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Abstract: the creation of well designed products is widely acknowledged as an important
contributor to company success. In principle, an effective design process, as part of the wider
new product development (npd) process, should result in well designed products. This paper
presents a tool to enable a design team to evaluate their design process in a workshop setting,

with a view to targeting improvements.

This tool is based on literature and has been iteratively developed using a mixed research
approach, including detailed exploratory cases and application in action research mode.

The resulting tool comprises two main components. A ‘process audit’ based on process
maturity principles, which targets the design related activities in npd. The process audit
enables a company team to identify improvement opportunities in the design process. A
product audit enables perceptions towards product characteristics to be assessed. The audit tool
does not seek to be a benchmarking tool, but aims to capture ‘good design’ principles in a form

which is accessible and useful to practitioners.

In use, the tool enabled managers to balance their concern with meeting budget and timescale
demands against the importance of producing well designed products. By first focusing on the
tangible output of the design process — the product — practitioners are better able to understand
the way in which design decisions influence product usability, desirability and producibility.

Evidence from cases confirms the value and originality of this tool.

Previous tools addressing product development have focused on strategic and managerial
concerns. This novel assessment tool focuses explicitly on design issues, within the wider

context of npd.
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A TOOL TO EVALUATE DESIGN PERFORMANCE IN SMEs

ABSTRACT

The creation of well designed products is widely acknowledged as an important contributor to
company success. In principle, an effective design process, as part of the wider new product
development (NPD) process, should result in well designed products. This paper presents a
tool to enable a design team to evaluate their design process in a workshop setting, with a view
to targeting improvements.

Approach

This tool is based on literature and has been iteratively developed using a mixed research
approach, including detailed exploratory cases and application in action research mode.
Findings

The resulting tool comprises two main components. A ‘process audit’ based on process
maturity principles, which targets the design related activities in NPD. The process audit
enables a company team to identify improvement opportunities in the design process. A
product audit enables perceptions towards product characteristics to be assessed. The audit tool
does not seek to be a benchmarking tool, but aims to capture ‘good design’ principles in a form
which is accessible and useful to practitioners.

Value to practitioners

In use, the tool enabled managers to balance their concern with meeting budget and timescale
demands against the importance of producing well designed products. By first focusing on the
tangible output of the design process — the product — practitioners are better able to understand
the way in which design decisions influence product usability, desirability and producibility.
Evidence from cases confirms the value and originality of this tool.

Value to theory

Previous tools addressing product development have focused on strategic and managerial
concerns. This novel assessment tool focuses explicitly on design issues, within the wider
context of NPD.
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INTRODUCTION

‘Good design’ is a significant source of competitive advantage, both in markets with mature
products and for highly innovative technologies [Walsh et al 1992, Lorenz 1994, Moultrie et al
2002, Kotler & Rath 1984]. In a review of 60 small engineering firms, Black & Baker [1987]
determined that those with a strong ‘design orientation’ also exhibited high growth. Walsh et al
[1992] identified a generally positive relationship between ‘design consciousness’ and
commercial success (profit margin). In a follow up study [Roy 1999], it was concluded that
growing firms used more external design expertise, had a more positive attitude towards
product design and were more innovative. In a survey of 800 UK companies, Sentence [1997]
established a positive relationship between business performance (profitability, exports and
growth) and design expenditure. Significant empirical evidence supports the view that a strong

design capability is important to business success.

However, many SMEs face specific challenges in the design of new products. Many critical
design-related activities are often poorly performed in small companies [Huang et al 2002].
Resource limitations and perceived barriers to involving external specialists result in ‘silent
design’ [Gorb & Dumas 1987] where engineering or marketing staff undertake aesthetic and
ergonomic design work themselves [Norman 1998]. This principle can be extended to include
other market and user focused elements of the design process; ‘silent marketing’ [Moultrie et

al 2002].

In addition, many New Product Development (NPD) processes emphasise the attainment of
managerial objectives such as time to market, project spend, risk reduction and unit cost
[Wheelwright & Clark 1992, Cooper 1993, McGrath 1996]. But, it is still possible for a highly
efficient process to result in products which are difficult to use, look terrible and are costly to
manufacture. As companies gain better control over selecting and managing projects, attention
must focus on the delivery of high quality products. Walsh et al noted that “product design is a
crucial but often neglected and misunderstood activity in the performance of firms and
economies” [Walsh et al 1992].

This paper describes the development of an audit tool to enable practitioners in SMEs to assess
design performance, and take a wider view of the importance of ‘good design’ issues.
Following a brief overview of the research methods, the two components of the audit tool
(process audit and product audit) are individually described, followed by a brief summary
applying the audit tool in three cases. Wider implications for practice, theory and further work

are then discussed.
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METHODS

This research resulted in a tool for assessing design performance in SMEs, with a view to
improving the ultimate outputs of the design process. This ambition was consistent with the
general aims of design research which not only aims to develop understanding about the
phenomenon of design, but also “to improve the chances of producing a successful product”
through the development and validation of design methods [Blessing et al 1995]. Swann notes
that “design deals in human interactions with artefacts and situations that contain a great deal
of uncertainty. Design research is tied to a domain that derives its creative energy from the
ambiguities of an intuitive understanding of phenomena” [Swann 2002]. Accordingly, the
design audit tool has been developed iteratively, following an applied research methodology,
through four iterative phases of exploration, tool development, tool application and reflection
[Eckert et al 2003].

e Phase 1 — exploratory study: literature and exploratory cases confirmed the need for a tool
to support improved awareness of good design issues. This exploratory phase included
four longitudinal cases to explore design issues throughout the product development cycle,
identify good design issues in practice and explore attitudes towards design. The cases
were chosen from a shortlist of around 20 companies, based on appropriate company size,
culture, sector and location. In each case, the company was an SME, operating in a
business to business sector. Data was captured through regular progress meetings,
anecdotal observations, project documentation and a semi-structured interview at the end

of each project.

e Phase 2 - tool creation and feasibility: a prototype ‘process audit” was developed, based
upon findings from phase 1, in addition to further expert input. This first prototype was
subjected to a preliminary evaluation; to ‘sense-check’ its content and construction via six
semi-structured interviews with industrialists. This small study confirmed the basic
viability of the approach as well as informing the content and structure of the audit;

including errors of omission, commission and organisation of information.

Following initial modifications, the tool was then applied in three live cases, following an
action research approach [Platts 1993] to establish the feasibility [Canez 2000], usability
and utility [Neely 1993] of the tool. After each application, the results were reviewed and
modifications were made as appropriate. Multiple data sources were used in each case,
including verbal feedback from all participants, structured feedback questionnaires, post-
workshop reviews and researcher observation. An additional researcher-observer was also

present at each workshop, to provide an independent perspective.

page 5 of 35



Phase 3 — tool development: based on feedback from the feasibility phase, modifications
were made to the audit tool and the delivery process. The most significant change was the
introduction of the ‘product audit’ as a pre-cursor to the ‘process audit’. The revised audit
tool was then applied in a further three companies, again being assessed for feasibility,

usability and utility.

Phase 4 — validation: finally, the audit tool was exposed to a wider audience from ten
organisations to validate findings from the development phase. In each case, the
respondents were given a copy of the full design audit (in the form of a ‘workbook”)
before being asked to make comments Results from semi-structured interviews and written
feedback were incorporated into a final version of the audit tool. A full list of cases is
provided in Table 1.

[TABLE 1: Summary of cases ABOUT HERE]

During this development cycle, the design audit progressed through 3 substantial revisions

affecting the underlying architecture of the tool, with over 40 smaller modifications to

individual details including activity descriptions, graphical layout and delivery procedure. The

research sequence, cases and audit tool revisions are illustrated in figure 1.

[FIGURE 1: Research process and audit tool revisions ABOUT HERE]

Methodological issues

Three major methodological concerns were considered during the research; causality,

generalisability and the impact of the researcher:

Influence of the researcher: in the delivery of a tool or procedure, the facilitator may
influence outcomes due to their personal knowledge, skills or characteristics. This concern
was addressed wherever possible by using different facilitators with varying degrees of
expertise. However, as a pseudo-experiment, there were no true control groups against
which to evaluate the influence of different researchers, nor was there sufficient time or
resources to adopt this approach. Thus, workshop participants were directly requested to
consider the influence of the facilitator on the effectiveness of the tool during feedback
after interventions. This feedback also served to reduce the potential for researcher bias in

interpreting the impact of the tool.

Direct causality: in the development of a novel tool, it is difficult to attribute any observed
effects to the procedural intervention itself [Maslen & Lewis 1994]. Specifically, it is
difficult to assess whether any observed changes are a result of the procedure or the effect

of time just thinking about the problem under consideration. Acknowledging this potential
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limitation, feedback on the usefulness and usability of the design audit was generated
using a variety of inputs, including structured feedback, researcher observation and post-
workshop interviews. These interviews enabled more reflective comments, once the
immediate perceptions to a workshop session had passed. Where possible, feedback was
also gained from independent observation. Through ‘triangulating’ these multiple inputs, it

was possible to address the issues of causality as far as is reasonably possible.

e Generalisability: accepting that a general goal of research is to develop generaliseable
knowledge, then a key limitation of action research methodologies is the necessity to focus
on implementation in a small number of companies [Warmington 1980]. It is unlikely that
a specific procedure will prove useful in all organisations, and thus it is difficult to
generalise the possible effects of a procedure. The design audit has been created to raise
awareness of design issues in SMEs and in a sense contains an inbuilt contingency
framework. It is not expected or desirable for example that all companies exhibit leading
performance in all areas. Different responses to audit questions would be expected in
different contexts, including volume of manufacture, company size, company sector or
culture. Nonetheless, a potential limitation of this work is that there may be difficulties in
demonstrating the external validity or generalisability of the procedure [Gill & Johnson
1997]. The inclusion of a final validation phase, to gain wider industrial feedback goes
some way towards addressing this concern [Scandura & Williams 2001]. Finally, potential
contingent factors were noted during application to identify any significant implications
for generalisability; including the size and nature of the firm, the industry sector,

technology capabilities and resource availability.

THE PROCESS AUDIT

As a multi-functional activity, with inherently unpredictable outcomes, New Product
Development (NPD) is acknowledged as being risky, difficult and highly complex [Cooper
1993]. Whilst it may be possible to achieve a successful outcome once, through a mixture of
luck, perseverance, perspiration and inspiration, it is much more difficult to repeat success
again and again. Wheelwright & Clarke [1992] claim that in order to respond effectively to
increasing market, technical and business uncertainties, NPD needs to be clearly structured,
rapid and highly productive. It is generally accepted that the likelihood of success is
significantly increased if some form of structured process is followed. But, what are the

characteristics of a ‘good’ design process and what might an effective process look like?

The process of product creation is generally described from two perspectives; the design
process and the NPD process. Whilst clearly related, there is a subtle difference between the

two. Design processes can be applied to all types of creative activity, whether individual, as
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part of a design team or as part of a commercial organisation. In manufacturing businesses, the
design process describes a sequence of ‘technical activities” and does not (generally) provide
any managerial framework; to control risks, to support ‘go/no-go’ decisions or enable
investment analysis [Otto & Wood 2001]. The focus of the design process is thus on the
generation, evaluation and implementation of solutions. In contrast, the NPD process aims to
ensure the appropriateness of these solutions to the business. Thus, the design process is subtly
different to the NPD process. Otto and Wood [2001] aimed to differentiate between the two:

The NPD process is ... “the entire set of activities required to bring a new
concept to a state of market readiness ... including everything from the initial
inspiring new product vision, to business case analysis activities, marketing
efforts, technical engineering design activities, development of manufacturing
plans, and the validation of the product design to conform to these plans, through
to the development of the distribution channels for marketing and introducing the

product.”

The design process is ... “the set of technical activities within a product

development process that work to meet the marketing and business case vision”

Thus, the ‘design process’ can be viewed as an essentially technical process. In contrast, the
NPD process, emphasises strategic and managerial issues, to ensure that the right type of

product is developed and managerial targets are achieved [Bruce et al 1999].

The boundaries between the two are clearly fuzzy and it can be difficult in practice to
distinguish design activity from the many other activities that it supports in the NPD process
[Nixon 1999]. The distinction however is important in the development of an audit tool which

seeks to focus on design issues in an NPD context.

Assessing design process performance

Process maturity approaches have emerged as an effective way of capturing ‘good practice’
knowledge in a form which also supports improvement initiatives and have been applied to a

variety of business issues [Fraser et al 2002]. Process maturity can be defined as

The degree to which a process/activity is institutionalised and effective [Dooley et
al 2001,Paulk et al 1993]. Maturity assessment helps to predict an organisation’s
ability to meet its goals [Paulk et al 1993] and provides guidance on targeting
improvement [Chiesa et al 1996] by describing the progression of performance

through incremental stages of development.

There are two general approaches to developing maturity based assessment tools; Maturity

grids and Capability Maturity Models.

page 8 of 35



Maturity Grids aim to communicate a few basic principles in a simple but effective way
[Crosby 1979]. For a given activity, typical levels of behaviour exhibited at different maturity
levels are described. The grid aims to codify what might be regarded as good (and bad)
practice along with a number of intermediate or transitional stages. There is generally no
attempt to prioritise one activity over another, or to aggregate scores into an overall maturity
rating. Several grid based audit tools have been developed for assessing various aspects of

product development:

- Product & cycle time excellence [McGrath et al 1996]: NPD process audit with 7 elements
described at 4 maturity levels. The tool emphasises project management and project

generation issues.

- R&D Effectiveness audit [Szakonyi 1994]: consisting of 10 ‘R&D’ activities described over

6 ‘maturity’ levels using insights from industry.

- Project management audit [Ibbs & Kwak 2000]: consisting of 148 multiple choice
guestions covering eight knowledge areas and six project phases.

- Technical innovation audit [Chiesa et al 1996]: addressing the “managerial processes and
organisational mechanisms through which innovation is performed” and comprising 22

sub-processes described across 4 (undefined) maturity levels.

Capability Maturity Models (CMM) were initially developed to support software development
[Paulk et al 1993] offering a more detailed approach. CMMs benefit from completeness, but at
the expense of accessibility and succinctness. A number product development audit tools based
on CMM principles have been produced. These include tools for assessing product usability
[Earthy 1999], continuous NPD improvement [Caffyn 1997] and project management [Dooley
2001].

The maturity grid approach provides an accessible way of capturing ‘good practice’ issues as
part of a framework for improving performance. Existing audit tools focus primarily on

managerial concerns and none of them specifically address product design related issues.

New Product Development (NPD) success factors

In much NPD research, there is an implicit assumption that an effective product development
process will lead to a strong product. With this in mind, a number of empirical studies have
aimed to establish the factors which will increase the likelihood of success or reduce the
chances of failure. Following some early exploratory studies [Lazo 1965, Booz et al 1968],
Myers and Marquis [1969] studied 567 projects in 120 firms, measuring project success
financially. In 1974, Rothwell et al carried out the first dyadic comparison between successful

and unsuccessful projects [1974]. There have since been a number of further success factor
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studies [including Utterback et al 1976, Cooper 1979, Cooper 1984, Ledwith 1999, Maidique
& Zirger 1984].

In addition, there have been several attempts to collate findings from previous studies, to
establish common success factors [e.g. Utterback 1976, Barclay 1992, Montoya-Weiss &
Calantone 1994, Ransley & Rodgers 1994, Griffin 1997, Lilien & Yoon 1989, Balbontin et al
1999, Ernst 2002, Brown et al 2003]. These meta-analyses are useful in highlighting the
different approaches to clustering success factors based on the perspective and interests of the

researchers.

To inform the audit tool, outputs from 47 such success factor studies were reviewed to
establish the recurring themes. Dominant factors include cross functional involvement, and
user understanding. Top management support is frequently cited as a success criteria, although
in many SMEs the senior managers are arguably excessively involved [Dickson et al 1995].
Collectively, these factors emphasise the importance of managing the process as the key to
success. Some early stage design issues are prominent, but the remainder of the design process
is only rarely mentioned. Factors relating to ‘good design’ are only evident in the apparent
importance of strong product differentiation and unique product features. However, whilst it
may be obvious that clear differentiation is a vital ingredient of competitive success, there is
little attempt to identify which aspects of the design mix are appropriate in generating

uniqueness or differentiation in different contexts.

Design processes activities

To address the managerial bias of NPD success factor studies, activities represented in design
processes were also reviewed. Interestingly, there have been no success factor studies

explicitly aimed at the design process.

Representations of the design process can be classified as either descriptive or prescriptive
[Cross 1998]. ‘Solution focused’ descriptive models suggest the early proposal of a ‘straw
man’ solution for subsequent evaluation, refinement, development or abandonment. In
contrast, prescriptive representations tend to be ‘problem focused’ and are often based on
views of ‘good practice’, providing a highly detailed and systematic sequence of activities, for
the practitioner to follow if desired [Cross 1998, Pugh 1996, Pahl & Beitz 1996]. Prescriptive
models tend to be represented as a linear progression, sometimes with feedback loops or

overlapping stages to indicate iteration [Cross 1998, Pugh 1996].

While there is no overall agreement on a specific instantiation of the design process, it is

possible to establish some common elements. Eight well established ‘design’ processes

[including Otto & Wood 2001, Cross 1998, Pahl & Beitz 1996, Urban & Hauser 1993, Ulrich
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& Eppinger 2000] were compared, to identify recurring activities as a key input into the

development of the audit tool.

In general, the NPD and Design communities place most importance on pre-development
activities, including the need for strong market and customer intelligence. There is less focus
in the NPD domain on issues such as prototyping and creativity. Within the ‘design’ domain
however, there is very little consideration of project management issues, such as the generation

of a ‘business case’ or the need for project authorisation.

The process audit

Based on literature and findings from cases, a process audit tool was iteratively developed,
constructed in the form of a maturity grid [Crosby 1979] of 24 Key Design Activities. During
development, the audit tool went through a number of major and minor revisions. The final
audit tool comprises 10 management related activities and 14 design related ones was found to
be usable, useful and complete.

The process audit classifies performance against 4 maturity levels, with 5 key ingredients to
each level: benefits perceived in the activity, people involved, timing, the degree to which the
activity is formalized and the level of expertise. This structured approach helped to ensure

consistency in description of performance across activities.

The process audit is presented in two forms; summary grids and detailed grids [Fraser et al
2001]. The summary grid captures the performance of each activity in a simple statement,
designed to be succinct and to the point. The detailed grids expand on this heading to provide a
richer description, based around the elements of maturity. An example summary grid is
illustrated in Figure 2. An example detailed grid is illustrated in Figure 3. Summary grids for

the whole audit tool are included in Appendix 1.

[FIGURE 2: Example summary grid of process audit for ‘requirements capture’ ABOUT
HERE]

[FIGURE 3: Example detailed grid of process audit for ‘market segmentation’ ABOUT
HERE]

The process audit has been designed for use in a workshop setting, taking about half a day,
with representatives from a variety of functional groups. Workshop participants are first
introduced to the range of activities and asked to identify any which in their view might be
missing. Participants are then asked to score current performance and identify opportunities for
improvement. Various strategies for scoring current performance have been tried. In early
applications, individual participants scored each activity alone, and later collated responses to

identify activities for further discussion. This approach is effective in highlighting differences
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in opinion, but can also be divisive. In later applications, participants have been split into sub-
groups to discuss each activity, using the summary and detailed grids to agree scores for both
current performance and desired future performance. These sub-groups then share views and
discuss alternative priorities. This approach has proved more useful in generating practical
outputs. The workshop culminates with the capturing and prioritisation of actions for
improving the design process.

THE PRODUCT AUDIT

Several of the NPD success factor studies cited product related factors as contributing to
success. Utterback et al [1976] noted that a product must have “advantage over the competition
in a key aspect and moderate advantage in several aspects”. Other product factors include
technical superiority [Booz et al 1968, Balbontin et al 1999], clear benefits [Ernst 2002] and
product unigueness or novelty [Cooper 1984, Page 1993, Mishra et al 1999]. Surprisingly
however, product appeal, ease of manufacture, aesthetics and ergonomics are not noted, as it is
through these characteristics that differentiation and superiority are achieved. Lorenz [1994]
argued that conventional means of differentiation (cost and quality) are now ‘entry tickets’ and
that product appearance and character are now the key to producing meaningful differentiation.
Nixon [1999] specifically mentions that the relative importance of product aesthetics as a
primary differentiator in crowded market segments. Most insightfully, Rutter & Agne [1998]
conducted a survey of 80 consumers to explore attitudes towards ‘good design’ and concluded

that customers seek products which ‘look good and work well’.

Given the lack of academic consensus over the attributes of a well designed product, the
judging criteria of 17 major international design awards were reviewed. Awards included: the
Australian design awards, German Red Dot awards, Japan G mark, German IF design awards,
Italian Golden Compass awards, Korean Good design award and the IDEA design awards in
the USA.). Different judgment criteria were clustered to identify common themes. In order of
frequency of occurrence, the dominant judgment criteria are: Usefulness, Ergonomics,
Novelty, Aesthetics, Technical and engineering quality and product economics. Literature
exploring each of these characteristics in detail was reviewed to establish the underpinning

content of the product audit.

The product audit

Based on literature and case evidence, a product audit tool was iteratively developed, which
captures elements of ‘good design’ from a product perspective. The product audit has 7 main
components as described below. These were chosen to reflect the different levels of the ‘design
mix’ [Kotler et al 1996] and to reflect the dominant themes of the major international design

awards.
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- Core benefits: A brief assessment of the underlying need for the product, its degree of
functionality, the availability of alternative solutions and its perceived value in the
marketplace [Cagan & Vogel 2002, Harkins 1994].

- Engineering quality: Capturing the degree to which performance meets expectations,
perceived reliability, build quality and product durability [Hertenstein 2001, Walsh
1992].

- Product usability: Assessing the ease with which a user can begin using a product, its
ability to be maintained and cleaned, the clarity of the interface (cognitive usability) and

its physical usability (size, shape and forces) [March 1994, Jordan 2000].

- Product desirability: Considering issues of visual clarity, visual order, sense and
harmony, the product’s symbolic value and the emotional responses delivered [Crilly et

al 2004]. An example worksheet is illustrated in Figure 4.

- Product producibility: Addressing component manufacture, assembly and test and
platform / modularity concerns [Bralla 1998, Galsworth 1994, Meyer & Lehnard 1997].

- Product profitability: Enabling the assessment of revenue, production costs, selling and

support costs, profit and market share compared to expectations.

- Product novelty and differentiation: Enabling the assessment of each element of the

‘design mix’ for novelty and to establish the key product differentiators [Utterback
1976, Mishra et al 1999].

[FIGURE 4: example product audit worksheet — product desirability ABOUT HERE]

The product audit enables a largely subjective assessment of perceptions towards the object.
Semantic difference scales provide an appropriate way of capturing perceptions towards
products, by providing two opposing descriptions of key characteristics. This approach also
has the benefit of enabling key ‘good design’ issues to be captured, both in the choice of

characteristics and in the description of the opposing scales.

When used in a workshop setting, it has been found to be beneficial to compare and contrast
two dissimilar products. This helps provide a baseline score against which the company’s own
product can be compared and improves objectivity. A typical product audit workshop takes

around half a day, involving a multi-functional team.

There are 3 ways in which the results of the product audit are captured. Firstly, perceptions of
current performance are mapped against perceived customer importance. Secondly, product
strengths and weaknesses are captured and finally, proposed design improvements are

captured. The full product audit is illustrated in Appendix 2.
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SELECTED CASE EXAMPLES

The design audit has been applied in a range of industrial settings, as outlined in the methods
section. Early applications centred on the process audit. Later applications also introduced and
developed the product audit. The three cases briefly outlined below, are taken from different

stages of the audit tool development.

Case M: Security Electronics

Company M was a leading producer of electronic test equipment for use in security markets.
Established in 1978, the company was growing and employed around 50 people with a
turnover of approximately £3m. The company had traditionally competed in a niche market
through technical innovation and technology leadership. However, as the market has matured,
competitive pressures were raising the importance of ergonomic and stylistic issues. The
company was located on a single site, and undertook most design, development and production
activities in-house. Their only previous experience of using industrial design was unsuccessful,

with the results not justifying the expenditure.

Initial contact with company M was made at a 1 day design seminar, at which they expressed
interest in the design audit approach. With senior management approval, a design audit
workshop was carried out, involving ten people from across the business. As a result, two
subsequent training sessions were held, focusing on market/user understanding and the product
specification. In addition to these formal engagements, occasional meetings were held to
maintain contact, review progress and gain feedback. Finally, a year after the initial meeting, a
formal wrap-up session was held to establish opinions on the longer term impact of the design

audit.

Company feedback was generally positive, with favourable comments on utility, usability and
feasibility. The design audit appeared to offer genuine practical benefits. The company team
identified several opportunities for improving their design process and undertook subsequent
training as a result. They viewed the content, structure and presentation of the tool to be
appropriate, with no obvious errors of omission or commission. Improved teamwork and
communication were nominated as the major improvements as a result of the design audit.
There was some evidence of product improvement with the release of a new product with
improved aesthetics and ergonomics, although direct causality was difficult to prove. There
was also longer term evidence of improvement, including the appointment of a marketing

coordinator to support product development and improved cross functional communication.

The process audit satisfied the tests of usability and feasibility, although there was a sense that

the procedure was potentially repetitive. Alternative key design activities were also suggested.
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The audit satisfied the company objectives to improve communication and help formalise the

NPD process.

Case N: Medical lasers

Company N was relatively young, founded in 1991 pioneering the use of diode lasers for
medical applications. Over 12 years, the company had grown substantially, through the launch
of new products and acquisition of complementary companies. Company N had a head office
in the USA, with a research and development facility in the UK. This local facility had a
turnover of around £6m and employed roughly 70 staff. The company incorporated its
proprietary laser technology into a number of clinical products, which in turn addressed a
growing market for non-invasive treatments for many ailments, from cancer to dermatology.
As technology leaders, the company’s products were differentiated through performance and
service provision. However, whilst entry barriers were high, new entrants were challenging the
company’s market leading position. Thus, the company was beginning to consider other ways

of differentiating its products.

The Engineering Director expressed interest in the design audit following a presentation at an
evening workshop. He believed that the audit approach would help him gain cross functional
support for improvements to the company’s product design process. As a relative newcomer to
the company, he wished to increase the formality of the process, but with grass-roots
consensus for these changes. Following two meetings with the senior management team, a

design audit workshop was planned.

A design audit workshop lasting half a day was held, with ten participants. Before the
workshop, participants had been asked to assess the design process and a product, using a
slimmed down version of the product and process audit tools. Responses were reviewed,
before investigating several activities in more depth. The product audit highlighted weaknesses
in design for manufacture, which was later confirmed following the process audit. The team

also identified opportunities for improving user understanding.

Feedback from the participants was mixed. The overall process was felt to be valuable, but the
assessment process was judged to be tedious. The inclusion of additional key design activities
had detrimentally affected the usability of the tool. However, the product audit had been
effective. Improvements were needed to the delivery procedure and several elements of the

process audit required changes to improve clarity.

Case P: Agricultural machinery

Company P has existed for over 30 years, and has an annual turnover of around £9m,
employing approximately 130 staff. Roughly ten percent of the workforce was involved in the

generation of new products and customising standard products to meet specific customer
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needs. The company had been owned and managed by the founding family throughout the 30
years. The company began by developing novel machinery for farmers and has gradually
expanded its product range, to produce and install systems for sorting, cleaning and packing
root crops; including potatoes, carrots, onions and parsnips. In this specialised market, the
company competed by offering leading technical features and delivering reliable machinery at
a competitive price. In addition, they provided customers with a full after sales offering.

The newly appointed engineering director (son of the company founder) became interested in
the design audit with a view to increasing the competitiveness of their products and improving
the new product design process. Although technically leading, their product range was
beginning to suffer from new market entrants, and as a result had falling gross margins.

Following an initial meeting with senior management to clarify objectives, the complete design
audit was applied over two workshops, each lasting a whole day. Both workshops were
attended by 10 members of staff representing all facets of the business. In the first workshop,
the cross functional team assessed a current product to establish strengths and weaknesses,
potential improvements and key differentiators. Product producibility and usability were both
identified as priorities for improvement. Outputs from this stage informed the process audit,
which targeted design for manufacture, user involvement and product specifications as key
areas for improvement. The delivery of the process audit was revised, to combine both
summary and detailed grids. This reduced repetition and improved overall understanding.

As a result of both workshops, the company revised its product development process, to
address the issues raised. The company also implemented several design changes to the
product under assessment; addressing aspects of benefit to both the company and their

customers.

Feedback was extremely positive, with utility, usability and feasibility all scoring highly. The
audit tool successfully raised awareness of good design issues and encouraged the participants
to take tangible action. Both the product and process audits were judged as useful, although the

product audit was marginally preferred.

The management team was delighted with the outputs of the workshop series and further

training in design for manufacture for low volume manufacture was requested.

DISCUSSION

Through a process of application, review and modification, a robust model of ‘good design’ in
the form of a design audit tool has been developed capturing both product and process

perspectives (Figure 5).

[FIGURE 5: Structure of the design audit — product and process ABOUT HERE]
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Initially, the “process audit’ aimed to encourage a more holistic approach to design to (in the
long run) create better-designed products. This process based view helped raise general
awareness of design issues, but failed to have a significant impact on the actual design of
products. Case companies remained pre-occupied with perennial managerial issues, such as
teamwork and communication. In later applications, by first assessing the design of an existing
product, discussions on the design process then became more useful.

The process maturity approach enables an assessment of current performance and also
indicates opportunities for possible improvement through the codification of ‘good’ and ‘not
so good’ practices, derived from literature and case studies. The maturity grid is able to capture
a range of practice, described in language which is familiar to the practitioner. In contrast,
yes/no checklists offer a binary response to a good practice statement and Likert-scale
guestionnaires only provide description of performance at the extremes. It was assumed that
the increased granularity and precision of the maturity grid would result in a high degree of
consensus between different respondents. However, despite fairly precise descriptions of
performance at each level of the process audit, individuals in companies still have greatly
differing opinions over current performance. This highlights the inherent unreliability of any
single respondent assessment and demonstrates the value of the tool in generating discussion
and raising awareness. It also indicates that the tool would be inappropriate for benchmarking

performance between companies.

The product audit draws on a wide array of sources, including product aesthetics, design for
manufacture, and ergonomics. Due to space limitations, these are not expanded upon here. The
product audit has proven successful in encouraging a more user centred view of product
design. Before using the product audit, good design is often viewed parochially in terms of
profitability or producibility. By taking a more structured view, with an emphasis on customer
perceptions, greater emphasis is given to the softer elements of the design mix, such as

aesthetics and ergonomics.

Implications for practice

Companies must continually introduce new products to market, to remain profitable in the face
of competitive activity and technological change. Effective products should improve the
satisfaction of consumers and users, whilst also resulting in improved business performance.
There is both anecdotal and empirical evidence of the value of good design. However, many
small companies face specific challenges in the design of new products, often resulting in
technically adept products which are either difficult to use or are not desirable to the target
audience. Conversely, an attractive product may be let down by poor design for manufacture
or weak technical performance. These product deficiencies are indicative of a lack of

awareness of the importance of good design and the limited adoption of good design practices.
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Recognising these issues, the design audit has aimed to capture key aspects of the design
process which are essential and are often underperformed. The complete product and process
audit thus provides practitioners with a simple way of understanding current capability and
mapping actions for possible improvement. Specifically, the audit tool aims to balance the
need to consider managerial concerns against the importance of good design, the key design
activities and the characteristics of well-designed products. Before application of the design
audit, there was no evidence of structured reflection or evaluation of design performance in
any of the case companies. Where firms did evaluate performance, it was solely against

time/spend targets. There was little evaluation of how well design work was being performed.

Throughout this research, a range of small-companies were involved, largely from the
industrial goods sector. In additional to the creation of the design audit, these various
engagements resulted in a number of general impressions about the way in which product
design is executed and managed. Whilst these cannot be described as concrete findings, they
do however provide some interesting insights which might inform possible future research and

are described briefly below:

o Silent marketing: Almost without exception, ‘inbound’ marketing activities (e.g. market
research, competitive analysis etc.) were poorly performed. The marketing staff (when
there were any at all) were typically acting as ‘sales support’ engaging in ‘outbound’
marketing activities (advertising, PR, technical sales etc). As a result, there was an over-
reliance on managerial gut-feel, occasionally calibrated by experience in the industry.
Where market analysis was carried out, it was generally performed by people with little
experience or skill in that area (‘silent marketing”) and in several companies, the marketing

personnel had been promoted from administrative roles.

e Insufficient user/customer involvement: Closely related with underperformance in
marketing activities was the general reluctance to actively involve users (or customers) in
product creation. Efforts to really understand the motivations of users were often half-
hearted, and served to provide justification to decisions already made. Several companies
expressed reservations in involving customers to assess original concepts due to concerns
over intellectual property and commercial confidence. However, this fear was often
misguided as rapid competitive response was in most cases unlikely and the benefits of user

feedback far outweighed any potential risks.

o Limited resources: The limited resources available to the companies meant that they were
unable to simultaneously develop a portfolio of high risk, medium risk and safe projects as
would be recommended in traditional R&D management texts. Furthermore, SMEs do not

have the luxury of developing new technology ‘off-line’ to be later incorporated into new
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products. As a result, they erred towards the safer projects, which were typically
incremental developments of existing offerings. Furthermore, it was apparent that the
product development process generally prevented the riskier projects by presenting hurdles
which could not easily be overcome.

Organisational turbulence: Constant changes in company ownership, senior management
structure, location and financing arguably had a far greater influence on product
development than external factors (such as competitive activity). This was especially
evident in the companies which had undergone significant organisational change. With
each change, the priorities were reassessed, the strategy changed and the flow of new
products was disturbed. As a result, the need for each new project to succeed increased and

the desire to take on risks correspondingly reduced.

Poor design for manufacture: Although the basic design for manufacture principles are
well established, there was little evidence of any formal design for manufacture and even
less proactive product platform planning. This was manifest by the general reluctance of the

development teams to estimate the likely unit cost of a new product.

Changing role of industrial design: Most of the companies were (perhaps justifiably) wary
of the expense of external industrial designers. Few of the companies were aware of the
sophistication of many of the design firms and their ability to deliver far more than a ‘pretty
box’, including comprehensive engineering services and thorough user and market
research. These external skills potentially offer many small companies the opportunity to
enter new markets and develop more radical products than their internal resources would be

capable of.

Quality to market: Finally, several managers had clearly been influenced by some of the
high profile product development research findings; notably, the time-to-market
perspective. It was apparent in several companies that time (and to a lesser extent spend)
were not the critical factors. Almost without exception, the more important requirement
was the need to deliver high quality products to market. However, in several cases,
managerial attention on ‘stages’ and ‘gates’ resulted in less focus on the design itself, with

the knock-on effect of expensive re-work and poor market response.

Implications for theory

Two perspectives have largely dominated research in new product development; ‘success

factors’ studies [e.g. Rothwell et al 1974, Montoya-Weiss & Calantone 1994] and ‘stage-gate’

style processes [e.g. Cooper 1993]. Both of these perspectives reinforce the prevailing wisdom

that ‘success’ is a function of an effective new product development process. Moreover, there

is an implication that it is the management of this process which is critical. Whilst these ideas
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have made a substantial contribution to the understanding and practice of product

development, there is also evidence that they are insufficient.

The outputs of many NPD success factor studies seem to suggest that a well managed process
is the key route to success. The need for that process to deliver exceptional products is often
overlooked. Several studies identify ‘product superiority’ [Montoya-Weiss & Calantone 1994,
Ernst 2002] as a key factor, which is in many ways somewhat tautological. To be truly useful
to practitioners, some sense of how this superiority is to be achieved is essential. There is thus
an opportunity for new product development success factors to be derived from a product as
well as a process perspective. There is also some evidence that the factors quoted are
incomplete. Many empirical studies for example have confirmed the positive relationship
between a design orientation and commercial success [Hertenstein 2001]. Others have more
specifically identified industrial design as a key contributor [Gemser 2001]. In addition, the
environment in which innovative activity occurs may influence team work [Lewis & Moultrie

2005]. However, these elements are overlooked in almost all NPD success factor studies.

By emphasising the importance of managing the product development process, the need for
that process to deliver exceptional products is often overlooked. It is evident from the
exploratory cases and from the application of the audit tool that to develop excellent products,
there also needs to be sufficient emphasis on the design process. Management controls, checks
and measures need to be complemented by high quality ‘design thinking’. Product
development research needs to be more explicit in distinguishing between these
interdependent, but essentially different elements. By making this distinction explicit, NPD
research could reflect practice more accurately and provide greater benefit to practitioners by

offering a more comprehensive approach.

Even though NPD has been studied for almost half a century, many of the lessons are only
gradually being adopted in practice [Cooper 1999], especially in SMEs [Brown et al 2003]. In
1992, Barclay [1992] surveyed around 149 companies and concluded that only 7% of
managers were familiar with the results from the major academic studies. Even when
managers are aware, changing product development practices can be challenging when
inhibited by ingrained stereotypical behaviour and training [Karlsson 1996]. Success factor
studies however are only the tip of the iceberg of the body ‘good practice’ literature. Much of

this literature is functionally biased and is (relatively) inaccessible to practicing industrialists.

Maturity approaches to assessing process capability provide a way of capturing such good
practice principles in an accessible form which leads to action for improvement. A number of
maturity based tools have been devised for product development issues. However, existing

approaches have focused largely on managerial concerns. Thus, this research sought to
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develop a design audit tool to capture these good practice issues in a form accessible to

industrialists.

Research limitations & further work

A key strength of the final audit tool is its comprehensiveness, covering a wide range of design
issues. It does not seek to cover these individual issues with great depth — a whole research
programme for example could have addressed the generation of just a product usability audit.
The goal was to produce a usable tool, which meant that a number of difficult judgements had
to be made about which activities should be included and which omitted. Whilst it would be
possible to criticise the tool for errors of omission, the depth and content of the final audit tool
are consistent with the aims of the research; to capture good practice issues in a form

accessible to industrialists.

Process based research approaches aim to result in an empirically supported tool or process for
use in a practical context. This tool should comprise an underlying model of the phenomenon
under consideration, combining concepts, categories, overall architecture and where
appropriate relationships between elements [Blessing et al 1995, Platts 1993]. The model is
then embodied in the tool itself, which seeks to satisfy the desired practical outcomes [Platts
1993, Blessing et al 1995]. The tool is delivered through a process, including the sequence of
events, guidance on facilitation and supporting materials [Platts 1993]. In practice of course,
there is likely to be an intimate relationship between the model, the tool and its delivery
process and variation in one will potentially impact the other. This co-development is hinted at
by Platts [1993] who recognises that in application the procedure will be refined and
developed. In the context of this research, the design audit tool can be viewed in itself as the
vehicle to capture ‘good design’ issues. Thus, the model of ‘good design’ is captured in the
audit tool’s architecture, organisation, concepts and delivery process. Whilst literature and
exploratory cases informed the generation of an initial prototype, this changed through
iterative application, reflection and modification. Thus, industrial application provided

feedback not only about the process, but also about the underlying theoretical concepts.

However, it is important to acknowledge the role of the delivery process on the effectiveness
of the audit tool. Clearly the skills and knowledge of the facilitator can have a substantial
impact on an engagement. Furthermore, the nature of applied research demands a careful
trade-off between the ideal control of variables and the pragmatic need to adapt to the demands
of the case companies. For example, different approaches to ‘warming-up’ the group,
establishing goals, scoring worksheets, collating scores and agreeing actions can all be
influential. It would however have been difficult — and indeed undesirable — to control the
delivery process too rigidly as that would have limited the opportunities for the evolution and

improvement of the process between engagements. Nevertheless every effort was made to
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manage, observe, capture and reflect upon the dynamics of each engagement. This learning
about the dynamics of delivery was incorporated into the practical recommendations in the
final audit tool. These limitations are characteristic of action research and efforts were made to
mitigate any potential sources of error as described earlier. However, the impact of delivery in
the development and application of an assessment tool could form the basis of worthwhile

future research addressing similar themes.

A major challenge in developing a generic audit tool is the reality that a ‘one size fits all’
solution fundamentally ignores the idiosyncrasies of real companies. The design audit aims to
include its own in-built contingencies. A company is given the opportunity to prioritise and
assess the importance of each element. However, further work could explore the use of the

audit tool across alternative sectors.

CONCLUSIONS

A design audit had been described which encourages attention to be focused on the
achievement of well designed products. The combined product and process view produces a
balanced consideration of ‘good design’ issues to complement more traditional project

objectives (cost, time and spend).

By drawing together information from a diverse range of sources, this study hopes to raise
practitioner awareness of good design issues and provides a useful and usable tool to support

managers in improving both products and the design process that delivers them.
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[77] FIGURES & TABLES

PHASE 1:
EXPLORATORY
STUDY

A: Optical medical products

B: Paper handling machinery
C: Medical emergency products
D: Industrial radios

REVIEW

PHASE 2:

TOOL CREATION

& FEASIBILITY

MODIFY

E-J: Initial test cases
K: Consumer Hi-Fi

L: Building supplies

M: Security Electronics

REVIEW

PHASE 3:
TOOL
DEVELOPMENT

APPLY

MODIFY

N: Medical lasers
O: Specialist Hi-Fi
P: Agricultural machinery

PHASE 4:
VALIDATION

Q-Y: Validation cases

Initial
model

Final audit

tool

u

S

Figure 1: Research process and audit tool revisions

Design execution: Requirements capture

Activity Level 1: Level 2: Level 3: Level 4: CSL::r(;?:t Dse;s(;rrzd
None /ad-hoc Partial Formal Culturally embedded (1-4) (1-2)
Market No obvious Price based Per:‘)oarsrzznce Benefits based
segmentation segmentation segmentation segmentation

segmentation

Competitive Little up to date Compare numbers Good Deep.
lvsi competitive on brochures understanding of understanding of
analysis information competitors competitors
P P . ‘Voice of Range of methods
Investigating Rely on anecdote Opinions Customer’ a including empathic

user needs

and opinion

sometimes sought

standard process

research

Ongoing user
involvement

Users rarely
involved

Users sometimes
involved at start

Users involved at
start and end

Relevant
stakeholders
involved
throughout

Product
specification

A poorly defined
wish list

Different market
and technical
specs

A single, testable
specification

Unambiguous
USPs

Figure 2: Example summary grid of prcess audit for ‘requirements capture’
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Market segmentation

“Market definition, segmentation and product positioning based on a clear understanding of customers and their needs”

Level 1:
No obvious
segmentation
* What is market
segmentation?

« No clearly defined
market segments

» Not sure who buys out
products or why

Level 2:

Price based
segmentation

» Segmentation based
on price - ‘top end’,
“middle’ and ‘entry
level

* Some overlap in
products

* No accurate data on
market size and share

Level 3:

Performance based
segmentation

« Segmentation based

on product functionality

or performance

« Clear understanding of
the profiles of
customers in different
segments

» Understand the
competitors in each
segment

Level 4:

Current | Desired
Benefits based score score
(1-4) (1-4)

segmentation

« Segmentation based
on the benefits offered
to different types of
user

» Deep understanding of
the needs of users in
each segment

« Reliable data for each
segment

Figure 3: Example detailed grid of process audit for ‘market segmentation’

Desirability ...

Issue Poor performance Score (1-4) Great performance
No visual novelty - it looks like all the rest 1 2 3 4 vael agsthetlcs giveita §t_rong identity — visually
differentiated from competition
No/too much ‘contrast’ between elements — tone, 1 2 3 4 Just the right amount of ‘contrast’ between elements —
shape, colour, line tone, shape, colour, line
Aesthetics
No sense of ‘order’ to the design - an incoherent and A high sense of ‘order’ to the design — a pleasing
- . " 1 2 3 4 e
inharmonious collection of elements harmony of shapes, material, finish, colour and structure
Its appearance is inappropriate and does not make s -
sense — it just looks wrong! 1 2 3 4 Its appearance makes complete sense — it just looks right!
Ownership has no (or a detrimental) impact on ‘status’ 1 2 3 4 Ownership improves ‘status’ amongst the peer group of
amongst the peer group of target market target market
Symbolism It does not represent or express the tastes or values 1 2 3 4 It accurately symbolises or expresses the values, beliefs
and status of its target market and tastes of its target audience
Appearance is inappropriate for the context or 1 2 3 4 Appearance is appropriate for the intended context or
environment of use environment of use
No clear brand identity or coherence across the full 1 2 3 4 Design reinforces and reflects the company’s brand values
product range and identity
Visual Appearance is inconsistent with expected values - e.g. 1 2 3 2 Design expresses and reinforces specific qualities and
clarity tough, precious, fun etc values - e.g. fast, accurate, tough etc.
Confusing appearance which gives few clues to Appearance helps to clearly describe the product
: 1 2 3 4 - N
describe the purpose and use of the product purpose, function and operation
Feels, smells or sounds horrible — little sensory Feels as good as it looks: Sensual pleasure through
All senses 1 2 3 4 N
pleasure (touch, feel etc) comfort, material or texture
. Little pride of ownership, design is utilitarian and Design inspires a sense of pride in buying and owning — it
Pride N - N 1 2 3 4 N
functional — it gets hidden away may even go on display
Emotional Product produces a negative emotional response — it 1 2 3 4 Product produces a positive emotional response — it
response makes me feel cross, frustrated, angry, upset etc. makes me feel happy, satisfied, reassured etc.

Overall low desirability 1 2 3 4

Overall high desirability

Figure 4: example product audit worksheet — product desirability

page 27 of 35



Project generation
1. Idea generation & management
2. Creative culture & environment

3. Product strategy
4. Project selection

Requirements capture 7. Investigating user needs 7 \\
. X X I Meta product \
o 5. Market segmentation 8. Ongoing user involvement Profitabilit }
I~ X L rofitability
o 6. Competitive analysis 9. Product specification . Goal attainment
< Project objectives /
a . . . Time to market Augmented product
s Concept design 12. Ergonomic design Product performance Prodg ct relategservices
> 10. Concept generation 13. Product architecture design Product quality u
2 11. Aesthetic design 14. Concept evaluation & selection Project spend
= Uit Actual product
S . -
2 Implementation Tecanlcat{JI_Igluallty
a 15. Design for manufacture & assembly  17. Prototyping to reduce technical risks Nsa III Y
16. Prototyping to reduce market risks 18. Evaluation Des?:/:bti‘i/ity
Producibility

Project management

i
1
i
'
Core product
i 19. Product development process P
'
1
'
I
\

'
'
E
22. Managing design targets & metrics \
'
'
I
I
'
;

. Utilit
20. Risk management 23. Teamwork Y
21. Design reviews 24. Specialist design involvement
/
\ / 7

Company perception Consumer perception

of quality of quality
Figure 5: Structure of the design audit — product and process
Case company Sector / Products T/O £m Staff
> A Optical medical products £12.0m 133
‘g 2 B Paper handling and collation £4.0m 80
é,_ ‘ug) C Medical emergency products £5.5m 100
w D Industrial radios NA NA
E Scientific instruments £1.2m 25
E F Industrial ink-jet printing £150m 1500
% G Software £3.0m 45
ﬁ H Design consultancy £1.0m 12
E | Food machinery £20.0m 200
'% J Consumer tools NA NA
g K Consumer Hi-Fi £10.0m 110
E L Building supplies £15.0m 250
M Security electronics £3.0M 50
= N Medical lasers £6.0m 70
E 5% 0 Specialist Hi-Fi £3.5m 30
P Agricultural machinery £9.0m 130
Q Instrumentation: Spectrometers £10m 75
R Instrumentation: Sensors £540m (Group) 660 (Group)
S Instrumentation: Scientific equipment £6m 100
s T Instrumentation: Hygrometers £5m 60
g U Instrumentation: Sensing & control Group £23bn Group 15,000
g \ Consumer electronics: Audio £3.5m 30
§ W Consumer goods: White goods >£20m >200
X Industrial goods: Building supplies £15m 275
Y Consumer electronics: Audio £4m 45
z Design consultancy £0.75m 12

Table 1: Summary of cases
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APPENDIX 1: PROCESS AUDIT SUMMARY GRIDS

Design execution: Requirements capture

Activity Level 1: Leve! 2: Level 3: Level 4: Cslg(;‘f:t Dsecs(i)rrzd
None / ad-hoc Partial Formal Culturally embedded (1-4) (1-4)
Market No obvious Price based Perlf)c:irsrggnce Benefits based
segmentation segmentation segmentation segmentation segmentation
. Little up to date Good Deep
com ple“.tlve competitive Co&pg:gcr;llarrnebsers understanding of understanding of
analysis information competitors competitors
. . - ‘Voice of Range of methods
Investlgat(ljng Reglnznoari]rﬁg?]ote somect)igwlzlsogzu ht Customer’ a including empathic
user needs P 9 standard process research
) Relevant
Ongoing user Users rarely Users sometimes Users involved at stakeholders
involvement involved involved at start start and end involved
throughout
Product A poorly defined Different m‘.’""e‘ A single, testable Unambiguous
ification wish list and technical specification USPs
speci specs
Design execution: Concept design
Activit Level 1: Level 2: Level 3: Level 4: Clien || Pl
CUULY None / ad-hoc Partial Formal Culturally embedded Sl score
(1-4) (1-4)
Concept Go with the first Engineering led X-functional Radical ideas
generation idea concept generation involvement encouraged
Aesthetic Looks don’t matter, Technology Aesthetics critical Design leaders in
design performance does | sometimes ‘styled’ for differentiation our industry
Ergonomic Little consideration | Engineers design Early specialist Total ‘user
design of usability user interface involvement experience’ design
Product Formal
. Configuration Intuitively consider - Platform based
arch |teptu re evolves ad-hoc modularity arCh'te(.:ture product strategy
design planning
Concept Internal and
evaluatiopn & There is only one “Chosen by the stallzeteirc?lzlers external
. concept Chairman’s wife” invol stakeholders
selection involved involved
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Design execution: Implementation

Activity Level 1: Leve! 2: Level 3: Level 4: Csl:;[:?:t D:Cs;rrzd
None / ad-hoc Partial Formal Culturally embedded (1-4) (1-4)
Design for Ad-hoc Regular design Formal use of DfM
manufacture & Over the wall manufacturing reviews with and DfA
assembly involvement manufacturing technigues
Prototyping to ) . Hi-Fi & Lo-Fi
reduce market | Trust me it'll sell Occa5|or_1al user Always test with modelling a way of
. testing users ;
risks life
Prototyping to ) . Hi-Fi & Lo-Fi
reduce Trust me it'll work Pre-production Prototype all risky modelling a way of
: . prototypes elements :
technical risks life
Evaluation Customers do the | Minimal evaluation evi?uga:rt}gﬁn-nt% a Indey::)esrscli:l?rt]g:e &
QA - no time or plan P )
plan evaluation
Design management: project generation
Activity Level 1: Leve! 2: Level 3: Level 4: Csl::r(:?:t Dsecs;:(ead
None / ad-hoc Partial Formal Culturally embedded (1-4) (1-4)
: No idea IT tools used to
Idea generation management - Ideas generated & Formal idea d
& t flavour of the then forgotten management manage an
managemen month encourage ideas

Creative
culture &
environment

No playing at all

Creativity kept
‘under the desk’

Some managed
‘play time’

Creativity expected
& rewarded

Product One project ata A strategy exists - Medium term view Shareq Ipng term
strategy time but ... vision

Project Next project Whoever shouts | Thorough business | Balanced project
selection chooses itself the loudest case portfolio
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Design management: project management

Activity Level 1: Level 2: Level 3: Level 4: Csl.::rc:re;t Dsecs;rrzd
None / ad-hoc Partial Formal Culturally embedded (1-4) (1-4)
Product A process exists - | Process used and Continuous
development No process but ... understood ~ process
process improvement
Risk Press on Aware of most Formal Proactively
f ; management of :
management regardless technical risks risks manage risks

Design reviews

No design reviews

Design reviews at
crisis

Periodic formal
reviews

Regular formal and
informal reviews

Management of
design targets

No targets - point
& shoot

Targets - but
goalposts keep

Targets set and
partially managed

Balanced
scorecard of

& metrics moving project measures
. . . Heavyweight
Teamwork Functional rivalry Lightweight project project Autonomous
management project teams
management
Specialist iali . . -
Eesi n Not used - ip;iﬂft‘facr?r% Early specialist Strategic specialist
9 ‘silent design’ P input input

involvement

the product
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APPENDIX 2: PRODUCT AUDIT

Core benéefits ...

Issue Poor performance Score (1-4) Great performance
Why would I need it? - Not obvious what benefits the Will save its target market time, money or effort & is
Need . - P 2 3 . N 9
target audience would gain from using it absolutely essential - benefits are obvious
Functionality Too much or too little functionality to be really useful 2 3 Appropriate level of functionality — and no more
: Lots of alternatives out there perform the same function There are no viable alternatives to this product — which
Alternatives 2 8
— often better have the same capabilities
Value Would buy if it was really needed — but would pay the 2 3 Would pay a premium — even if it wasn'’t really needed
absolute minimum
Overall few real benefits 2 3 Overall significant benefits
Engineering quality ...
Issue Poor performance Score (1-4) Great performance
Performance Over promises and under performs 2 3 Performance exceeds expectations
Reliability Unreliable — regularly fails to work correctly 2 3 A work horse — 100% reliability
Build quality Poor build quality — looks and feels cheap 2 3 Solidly built and well engineered
Durability Poor durability — likely to break or stop working 2 3 110% durability — will outlast the competition
Overall poor engineering quality 2 3 Overall great engineering quality
Profitability ...
Issue Poor performance Score (1-4) Great performance
Income Lower income than planned 2 3 Income exceeds expectations
Proc(lust;;lon Unit cost too high 2 3 Unit cost lower than expected
Selling & Costs too much to sell and support 2 3 Selling and support costs lower than expected
support costs
Profit (per . . .
unit) Margins are too low 2 3 Margins exceed expectations
Market share Small share of a shrinking market 2 3 Good share of a growing market
Overall poor profitability 2 3 Overall good profitability
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Usability...

Issue Poor performance Score (1-4) Great performance
Poor packaging — difficult to get into, waste of materials, 2 3 Great packaging — easy to access, beautifully designed,
and unclear instructions / graphics unambiguous and obvious how to access
Sti\trlt”ejg Needs several weeks of training just to get started 2 3 Training either not needed or well provided
Handbook, manual or documentation next to useless 2 3 Supporting documentation is clear, concise and useful
User interface ignores accepted rules and conventions 2 3 ::nc}ﬁ\r/f:r?leiofglslo—“?tsi(soé ém‘;gﬁ:)ﬁfﬁ es?rtr:eig:l:::ziife s
Little layering of information or prioritisation of functions 2 3 Z:fer::i;};gﬁzr;ar!térefg”; zt:ﬁ)r:il[fil;r;ztlons are the most
Frequent & unrecoverable errors 2 3 :_Sn;IiemIFl)l;:hhood of errors — but when they happen, recovery
Interf_ace Little or no feedback between action and effect 2 3 Clear & obvious feedback lets you know when actions are
clarity performed
Little or no natural mapping between controls and 2 3 Clear & obvious natural mapping between controls &
resulting actions resulting actions
Few designed in-constraints to prevent errors or guide 2 3 Appropriate constraints designed in to prevent errors and
actions guide actions
Interface is unlikely to be understood by much of the 2 3 Interface will be understood by both the target and the
target population wider population
. Physical elements have the wrong size, shape and 2 3 All elements have the right size, shape and arrangement
Phys_'l?al arrangement to be used comfortably for users in the target population
usability 1
Size, shape or position of elements cannot be adjusted 5 3 All necessary adiustments well catered for
to suit the needs of different users v ad
Difficult to service, maintain & repair — specialist input is 2 3 Service, maintenance & repair either simple or not needed
Maintenance expensive / unavailable — specialist input is readily available
& Cleaning Difficult-to clean — nooks, crannies and hard-to-access Easy to clean - appropriate materials, easy access, smooth
areas or easily damaged materials 2 3 surfaces, clear visibility
Desirability ...
Issue Poor performance Score (1-4) Great performance
No visual novelty - it looks like all the rest 2 3 m?f\éfér?ﬁzzgst;fjrgI(\:Igr::pZtsittirggg identity - visually
No/too much ‘contrast’ between elements — tone, 2 3 Just the right amount of ‘contrast’ between elements —
shape, colour, line tone, shape, colour, line
Aesthetics s
No sense of ‘order’ to the design - an incoherent and 2 3 A high sense of ‘order’ to the design — a pleasing harmony
inharmonious collection of elements of shapes, material, finish, colour and structure
Its appearance is inappropriate and does not make s I
sense — it just looks wrong! 2 3 Its appearance makes complete sense — it just looks right!
Ownership has no (or a detrimental) impact on ‘status’ 2 3 Ownership improves ‘status’ amongst the peer group of
amongst the peer group of target market target market
Symbolism It does not represent or express the tastes or values of 2 3 It accurately symbolises or expresses the values, beliefs
and status its target market and tastes of its target audience
Appearance is inappropriate for the context or 2 3 Appearance is appropriate for the intended context or
environment of use environment of use
No clear brand identity or coherence across the full 2 3 Design reinforces and reflects the company’s brand values
product range and identity
Vi . Appearance is inconsistent with expected values - e.g. Design expresses and reinforces specific qualities and
isual clarity N 2 3
tough, precious, fun etc values - e.qg. fast, accurate, tough etc.
onfusing appearance which gives few clues to pearance helps to clearly describe the product purpose,
Confusi hich gi f I 2 3 hel, learly d ibe th d
describe the purpose and use of the product function and operation
All senses Feels, smells or sounds horrible — little sensory 2 3 Feels as good as it looks: Sensual pleasure through
pleasure (touch, feel etc) comfort, material or texture
Pride Little pride of ownership, design is utilitarian and 2 3 Design inspires a sense of pride in buying and owning — it
functional — it gets hidden away may even go on display
Emotional Product produces a negative emotional response — it 2 3 Product produces a positive emotional response — it makes
response makes me feel cross, frustrated, angry, upset etc. me feel happy, satisfied, reassured etc.
Overall low desirability 2 3 Overall high desirability
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Producibility ...

Issue Poor performance Score (1-4) Great performance
R . Optimum (minimum) number of parts - each ‘explains’ its
Too many parts - over engineered 2 3 reason for being there
Component Several ‘critical’ components which are difficult to 2 3 No ‘critical’ components and hence little scrap or rework -
manufacture produce — lots of scrap and rework all components simple to produce
New components added without considering reusing 2 3 No new components added without first considering
existing ones reusing existing ones
Assembly requires highly skilled staff - ‘a black art’ 2 3 Simple assembly with minimum training
Extensive testing required 2 3 Designed to minimise the need for testing in production
Too many fasteners - different types and sizes 2 3 Few fasteners - all clearly justified
Specialist assembly and test equipment needed 2 3 Minimum tooling needed with few (if any) specialist tools
Assembly
and test Assembly from many directions, with poor access for 5 3 Simple assembly from a single direction (above preferably)
inserting and fixing with open access
Several ‘tricky to handle’ compongnts (Iargg, small, 2 3 No component handling difficulties
tangle, flexible, nesting etc.)
A confusing mess of wires and cables 2 3 Cables & wires minimised - and simply organised when
needed
Lots of setting & adjustment needed 2 3 Designed to minimise the need for setting & adjustment
Platform No product platform strategy, with each product using 2 3 Defined product platforms with a high level of module,
strategy different modules, components and production methods component and process reuse across products
Overall poor producibility 2 3 Overall good producibility
Novelty & differentiation ...
Issue Poor performance Score (1-4) Great performance
Core benefits No clear differentiation - generic product with standard 2 3 Cltlearly differentiated offering - unique benefits to owning or
features using
Functions & . . Radical solution that addresses the ‘problem’ in new and
features Me-too” product - standard features at a standard price 2 3 interesting ways
) _ " . Novel / disruptive technology — innovative & will change the
Technology Yesterday’s technology — not a differentiator 2 3 market — a key differentiator
Technical Engineering quality offers no differentiation - 2 3 Engineering quality a key differentiator - robustness,
quality robustness, reliability or serviceability etc. reliability or serviceability etc.
Aesthetics Visually average — not a differentiator 2 3 Novel aesthetics — a key differentiator
i Standard user interface and controls - not a . . . ) .
Usability differentiator 2 3 Highly usable & inclusive - a key differentiator
Brand Low brand ‘equity’ - not a differentiator 2 3 Strong & original brand presence - a key differentiator
After sales Training, service, support and maintenance not a 2 3 After sales support offers unique differentiation (service,
support differentiator maintenance, training etc)
Finance & No differentiation through financing or warranties 2 3 N.ovel flnapce or warranty arrangements provide clear
warranty differentiation
Delivery No differentiation through delivery 2 3 Delivery capability offers real differentiation
No differentiation or novelty 2 3 Novel approach / a key differentiator
Other
qualities No differentiation or novelty 2 3 Novel approach / a key differentiator
(name them) N —
No differentiation or novelty 2 8 Novel approach / a key differentiator
Overall poor novelty & differentiation 2 3 Overall good novelty &differentiation
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