	  of	  
Europe.	  The	  programme	  involved	  a	  3	  day	  workshop	  that	  introduces	  the	  groups	  to	  new	  design	  
approaches	  and	  creative	  problem-‐solving	  through	  talks,	  seminars	  and	  group	  design	  projects.	  
These	  two	  groups	  are	  made	  up	  of	  a	  range	  of	  ARUP	  associates	  and	  the	  two	  groups	  were	  tested	  
for	  their	  MBTI	  type.	  Some	  initial	  observations	  from	  the	  group	  design	  activities	  are:	  	  
1. The	  E	  and	  I	  preference	  was	  clear	  in	  both	  seminar	  sessions	  and	  group	  work,	  with	  the	  E	  

delegates	  more	  readily	  engaging	  with	  discussion	  and	  initiating	  group	  discussion	  and	  
supportive	  commentary	  of	  activities	  during	  informal	  group	  work.	  	  

2. The	  1
st	  
and	  4

th	  
column	  delegates	  tended	  to	  generate	  more	  technical,	  problem	  solving	  

approaches,	  such	  as	  drawing	  or	  constructing	  physical	  solutions	  that	  addressed	  a	  
mechanical	  problem,	  such	  as	  a	  component	  that	  solved	  a	  specific	  problem.	  	  

3. The	  2
nd	  
and	  3

rd	  
column	  delegates	  tended	  to	  generate	  more	  social	  or	  human	  derived	  

solutions	  as	  expected,	  so	  would	  approach	  the	  problems	  with	  the	  user	  issues	  first,	  and	  
searching	  for	  a	  need	  or	  social	  value	  was	  a	  key	  factor.	  	  

	  
3 DESIGN EDUCATION STUDIES-UK UNIVERSITIES BA, BSc & BEng COURSES:  
Courses	  were	  selected	  to	  span	  the	  design	  spectrum	  from	  recognised	  artistic	  orientated	  BA	  
design	  to	  technical	  MEng	  courses	  from	  Five	  UK	  universities;	  Aston	  University,	  
Buckinghamshire	  New	  University,	  Oxford	  Brookes	  University,	  Brunel	  University	  and	  The	  Arts	  
University	  College	  at	  Bournemouth.	  Covering	  a	  range	  of	  courses	  to	  reflect	  the	  Industry	  case	  
study	  areas	  including:	  BA	  Three	  Dimensional	  Design,	  BA	  Design	  &	  Interior	  Architecture,	  BSc	  
Product	  Design,	  BEng	  Mechanical	  Engineering.	  	  
	  
	  
	  
	  
	  
	  
	   	   	  

 

ISTJ	  8	  	   ISFJ	  7	  	   INFJ	  7	  	   INTJ	  6	  	  
ISTP	  12	  	   ISFP	  5	  	   INFP	  5	  	   INTP	  2	  	  
ESTP	  3	  	   ESFP	  5	  	   ENFP	  4	  	   ENTP	  7	  	  
ESTJ	  5	  	   ESFJ	  1	  	   ENFJ	  3	  	   ENTJ	  5	  	  
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Table 6: BA Interior Architecture & Three 
Dimensional Design final year students from 
Brookes University & The Arts University College at 
Bournemouth, 2009.  

 
Figure 3: BA Students MBTI results.  

Observations	  from	  the	  two	  BA	  (Hons)	  student	  
courses:	  	  

1. Many	  students	  were	  in	  the	  3
rd	  
column,	  as	  at	  ARUP	  where	  all	  the	  Product	  Design	  team	  were	  

in	  this	  group.	  	  
2. Students	  had	  a	  strength	  in	  ideas	  generation	  and	  concept	  development,	  many	  of	  which	  are	  

social	  or	  ‘user’	  focused	  rather	  than	  technical,	  for	  example	  designing	  a	  child’s	  learning	  toy	  
or	  an	  improved	  social	  space	  for	  a	  day	  hospital.	  	  

3. Student’s	  concepts	  and	  design	  development	  often	  included	  sketches	  with	  figures	  included	  
even	  at	  early	  stages,	  highlighting	  a	  human	  focused	  approach.	  	  

4. Although	  a	  BA	  course	  with	  a	  focus	  on	  creative	  design,	  some	  students	  found	  the	  detail	  
design	  and	  technical	  realization	  difficult	  and	  uncomfortable.	  Such	  as	  producing	  technical	  
production	  drawings,	  materials	  specifications	  and	  fixing	  design	  detail.	  	  

	  
Table 7: BEng Students from Brunel University 

and Buckinghamshire New University 2009.  

 
Figure 4: BEng Brunel & Buck’s New 
University students MBTI results:  

 

Table 8: BSc Product Design students from 
Aston University 2010:  

 
Figure 5: BSc Aston Students MBTI results:  

 

 

ISTJ	  1	  	   ISFJ	  1	  	   INFJ	  4	  	   INTJ	  1	  	  
ISTP	  2	  	   ISFP	  1	  	   INFP	  5	  	   INTP2	  	  
ESTP	  0	  	   ESFP	  1	  	   ENFP	  3	  	   ENTP	  3	  	  
ESTJ	  1	  	   ESFJ	  1	  	   ENFJ	  3	  	   ENTJ	  1	  	  
	  

ISTJ	  6	  	   ISFJ	  2	  	   INFJ	  2	  	   INTJ	  2	  	  
ISTP	  3	  	   ISFP	  1	  	   INFP	  0	  	   INTP	  3	  	  
ESTP	  6	  	   ESFP	  2	  	   ENFP	  1	  	   ENTP	  4	  	  
ESTJ	  4	  	   ESFJ	  2	  	   ENFJ	  0	  	   ENTJ	  1	  	  
	  

ISTJ	  4	  	   ISFJ	  2	  	   INFJ	  4	  	   INTJ	  1	  	  
ISTP	  2	  	   ISFP	  2	  	   INFP	  2	  	   INTP	  2	  	  
ESTP	  5	  	   ESFP	  6	  	   ENFP	  1	  	   ENTP	  3	  	  
ESTJ	  4	  	   ESFJ	  1	  	   ENFJ	  0	  	   ENTJ	  1	  	  
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In	  their	  paper	  ‘Using	  personality	  type	  differences	  to	  form	  engineering	  design	  teams’	  Shen,	  Prior	  
&	  White	  (2007)(11)	  highlight	  the	  value	  of	  design	  students	  understanding	  their	  character	  
preference	  and	  suggest	  character	  type	  analysis	  can	  be	  used	  to	  select	  and	  assemble	  teams,	  and	  
reinforce	  approaches	  rather	  than	  allow	  students	  to	  recognise	  differences	  and	  build	  skills	  to	  
address	  weaknesses	  in	  their	  design	  approach.	  It	  can	  be	  seen	  that	  there	  are	  some	  cultural	  
preferences	  to	  each	  course,	  which	  is	  not	  wholly	  unexpected.	  Many	  of	  the	  BEng	  students	  are	  in	  
column	  1	  suggesting	  a	  predisposition	  for	  a	  logical	  ‘cause	  and	  effect’	  approach	  with	  a	  strong	  
preference	  for	  facts	  and	  data.	  The	  BA	  Design	  course	  has	  a	  number	  of	  students	  in	  columns	  3	  and	  
4,	  with	  a	  more	  abstract	  approach	  often	  looking	  for	  possibilities	  as	  a	  priority.	  	  

4 CONCLUSION:  
The	  design	  process	  requires	  a	  combination	  of	  approaches	  from	  open	  thinking,	  concept	  
development	  and	  people	  focused	  consideration,	  through	  to	  time	  management	  and	  
manufacturing	  technical	  details	  requiring	  a	  more	  focused	  approach.	  All	  are	  valuable	  and	  are	  
often	  seen	  as	  different	  strengths,	  or	  preferences,	  in	  designers.	  ARUP	  uses	  it’s	  people	  in	  
different	  ways	  at	  different	  stages	  of	  projects,	  with	  early	  concept	  generation	  often	  being	  lead	  by	  
product	  designers	  and	  architects.	  This	  study	  has	  highlighted	  the	  need	  for	  a	  considered	  mix	  of	  
personality	  types	  in	  a	  design	  and	  engineering	  teams,	  both	  in	  industry	  and	  education.	  It	  
therefore	  calls	  into	  question	  the	  validity	  of	  design	  teams	  drawn	  from	  one	  university	  course	  
alone,	  and	  by	  implication	  how	  any	  course	  can	  exist	  in	  a	  vacuum.	  Successful	  design	  teams,	  
especially	  in	  the	  early	  stages	  of	  project	  selection	  and	  design	  development,	  rely	  on	  a	  mix	  of	  
skills	  and	  approaches	  that	  rarely	  exist	  in	  one	  set	  of	  similar	  minded	  individuals.	  Those	  courses	  
that	  can	  readily	  draw	  on	  other	  related	  disciplines	  and	  collaborate	  on	  cross-‐,	  multi-‐and	  inter-‐
disciplinary	  briefs	  would	  therefore	  seem	  to	  be	  the	  way	  forward,	  and	  would	  make	  these	  
graduates	  readily	  useful	  in	  the	  new	  ways	  that	  industry	  is	  working.	  	  
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ABSTRACT 
The automotive industry combines a multitude of professionals to develop a modern car 
successfully. Within the design and development teams the collaboration and interface 
between Engineers and Designers is critical to ensure design intent is communicated 
and maintained throughout the development process. This study highlights recent 
industry practice with the emergence of Concept Engineers in design teams at Jaguar 
Land Rover Automotive group. The role of the Concept Engineer emphasises the 
importance of the Engineering and Design/Styling interface with the Concept engineer 
able to interact and understand the challenges and specific languages of each specialist 
area, hence improving efficiency and communication within the design team. 
Automotive education tends to approach design from two distinct directions, that of 
engineering design through BSc courses or a more styling design approach through BA 
and BDes routes. The educational challenge for both types of course is to develop 
engineers and stylist's who have greater understanding and experience of each other’s 
specialist perspective of design and development.  
The study gives examples of two such courses in the UK who are developing 
programmes to help students widen their understanding of the engineering and design 
spectrum. Initial results suggest the practical approach has been well received by 
students and encouraged by industry as they seek graduates with specialist knowledge 
but also a wider appreciation of their role within the design process. 
 
Keywords: Design, Concept Engineer, Engineer, Practice Based learning, Automotive 
design, Stylist.	  
 
1 CONTEXT  
Increasingly modern automotive companies are developing more distinct cross-
disciplinary roles within their design teams. Jaguar Land Rover Group have developed 
the new role of a Concept Engineer to work alongside the more traditional Automotive 
Stylists and Production Engineers. This additional role is an important response to the 
increasingly demanding design and development process of modern cars.  
The design intent of early concepts needs to be protected as the process progresses into 
pre-production engineering, the transition from stylist concepts into engineering and 
production needs to guard against stylist's and a dilution of design. This then is why the 
role of Concept Engineer is so crucial to both understanding the various stages of the 
styling-to-engineering spectrum as well as communicating with all stakeholders during 
that journey. 
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2 METHODOLOGY  
Examples of best practice from the automotive industry and academia have been used as 
case studies to compare and contrast approaches with the Concept Engineer role as a 
focus.  
The industry cases study highlights the role of Concept Engineer at Jaguar Land Rover 
Design Studios in Gaydon, UK. A position developed to promote faster engineering and 
design decision making and communication.  
The two academic case studies approach the role of the Concept Engineer from 
different ends of the Design-to-Engineering spectrum allowing the two perspectives to 
be compared as well as the current industry practice to be used as a reference point for 
best practice. 
 
The two academic case study courses: 
• MDes and BA(Hons) Automotive Design, Coventry University. (Styling/Design 

focus) 
• BSc (Hons) Automotive Product Design, Aston University. (Engineering/Design 

focus) 

The two courses selected allowed for a clear comparison of the two different approaches 
to the design process to be compared across the engineering and design spectrum. 

3 INDUSTRY PRACTICE CASE STUDY  
A case study with Jaguar Land Rover (JLR) shows how the recently appointed Concept 
Engineers work in the design development process alongside traditional car stylists and 
engineers. This role has been developed to address the need for a coherent conversion 
between creative styling and creative engineering, each enhancing the other.  
The design process used by Jaguar recognises the different technical inputs required for 
a product to be successfully developed in a competitive market place. The technical 
engineering considerations are essential, ideally being integrated early with the more 
subjective emotional aesthetic visions of the stylists. The stylists design vision can often 
be vulnerable to adjustment and compromise as other stakeholders can push towards 
different agendas, such as technical production pressures that may not always follow the 
stylists’ pure vision [1]. 
However a cohesive aesthetic solution is a very valuable outcome in terms of design 
impact in the market and hence commercial success. JLR recognise this sensitive 
mixture of the technical as well as stylistic input during the development process.  
Having employed a working ethos of understanding and value throughout that spectrum 
JLR have developed the Concept Engineer role to ensure the technical and aesthetic 
vision is delivered in a coherent way. 
JLR have a history of challenging design convention, they have pioneered the 
manufacture of aluminium body technology for Jaguar cars and introduced many 
innovations in off road technology into Land Rover vehicles. Attention to design and 
styling have also been a primary concern and the concurrent approach of placing 
Concept Engineers and Stylist in the same location seems to be a determining factor in 
their ability to continue to produce new vehicles quickly that match consumers 
expectations.  
This collaborative, joint way of working permits challenges proposed by engineering 
development to provide radical opportunities for new automotive forms. New industrial 
process developments also impact on form and engineering; introducing curved glass 



Product Design: process and personality  

Appendix   v 

for the ‘day light opening’ (DLO) has also altered public perception of automotive 
design.  
Other factors will have an increasing influence on the automotive industry in the future; 
increasing use of telematic devices, that prevent road collisions, could conceivably see 
the removal of air bags, crumple zones and other safety devices in vehicles. Peck and 
Verlinden [2] describe the opportunities for dramatic change in automotive design as 
the complexity of telematics is ordered and incorporated into design first principles 
rather than conventional thinking. These imminent proposed changes permit designers 
to take radical approaches to form and appearance. There has long been a dialogue 
between engineers and stylist's, where a ‘best compromise’ solution is presented to the 
buying public. Different requirements for those involved with design can be 
characterised by the following statement by Roger Watmore, an engineering tutor, when 
guiding styling students to look for a best compromise solution: 

 ‘You want your windscreen to have a low angle, I’m telling you it has to 
be at the correct viewing angle to work – it’s your job as an Industrial 
Designer to make it be as I said but somehow look like you want it to be.’  
 

By changing many different variables in an iterative process, designers from both 
backgrounds can find successful solutions quickly when they occupy a shared physical 
space and work concurrently, the Jaguar model highlights the value of bringing design 
and engineering together both physically but also through a common language through 
the Concept Engineer. 
 
 

4 ACADEMIC CASE STUDIES 

4.1 THE STYLIST/DESIGNER ARROACH: COVENTRY UNIVERSITY 
The Coventry university course has a long history of producing car designers and 
stylist. The course focuses on the more creative, conceptual and sculptural aesthetic 
aspect of the car designer’s role, with additional knowledge of the more technical 
elements of car design supplementing this.  
Buying a particular car is now very much dictated by a sense of branding and style; 
identically performing machines from Volkswagen Audi Group (VAG) are available 
with only styling changes; a range of prices cover market demand and expectation.  At 
Coventry the course has had an Engineering and Ergonomics requirement (25% for 
each element) for the past 20 years, reflecting the need for ‘styling’ designers to be able 
to speak with authority to other professionals and collaborate with them to provide new 
and innovative solutions.  
This approach produces a range of differing perspectives for students in that the level of 
commitment from ‘stylists’ to hard facts and difficult decisions that may be required is 
variable.  
However challenges to engineering conventions, custom and practice can be made with 
this joint working with good results. 
This practiced based learning approach has been used in the more Art and Design 
focused courses for some time; however the trial also compares the approach with a 
more traditional engineering style.  
As such introducing the approach from the engineering perspective is a new venture for 
Aston University. 
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At Coventry much of the three dimensional understanding required for car ‘styling’ is 
introduced and fostered in single module called 3D Form Development and 
Presentation. The aim is to provide an appreciation of three-dimensional forms related 
to the sensitivities of automotive and transport design. Appraisal of spatiality, surfacing 
quality and surface connections and their representation are studied and practiced. 
Automotive styling clay, high level surfacing software and free form sketching are used 
to mutually support thinking and understanding.  
Part one is a five-week intensive experience of automotive ‘hard styling clay’, where 
abstract free-forms are derived from visual examinations of human or animal heads. 
Formal automotive clay modelling is described in detail by Yamada [3], however here a 
more free-form approach is used to promote creativity during modelling, Owen [4] 
(figure 1). 
Simultaneously instruction using industry-standard surfacing software (Autodesk Alias 
Automotive™) begins and culminates in self-selected design work. Sketching, 
photography and diagrammatic representations support both the physical and digital 
phases.  
 

 

Figure 1. Level 2 Design student CAD modelling at Coventry University 

 

Figure 2. Realisation and sketching of the Clay Heads project at Coventry University 

Students and observers see this work as successful in building aesthetic and sculptural 
understanding (figure 2). 
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Over 100 students from Product, Automotive and Transport courses work in the same 
physical space where a sense of belonging to a group is encouraged.  The approach is to 
encourage the conditions where a ‘threshold concept’ is established that focuses on 
spatial understanding, permitting further intellectual growth and release form 
convention. Bull and Tovey [5].  
The use of clay to sculpt scale models is a specialist automotive technique, which 
exposes students to a very immediate and responsive learning experience. Coventry has 
a focus on the styling end of the design-to-engineering spectrum, but also recognises the 
need for the Concept Engineer and the role of communicating design intent across that 
spectrum. As such students are also exposed to and involved in more technical design 
challenges with ergonomics and vehicle packaging an essential part of the course. 
	  

4.2 THE ENGINEER/DESIGNER APPROACH: ASTON UNIVERSITY          
Aston University has a strong engineering history with the case study programme based 
within the School of Engineering & Applied Science.  
The Aston Design courses are closely aligned to the engineering programmes with 
much of the curriculum delivered to mixed groups of designers and engineering 
students. This deliberate mixing seeks to break down the subject boundaries and expose 
undergraduates to a more rounded and real life experience of engineering and design in 
practice [6]. 
The teaching Approach in The Engineering and Design Department at Aston University 
has embraced the Practice Based Learning approach of CDIO™ since 2010.  
 
CDIO™ – Conceiving. Designing. Implementing. Operating. [7] 
 
The CDIO Initiative is an innovative educational framework designed to bring practice 
based learning to engineers and designers. The International CDIO group of universities 
share best practice, supporting each other in developing new teaching approaches to 
develop the engineers and designers of the future. The practice-based approach of CDIO 
is ideal in responding to the challenges highlighted by Jaguar Land Rover with the 
Concept Engineer role.  
The Aston students are predominantly Automotive Engineers with a strong technical, 
production focus so the introduction of a more styling/sculptural projects is an ideal 
opportunity to explore further the design-to-engineering spectrum.  
An automotive styling project was set with students more accustomed to designing 
vehicle suspension, asked to design and develop a concept vehicle with sketches and a 
scale model.  
The basic skills and techniques were shown using specialist automotive clay provided 
by Jaguar studios and a Master Class session run by a senior Jaguar Designer. The 
practical design project took the students out of their familiar comfort zone of 
experience and exposed them to the more creative, sculptural challenges of car design. 
It should be noted that the input from industry professionals was an excellent addition 
and gave the students the opportunity to appreciate the wider design challenges of 
automotive development. 
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Figure 3. Engineering Design students learning to use clay in design & realization 

project alongside a Jaguar Senior Designer at Aston University 

	  
The development of the design engineer’s experiences of using clay is used to develop 
greater understanding of the styling and development process. A Jaguar Senior designer 
worked with the engineering design students at Aston University to help bring some 
examples of industry best practice to the practical design and make clay styling exercise 
(figure 3). 
The majority of Aston graduates who venture into the automotive industry tend towards 
the design engineer role rather than stylist.  
The concept development and sculpting project gave students a greater understanding of 
the role and issues of the stylist in the automotive field and hence gain a deeper 
understanding of the Concept Engineer role identified by Jaguar. 
 

5 CONCLUSION   
The two academic case studies highlighted the different ways of approaching the 
design-to-engineering spectrum, well recognised in modern industry practice such as 
Jaguar.  
The approach from either engineer or stylist/designer is valid but as Jaguar highlights 
while specialist focus is important the value of a wider perspective and understanding 
can prove commercially very effective, and a valuable skill for both engineering and 
design graduates. The industrial landscape is becoming increasingly complex and an 
greater awareness of context, beyond a specialist area is an important additional skill for 
a graduate engineer, highlighted by Spinks et all [8] who discuss the increasing 
complexity and interdisciplinary nature of the industrial work place; 

“One implication of this trend is the need for engineers who can manage 
complex value chains, involving a wide range of stake holders, both 
internal and external.” Spinks 2007. 

 
The introduction of the automotive clay project seeks to expand the understanding of 
the wider design process. 
One of the most valuable lessons of the practical projects was the greater awareness of 
the different professional roles along the spectrum, that of engineering or stylist 
viewpoint, which was best learnt by doing, the practical experience proving very 
effective (figure 4). Learning through doing enabled students to explore and experience 
the real time challenges of the design process, with the automotive clay an ideal 
learning medium for technical requirements of packaging and specifications in 
combination with the more subjective aesthetic sculptural skills.	  	  	  
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The teaching approach of practice based learning through a CDIO™ approach built on 
current industry practice, which highlighted some valuable examples of best practice 
through students showing greater understanding of the critical design to engineering 
spectrum.  
 
 

 

Figure 4. The Design Spectrum required for automotive success 

Clearly the automotive industry increasingly recognises the importance of cross-
disciplinary working and collaboration with the development of roles such as Concept 
Engineers. The two academic case studies show the potential for practice-based projects 
to expand students understanding, of not only a specific design skill, but importantly 
where that may fit into the wider more complex design process. Understanding the 
academic examples of designers and engineers learning through practice highlights the 
value of such practical, real world learning. 
After the success of this first project at Aston University further design projects are 
planned. Through the CDIO™ practice based learning approach, with collaborative 
input from industry, modules will build students awareness of associated roles in design 
in context to their own specialist area of study. 
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