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ABSTRACT 
Improved design innovation through the use of new product development activities, methods, and tools 
has been an area of fertile research for the past several decades for both academics and practitioners.  
High-level management process study has given way to the development of detailed, quantitative tools 
and techniques whose mission is to enhance the process of innovation. This research seeks to 
understand the link between academic research and industry best practice. In this article, we report on 
the results of an empirical study of best practice design and innovation firms. State-of-the-art 
practitioners are balancing development efficiency and effectiveness by eschewing onerous methods 
and quantitative tools by adopting and adapting flexible processes and activities during product design.  
Resource draining methods and quantitative tools see limited use and are implemented only when 
necessary. A framework illustrating the need to keep design innovation on a critical path by balancing 
the efficient and effective use of activities, methods, and tools is presented. The paper concludes with 
directions for further academic research.  
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1 INTRODUCTION 
Design innovation via the new product development process has been well studied over the last forty 
years.  The conceptualization, design, engineering implementation, and commercialization of new 
products has been studied across a broad range of industries [1],[2],[3],[4],[5],[6],[7],[8],[9], 
[10],[11],[12].  This body of work establishes effective approaches for developing new products, 
examining practices for defining new product strategy, undertaking user-centered design, managing 
architecture as well as enabling product platforms, manufacturing process design and measurement.  
This research has resulted in popularized methods such as gated development processes [9], design for 
manufacture and assembly techniques [4], voice-of-the-customer and quality function deployment 
[13], user-centered design [14], and structured innovation [15].  
 
The process of design for innovation overtime has increased in complexity with research focusing on 
more advance tools, techniques, and models. These have included design structure matrices (DFM) 
[16], genetic algorithms for deconstructing design problems [17], and structured innovation techniques 
such as TRIZ [18]. However, the core of developing and commercializing new products and 
technologies – balancing form and function to enhance users’ lives – has not changed. Accepted 
design practice includes a) extensive observation and depth interviewing with target users; b) iterative 
designing for style and form to please the eye of the user; c) iterative design to meet the functional 
requirements of the user with careful consideration of the materials, technologies, and components 
available to the firm by its own means or from suppliers; and d) finally balancing of the form and 
function to achieve a distinctive design and branding [19],[14].  The approach to this design process 
has been popularized by the success of design and innovation firms such as Continuum [20] and IDEO 
[21].  As with product development processes in general, the art and science of design is increasingly 
being modeled with formal steps and tools [22],[23],[24].  One can extrapolate that the process of 
design-driven innovation will be increasingly modeled with the goal of highly automated quantitative 
tools designed to produce better innovations. However, is that the right path? Arguably the most 
successful new product innovation introduced in the last ten years has been the Apple iPod. The design 
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process for iPod product was very simple, led by a small core team that acted in an entrepreneurial 
fashion, unencumbered by onerous methods, tools, and quantitative analysis [25],[26]. In this paper, 
we seek to investigate the path of academic design research and compare versus practitioner state-of-
the-art. We argue that there needs to be a balance between methods and tools and simplified processes 
for increased design innovation and project efficiency and effectiveness. In this paper, the context of 
balanced new product development and design innovation is discussed via results of an empirical 
study of design firms.  A framework is then proposed that can foster increased innovation through 
straightforward and dynamic deployment and activities, methods, and tools. Finally, the paper 
concludes with discussion on future research.  

2  RESEARCH MOTIVATION  
In this paper we explore design innovation from an academic and practitioner perspective with the aim 
of increasing design innovation through the balance of value added activities and a la carte use of 
methods and tools. In order to accomplish this task, we begin by exploring state-of-art in research in 
design and product development.  Next, we report on the results of a study of 44 design firms 
sponsored by the Industrial Designers Society of American (IDSA). The study was conducted in 2007 
with a focus on mechatronic products.  Finally, we propose a framework for the ground-level 
implementation of balanced design processes. 
 
At its basic level, innovation is “a process that begins with an idea, proceeds with the development of 
an invention, and results in the introduction of a new product, process or service to the marketplace” 
[27]. Schumpeter [28], one of the original contributors to innovation, outlined two types: 1) 
entrepreneurial innovation and 2) managed innovation. This article focuses on the latter, managed 
innovation, and factors of success resulting from the implementation of design processes and methods.  
The activity of new product development (NPD) is a process in which resources are committed to an 
entity whereby the finished product has a tangible value to the consumer. In this article, we are focused 
on the process from conceptualization to design completion.  In order to discuss the convergence of 
design processes into complex tools and methods, one needs to start at the highest level and NPD 
research and progress down to finite methods and tools. 
 
At the managerial level, Cooper [9] outlines two fundamental aspects in product design that can 
mitigate the associated risks of commercializing successful products.  These fundamentals are: 1) 
doing the project right, based on common success factors among successful NPD companies including 
cross-functional teams, up-front market planning, and early product concept definition; and 2) 
selecting the right projects.  Cooper argues that product selection and product planning methodology 
are essential to a successful product launch and lifecycle. Krishnan and Ulrich [11] divided the 
development decisions within new projects into four main categories: concept development, supply-
chain design, product design, and production ramp-up and launch.  Ulrich and Eppinger [12] denote a 
generic development process, shown in Figure 1.       

    
Figure 1. Ulrich and Eppinger (2004) NPD process. 

 
In each of these phases, activities are performed by the development team.  For example, in the 
planning phase, product and technology roadmaps are defined, the market and competitive space is 
explored, and resources are allocated. At the next level of systems engineering, methods have been 
developed to aid these activities. For example, market segmentation grids [8] were developed to help 
the companies plan product platforms and portfolios based on technology that can be leveraged to 
multiple subsystems and products. Taking a further step further, quantitative tools have been 
developed to quantify and automate these methods.  In the example of product platforms, genetic 
algorithms have been developed to help guide and optimize product platform design decisions [29]. 
For each of the development phases in Figure 1, we map phase, activity, method, and quantitative tool 
for select design practices.  These are shown in Table 1.  
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Table 1. Hierarchy of design – NPD phases to quantitative tools. 

 
 
In general, design activities and associated methods were developed in the 1980’s into the 1990’s, and 
summarized in works like [8], Cooper [9], and Ulrich and Eppinger [12]. Research on quantitative 
tools and techniques became widespread in 1990’s and are an active area of research as exemplified by 
ASME’s Design and Technical Conferences1.  This segment of academia continues to refine design 
techniques for automating design throughout the NPD process.  Recently, there has been an increasing 
focus on the development of tools for the industrial design process.  The hope is that these tools will 
make the process of design innovation more efficient and effective, resulting in new tools that can 
eventually be commercialized and used by mainstream practitioners. The provocative question we seek 
to ask is whether the migration to quantitative techniques is appropriate? Given the push for lower cost 
and improved time-to-market, are tools that require additional knowledge and effort on the part of the 
design team worthwhile to the practitioner? Is it appropriate to make the design process more complex, 
when the intent of the tools is to improve efficiency and effectiveness? What is the right balance 
between methods, tools and execution in a real-world setting? We argue that the process of design 
innovation, given an increasingly competitive and cost constrained landscape, needs to be hyper 
efficient – and effective, in execution.  Firms, both nascent and established, will need to selectively 
adopt and adapt practices in the most proficient manner possible, thereby maximizing productivity 
while reducing the use of resources. Truncated and skeletal adoption of design practices has been 
observed as a predictor of successful outcomes in high technology new ventures – firms that are 
characterized by lack of resources and high-risk in new product development initiatives [30]. Stated 
formally: 

 
Proposition 1: Firms developing and commercializing new products and technologies will eschew 

onerous methods and quantitative tools for simplified, truncated innovation practices in order to 
improve NPD efficiency and effectiveness, using methods and tools only when necessary during the 
project.    
 
In order to investigate our proposition, we sought to investigate firms that would approximate state-of-
the-art design innovation processes. Firms such as Continuum and IDEO are arguably world leaders in 
design thinking and execution [31].  These firms work on design strategy and product execution for 
products in nearly all industries and complexities. Below is a listing of design firms and 
products/technologies developed for clients.  

 
Figure 2. Design firm and product map. 

                                                 
1 http://www.asmeconferences.org/IDETC08/MechDesignComp.cfm 
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In large-scale development projects, design firms will engage clients and develop a saleable product 
from idea space to production support. During this process, they will proceed through phases as 
described in Figure 1. What is performed in those phases, and the methods and tools used, are the 
subject of this investigation. In the next section, we describe an empirical study of 44 design firms 
developing mechatronic products (products that comprise mechanical, electrical, and software 
elements2).  

3   SURVEY OF DESIGN AND INNOVATION FIRMS  
The sample was gathered with assistance of the Industrial Designers Society of America3.  Given the 
contextual nature of NPD in the commercialization of innovative technologies and products, we argue 
that NPD is also contextual in design with unique differences between technologies and industries (e.g 
devices or biotechnology) [32].  That is why our focus here is on one context of NPD: multi-part 
mechatronic products.  As such, the study was conducted only on firms that develop physical, multi-
part mechatronic products.  In all cases, a company employee was the main contact.   
 
The main instrument of the study was a 30-question survey developed using Zoomerang,4 and was 
administered as a confidential, electronic mail survey that was sent via blind carbon-copy.  No 
incentives - financial or otherwise - were provided for completing the survey.  The final sample 
consisted of 44 firms (a response rate of 68.3%).  In checking early and late response bias, an ANOVA 
analysis was performed to check for differences based on when the survey was completed (see 
Chrisman, et al., [33].  No statistical differences between the early and late respondents were observed, 
suggesting that non-response bias was not a major problem [34].   
 
Study Constraints and Controls 
In the design of the study and data collection, type of firm (firms developing physical assembled 
mechatronic products) were constrained.  The research only included firms that have the ability to 
design physical, multi-part assembled mechatronic products. Mechatronic products arguably demand 
the greatest level of NPD practice adoption because of the need for capabilities in design, cost 
engineering, manufacturing, and supply chain management. This is important if we are to accurately 
ascertain the level of methods and tools used during development. We argue that a simple consumer 
product will need less rigor than a complex device. Survey controls included the size of the firm and 
average experience of the development team.    
 
Variables – Methods and Tools Used   
NPD practices, methods, and tools were measured using a combination of Likert-type and custom 
ordinal scales.  The work of Cooper [9],[10] was used as a basis for developing the questions and 
scales for teams, pre-development market planning, and phased development processes.  We had 
several questions in our survey on each best practice to insure capture of latent data.  For the best 
practices on structured brainstorming, digital design tools, cost engineering, and product platforms, 
there are few applied measures of application so we developed custom scales and measures. 
Descriptive statistics are shown in Table 2.  
 

Table 2. Descriptive statistics of firms. 

 
 
                                                 
2 Definition: http://www.answers.com/topic/mechatronics 
3 The Industrial Designers Society of America (IDSA) is the voice of the industrial design profession, advancing the quality and positive 
impact of design. 
4 http://info.zoomerang.com/ 
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The average size of the firms surveyed were 12 people, but the range of firm size varied from under 5 
to over 100 employees.  The average employee experience was 7.5 years, with some team members 
having great than twenty years of experience. Most of the firms, 81%, used a dedicated project 
manager. These project managers were also used as leaders in the structured brainstorming process. In 
terms of development duration, the average mechatronic project took 18 months from kickoff until 
completion. The most complex products in the study took 2 – 5 years to develop. The average 
development cost per project in the study was $500,000.  However, 20% of the projects in the study 
cost over $1 Million in total development costs.  Interestingly, only 9% of firms studied used the same, 
structured development process for each project. Most used a flexible and dynamic process that could 
be tailored to individual projects on an as needed basis.  
 
The phase to tool map shown in Table 1 was used as a template to structure and analyze the data. In 
each column, percentages of use by the firms are described in Table 3. 
 

Table 3. Survey results. 

 
 
For each phase, the study firms approximated the development process as described in Figure 1, and 
were used by all firms in the study. Accordingly, the activities (e.g. market research) performed in 
each phase were equally used. Exceptions include defining a product platform-based portfolio early in 
the design process. This step was performed by 49% of the firms surveyed. Kicking-off production 
tooling was performed by 85% of firms, with the remaining 15% transferring that responsibility to the 
client. In performing cost and margin analysis, 89% performed that task during development, with the 
remaining firms again deferring that task to the client.  In translating design activity to defined 
methods, the percentage of use by firms dropped off dramatically. For example, the use of defined 
market segmentation analysis was used by 12% of firms versus 49% that defined a product portfolio. 
Similarly, a detailed systems layout of modular architectures and interfaces was used by a similar 
percentage of firms (12%). Of those methods used heavily, design concepts, models, and prototypes 
were used by a high percentage of firms. During system-level and detailed design, CAD modelling and 
CAD-based prototypes were used by all firms (100%). Structured brainstorming, evaluation of 
sourcing options, and detailed cost analysis was performed by approximately 75% of the firms studied. 
In the translation of defined methods to the use of quantitative tools and techniques, our proposition 
was supported. Design firms overall do not use these tools. Only finite element analysis and activity-
based costing techniques were used by a small percentage of firms.  
 
In summation, firms are progressing through standard development phases, performing specific 
activities to foster development progress, and using some defined methods to complete those activities. 
Methods such as CAD and prototypes – essential to completion of a project – were used by all firms. 
Firms will use methods if they are critical to the project, if they are not – being niceties, not necessities 
– they will be less likely to be deployed. This intuitively makes sense, if firms are pressed for time and 
resources, they will select the critical path (passively or actively) towards completion – eschewing 
time draining analyses for quick results.  According to Tom Merle, Vice President of Product 
Innovation at Continuum, "Implementing innovation processes and methods requires balance and 
judgment. You need to have a high-level framework that guides how innovation will progress and 
you need to be able to adapt the approach. Flexible teams are fast teams. Empowered teams figure out 
new ways to innovate and develop tools. Overly constrained teams fall into process mode. They 
think about check boxes, phase deliverables, and identified methods that may not be appropriate. You 
can't be too prescriptive and you can't be too loose. The balance is critical. We have seen great success 
by having a high-level understanding of a framework for development that is combined with an 
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openness to allow teams to customize the exact approach."   In the next section, a framework is 
proposed that illustrates how firms should keep development on the critical path, balancing activities, 
methods, and tools in order to maximize efficiency and effectiveness.  

4   PROPOSED FRAMEWORK 
The proposition of the article was supported, in that the state-of-the-art firms in terms of design 
innovation processes focus on rather simple NPD activities and methods, fully adopting methods and 
tools only when absolutely necessary.  For example, CAD is ubiquitous, but FEA is only needed in 
certain situations. Rigorous quantitative methods such as genetic algorithms are seldom ever needed, if 
at all. This have ramifications for the development project, as firms will want to seek the critical path. 
Critical path methodology (CPM) has been in existence since the 1950’s, and although firms may not 
be actively pursuing CPM [35], the data from the study indicates that firms will passively migrate 
towards critical path activities and methods in order to achieve efficient and effective outcomes.  This 
notion is supported by literature, which notes that in design innovation, recent research has argued that 
rigorous processes can hurt the performance of novel new products [36].  There is certainly a need for 
balance in the strategic management in innovative firms (both new and established) between flexibility 
[37], structure, and process [38].   
 
In developing a framework for firms, it is important that phases, activities, methods, and tools are 
illustrated, but going to deepest level of complexity is not desired.  Only if necessary would 
quantitative tools be used, as these require additional resources and time. The firm needs to balance 
adoption of these tasks to foster increased development effectiveness and efficiency. Figure 3 
illustrates the design process from idea to production, noting the different levels of project activity by 
color.    

 
Figure 3. Detailed ‘Green, Yellow, Red’ development framework. Phase construct is courtesy of 

Continuum. 
 
On the top of Figure 3 lists five phases, beginning with context of the project and progressing through 
roll-out. During the NPD project progress, activities are performed. These are highlighted in green, 
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and include a list of specific items to be completed on the project. Most project operating time is spent 
completing these tasks. At the next level – yellow – methods are listed which support these activities. 
For example, industrial design sketches help explore project design language. Spending project time 
on methods is value added project time, but can increase costs as active man-hours are being spent to 
complete specific tasks. At the next level, quantitative tools and techniques can be used to support 
methods and activities when needed. In the case of design language, design synthesis techniques could 
be used if the project team believes those techniques would increase project effectiveness. Firms 
should note that time spent in the yellow and red regions can result in decreased efficiencies. For 
example, in the survey 50-60% of project costs were CAD design hours, time spent in the yellow 
region, active project value added time that is a necessity. If FEA is needed in the design to verify 
component performance, this drives the project further into the red zone, increasing the resources 
needed to complete the phase. The most efficient and effective firms will seek to spend minimal time 
in the yellow and red zones, seeking a critical path and restrained use of resources. Methods and tools 
can be used to increase project effectiveness, but firms need to balance those gains versus efficiency 
losses.   

5  CONCLUSION 
Design innovation is a challenging process, balancing the right combination of phases, activities, 
methods, and tools. In looking at 44 design firms, it is clear that these best-in-industry practitioners 
avoid onerous procedures and methods. Instead, they passively or actively seek a critical path in 
development to be as efficient and effective as possible. Only when needed, do they spend the extra 
time and resources to dive deeply into a problem and use quantitative tools such as FEA or rigorous 
activity-based cost analysis.  In this paper, we proposed a framework that illustrates this deepening of 
project design tasks. Throughout the design process, the project should operate in the ‘green’ activity 
zone, progressing into the ‘yellow’ method zone to complete specific value added tasks, and venturing 
into the ‘red’ zone only when needed. In operating in the fashion, firms will tend to adopt practices 
only when and where needed, thereby balancing and improving efficiency and effectiveness.   
 
As academics and practitioners, we need to be cautious in over complicating design innovation. While 
tools are important, automating each of the processes may be counterproductive, and not worthwhile to 
actual practitioners whose success in product development is tied to real dollars and sales.  If research 
is dedicated towards methods and tools to automate the design process, they must be easy-to-use and 
integrate into the activities and methods of daily ‘green zone’ NPD. Tools that increase man-hours, 
and drain resources, will not be used. There needs to be a balance between usefulness and impact on 
the project. Academics should drive to have tools move from the ‘red’ zone, into the ‘yellow’ and 
‘green’ zones where possible, decreasing complexity and increasing the chance that they will be 
utilized to increase innovation efficiency and effectiveness.  
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