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Product Innovation Process Outcomes: Long-term Impacts1 
 
Abstract:  This report covers empirical research focused on studying the long-term impacts of 
product innovation processes. Four cases of successful industrial product innovations were 
studied within two companies over the course of more than five years using in-depth interviews, 
revisions to case reports according to respondent inputs, study of company documentation, and 
observations of R&D and production facilities. Specific in-depth comparisons are made between 
the pairs of appended cases from each company to enable a more full understanding of the 
innovation processes. Target and peripheral outcomes are described and analyzed using both 
qualitative and quantitative data. 
 
The cases are further analyzed in the main report with respect to input factors that have firm-
specific attributes and that influence the outcomes. These factors are categorized as those related 
to: context external to the company, context internal to the company, phases-activities occurring 
during the innovation process, and level of product innovativeness. The first three categories of 
factors have been considered as independent variables, the last category of product 
innovativeness as a moderating variable, and the outcomes are the dependent variables. The unit 
of analysis is the overall product innovation process. 
 
The group of target and peripheral outcomes found to be of highest importance over the long-
term on the basis of both qualitative and quantitative analyses are: unit profitability; new 
customer segments accessed; new product platform(s) created; sales to existing customers; gain 
of new manufacturing competencies and paradigms; and a set of knowledge gained outcomes for 
future use in technical systems, new product line extensions, marketing, and organizational and 
internal product innovation system development. The new manufacturing competencies and 
paradigms outcome and the knowledge gained set are of interest because these are not usually 
targeted outcomes at the beginning of product innovation processes yet they have high 
importance over a long-term perspective. On the basis of quantitative data analysis the outcomes 
of patent applications filed and increased competence to overcome technical/marketing risks are 
also considered to be in this group. The importance of the initial target outcomes of retaining 
present customers, improving unit profitability, and obtaining patent protection increased 
substantially compared to later equivalent outcomes over the long-time frame of the study. 
 
Other outcomes such as being first into the market and new manufacturing technology acquired 
are of lower importance than the above group. Earlier market and technology conditions may 
have changed greatly leading to lower outcome importance over a sufficiently long time period.   
 
Key words: product innovation process outcomes, long-term impacts, long-time frame, target 
and peripheral outcomes, industrial products development. 
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1. Introduction 
 
Product innovation processes have great importance because they are an indispensable part of 
creating competitive advantage for companies in the international economy. It is not an 
overstatement to say that our national economies and standards of living are highly dependant on 
such processes. A wide range of study methods is needed to increase the understanding of the 
many different aspects of innovation processes. An aspect of particular interest is outcomes that 
remain operative over long-time frames because these have substantial utility for creating and 
maintaining sustained competitive advantage positions. 
 
1.1 Study Problem: 
 
Nearly all for-profit companies pursue the objective of creating and sustaining competitive 
advantage positions. These positions are built-up by a series of successful product or service 
products that have been created to meet customer needs through favourable sets of functions and 
prices and it has been noted that there has been explosive attention to innovation as a means to 
achieve competitive advantage (Johannessen et al, 2001, p. 20). A series of new products or 
services can occur within product lines (Lindman, 1997) or as individual products (Pralahad and 
Hamel, 1990, p. 81) providing the innovating company has built-up sufficient internal core 
competencies. This simply means that competitive advantage can be gained from product 
development (Lindman, 1997, p.30). Factors associated with both internal and external context 
are of great importance for the successful creation of new products. It is difficult to understand 
how such factors are involved by reading statistical studies wherein a fine level of detail is not 
possible. 
 
Another problem aspect is that product innovation processes have a wide range of outcomes and 
the relationship of these outcomes to the creation and maintenance of competitive advantage has 
not been in sufficient focus in prior studies. More will be said about the limitations of prior 
studies below. 
 
Some outcomes from a given product innovation process may be more important for building 
competitive advantage than others. For example, many researchers have noted that being the first 
entrant into the market confers a first-mover advantage, but this is a rather temporary effect that 
may well require much additional effort with a long series of products if a sustained competitive 
advantage is to be secured and maintained as has been accomplished by Intel Corporation in 
processors and chip-sets, for example. The outcomes of unit profitability for the company and the 
functional utility gain provided for customers by a new product are operative only through the 
product life cycle (PLC). Other outcomes such as the creation of a new product platform, 
evolution of an industry standard, and knowledge gained for future use in new product line 
extensions, technical systems, and marketing can all remain operative for durations that are 
longer than the particular product life cycle started in a given innovation process. It seems 
rational to expect that such longer time frame operability would lead to larger outcome impacts 
for the company and hence should be of special interest in the struggle to create and maintain 
sustained competitive advantage positions. 
 
This long-term dimension of sustained competitive advantage suggests that outcomes that are 
likely to have operational utility to the company during the PLC and beyond are of interest for 
gaining a more complete understanding of the product innovation process. A long-term 
perspective for outcomes requires evaluations of the outcomes over long duration periods and 
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depends on deep familiarity with the company and its markets and technology. In this study long-
term means periods of five to seven years to assure a perspective that captures implications 
related to achieving competitive advantage.   
 
The impact of a particular outcome on a company’s competitive advantage position depends on 
both the operational duration of the outcome and the importance of the outcome to the company. 
By evaluating both the importance level and the operational duration some additional 
understanding of those outcomes for building competitive advantage positions may be possible.  
 
It has been observed that product innovation processes are very complex and often seem 
idiosyncratic in their nature (Brown and Eisenhardt, 1995, p. 375; Anthony, 1996a, p. 67) yet 
achieving desired outcomes is nearly always the primary objective. It is difficult for most 
companies to produce desired outcomes for successive product innovation processes over long- 
time frames so as to maintain sustained competitive advantage positions. Such advantage 
positions are often founded on the creation of a critical mass of technical knowledge that have 
been built-up by focussing on value chains over extended periods (Porter, 1985, p. 194-200). By 
focussing this study, in part, on the long-term outcomes of innovation processes a better 
understanding of unique nature of those processes is possible. 
 
More complete understanding of the influence of various innovation process factors on outcomes 
could also help to extend the scope of the outcomes so that gains in addition to the usual project 
performance outcomes would be better supported and sought in future project innovation 
programs. As an example, the Raychem case I A in this study innovated a new product platform 
design and a new manufacturing process simultaneously and also managed to gain technical and 
marketing knowledge, leading to the creation of new derivative products, and strengthening of 
linkages to both customers and cooperation partners. This is a large set of outcomes in addition to 
usual project performance measures. 
 
1.2  Purposes of the Study  
 
There are two purposes for this study. The primary purpose of this study is to increase 
understanding of several aspects of innovation processes by: 1. determining the relationships of 
selected innovation process factors to outcomes from product innovation processes, 2. identifying 
and classifying outcomes with respect to different levels of impact for achieving competitive 
advantage, and 3. determining pattern(s) of outcomes associated with successful product 
innovation processes. The identification and classification of outcomes also involves an 
investigation of the influence of product innovativeness levels.  
 
Another, secondary, purpose is to present a different longitudinal methodological approach for 
investigating innovation process factors and outcomes that lead to the establishment of 
competitive advantage positions. It has been noted that the case method can be useful for “… 
developing new methodological approaches…” (Montoya-Weiss and Calantone, 1994, p. 413).  
 
These purposes are pursued by first recognizing that outcomes from a given innovation process 
go beyond the target outcomes that provided support for the decision to invest in a given project. 
It is also necessary to investigate peripheral outcomes that also enable the company to gain 
competitive advantage. For this reason the outcomes have been classified as belonging to either a 
target or a peripheral set. 
 
Peripheral outcomes can be found in the accumulation of knowledge, the formation of and 
strengthening of linkages to external knowledge sources that often include cooperation partners, 
and gaining new manufacturing technologies and processes. If the new product is found to have a 
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high innovativeness level it may even become a new industry standard and/or controversies 
requiring legal actions may occur. Knowledge gained during an innovation process may have 
long-term value to the company for developing and marketing other products in the future, 
particularly, when a high level of innovativeness is found as has been focussed on specifically in 
this study. Analogous types of peripheral outcomes have been termed ‘indirect effects’ although 
the descriptions vary widely (Hauschildt, 1991, p. 605). 
 
1.3 Issues Concerning Prior Studies  
 
In order to pursue the above purposes an in-depth comparative case study methodology is used 
rather than quantitative research based on a large number of such processes. This has enabled a 
wide scope of external and internal context factors and long-term outcomes to be investigated.    
 
There is a bias toward quantitative research in the innovation process literature. For example, the 
selection of studies by Brown and Eisenhardt (1995) was based on “..the rigor of their empirical 
methods…” and the large sample sizes in Tables 2, 3, and 4 seems to be guided, in part, by this 
bias. Notwithstanding this bias, problems were noted. An interesting comment is that “…it is 
often difficult to observe the ‘new product development’ forest amid myriad ‘result’ trees.  
Another remark is that this lack of understanding may be due to “..too many variables and too 
much factor analysis” (Brown and Eisenhardt, 1995, p. 344).  
 
Another interesting issue in product innovation studies is described in a study that evaluated some 
72 factors for success in R&D projects and new product innovation. This study analysis included 
the comment “…that the conclusions from the [prior] studies are non-uniform, and in some cases, 
they are even contradictory...” and that there were “..major contradictions regarding the effects of 
some factors on the outcome of an NPD or commercial R&D project.” (Balachandra and Friar, 
1997, p. 277). This problem arises mainly due to the controlling importance of context since it 
determines “…the appearance or non-appearance of some critical factors.” (Ibid.) Also it has 
been pointed out that case research methodology is of particular utility in dealing with contextual 
issues in product innovation since in both reported cases the authors “…saw the strong influence 
of context on the organisation of product development activities…” (Weerd-Nederhof and 
Fisscher, 2003, p. 72). The first two research questions in the present study address the external 
and internal contexts within which the innovation processes occurred so it appears that case 
research methodology is appropriate. 
 
Product development processes seem to be plagued with many deficiencies (Anthony, 1996a, p. 
69) that suggest more detailed study at an in-depth level could be useful. In a study of success, 
failure and organizational competence it is pointed out that complex, unique ‘aspects’ of an 
organization that are sources of competitive advantage are often unobservable firm ‘attributes’ 
such as complex relationships, skills, and experience and that “…it is methodologically 
problematic to expect large-scale survey instruments to access such fine organizational detail” 
(Lewis, 2001, p.185). The above described ‘contradictions’ issue is also supported in a study of 
technological innovation typology and innovativeness terminology wherein “…ambiguity in 
classification schema makes it impractical, if not impossible, to accurately compare research 
studies.” (Garcia and Calantone, 2002, p. 118).  
 
Also it has been concluded that an overview of  “…research on the drivers of new product 
performance has been disjointed and lacking with respect to concise conclusions on which factors 
should command the most attention.” (Montoya-Weiss and Calantone, 1994, p. 411). The 
identification of the outcomes that have the largest impacts while not the same as the associated, 
independent factors may be of some contribution. There are other reports dominated by structured 
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questionnaires and quantitative analysis that share these issues (Chandy and Tellis, 2000; Cooper, 
1992; Cooper, 1994; and Kleinschmidt and Cooper, 1991).  
 
Another issue relates to the long-term perspective for certain of the outcomes in this study. New 
product outcomes have mostly been evaluated over short-terms such as financial performance 
within the first year of the product’s market introduction (Moorman and Miner, 1997, p. 94).  
Short-term financial measures have a long history that overlaps the industrial revolution and these 
have been prevalent in the evaluation of new product development processes. More recently the 
expansion of summary financial measures for business units performance into longer-term 
measures is being called for (Kaplan and Norton, 1996, p. 8) to aid competitive performance. 
Some of these longer-term performance measures are nonfinancial. 
 
For a more complete evaluation of product innovation processes other outcomes such as 
peripheral ones relating to knowledge gains and strengthening of linkages it is necessary to use 
nonfinancial measures and to extend the time frame considerably. 
 
These methodological issues that have evolved in statistical empirical product innovation 
research indicate that a comparative case study design might have increased usefulness. 
 
1.4 Study Overview  
 
Four cases of successful industrial product innovations created through the application of 
scientific and engineering principles and practices are presented from two companies. The 
products are used either as production components by other manufacturing companies or as 
instruments to facilitate some aspect of other manufacturing or commercial business. Only one 
case could be considered as supplying a market segment containing end user consumers. Specific 
in-depth comparisons are made within each company to enable a more full understanding of the 
innovation process and the target and peripheral outcomes.   
 
Input factors that have firm-specific attributes and that influence the outcomes are categorized as 
those related to: context external to the company, context internal to the company, phases-
activities occurring during the innovation process, and level of product innovativeness. These 
input factor categories are illustrated in Figure 1.1 and the cumulative result of these is the group 
of outcomes. The factors categorized as context external to the company, context internal to the 
company, and phases-activities that occur during the innovation process can be considered 
independent variables, while the outcomes are dependent variables. The overall innovation 
process is thus the unit of analysis. 
 
With the aid of Figure 1.1 the present study can be further illustrated by envisioning a company 
considering a product innovation process to develop a new product. The involved managers will 
have to be convinced that a set of desired target outcomes are possible before starting the 
innovation process by authorizing a development team to be formed. An initial step is usually to  
assign a feasibility study to one or two engineers. A large number of factors influence outcomes 
(Balachandra and Friar, 1997) and many among these have firm-specific attributes. Outcomes 
such as ROI, IROR, profit to sales ratios, rate of sales growth can be standardized across 
companies, but other outcomes may be idiosyncratic due to firm-specific attributes such as the 
importance of maintaining a leading technical position, or of being the first entrant with a given 
new product, or the importance of gaining new customer market segments.  
 
The choices of outcomes for this study have been guided by the criterion that each positive 
outcome should enable the company to raise its competence to succeed in future projects, i.e., 
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increase its competitive advantage. As a company develops through a series of completed 
projects, it is the enhancement of knowledge, skills, and linkages from sequential projects, which  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             feedback            

       External Context    
 
Figure 1.1 Product Innovation Process and Outcomes  
  Adapted from Lewis (2001) 
 
aid the firm’s future development. In principle, any innovation created within the firm that 
produces changes that have ‘long-term consequences . . . for the organization and its members’ 
(Nord and Tucker, 1987, p. 8) fits this broad definition of ‘outcomes’. 
 
Some of the outcomes have to be assigned to a special usage when innovativeness is measured. 
Selected outcomes have to be used as measures for innovativeness when a study focuses, at least 
in part, on innovative type differences. For example, perceptions of product newness held by 
various individuals and organizations are frequently used as indicators or measures for 
innovativeness and these are part of the outcomes associated with the new product and do not 
occur before some product samples can be tested and closely examined. In this study relatively 
few outcomes are used to measure product innovativeness levels (Atuahene-Gima, 1995, p. 282; 
Baron and Kenny, 1986, p. 1174-6; and Montoya-Weiss and Calantone, 1994, p. 413).  
 
The term ‘factor’ has been used for reference to an input factor,  ‘outcome’ has been used for an 
output result, and the term ‘innovativeness measure’ has been used for an outcome used for 
measuring product newness that is then used to establish the product innovativeness level as a 
moderating variable. 
 
The context external to the company differs among companies even in the same industry unless 
they are direct competitors for nearly identical products such as newsprint paper with the same 
technical parameters. However, even small technical changes in product functions can place a 
company in a different market segment and thus a changed external context. Perhaps the most 
important external context factor is the customer needs and problems since these are unique to 
each finely divided market segment. Outside knowledge sources that could be useful for 
overcoming technical or marketing problems are also part of the external context and learning 
from such sources could be of greater advantage than discovering the needed solutions through 
experimentation (Lindman, 1997, p. 248). Accessing outside knowledge sources was an 
important factor in Case I A, for example. Another such external factor is governmental 
regulations such as new European Union standards or those concerning patents. 

Internal Context 
Innovation Process  
Phases-Activities 

Outcomes 
    Target 
     Peripheral 

Product Innovativeness 
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The internal context, including the team selected for a given innovation process, can vary greatly 
depending on the collective knowledge and experiences of the company personnel and their level 
of internal cooperation. At the team level, for example, members of veteran teams whom have 
histories of working together may aid successful performance (Hirst et al, 2005, p. 198). As 
technologies become increasingly more complex specializations evolve and leadership roles for 
the solution of particular problems tend to move to specialists. Some teams start as just observers 
of an interesting technology that could have importance for the company’s future. A leading 
example is a study team put together within Monsanto in the 1970s for tracking biotechnology 
that eventually became a principal focus for the company so that by 1983 some $30 million was 
going into basic biotechnology science research and that sum amounted to about one-third of the 
basic science budget according to Mr. Richard Mahoney, the president at that time (Betz, 1987, p. 
134). 
 
The innovation process phases-activities comprise the specific product development phases, 
steps, tasks, events and activities that are carried out during the product innovation process 
without classification as to their exact hierarchy (Anthony, M.T., 1996a, p. 68). At the activities 
level these are mostly unique to given focal projects. Continuity and hence similarity of phase-
activities within different product innovation processes arise due to similarities in the 
technological base, market characteristics, and the new product development regimes and 
practices used within the companies. These phase-activities can be related to firm-specific 
resource categories that are used during a given product innovation process and this aspect is 
further detailed in section 3 below. 
 
The term ‘product innovation process’ has been used in this study in order to differentiate from 
the project level because there are important external and internal context factors that require 
evaluation and consideration. Factors connected to the customers are in the external context while 
those pertaining to the company’s accumulated technologies and skills and are among the internal 
context factors for which the term ‘process’ can best be used (McGrath and Akiyama, 1996, p. 
17). The internal context also incorporates the product and technology management strategies 
adopted by the company because such strategic concerns determine what type of products are 
within the company’s future product spectrum (Ibid., p. 23). The project level on the other hand 
usually refers to the sequence of steps, tasks, and activities that take place within the product 
development project between the concept approval and product release (Anthony, 1996a, p. 77 
and Deck and McGrath, 1996, p. 101) and is thus too narrow for sole use in this study. 
 
The level of product innovativeness that occurs within the process will be affected by the manner 
in which the product concept arose, later judgments made for balancing market needs with 
technical sophistication of the final product, the inherent innovativeness of various team members 
and their prior experiences. Each of these factors has idiosyncratic features that are not found in 
other product innovations processes.  
 
These views resulted in personal queries as to what actually transpires during the innovation 
processes that have been reported in the literature, particularly, as to the survey-based empirical 
studies that draw statistical conclusions. The depth of the reported data is insufficient to 
understand what actually transpired. Professor Bengt-Arne Vedin of Mälardalen University also 
added to this line of queries when he commented that academic researchers and R&D managers 
need to know more about the details of reported innovation processes so they can better 
understand what really occurred.2  It seemed that a case study strategy is being called for by these 
queries and this comment. 
                                                 
2 Personal communication from Professor Vedin. 
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1.5 Research Questions 
 
The product innovation processes are first studied by analyzing sets of factors that are associated 
with the outcomes. Then the outcomes per se are put in focus. The research questions are 
arranged according to Figure 1.1 as follows:   
 
1.5.1 Context external to the company includes factors relating to customers, competitors, and 
entities that can provide various inputs such as expertise and needed components; broader 
industry members; governments; and finally the international economy. The external context also 
contains the sources for much of the information used for projections used to justify the 
innovation projects. The connection of these factors to outcomes is of interest. 
 
Q1.  How does the company’s external context influence outcomes from the innovation 

processes? 
 
1.5.2 Context internal to the company contains factors such as technical/marketing knowledge 
relevant to the focal product that is held within the team or by others in the company, existing 
linkages to outside knowledge sources, team linkages within the company, and internal support 
for innovation processes. Another internal context factor is the extent to which the team 
members’ attention is divided by work on other projects.   
 
Q2. How does the company’s internal context influence outcomes from the innovation 

processes? 
 
1.5.3 Phases-Activities occurring during specific innovation projects include the analyses of 
specific observations/events that gave rise to the need for the new products, origination of the 
product concepts, the handling of resource allocations and management reviews for the projects, 
and the balance between market needs for the new products and their technical sophistication. For 
example, difficulties are often associated with adjusting product specifications to the crucial 
market needs.   
 
Q3. How do specific phases-activities within innovation processes influence outcomes? 
 
1.5.4 Factors that are associated with innovativeness are likely to have effects on various 
outcomes such as the creation of new product platforms, patent applications filed, evolution of 
industry standards, and maintaining leading innovation positions. An evaluation of 
innovativeness is needed to better understand various influences on outcomes. 
 
Q4. How do factors related to product innovativeness influence innovation process outcomes? 
 
1.5.5 A primary purpose of this study is to identify and classify the outcomes that have different 
levels of impact on the company so that these can be better understood for gaining competitive 
advantage positions. The impact levels are determined by combining relative importance 
weightings and operative durations for each outcome. The relative importance weighting of the 
outcomes across the four cases is established together with the operative duration for each 
outcome through interviews. The operative durations are categorized as being less than the 
product life cycle (PLC), equal to the PLC, or greater than the PLC. 
 
Q5.  How can outcomes from the studied innovation processes that have different impact levels 

be identified and classified? 
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1.5.6 Level of innovativeness of a new product can be evaluated by determining newness to those 
inside the company and those external to the company such as vendors as well as to customers, 
and competitors. It is of interest to determine how outcomes from successful innovation processes 
differ with respect to levels of product innovativeness. 
 
Q6. How do outcomes from higher innovativeness processes differ from those of  

a lower innovativeness one? 
 
1.5.7 If a pattern can be found among the outcomes of successful product innovation processes 
the understanding of such processes can be increased. Increased understanding may lead to 
management attention being focused on such a pattern during the project phases-activities.  
 
Q7. How can outcome patterns associated with successful product innovation processes  

be determined?  
 
1.5.8 It is also of interest to evaluate outcomes over both short-term and longer-term time frames 
to see whether the outcomes found shortly after the completion of given focal processes have 
changed some years later. This could have value for companies focussed on achieving sustained 
competitive advantage. 
 
Q8. How do long-term outcomes differ from short-term outcomes of product innovation  

processes? 
 
Answers to these eight questions depend on understanding the influences exerted by innovation 
process factors that include firm specific ones and therefore need to be examined by a more 
detailed method than is possible with a statistical survey methodology. For this reason a 
comparative case methodology appears to be a reasonable alternative. These questions are posed 
in the ‘how’ form with the expectation that it will be necessary to deal simultaneously with them 
in the ‘why’ form. Some of the answers will likely be rather long due to the complex nature of the 
investigated product innovation processes. 
 
1.6 Who Should Read this Report 
 
The findings of an earlier Product Development Management Association task focused on 
measures of product development success and failure indicated two groups that may have interest 
in this type of study: product development managers and academic researchers. To these are 
added the four additional groups of company executives, consultancy groups, government 
program administrators, and technology management students. Product development managers 
“…want to understand more completely individual product success.” and are likely to “…remain 
focused on measures of success at the individual project level.” (Griffin and Page 1993, p. 291 
and 304). It is hoped that this present study will aid such understanding by promoting a mental 
review of the outcomes of previous projects so as to confirm or alter previous understandings 
gathered from completed projects. The findings from this study may also suggest new ways to 
evaluate future project outcomes and, if so, may be of relevance to company executives since 
they must use various means to attain long-term competitive advantage.  
 
Having a wide scope of outcomes in view from the start of a NPD process and estimating in 
advance the duration of those outcomes might help to lower the risks associated with failures that 
have been shown to be greater than the rewards for success in a study of the pharmaceutical 
industry (Sharma and Lacey, 2004, p. 304). So there can be a risk containment aspect to this 
study. 
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The group of management consultancies that deal with product innovation issues may find some 
interesting ideas for longer-term outcome evaluation and tracking of product and technology life 
cycles. The operational duration of different outcomes has not been one of frequent focus, but 
may become of greater interest due to the increased emphasis on knowledge gains and external 
linkages to different entities that can aid the company in its product innovation endeavors. 
 
Government administrators who grant funding for economic development projects including for 
product innovation work are interested in tracking the outcomes obtained from the funding. The 
large number of outcomes and the long-time frames in this report may be of interest to this group. 
These individuals seek information on development process factors so that more time and cost 
efficient processes can be planned and performed and more effective products can be produced. 
 
Academic researchers have tended to evaluate success and failure from an overall or strategic 
perspective and those “…analyzing project level results concentrate on product-related outcomes 
of success and failure…” (Sharma and Lacey, 2004, p. 303). Studies of how individual product 
innovation processes aid the creation and maintenance of sustained competitive advantage are 
also studies of success strategies. The cases reported here also provide evidence in support or 
rejection of theories evolved in earlier research. One of these theories deals the need for new 
structures within the innovating company to handle radically new products (Hage, 1980; Nord 
and Tucker, 1987).   
 
For technology management students the study may have utility in that the appended cases 
describe four product innovation processes in-depth so that an appreciation of the complexity of 
the markets, technologies and process phases-activities can be better understood. Also a wider set 
of outcomes for evaluation over longer time frames is presented for consideration. In summary, 
this multi-case study should have relevance for all six groups. 
 
1.7 Structure of the Study 
 
This introductory section presented the problem, the purposes, issues concerning prior studies, an 
overview of the study design and sets forth the research questions. Section 2. contains a summary 
of the four cases in the study and describes many of the terms used in the study. Then sections 3 
through 8 present findings divided into the following topics: 3 - external and internal context, 4 – 
project phases-activities, Section 5 – product innovativeness, Section 6 – outcomes classified by 
impact levels and innovativeness, Section 7 – outcome patterns, and Section 8 – long-term 
outcome changes. Section 9 contains conclusions while the methodology employed is set forth in 
the Methodology Appendix.  
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2.Summary of Cases with Outcome and Product Innovativeness Descriptions 
 
2.1 Case Summaries 
 
The four appended cases are presented as two process innovation reports from each of two 
companies: Raychem Corporation and Raytek, Inc. headquartered in Menlo Park and San Cruz, 
California, respectively. Table 2.1 summarizes the case designations. References to specific 
pages in these case reports are frequently made in this main report according to the form of case 
designation:page number(s). 
 
Table 2.1 Study Case Identification 
 
     Company Innovativeness level 
           Raychem     Case I A 

    Case I B 
            Raytek     Case II A 

    Case II B 
 
Raychem (Cases IA and IB) specialized in the manufacturing and sales of a wide range of 
industrial products, which are based, in part, on modified polymeric materials. As of 1999 it was 
a leader in materials science and engineering, with annual revenues of $1.8 billion (fiscal 1998) 
and had some 9,500 employees in 49 countries.3 The company utilizes expertise in materials 
science, electronics, and process engineering to develop, manufacture and market high-
performance products for electronics OEM (original equipment manufacturers) businesses, 
telecommunications and energy networks, and the commercial and industrial infrastructure.4   
 
The products of focal interest for this study are the surface mounted and battery protection types 
of overcurrent protection devices described in the two case reports. 
 
Case IA describes the process that was used to create a new design for a small-sized circuit 
protection device that is used by industrial customers to protect electronic circuits against 
overcurrent conditions that can burnout other components. The footprint area occupied by the 
miniSMD device on a printed circuit board (PCB) is only 14.4 mm2  compared to 37 mm2 for the 
predecessor product. To achieve this size reduction an entirely new manufacturing technology 
that was new to the company was required so that both a new product design and a new 
production process were involved. 
 
Case IB describes the process that was used to create a modified circuit protection device that is 
used by industrial customers as an overcurrent protection component in battery packs for mobile 
telephones. The first change from the predecessor product was to the internal technical 
operability so that less power is consumed to protect the battery packs and this, in turn, translates 
to increased talk-time for a given battery charge. The second change made the device both thinner 
and smaller in footprint so that less PCB area is occupied.  
 
Overcurrent protection devices are needed to prevent both burnout of electronic circuits and 
dangers such as fires caused by battery packs in mobile telephones and computers. There have 
                                                 
3 Homepage, Press Release: Raychem Announces Fiscal Fourth Quarter Revenues, 
www3.Raychem.com/RYCnews/fin/071999.htm. Accessed 1999-08-25. 

4 Ibid. 
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been recent reports of these problems including a Hewlett-Packard announced recall of Notebook 
computer batteries posted on The U.S. Consumer Product Safety Commission website stating 
“Hazard: An internal short can cause the battery cells to overheat and melt or char the plastic 
case, posing a burn and fire hazard.” (U.S. CPSC News, 2005).  A similar report from the same 
Commission of an announcement by Dell in 2006 stated:  
 

 “Hazard: These lithium-ion batteries can overheat, posing a fire hazard to consumers.”  
(U.S. CPSC News, 2006).  
 

These hazard reports are of interest for this study because Case I B concerns an overcurrent 
device that protects lithium ion batteries against such occurrences. 
 
Raytek (Cases II A and II B) is a leader in noncontact infrared (IR) temperature measurement and 
is a smaller company, but one that is international nevertheless. In addition to the Santa Cruz, CA 
headquarters, it had operations in Germany, Japan, China, and Brazil at the time of the initial 
interviews. It manufactures and sells a large number of product lines for noncontact temperature 
measurement.  These lines include sensors; modular electronics; monitoring systems (sensing 
heads + monitors); line scanners; and online fixed mounted and portable units. 
 
The two classes of these noncontact temperature measurement devices that are of interest for 
purposes of this comparative study are: online and portable. The online devices are used 
generally in fixed positions to monitor temperatures in industrial processes. The portable devices 
are used as maintenance tools to help spot potential overheating problems that can cause costly 
repairs if not detected at the earliest possible time. 
 
Case IIA describes an on-line IR temperature measurement device that was specifically created to 
appeal to industrial customer that have high temperature production processes such as steel, glass, 
and semiconductor manufacturers. The device was created with a two-color capability so as to 
convince such customers that Raytek was a highly sophisticated manufacturer that they could rely 
upon to solve problems. During the innovation process many more features were added so that 
the final device had measuring, recording and controlling functions that enabled a production 
engineer to use the device remotely from a control room rather than from a location near a high 
temperature production line. Case IIB describes a portable, hand-held, low-cost IR temperature 
measurement device that was provided with a laser slighting capability so as to appeal to a wide 
range of industrial and final use customers. 
 
Each of the four cases describes innovations processes that occurred within existing product lines 
so there is an innovation program aspect as well. This aspect has been followed in each of the 
case reports by providing product generation diagrams. Other comparisons to related products in 
the associated product lines are also referred to. The purpose of reporting the program level 
aspects is to give the reported cases more complete internal contextual foundation. 
 
All four cases describe product innovation processes that occurred within companies that have 
well-developed core competencies in technologies and marketing segments: Raychem for 
overcurrent protection devices and Raytek for IR temperature measurement devices. The 
existence of high levels of core competencies means that both companies were well positioned to 
create the products described in this study (Pralahad & Hamel, 1990). Of course both companies 
have other fields of expertise that are not involved with this study.  
 
There is another difference between the two companies that is of some interest. The focus on 
science as one of the core competencies seemed to be clearer within Raychem. For example, the 
initial interviews and much of the later guidance for understanding the product innovation 
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processes involved the Chief Scientist who was connected to the two projects. Another 
observation was that nearly all respondents held technical Ph.D. degrees. In Raytek no respondent 
had such a scientific title and doctoral degrees were not evident although the engineers 
encountered held very impressive technical knowledge. 
 
An important consideration that was helpful for this study resided in the willingness of each 
company to inform outsiders about company technology and management changes. Previous 
examples are an interview given by Mr. Paul Cook, founder and CEO of Raychem concerning 
innovation practices within the company (Taylor, 1990) and a Raytek presentation to an 
American Electronics Association conference (Bigelow, R. and Ysaguirre, J. L, 1997). 
 
2.2 Outcomes Initially Evaluated  
 
An open-ended protocol was used for the initial interviews and included the following eight  
outcomes: 
 
 Retaining present customers  
 
 Obtaining new customer segments 
 
 Being first into the market 
 
 Improving product’s unit profit 
 
 Obtaining patent protection 
 
 Increasing division sales 
 
 Increasing division profits 
 
 Creating new competitive knowledge 
 
During the first and subsequent interviews additional outcomes were added to this group and the 
final set are those evaluated in the study. The outcomes groups for the two pair of projects from 
each company were specialized somewhat for the two different products on the basis of the initial 
interviews. Also during the in-depth interviews it became apparent that there was another set of 
outcomes that had occurred and had value for the companies, but that were not used as original 
supporting factors for the project start decisions. This other set of outcomes has been labeled as 
peripheral ones and these outcomes were separately evaluated in later interviews. Also there were 
doubts as to the component parts of the last above-listed outcome providing support for the 
original decision to start the product innovation processes so that last outcome was assigned to 
the peripheral set. 
 
2.3 Target Outcomes and Descriptions 
 
The evaluated target outcomes are:  
 
Solving customer problems and/or 
Meeting customer needs with improving product functions 
 
Product utility gain 
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Unit profitability 
 
Product success targets met 
 
Sales to existing customers 
 
New customer segments accessed 
 
New product platform(s) created 
 
Evolution of an industry standard 
 
Patents applications filed 
 
Maintaining leading innovation position  
Being first entrant into the market 
 
New manufacturing technology acquired 
 
These target outcomes have literature bases and appeared to be useful for the evaluations of the 
innovation processes on the following bases:  
 
Solving customer problems and/or Meeting customer needs with improving product 
functions -  
It became clear during the interviews that there was no difference between asking for an 
evaluation of solving customer problems versus meeting customer needs with improving product 
functions. Meeting needs and solving customer problems are indeed intertwined (Griffin, 2005).  
The respondents treated these as equivalent outcome types. In the earlier interviews a distinction 
was made between these two versions of needs/problems and this is preserved in the outcome 
evaluations. 
 
The outcome of solving customer problems was added in the earlier interviews because two of 
the project managers commented that they were focused on providing solutions to very specific 
problems encountered by present or potential customers. In Case I A many of the customers had 
said that they were having problems fitting all of the required components onto PCBs in their 
production lines (limited real estate issue) and that smaller devices would provide a solution. The 
limited real estate issue is well known in the electronics industry (O’Hara et al, 1993, p. 290-
291). In Case II A the high temperature companies were stating that they had problems 
monitoring and controlling production processes that required operators to continually observe 
conditions with instruments located close to the heat-radiating processes. Solutions to these 
problems seemed foremost in the minds of the project managers. 
 
Meeting customer needs with improving product functions seemed to fit for Case I B where a 
particular, large volume customer had very specific and well defined ultimate user needs that 
were not sufficiently met – more talk-time on mobile telephones per battery charge. This 
customer also had the same type of PCB real estate issue as well. In Case II B the portable IR 
thermometer customers were saying that they needed to be able to sight in a more reliable manner 
and that a laser sighting function would help do that, but the price had to be low. This IR 
thermometer did become very successful and fits the prescription that “..most successful new 
products match a set of fully understood consumer problems with a cost competitive solution…” 
(Griffin, 2005, p. 211). 
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 Product utility gain – This outcome is closely related to the first two that have been commented 
upon together. Utility to the customer can increase due to the provision of new features (Cooper, 
1979; Cooper and Kleinschmidt, 1987) and/or my better performance parameters such as size, 
operational speed, absence of faults, etc. (Lee and Na, 1994; Souder and Song, 1997). Product 
utility gain relates to product advantage that give customer-perceived superiority as to quality, 
benefit and functionality and sometimes refers to the inflection mid-portion of the relevant 
technological S-curve where product performance measures rise steeply (Jones et al., 2000).  
 
It has been suggested that a radical innovation project is one that creates a product that has an 
entirely new set of performance features, improvements in known performance features of five 
times or more, or at least a 30% unit cost reduction (Leifer et al, 2000, p. 5). It is of interest to 
note here that merit and utility indices were constructed from available data to illustrate the gain 
in certain performance parameters for the products in the study cases and those have been 
detailed in the case appendices. These indices show product utility increases above the product 
performance minimum for radical product innovation together with unit cost reductions of 25% 
for at least one of the cases. This implies that at least one of the four cases is a candidate for the 
radical product label. More will be said about this point later on. 
 
Unit profitability – This outcome was a constant concern to all of the project managers and was 
manifested in efforts to lower unit costs whenever possible. Reports of manager statements in 
earlier studies confirm the use of this outcome wherein improved new product profitability was 
noted together with comments that sales and profit targets were exceeded when using a formal 
product development process (Cooper and Kleinschmidt, 1991, p. 140-1). For Case I A in the 
present study the product concept was immediately understood to offer lower unit cost (that 
eventually proved to be 25%) since thousands of devices could be made in a batch process as 
opposed to individual product fabrication from discrete parts and hence better profitability 
seemed achievable. In Case I B new production equipment and processing was made part of the 
NPD process in order to achieve lower unit costs. In Case II B several modification and choices 
were made to lower unit costs and this was done in a very successful manner as shown by the 
lower unit cost index value achieved (see Table 9, Section C). In Case II A decisions were made 
to lower unit costs, but due to the additional functions built-in to the device the unit cost rose 
above the original target. 
 
Product success targets met – All four cases were successful according to each company’s 
overall criteria. Such criteria usually include internal measures such as return on investment 
(ROI), internal rate-of-return (IROR), payback period, etc. These types of measures have been 
used in prior studies (Kleinschmidt and Cooper, 1991, p. 243-5), however, in this study the 
respondents were ask for an overall assessment of the importance attached to product success 
relative to other outcomes. This is analogous to a subjective ‘overall performance’ evaluation 
(Atuahene-Gima, 1995, p. 278). Also the term ‘new product success’ has been used as an 
outcome measure for a product development project (Maunuksela, 2003, p.15). Success is usually 
defined at the project level for convenience since relevant personnel know what is meant by the 
success targets recorded in Tables 8 and 9 in the case I A and I B reports and in Tables 10 and 11 
in the case II A and II B reports. In this study other longer-term outcomes were also of even more 
interest. 
 
Sales to existing customers and new customer segments accessed – These are target outcomes 
because projections are made before the innovation project starts and repeatedly throughout the 
product life cycle. Sales and profit targets are usually handled together (Cooper and 
Kleinschmidt, 1991, p. 141). 
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New product platform(s) created – Some customers react very favorably to more radical, new-
to-the-world products because the perceived relative advantages are expected to be greater and 
thus the creation of a new product platform that is usually involved with starting a new or 
significantly changed product line is a reasonable positive outcome for evaluation (Atuahene-
Gima, 1995, p. 279).  
 
The subject of new product platforms was investigated in the initial interviews in order to 
discover more information about the actual innovation processes.  Another reason is that the 
creation of a new product platform is a very desirable outcome within most companies (McGrath 
and Akiyama, 1996, p. 24). 
 
New product platforms were created in all but Case I B wherein a new core material platform was 
created that does not permit the use of the ‘product platform’ label. In each of the three other 
cases there were later derivative products that used the product concepts generated in the focal 
innovation processes. These derivative products can be seen in the product generation Figures 2 
and elsewhere in the case reports. An interesting side note is that the creation of a new product 
platform for Case II B was questioned during the final evaluation interview and the respondent 
gave many points to support the view that it was a new platform since it provided a smaller PCB 
and a parts structure that were then followed for the entire portable IR device product line. Thus 
the Case II B product set the standard for the later created products. In summary three of the 
cases fit at least as new platform products when considering the related innovativeness typology 
(Wheelwright and Clark, 1992, p. 49) and the product line histories that show changes in 
direction of the product families (Tatikonda, 1999, p. 4).  
 
Evolution of an Industry standard - 
Based on the initial interviews the new device in Case I A seemed to have the potential of setting 
a dominant design and this seemed to represent a de facto standardization (Chiesa et al, 2002, p. 
432) since a directly competing device came into the market within two years (Case I A:57) and 
there was an adoption of the standard for Microsoft products (Case I A:47). There was even a de 
jure standardization aspect due to a revised Federal Communication Commission Code (see Case 
I A:47 and Appendix D). Some of the features in the other cases offered similar potentials if 
followed by competitors. The interplay between the application of new technologies and the deep 
understanding of the markets in the four cases supported the idea that dominant designs could be 
evolved. The comments in early interviews recalled the evolution of industry standards in the 
early typewriter, video recorder, and personal computer industries (Utterback, 1994, p.23-55). 
These considerations led to another outcome for evaluation that could have competitive 
advantage implications. 
 
Patents applications filed – 
In a study on product innovation processes it seems prudent to evaluate this outcome. Patent 
applications were filed in three of the four cases and in that fourth one a potential filing was not 
pursued. American firms have reported that almost one-half of their industrial R&D expenditures 
went into projects aimed at entirely new products and processes (Mansfield, 1988, p. 225).  In a 
study of the connection between innovation and patent protection availability the proportion of of 
inventions developed in the early 1980s that would not have been developed without patent 
protection was estimated (Mansfield, 1986). The results indicated that, in some industries only a 
few additional inventions were commercially introduced because of patent protection availability, 
while in a few others the effects of the patent availability were noticeably different. In any event 
it was concluded that the availability of patents appears to have little effect on innovation and 
firms do patent the bulk of their inventions as occurred in three of the present cases. 
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Maintaining leading innovation position and being first entrant into the market - 
These two outcomes are inter-related and are connected with building a reputation. Many an 
innovative company understands that successful development of new products can enhance the 
firm’s corporate image among its stakeholders (Thomas, 1993, p. 9). This is particularly relevant 
when the new products are timely released into the market ahead of competing choices.  
 
New manufacturing technology – 
For companies “…production capability is a decisive competitive tool.” (Cohen and Zygman,  
1988, p. 1114). Further it “…is not just a question of marginal cost advantages; a firm cannot 
control what it cannot produce competitively.” It was not Japanese microchip designs, but in the 
yields of the production systems, that made them the largest microchip producers in the mid-
1980s (Ibid., p.1112). This suggests that an outcome of a new manufacturing technique could be 
as important for competitive advantage as a new product per se. 
 
2.4 Peripheral Outcomes and Descriptions 
 
The evaluated peripheral outcomes are:  
 
Knowledge gained for future use in 
Technical systems 
 
New product line extensions 
 
Marketing 
 
Organizational and internal product innovation development  
 
Strengthening of linkages to 
Customers 
 
Cooperation partner(s) 
 
Other suppliers 
 
Other outcomes 
Increased competence to overcome technical/marketing risks 
 
Gain of new manufacturing competencies and paradigms 
 
Confirmed existing product development system 
 
Direct competition for new system encountered 
 
Controversies concerning the product/technology 
 
Most of the above listed peripheral outcomes also have literature bases and appeared to be useful 
for evaluations of innovation processes in light of the initial interviews as follows: 
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Knowledge gained, in general - 
Knowledge gained has been evaluated as to future use in technical systems, new product line 
extensions, marketing, and organizational and internal product innovation system development.  
All of these confer knowledge enhancement on company personnel (Green et al, 1995, p. 204).  
Changes in knowledge provide indicators for the knowledge enhancement that occurred during a 
given project and can be related to the statement that ‘technological activities are embedded in 
and interdependent with activities which are open to the environment’ (Thompson, 1967, p. 20). 
 
The knowledge acquisition process can be loosely structured and involves information collection, 
evaluation and determination of the utility of these data for product development needs. The 
definition of information as ‘a flow of messages, while knowledge is created and organized by 
the very flow of information, anchored on the commitment and beliefs of its holder’ captures the 
meaning intended here (Nonaka, 1994, p. 15). Knowledge can be acquired from external sources 
in many different ways, e.g. through the acquisition of products, proprietary rights and other 
companies, permanent or temporary employment, co-operation with other companies, and of 
course interacting with customers. Through these ways knowledge is acquired to devise solutions 
to the problems encountered (Myers and Marquis (1969, p. 5–6).  
 
Knowledge gained for use in technical systems – This outcome is particularly important. For 
effective knowledge enhancement a firm should favour technological leadership and investment 
in cumulative knowledge building practices (Nambisan, 2002, p. 156). Both of these conditions 
are found in the four cases in this study by reason of the deep focuses on the respective technical 
and market factors. 
 
Knowledge gained for future use in new product line extensions – The actual innovation 
processes described in the case reports for the Cases I A, II A and II B products and the activities 
undertaken on subsequent product developments show a flexible rather than an extensive 
interface management of the product platforms created (Sundgren, 1999, p. 49). The term 
‘flexible’ is introduced here to make the point that there were learning processes that needed time 
to mature before the completion of the focal product innovation processes. Once these learning 
processes had been completed derivative products began to be designed and sold.  
 
This is a very important peripheral outcome because many benefits flow from the planning for 
and use of product platforms. Products can be more directly designed for different market 
segments, incremental and parts costs can be lowered as can manufacturing costs, and product 
development process time and cost can be lowered, product servicing can be improved, and risks 
can be lowered (Robertson and Ulrich, 1998, p. 20). 
 
New product line product designs and manufacturing processes can also engender other changes 
such as extensions of other product lines or the diffusion of new features into other product lines 
such as occurred in the present study cases. (Thölke et al, 2001, p. 5). Thus it is of interest to 
evaluate the importance of the knowledge gained for usage in subsequent product line 
developments. 
 
Knowledge gained for use in marketing – Understandings that evolve from learning new 
marketing skills are of value for subsequently developed products. A high degree of freedom 
needs to be maintained so that the acquired knowledge can be recombined for use in future 
projects as suggested by Kogut and Zander’s concept of ‘combinative capability’ that was 
introduced to focus on the synthesis and application knowledge acquired through internal and 
external learning to achieve competitive objectives (1992, p.384-5). 
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Knowledge gained for use in organizational and internal product innovation system 
development – It has been noted that companies do facilitate the bending of rules in order to 
create new products (Adams et al, 2006, p. 32). Such variations have the possibility to change the 
organizational systems. One aspect of organizational development is that changes to product lines 
often require new operating systems and procedures. Also it has been noted that some new 
products are sufficiently radical that they require or enable the creation of new business units 
(Hage, 1980, p. 244; Nord and Tucker, 1987, p. 24). Knowledge gained for such use is also of 
interest as an outcome that can contribute to future competitive advantage.  
 
Strengthening of linkages to customers, cooperation partner(s) and other suppliers –  
Changes in relationships to external actors/sources arising during the knowledge acquisition 
process can, when positive, facilitate more efficient co-operation and hence aid the development 
of future products. This is partly based on the point that cooperation with external organizations 
is a channel known to aid a firm’s innovations (Souitaris, 2001, p. 27). Cooperation channels that 
mature into technology alliances are best established over long-time frames because considerable 
time is necessary to identify core and future technologies that are of present or potential use 
(McGrath and Akiyama, 1996, p. 25). It is the changes in relationships and cooperation that lead 
to the strengthening of linkages and that then confer future competitive advantage upon 
companies. The term ‘linkages’ is used for the relationships between the firm and all of the 
different external actors/sources (Rothwell and Dodgson, 1991). Strategic uses of stronger or 
weaker inter-firm linkages have effects on innovation processes (Nooteboom, 1999, p. 796-7) 
and, therefore, require deep understanding for proper governance. The strengthening of a linkage 
to a given external actor/source was determined in this study by the respondent’s subjective 
opinion of the importance of changes in quality thereof. 
 
Of course for successful use of collaborative linkages firms need to insure that they have 
developed the requisite absorptive capacity that includes empowering team members to find, 
assimilate, and exploit the knowledge to solve the problems they encountered (Cohen and 
Levinthal, 1990, p.131). Also it has been considered “… necessary to adapt the company 
organization and its internal processes for supplier collaboration…” (von Corswant and Tunälv, 
2002, p. 259). 
 
It was not surprising that positive linkage outcomes are found for cooperation partners since it 
has been pointed out that working in collaborative arrangements is of benefit for building 
knowledge that can be used in the future and that such ‘interfirm linkages seem to promote 
innovativeness’ (Caloghirou et al., 2004, p. 37). Also, co-operation partners have been regarded 
as having a critical impact on radical innovativeness level projects (Leifer et al., 2000, p. 73). 
 
Increases in competence to overcome technical/marketing risks and gains of new 
manufacturing competencies and paradigms –  
These outcomes are of great importance for building competitive advantage and are evaluate 
within the ‘other outcomes’ group. It has been commented that long-term competitiveness is 
based on the ability to build core competencies at lower cost and faster than competitors so that 
unanticipated products are innovated (Prahalad and Hamel, 1990, p. 81). Risks are reduced as 
competencies are gained. 
 
Of course to achieve competitiveness, management must be able to consolidate available 
technologies and production skills for effective use by individual business units (Ibid.).  It is the 
capacity to manage the continuous evolution of the production system, rather than the operation 
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of an automated factory, that confers a competitive advantage (Cohen and Zysman, 1988, p. 
1112). 
 
Confirmed existing product development system - 
The initial interviews determined that formal product development processes or regimes had been 
used in all four cases. This raised the issue of whether these cases actually confirmed these 
processes or regimes or caused important changes to be made.   
 
Direct competition for new system encountered –  
This is a negatively directed outcome in that if direct competition is encountered the gaining of 
competitive advantage will likely be more difficult for the innovating company. This outcome has 
its origin in market competition and seemed to be a reasonable one to consider for any newly 
introduced product. 
 
Controversies concerning the product/technology - 
This outcome can either aid or detract from competitive advantage depending upon the legal 
situation. For example, a possibility is that some competitor might start to produce a product that 
infringes on the company’s intellectual property so that a decision has to be made regarding 
enforcement of its own intellectual property rights. Another possibility for any new product is 
that it will become the basis for damage claims in an intellectual property dispute. This can occur 
due to the specific product design or the manufacturing process used for its production. This 
seemed to be a useful additional outcome to evaluate since filing patent applications were 
mentioned in the early interviews and is handled as a positive outcome in the study as noted in 
Cases I A: 57 and I B:70. 
 
2.5 Product Innovativeness Level Described 
 
Product innovativeness levels were determined by evaluating newness as to those inside of the 
company and on the market side using a 10-point Likert scale. Classification terms such as ‘new-
to-the-world’ and ‘derivative’ were avoided during interviewing so as not to force-fit the products 
into categories that would late require additional qualifications.  
 
In this study ‘product innovativeness’, is taken from the term product innovation, to mean the 
degree or level of newness in ‘the development of new products, changes in design of established 
products, or use of new materials or components in the manufacture of established products’ 
(White et al., 1988, p. 6). 
 
The innovativeness levels of the products were determined by assessing newness to the company 
and to external market actors (Booz, Allen and Hamilton, 1982) through measures as to: 
 
 The company per se 
 Noncustomer collaborators (cooperation partners and suppliers) 
 
 Customers/users 
 Competitors 
 
The company per se measures are based on newness opinions as to those within or close to the 
company (Cooper, 1979; Cooper and de Brentani, 1991, and Goldenberg et al, 1999). The 
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external measures are based on newness opinions as to those within the market/industry (Ali et al, 
1995 and Atuahene-Gima, 1995). 
 
These measures cover newness to the company personnel and noncustomer collaborators and to 
the market/industry so that innovativeness levels are based on both micro and micro perspectives 
(Garcia & Calantone, 2002,  p. 124), but do not use product advantage measures (Calantone et al, 
2006, 412-413). 
 
As commented above at least three of the cases created new product platforms that were used for 
subsequent products. During the later stages of the interviewing process this finding led to the 
possibility of categorizing the cases further according to an incremental, platform or 
breakthrough schema to aid an understanding of the innovativeness of the products (Wheelwright 
and Clark, 1992, 49). Case I A involved substantial product and process changes. When the prior 
SMD device was compared to the new miniSMD device it was not immediately apparent that 
these were closely related and actually provided similar overcurrent protection capability. The 
differences in physical size, shape and component parts were large. The new manufacturing 
process was totally different because a different technological production system was developed 
for the new device. This change amounted to a totally new way of producing the product and is 
therefore seen as being discontinuous (Tushman and Nadler, 1986, p. 77). 
 
So this Case I A device does seem to fit as a breakthrough innovativeness type product. It was 
also used for subsequent product developments even in another product line. The Cases II A and 
B products were manufactured by making only small adjustments to the manufacturing processes 
and both contained new elements that could be found in other company products. However, both 
provided bases for subsequent products so the term platform product fits closer for these two. 
Cases I B seemed to fit better as an incremental product because the form of the new product was 
immediately recognizable from that of the earlier, replaced product and only the technical 
properties of the core material had been changed together with a small size reduction. The 
upgrading of the manufacturing equipment during the NPD process for Case I B was within the 
same technological base. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

26

 
3. Innovation Process Factors: External and Internal Context 
 
This and the next two sections, 4 and 5, set forth qualitative analyses carried out to better 
understand the influences of selected innovation process factors on the outcomes. In order to treat 
such influences it is necessary to evaluate the various innovation process factors across the four 
cases rather than looking at each case separately. The selection of innovation process focal 
factors is difficult because there are such a large number that occurred within each innovation 
process. However, the analyses across the four cases should “…foster greater validity in the 
development of insights and fuller consideration of the context dependency ..” (Lettl et al, 2006, 
p. 254). 
 
Choosing the focal factors is aided by giving attention to the inputs of customer needs and 
problems that define the new product objectives, and then the acquisition of knowledge needed to 
create the product. Sources of knowledge can be found in the relevant external technology and 
engineering fields, connections to specific outside knowledge sources, changes in the 
environment such as decreasing component costs, inside of the company due to its previous work 
with related products, and steps taken in the internal innovation process and in the management 
of the process, and also the freedom to access all of these sources and to experiment. All of these 
inputs to the innovation process are regarded as highly important and are, in general, good 
choices for factors that support various desired outcomes. Attention to factors related to both the 
customer and knowledge sources has been the guiding principle for these qualitative analyses. 
 
The large number of factors associated with innovation processes that influence the outcomes 
makes these qualitative analyses a daunting task. Some of these have been dealt with in reports 
that have analyzed earlier studies (Brown & Eisenhardt, 1995 and Balachandra & Friar, 1997). 
Others are reported using descriptions of multiple cases together with causal chains and pattern 
matching to identify networks of factors that led to product innovation and firm growth (Romano, 
1990). In this last report high growth firms were distinguishable by factors of technology or R&D 
in the causal chains of factors. Low growth firms held much closer to their existing customer 
bases. From these types of sources and the cases in this study a number of factors were selected 
for detailed study with the objective of attempting to connect particular factors with outcomes in 
a more direct manner. 
 
Factors that are found to be driving given outcomes in more than one of the cases are more likely 
to exert influences on future innovation processes than those that were found to be more 
idiosyncratic. However, those that reference a single case for support should be considered as 
candidates for careful consideration in innovation process planning because most of the selected 
factors have meaning for a wide variety of industrial product development processes. For 
example, the decreasing unit cost of a key component, gallium arsenide laser diodes, enabled the 
device created in case II B to have wider pricing flexibility and hence to gain an expanded 
customer base. Raytek was able to take advantage of this opportunity because all of the other 
necessary factors were also present such as supportive internal structure, deep technical and 
marketing knowledge, and excellent engineering skills for the product line within which the 
device was developed. A similar combination of factors can be found in many industrial product 
companies. 
 
Another note is that some factors are generally applicable to all product innovation processes, but 
evidence of such applicability was weak in some of the investigated cases. For example, the 
external factor of customers wanting lower priced devices was strong for Case II B, but not 
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stressed as a factor in the initial interviews for the other three cases notwithstanding that lower 
prices are nearly always of interest for mass produced industrial components and devices.   
 
The selected factors are organized according to the conceptual groups illustrated in Figure 3.1 as 
follows: 1. external context, 2. internal context, 3. innovation process phase-activities, and 4. 
product innovativeness. The process phase-activities are sub-divided into the categories of: 3a. 
product concept origination, 3b. solving technical issues, 3c. team interactions with other parts of 
the company, 3d. iterations due to new marketing inputs, and 3e. iterations due to new 
manufacturing engineering needs rather than as strict activities sequences. These groups of 
factors are treated in the following sections: 
 
 this section 3 - external and internal contexts 

section 4 - innovation process phase-activities, and  
section 5 – product innovativeness 

 
The Figure 3.1 conceptual groups also relate to the resource base of a company that includes 
many connections to the external context factors and both the internal context and product 
innovativeness factors. These conceptual groups form a resource base that is used in the 
innovation process activities (Penrose, 1959). This resource base needs to be continually 
reconfigured to achieve dynamic capabilities for each product innovation process in order to 
build long-term competitive advantage (Eisenhardt and Martin, 2000, p.1117). The dynamic 
capabilities comprise linkages to external entities, and the factors included in internal context, 
especially: technical competencies, product and technology management strategies and internal 
accessible expertise. These can be refocused to achieve a series of successes for the company’s 
product innovations. Refocusing here means that the experiences gained from the assessment of 
the outcomes are best analyzed and resorted for making adjustments in the internal context, 
innovation process phase-activities and in product innovativeness for subsequent products. The 
four cases in this study had the external resource advantage of being within the Silicon Valley 
area that has a very wide range of technical expertise.  
 
Innovation process phase-activities can be analyzed as a series of sequential steps together with 
upper management checking sessions or gates. Such sequences were used for the product 
innovation processes reported here with slight changes in terminology. Raychem used product 
development phase activities with design review points; whereas Raytek used a series of four 
phases together with management reviews. During these activities several firm-specific resource 
categories were repeatedly accessed to solve market and technical issues, for example. This led to 
an analytical focus on the iterative use of these resource categories rather than on the 
development phases and checking sequences. For example, process phase-activities under 
category 3b, solving technical issues, drew on internal and external technical expertise resources. 
 
The fourth group of factors in Figure 3.1, related to product innovativeness, is shown as a 
moderator for the innovation process phases-activities. This is a largely undefined group because 
it is difficult to label the phenomena that occur under this term. Should it contain a separate factor 
for the more gifted team members who have created many prior innovative products? Should a 
‘stroke of genius’ be a factor? It has been earlier commented that technological breakthroughs are 
rare and tend to be driven by individual genius (Tushman and Anderson, 1986, p. 440).  
 
The product innovativeness levels in this study have been gauged by determining newness as to 
certain actors within the external context and those within the company, the internal context, on a 
Likert scale. An evaluation of this type is indicated by the double-headed arrows to the top and to 
the left of the product innovativeness box. These same arrows also provide channels for the  
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feedback
 

       1. External Context: 
  Customers 
  Cooperation partners 

 Suppliers 
 Competitors 
 Production parts and equipment 
 

 
 
 
Figure 3.1  Product Innovation Process Factors and Outcomes 

      Adapted from Lewis (2001)     
 

2. Internal Context: 
     Product and Technology  
        management strategies 
     Technical competencies   
     Accessible expertise 
     Executive management 
     Project team and funding 
     Linkages to other parts of  
        the company 
      Use of components in  
         common with other  
         products 
     Access to production          
         lines 

3. Innovation Process Phase-Activities Categories: 
a. product    b. solving    c. team           d. iterations    e. iterations 
    concept        technical     interactions   due to new     due to new 
    origination    issues         with other      marketing      manufacturing       
                                            parts of          inputs             engineering 
                                            company                               needs 

Outcomes 
    5.Target 
    6. Peripheral 

4. Product Innovativeness as moderator 
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interconnection of product innovativeness to the: 1. parts and equipment that become available in 
the external context, and 2. product and technology management strategies in the internal context 
group. 
 
There are more phenomena to consider such as the interplay between the various phase-activities 
categories, for example inputs from the customers can cause teams to think outside of the 
dominant product design and to consider the use of new technologies so as to create highly 
innovative products. These types of phenomena occurred in Cases I A, II A, and II B, but there is 
no exact factor label other than ‘product innovativeness’. Perhaps it is best to think of product 
innovativeness factors as a nerve center for innovation that is interconnected to all other factors 
and outcomes that are accounted for within Figure 3.1. Innovativeness has been referred to as “..a 
multidimensional phenomenon…” (Lettl et al, 2006, p. 252) and as having a multitude of 
interacting factors (Johannessen et al, 2001, p. 21). This first conclusion is noted as being well 
supported by many state-of-the-art reviews: Avlonitis et al., 2001; Dahlin and Behrens, 2005; 
Danneels and Kleinschmidt, 2001; Garcia and Calantone, 2002; Gatignon et al., 2002; Green et 
al., 1995; and Tidd and Bodley, 2002. Additional comments on product innovativeness 
phenomena will be made in later sections. 
 
The target and peripheral outcomes shown in Figure 3.1 contribute to the organizational  
performance gained by each successful product innovation process. The outcomes feedback into 
the organization’s competencies, technology knowledge and tacit skills that are parts of internal 
context and thus become part of the on-going dynamic changes that occur within the company as 
a result of the rewards and experiences achieved through the innovative efforts. This feedback 
loop from outcomes to internal context illustrates how successive product innovations help the 
company to build-up long-term competitive advantage positions. Some outcomes have larger 
impacts in this feedback loop than others depending, in part, on the operational durations thereof. 
 
Figure 3.1 also provides a possible basis for an in-depth tracking system for product innovation 
processes that are an important process within a company’s internal business process value chain 
(Kaplan and Norton, 1996, p. 98-103). More about this possibility will be covered in later 
sections. 
 
3.1 External Context 
 
In Table 3.1 the external context category includes factors related to customers, cooperation 
partners, outside suppliers, competitors, parts and production equipment, both general and 
specialized engineering knowledge, etc. When the wants and needs of the customers are satisfied 
by the innovated product one or more outcomes will be influenced. For example, a frequent 
demand is for lower priced industrial components and when these are supplied then the target 
outcome categories of sales to both existing and new customers tend to show positive change. 
When customers or other external actors are contacted for marketing and/or technical inputs at 
least two peripheral outcome categories are influenced: knowledge is gained and linkages to the 
actor(s) are often strengthened. Also availability of parts from previously qualified suppliers can 
be of importance for maintaining on-time product development schedules. Newly available parts 
and production equipment may facilitate innovative efforts during a given product innovation 
process. Also innovation processes that have discontinuous aspects provide new channels for 
relating the company to its external context or environment (McKee, 1992, p. 235). 
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Table 3.1 External Context Factors Influences on Outcomes 
 
External context factor Outcome 

Category 
Outcome Evidence from Case(s) 

 
 Customers need smaller devices 
  
 
Customers wanted evidence of    
  technical sophistication 
  
 
Customers wanted lower priced 
device 
 
 
 
Customers wanted specific  
  technical functions  
  (e.g., laser sighting, more talk  
   time) 
 
 
Contact with customers  
    in design phase 
 
 
Use of outside  
    technical expertise 
 
  
Lowering component  
     costs (laser diodes) 
 
 
 
Expanding market 
 
 
 
Upgrading of production  
      process equipment 
 
Cooperation with suppliers 
    
 
Product to customers 
 
 
Product to customers 

 
T 
P 
 
T 
 
P 
 
T 
T 
 
P 
 
T 
T 
 
T 
P 
 
P 
P 
 
 
P 
P 
 
 
T 
T 
T 
 
 
T 
T 
 
 
T 
T 
 
P 
 
 
T 
 
 
T 

 
sales to existing customers 
marketing knowledge gain 
 
new customer segments  
  accessed 
marketing knowledge gain 
 
sales to existing customers   
new customer segments  
  accessed 
marketing knowledge gain 
 
as to product utility gains 
sales to existing customers  
  (except for II A ) 
new customer segments accessed 
marketing knowledge gain 
 
market knowledge gain  
strengthening of linkage to  
  potential customers 
 
technical knowledge gain  
strengthening of outside linkages  
  to coop partners 
 
unit profitability   
sales to existing customers  
new customer segments accessed 
 
 
sales to existing customers 
new customers segments  
  accessed 
 
unit profitability   
product utility gain* 
 
strengthening of linkages with  
  suppliers 
 
solving customer problems 
 
 
meeting customer needs with  
  improved product functions 

 
I A:21, 48, 55 
I B:15, 52, 58 
  
II A:16, 54, 60 
 
   
 
II B:12, 42, 43, 58, 64,  
        79 
   
   
 
I A:46-50, 55 
I B:17, 51-53, 58 
II A:53-56, 60 
II B:57-59, 64 
   
 
IA:27, 55, 56 
I B:14-17, 58, 59 
II A:43, 60, 62 
 
I A:26, 37, 55, 56 
II A:43, 60, 62 
 
 
II B:34, 35, 38, 39,  
        57-59 
 
 
 
I A:47. 48 
II B:42, 58-60 
 
 
I B:42, 43, 51-53 
 
 
I I B:43, 65 
 
 
I A:46 
II A:53 
 
I B:51 
II B:57 

* utility gain due to product quality improvement 
 
 
The first four factors in Table 3.1 deal with customer needs and wants. Each of the reported cases 
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had high customer focus that included refined insights into their needs, problems, and 
expectations; concentration on value propositions that met those needs and on solving the 
associated problems; and use of internal resources for maximizing customer value. This focus 
was acted on through robust front-end innovation processes. So the project teams can be seen as 
outstanding corporate innovators (Boike et al, 2005, p. 538) and market-guided developers that 
have been linked to successful product innovation processes (Ayal and Robinson, 1990, p. 180). 
 
This implies that solutions to the problems identified by the customers and meeting their needs 
were in central focus from the outset of each product innovation process. This means that the 
products were user-oriented designs, but the customers did not participate closely in the 
innovation processes.  
 
It is possible to say with regard to the fifth factor in Table 3.1 that there was sensitivity toward 
user/consumer design considerations in each of the cases (Veryzer and de Mozota, 2005, p. 129).  
There was deep understanding and long histories of relationships with the customers in both 
Cases I A and B as these are industrial component products so the voice-of-the-customer was 
well understood. Somewhat less customer inputs were used in Cases II A and B, but the project 
teams had very deep knowledge of the product users. Formal marketing research was not stressed 
in these cases, but nevertheless the ‘voice of the market’ was well understood (Dolan, 1993, p.5). 
 
As to the sixth external context factor in Table 3.1, the use of outside technical expertise through 
cooperation is frequently the fastest way to solve technical problems and can be more efficient 
than experimentation (Lindman, 1997, p. 248) providing sufficient absorptive capacity has 
previously been put in place (Cohen and Levinthal, 1990). For example, in an Italian case 
significant improvements in NPD were gained by partnering with a group of suppliers 
(Bonaccorsi and Lipparini, 1994, p. 140). Collaboration between firms in different industries are 
regarded as an attractive means to acquire know-how or learning as occurred in both cases I A 
and II A (Tidd and Trewhella, 1997, p. 365). 
 
The external context factors in Table 3.1 are analyzed at the end of the next section together with 
those categorized as relating to internal context. The outcome categories in the second columns of 
this and the similarly arranged subsequent tables have been noted as either target, T, or 
peripheral, P. Also in this and subsequent tables notations of reference pages in the case reports 
are given for the outcomes in the above-mentioned form of case designation:page number(s) 
as shown in the first entry of I A:21, 48, 55. The two appended company case reports are 
separately page numbered accordingly. 
 
3.2 Internal Context 
 
As shown in Figure 3.1 factors in the internal context category are defined as those related to the 
company including, especially, the product and technology management strategies; technical 
competencies and assessable expertise; other personnel, parts, and equipment resources 
controlled by the company; etc. Some of these are intangible resources that have a very 
significant relationship to innovative activities (Galende and de la Fuente, 2003, p. 718). The 
company’s accumulated decisions concerning product and technology management strategies set 
limits to what product types are to be developed and by what types of technologies.  
 
It has been suggested that product success is closely related to product fit and focus and to 
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production and technological synergy and these factors are associated with a competitive strategy 
that concentrates on products that are familiar to the firm and are well-supported by engineering  
 
Table 3.2 Internal Context Factors Influence on Outcomes 
 
Internal context factor Outcome 

Category 
Outcome Evidence from Case(s) 

Company has many years experience in 
specific technical field 
 
 
 
Team members have in-depth 
knowledge of technology 
 
 
 
Team members have deep knowledge 
of related product lines 
 
 
 
Project managers changed as needed 
for different phases 
 
Project manager given choice of 
engineers for project 
 
Technical specialists available to team 
(scientific labs) 
 
 
Support from executive management 
with stage gate decision 
 
Adequate Funding  
 
 
 
 
Special funding for expanded 
objectives (new production equipment) 
 
 
Timely linkages to other parts or 
company (for product testing) 
 
Access to production equipment* 
   

T  
 
 
 
 
T  
 
 
 
 
T 
P 
 
 
 
T 
 
 
T 
 
 
T  
P 
 
 
T 
 
 
T 
 
 
 
 
T 
(extension 
for success) 
 
T 
 
 
T 
P 

product utility gain   
 
 
 
 
product utility gain   
 
 
 
 
product utility gain   
gain in knowledge for  
  product line  
  extensions 
 
product success targets  
  met 
 
product utility gain   
 
 
product utility gain  
technical knowledge  
  gain 
 
new product platform  
  created 
 
success targets met 
 
 
 
 
expansion of project  
  scope for greater  
  success 
 
success targets met 
 
 
product utility gain 
gain of manufacturing  
  competencies +  
  paradigms 

I A:8, 9, 48-50 
I B:8, 9, 52, 53 
II A:4, 8-15, 55, 56 
II B:4, 8-15, 59 
 
I A:20 – 27, 48-50 
I B:31, 32, 52, 53 
II A:24-32, 55, 56 
II B:34-41, 59 
 
I A:10, 21-24, 48-50, 55 
I B:10, 21-24, 52, 53, 57 
II A:10-15, 33, 34, 55, 56, 60 
II B:10-15, 42, 43, 59, 63 
 
I A:40, 50 
I B:40, 53 
 
II A:25, 55, 56 
 
 
I A:37, 48-50, 53-55  
I B:31, 37, 52, 53, 57 
 
 
II A:27, 53 
 
 
I A:41, 42, 50 
I B:42, 43, 53 
II A:49, 50, 56 
II B:49, 50, 59, 60 
 
I B:42, 53 
 
 
 
II A:31, 56  
II B:40, 59, 60 
 
I A:29, 33, 40, 41, 47-50 
I B:29, 40-42, 52, 53, 59 
II A:22, 30, 31, 55, 56 
II B:22, 38, 39, 59, 65 

* Evidence is also supplied by observation. 
 
and production facilities (Davis, 1988, p. 103). Developing products that have a high degree of 
market newness can be more risky. However, it must be borne in mind that firms fostering an 
innovative internal environment have a basic competitive advantage (Bantham and Swanson, 
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1995, p. 45).  
 
A wide range of internal context factors has significance for innovation processes. In the 
accessible expertise category the extent of the experiences that the R&D team members have in 
solving technical problems is an important internal context factor as shown in Table 3.2. In Case 
II A the chosen project manager negotiated for his choice of team members so that the best  
experience base would be available from the starting point. This enabled eventual product utility 
gains for the device. Another case example in this category is that in Cases I A and B the project 
managers were changed as the projects progress as part the original plan to provide the best 
experience levels for managing each stage (see Table 7, part A. in the cases report). This fits with 
an earlier comment on such top management practices (Watson, 2005, p. 76). It is also seen as a 
rugby approach since there is “…constant interaction of a hand-picked, multidisciplinary team 
whose members work together from start to finish..” rather than following a relay race model 
(Takeuchi and Nonaka, 1986, p. 138). 
 
In both Cases II A and B the project managers raised risk-to-reward issues with respect to 
innovation projects. Employee rewards are shown at the second level in a Maslow pyramid 
dealing with commitment in companies (Stum, 2001, p. 6) so this point can be seen as a 
problem requiring top management attention to insure that innovation expertise is recognized and 
properly rewarded. However such attention may be lacking as pointed out in a survey that 
included questions regarding NPD rewards: 
 

“Firms have not grappled adequately with team-based rewards. Project completion  
dinners are the most frequently-used NPD reward, and the only reward used more by best 
practice firms than the rest (72% versus 54%). Best practice firms do not use financial 
rewards for NPD.” (Griffin, 1997, p. 431) 

 
More attention is needed on this issue both according to information collected during the 
interviews and from this reported survey result. 
 
In Case II A the company Chairman overruled a Management Review committee decision to stop 
the project due to failure to meet the target payback period.  This fact showed clear support for 
the project from the executive management and caused one respondent to label the Chairman as 
the project’s champion. However, this label does not quite fit because the Chairman did not 
initiate the project or sell it internally, but rather kept it on track (Chakrabarti, 1974, p. 58). So 
this might be more of a process sponsor roll (Watson, 2005, p. 74). Since the overruling decision 
followed a Management Review committee action there is an element of a gatekeeper role as well 
as an instance of wearing two hats (Ibid., p. 77). The main point, however, is that the overruling 
action permitted a new product platform to be created. 
 
Another important internal context factor is access to production equipment so that the 
manufacturability of a new product can be properly engineered and tested prior to market release. 
The last factor shown in the internal context Table 3.2, access to production equipment, has not  
been included as a usual one in prior studies and this may be due to the separation of project 
execution phases from the implementation phases that include production, marketing and sales. 
This is the old problem of ‘throwing the project over the wall’ to the production and marketing 
departments (Terwiesch and Loch, 1999, p. 166). An early National Science Foundation study 
showed that 40 - 60 % of the typical distribution of costs in successful product innovation was 
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due to tooling - manufacturing engineering (Myer and Marquis, 1969, p. 7). This was a higher 
percentage range than any of the other cost categories that covered the expenses from research to 
marketing start-up. A cost component this large should be the focus of management attention. 
 
Suggestions have been made for integrating the entire project lifecycle so as to give the project 
team a wider mandate (Pillai et al, 2002, p. 168) and this would of course bring production issues 
into focus. Some examples from professional experience could be of background interest to show 
the importance of access to production equipment as part of an R&D process.  
 
For many years Continental Group has been a leading producer of packaging products including 
cardboard and paper containers.  During a visit to one of the papermaking operations it became 
clear that the R&D team members had access to a production paper-making machine for 
experimental runs so that a new type of paper sizing material could be tested under actual 
production conditions. After some trial runs it was concluded that the new sizing material was 
workable at the full production speeds of the machines. Without such internal access to 
production equipment the new sizing material could have remained in the R&D laboratory 
without the needed proof of its commercial viability. Of course access to a multi-million dollar 
production machine for trial runs is not readily available in many companies.  
 
Similar access to large-scale production equipment was later observed in the Ukraine where 
scientists from the E. O. Paton Electric Welding Institute in Kiev were able to make experimental 
runs to produce electroslag remelting of steel ingots according to new processes in Zaporozhie 
Steel Factory furnaces. Access to production steel furnaces is not readily available, but does 
increase the commercial viability of the results and deepens knowledge. Innovation teams that 
have such access operate in a different internal context than teams in other companies that do not 
have such access. The R&D results achieved by project teams that have such access will likely be 
better aligned to commercial requirements since knowledge derived from test runs in production 
equipment will be incorporated into the innovation process.  
 
These two examples indicate the value of access to production equipment during innovation 
projects. An opposite outcome was observed in a pharmaceutical company during an R&D 
project to create an early pregnancy test. Much effort went into creating the testing reagents and 
testing kits, but there was no relevant history for this type of pregnancy test product and thus no 
production equipment so that part of the innovation process was not possible. While alpha testing 
was carried out within some company families and patents were obtained, the project was finally  
terminated.5 Not having prior experience in that testing line and absence of production equipment 
were both negative factors. 
 
The project teams in this study all had access to production equipment and, in fact, were charged 
with the responsibility to insure that the new products were fully manufacturable according to 
company guidelines. This seems to be an enlightened practice in view of the high costs of just 
‘throwing the new products over the wall’. 
 
The frequencies of the external and internal context factors that are seen as influencing outcomes 
are given in the two multi-column sections of Tables 3.3 and 3.4, for target and peripheral 
outcomes, respectively. 
 
                                                 
5  Arquilla, U.S. Patent Nos. 3,236,732 and 3,562,384; and Adams et al, U.S. Patent No. 3,415,361. 
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Table 3.3 -Target Outcomes Frequencies for External & Internal Context factors in Innovation  
      Processes 
 

Target Outcome Type 
 
 
 

3.1 External context  factors 
 
 
Cases: 
 
I A        I B           II A          II B 

3.2 Internal context factors 
 
 
Cases: 
 
 I A        I B     II A      II B 

Total Outcome 
frequencies 
across all four 
cases 

Solving customer 
problems 
  
Meeting customer needs 
with improved product 
functions 

   1  
 
 
 
 
1 

   1  
 
 
 
 
1 

     
 
 
 
 
  4 

Unit Profitability   1  1       2 
Patents applications filed          
Evolution of an industry 
standard 

         

New customer segments 
accessed 

2 1 2 4       9 

New manufacturing 
technology 

         

New product platform(s) 
created 

      1    1 

Sales to existing customers 3 2  4       9 
Product utility gain 1 2 1 1 5 5 5 5  25 
Maintaining leading 
innovation position 

         

Product success targets 
met 

    2 3 2 2  9 

Being first entrant into the 
market 

         

Case totals 7 7 4 11 7 8 8 7  59 
 

One of the last peripheral outcomes in the case report tables was for direct competition 
encountered so could have been listed in Table 3.4, but since the devices in all four cases did 
eventually face competitive products it is not of much interest to do so here in the external 
context columns.  However, when product innovativeness is considered there is a more 
interesting aspect for this outcome that becomes apparent and has been handled in Section 6, 
below. 
 
A response to Question 1 from Section 1 can now be given. It was:   
 

How does the company’s external context influence outcomes from the innovation 
processes? 
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Table 3.4 – Peripheral Outcomes Frequencies for External & Internal Context factors in  
       Innovation Processes 

 
Peripheral Outcome 
Type 
 
 
 

3.1 External context  factors 
 
 
Cases: 
I A       I B         II A      II B 

3.2 Internal context factors 
 
 
Cases: 
 I A         I B        II A    II B 

Total Outcome 
frequencies 
across all four 
cases 

Knowledge gained for 
future use in  
 

         

   Technical systems 1  1  1 1   4 
   New product line  
      extensions 

   1 1 1 1 1 5 

   Marketing  3 3 3 2     11 
   Organizational and  
      internal product  
      innovation  system  
      development 

         

Strengthening of  
linkages to 
 

         

    Customers 1 1 1      3 
    Cooperation  
       partner(s) 

1  1      2 

    Other suppliers    1     1 
Other outcomes 
 

         

   Gain of new  
      manufacturing      
      competencies and  
      paradigms 

    1 1 1 1 4 

   Increased  
      competence to      
      overcome        
      technical/  
      marketing risks  

         

   Confirmed existing  
     product  
     development system 

         

   Direct competition  
     encountered 

         

Case totals 6 4 6 4 3 3 2 2 30 
 
The number of instances of positive impacts on outcomes from external context factors is: 
 Target - 
  Solving customer problems or meeting customer needs  4 
  Unit profitability       2 
  New Customer segments accessed     9 
  Sales to existing customers      9 
  Product utility gain               _ 5_ 
                    29 
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Peripheral – 
  Knowledge gained for technical systems use    2 
  Knowledge gained for product line extensions   1 
  Knowledge gained for marketing               11 
  Strengthening linkages to customers     3 
  Strengthening linkages to cooperation partners   2 
  Strengthening linkages to other suppliers             _1_ 
          20 
 
These findings show that the external context is related most heavily to gaining knowledge for 
marketing usage from existing customers and from new customer segments through solving their 
problems and meeting their needs. This seems to confirm that one of the most important external 
factors is talking to the customers as part of the early innovation process. There is a long history 
of the important role of customers in building competitive advantage positions starting with 
Penrose’s concept of an ‘inside track’ (1959) and recently elaborated by Zander and Zander 
(2005, p. 1520). This is an expected result and thus is less surprising than the low number of 
instances of other positive impacts. The original expectation was that there would be more 
instances of the strengthening of linkages to outside actors among the cases since more were 
found in another recent study of software products (Segelod and Jordan, 2004), even though 
differences between tangible hardware and software were noted. 
 
The response to Question 2 can now be set down. This question was:   
 
 How does the company’s internal context influence outcomes from the innovation 

processes? 
 
The number of instances of positive impacts on outcomes from internal context factors is: 
 Target – New product platform(s) created      1 
   Product utility gain      20 
   Product success targets met       9_ 
           30 
   
 Peripheral – Knowledge gained for technical systems use     2 
   Knowledge gained for product line extension use    4 
   Gain of manufacturing competencies and paradigms    4_ 
           10 
 
One of the more interesting findings is that it is the company’s own internal context factors that 
heavily influence the target outcomes of product utility gain and success targets met. The internal 
context factors are found to be more influencing than those in the external context category for 
these two outcomes. A tight rugby game achieves product utility gain and meets the success 
targets (Takeuchi and Nonaka, 1986, p. 138). These findings also indicate that internal factors 
controlled within the company are major influences on both product utility and on the eventual 
target success measures and that peripheral outcomes of knowledge gained for product line 
extension use and gains of manufacturing competencies can be expected. 
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4.  Innovation Process Activities 
 
The phase-activities and steps within the innovation processes have been organized according to 
the following categories as shown in Figure 3.1 so that the factor designations will be clearer: 
 
a. product        b. solving      c. team             d. iterations      e. iterations 
    concept            technical       interactions      due to new       due to new 
    origination       issues            with other        marketing         manufacturing       
                                                  parts of            inputs                engineering 
                                                  company                                   needs 
 
4.1 Activities Descriptions 
 
a. Product Concept Origination – This set of activities encompasses: evolving timely solutions for 
customer needs, brainstorming or product idea generation sessions, setting product specifications, 
and decisions to expand the product design after initial customer information is obtained. After 
the product specifications are finalized and a start decision is obtained the phase-activities shift 
into a project sequence.  Case I A started with a widely attended brainstorming session with the 
objective of finding a way to manufacture smaller overcurrent protection devices. Many ideas 
were raised, but the main thrust was to avoid product fabrication that required the use of discrete 
parts as was being used for the predecessor product. This seems to fit as an example of a fuzzy 
front end of the process ( Koen, 2005, p. 82; Reid and de Brentani, 2004, p. 176) and that term is 
an apt description of the manner in which a new product platform and a new manufacturing 
process were created in that case. The session can be said to have been an unstructured group 
decision process (McKee, 1992, p. 235). 
 
It has been previously noted that social groupings such as project teams can integrate the 
knowledge of individuals into a powerful source of breakthrough innovation and in the process 
achieve long-term competitive advantage (Mascitelli, 2000, p. 183). This case I A also is seen as 
an example of a discontinuous innovation process since it made a dramatic leap in terms of 
customer familiarity and use and applied a totally different manufacturing technology (Veryzer, 
1998, p. 305). Newness to customers/users is at the maximum of 10 on the product newness scale 
(Case I A: 22).  
 
The other cases that created new product platforms seemed much more orderly as they both 
(Cases II A and B) had recognizable antecedent products. 
 
One of the factors related to the Product Concept Origination category pertains to setting nearly 
complete product specifications early in the innovation process and fitting the new product in as a 
member of a product line. Some projects can be accomplished in short cycle times due to the 
relatedness of the technology/marketing requirements that permits the early setting of 
specifications. The predecessor product (the LYP190) to the Case I B device in the battery 
protection product line was created with a truncated NPD process because the project could be 
started in the later development and scale-up phases (Case I B:32, Table 5). Also the case I A 
device created the platform upon which the later miniSMDE product was developed and the NPD 
project time for that later product was reduced for the same reason. The shortening of 
development times within product lines has been noted earlier in a case concerning ship 
computers wherein the times decreased from nine to seven to less than three years for successive 
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new product development cycles (Brownsword and Clements, 1996, p. 11). 
 
b. Solving Technical Issues – One of the most interesting findings was that in Case I A 
completely new technology was applied for product design and manufacturing. There did not 
seem to have been an existing technology management strategy in place within the internal 
context factors that permitted such a radical change in direction. Suppose, as an alternative 
scenario, that the Overcurrent Protection Division management had ruled out such a change in 
technical direction and that the team would have been forced to evolve methods to make smaller 
and smaller individually fabricated parts. There would have been a natural limit to the reduction 
in sizes since nanotechnology production techniques are not yet fully viable and micro-robot 
pick-and-place devices must have minimum (asymptotic) size limits. 
 
Rather what happened was that the Division management understood how the use of a totally 
different technology for product design and manufacturing could be a break-through for the 
production engineering function and facilitated the appropriation of the needed new knowledge 
(Wood and Brown, 1998, p. 170). This change in technology strategy most likely occurred due to 
the high technical knowledge held at the senior management levels and the respect accorded the 
project team members. It appears that the project team who all had deep knowledge of the 
existing overcurrent protection devices learned how that previous knowledge could be fitted 
together with the PCB manufacturing know-how and thus represented a T-shaped combination of 
skills wherein the previous knowledge is represented by the vertical stroke and the manufacturing 
know-how by the horizontal stroke (Iansiti, 1993, p. 139; Madhavan and Grover, 1998, p. 3). This 
skills combination is said to provide for convergent, synergistic thinking (Leonard-Barton, 1995, 
p. 75). In summary, the company did not fall into the competency trap of relying on the favorable 
performance of the former product design and production technology (Levitt and March, 1988: 
322). 
 
In cases II A & B there were a series of technical issues that came into focus and were solved in 
expedient and cost-effective ways using excellent engineering practices. An example of A-shaped 
skills held by the project manager of the II A device was seen in the combination of IR 
technology with information technology that aided the development of that device into a more 
sophisticated product than was originally planned (Leonard-Barton, 1995, p. 75). 
 
c. Team Interactions with Other Parts of the Company – Issues of functional integration among 
different parts of a company engaged in a product innovation process have been previously raised  
(Griffin and Hauser, 1996), however, each of the innovation processes in this study seemed to 
have relatively few integration problems.  
 
Timely access to other functional parts of the company is critical to successful product innovation 
processes because the services, parts and attention that can be provided are so important. Testing 
and parts departments are among these other functional parts. When slow-downs occur the 
project time-line will be jeopardized. Several examples were discovered in Cases II A and B 
involving those two departments that gave negative outcomes. These types of problems have 
been labelled pipeline management issues (McGrath and Akiyama, 1996, p. 26). 
 
d. Iterations due to New Marketing Inputs – In Case II A the customers’ need for a warning 
signal was addressed late in the innovation process. Perhaps more customer visits should have 
been made. There is a report of many more visits up to 25 for acquiring a good understanding of 
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the instrument engineers’ problems and needs (Cooper, 1999, p. 116). It is noted, however, that 
the project manager did take direct contact with potential customers in the early design phase 
rather than just dealing through marketing personnel who had argued for the need for the Case II 
A device. This is seen as an example of a success factor that has been called ‘technical stretch’ 
(Coates and Robinson, 1995, p. 14). 
 
e. Iterations Due to New Manufacturing Engineering Needs - Dealing with manufacturing needs 
can be considered as part of designing products for excellence and divided into categories relating 
to product assembly, manufacturability, testability, and serviceability (Anthony, 1996b, p. 86-89). 
While such fine discrimination has not been followed in this study, evidence of activities relating 
to the upgrading of production process equipment as part of the innovation process and of having 
the manufacturing process in continual focus within the teams were found and evaluated. This is 
considered to be an extremely important set of outcomes and the success targets might well not 
have been met without these activities integrated into the innovation processes. 
 
In Table 4.1 the factor categories a. – e. are connected to target and peripheral outcomes and case 
references are provided. The visions of the products were clear to the teams and top management  
 
 
Table 4.1 Innovation Process Phase-Activities Factors Influence on Outcomes 
 
Factors arranged per Figure 
3.1 

Outcome 
Category 

Outcomes Evidence from Case(s) 

.3.a  Product concept  
        origination 

   

Evolving timely solutions for 
customer needs 
 

T 
T 

maintaining leading position 
being first into market  
  (except as to IB) 
 

I A:46, 50 
I B:51, 53 
II A:31, 32, 53, 55, 56 
II B:39, 40, 57, 59 

Brainstorming meeting with 
entire team 
 

T 
T 
P 

new product platform created 
new manufacturing technique acquired 
technical knowledge gain 

I A:20-22, 47, 48, 53-55 
 

Nearly complete specification 
set early in process 
 

T 
 
T 

new product platform created  
  (except as to I B)  
product utility gain (all three) 

I B:14-17, 52, 53 
II A:24-29, 53, 55, 56 
II B:34-38, 58, 59 

Decision to expand design in 
first process phase (digital 
control & recording) 

T 
T 

new product platform created   
product utility gain 

II A:24, 25, 53, 55, 56

3.b Solving technical issues    
New technology applied for 
product design and 
manufacturing 

T  
T 
T 
P 
P 
 

new product platform  
product utility gain 
new manufacturing technique   
technical knowledge gain 
strengthening linkages to cooperation  
  partners 

I A:21-27, 47-50, 53-56 
 

Rationalizing production 
system 
 

T 
T 

unit profitability gain   
product utility gain 
 

I A:24-27, 46, 48-50 
I B:42, 51-53 
II A:19, 29-31, 53, 55, 56 
II B:19, 39, 40, 57, 59

Overcoming problems with 
good engineering practices 

T 
T 

unit profitability gain   
product utility gain

II A.24-31, 53, 55, 56 
II B:34-39, 57, 59 
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3.c Team interactions with 
other parts of company 

   

With science laboratory T 
P 

product utility gain  
technical knowledge gain

I A:37, 48-50, 53-55 
I B:31, 37, 52, 53, 57

With testing department  
T 
T 
T 

problem(s) with: 
  product success targets 
  maintaining leading position 
  being first into market 

 
II A:29, 31, 55, 56 
II B:40, 41, 59, 60 
 

With purchasing department 
      common parts usage &  
      fixtures 

T 
 
T 

product success targets  
  problem(s) 
unit profitability gain   

II A:30, 31, 53, 56  
IIB:39, 40, 57, 59, 60  
 

Actual innovation process P 
 
P 
 

confirmed existing product  
  information system 
knowledge gain for  
  organizational & product  
  innovation system 
 

I A:31, 32, 37-41, 55-59, 60 
I B:31, 32, 37-41, 58-60 
II A:24-31, 60, 63 
II B:34-39, 65 
 

Technical knowledge gains 
used for new product line 
extensions 

P new product line extensions  
  knowledge gains 
 

I A:32-37, 55  
II A:31-34, 60 
II B:39-43, 63 
 

3.d Iterations due to 
marketing inputs 

   

One customer need added late 
in innovation process  (need 
for warning signal) 

T 
 
P 

new customer segments  
  accessed  
marketing knowledge gained

II A:29, 54, 60 

Product design and use by 
potential customers 
incorporated into early 
planning phase 

T sales to existing customers I A:21, 27, 48 
I B:14-17, 52 
 

Integrating technology with 
market needs  
 

T 
T 
P 

unit profitability  
product utility gain 
gain of competence to  
  overcome technical/marketing risks

I A:46, 48-50, 56, 57 
I B:51-53, 59 
II A:24-32, 53, 55, 56, 62, 63 
II B:34-41, 57, 59, 65

3.e Iterations due to new 
manufacturing engineering  
needs 

   

Upgrading of production  
 process equipment during  
  innovation process 
 

T 
T 
T 
P 
 

unit profitability  
product utility gain*  
product success targets met 
gain of manufacturing  
   technique and competencies 

I  B:42, 51-53, 59 
 
 
 
 

Manufacturing process in 
continual focus within team 

T 
P 
 

product success targets met  
gain of manufacturing  
  technique and competencies 
 
 

I A:24-27, 29, 47, 50  
II A:19, 29-31, 56 
II B:19, 39, 40, 59, 60, 65 
 

* utility gain due to product quality improvement 
in all four cases once the key concepts had been agreed upon as part of the product concept 
origination and there was a high level of top management support for these product visions (Lynn 
and Akgűn, 2001, pp. 376-379). In Case II A there were changes to the product features as more 
information was obtained from the potential customers so the vision shifted to a more complex 
product. 
 
The Table 4.1 data are summarized in Tables 4.2 and 4.3 by frequencies of the factor influences 
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noted in Table 4.1 for the outcomes. The concentrations of influenced outcomes such as found for 
the internal and external factors in Section 3, sub-sections 3.1 and 3.2 above are not seen here. 
The highest frequency is 18 for the target outcome of product utility gain and that is an expected 
finding because the utility gain created does directly result from the innovation process activities.  
 
4.2 Process Activities Analysis 
 
The events and activities factors that are seen as influencing peripheral outcomes result in rather 
lower frequencies as shown in Table 4.3.  
 
A response to Question 3 from Section 1 can now be given. It was:   
 
 How do specific phases-activities within innovation processes influence outcomes? 
 
The answer has to be divided among the factor categories 3a. through 3e. given at the start of this 
section and illustrated in Figure 3.1 (the same numbering sequence has been retained for use in 
this section 4):  
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Table 4.2 - Target Outcomes Frequencies for Innovation Process Activities factors  
 
 
Target Outcome 
Type 
 

3a product concept   
        origination  
 
Cases: 
 
I A     I B     II A   II B 

3b solving technical 
issues 
 
Cases: 
 
I A     I B     II A     II B 

3c team interactions 
with other parts of 
company 
Cases: 
 
 I A     I B     II A   II B 

3d iterations due to 
new marketing inputs 
 
Cases: 
 
I A    I B     II A    II B 

3e iterations due to new 
manufacturing 
engineering needs 
Cases: 
 
I A     I B     II A    II B 

Total Outcome 
frequencies 
across all four 
cases 

Solving customer 
problems  
 
Meeting 
customer needs 

                     

Unit Profitability     1 1 2 2   1 1 1 1 1 1  1   13 
Patents 
applications filed 

                     

Evolution of an 
industry standard 

                     

New customer 
segments 
accessed 

              1      1 

New 
manufacturing 
technology 
acquired 

1    1                2 

New product 
platform(s) 
created 

1  2 1 1                5 

Sales to existing 
customers 

            1 1       2 

Product utility 
gain 

 1 2 1 2 1 2 2 1 1   1 1 1 1  1   18 
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Maintaining 
leading 
innovation 
position 

1 1 1 1       (1) (1)         4 – 2 
 
net 2 

Product success 
targets met 

          (2) (2)     1 1 1 1 4 – 4 
net 0 

Being first 
entrant into the 
market 

1  1 1       (1) (1)         3 – 2 
 
net 1 

Case totals 4 2 6 4 5 2 4 4 1 1 (3) (3) 3 3 3 2 1 3 1 1 44 
 
 
 
Table 4.3 - Peripheral Outcomes Frequencies for Innovation Process Activities factors  
 
 
Peripheral Outcome 
Type 
 
 
 

3a product concept   
        origination  
 
Cases: 
 
I A    I B   II A  II B 

3b solving technical 
issues 
 
Cases: 
 
 I A     I B   II A   II B 

3c team interactions with 
other parts of company 
 
Cases: 
 
I A     I B      II A   II B 

3d iterations due to new 
marketing inputs 
 
Cases: 
 
 I A    I B       II A       II B 

3e iterations due to new 
manufacturing 
engineering needs 
Cases: 
 
 I A         I B    II A    II B 

Total Outcome 
frequencies 
across all four 
cases 

Knowledge gained 
for future use in  

 

                     

    Technical systems 1    1    1 1           4 
    New product line  
    extensions 

        1  1 1         3 

    Marketing                1      1 
  Organizational and  
   internal  product  
   innovation  system  
    development 

        1 1 1 1         4 
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Strengthening of  
linkages to 
 

                     

  Customers                      
  Cooperation  
   partner(s) 

    1                1 

  Other suppliers                      
Other outcomes 
 

                     

  Gain of new  
  manufacturing  
  competencies and  
  paradigms 

                1 1 1 1 4 

  Increased  
  competence to   
  overcome  
  technical/  
  marketing risks  

            1 1 1 1     4 

  Confirmed existing  
  product  
  development  
  system 

        1 1 1 1         4 

   Direct competition  
   for new product 
   encountered 

                     

Case totals 1 0 0 0 2 0 0 0 4 3 3 3 1 1 2 1 1 1 1 1 25 
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3.a  Product concept origination - 
 
The numbers of instances of positive influences on outcomes from product concept origination 
factors are: 
 Target - 
  New manufacturing technology acquired   1 
  New product platform  created    4 

Product utility gain      4 
  Maintaining a leading innovation position   4 
  Being first entrant into the market             _3_ 
                   16 
 

Peripheral – 
  Knowledge gained for technical systems use   1 
 
These findings show that the four outcomes that have instances of three or four can be thought of 
as a set that is related to product concept origination. The outcome of new platforms created also 
gives product utility gains and advances the company reputation as a first entrant into the market 
and as a leading innovator. 
 
3.b Solving technical issues – 
 
The numbers of instances of positive influences on outcomes from solving technical issues are: 
 

Target - 
  Unit profitability      6   

New manufacturing technology acquired   1 
  New product platform  created    1 

Product utility gain               _7_ 
                   15 
 

Peripheral – 
  Knowledge gained for technical systems use   1 
  Strengthening linkages to cooperation partners           _1_ 
          2   
 
 
This pattern of frequencies indicates that both unit profitability and product utility gains are due, 
in part, to the resolution of technical issues as is entirely expected. 
 
3.c Team interactions with other parts of company 
 
The numbers of instances of positive and negative influences on outcomes from this class of 
process activity factors are: 
 

Target - 
  Unit profitability      2   

Product utility gain               _2_ 
          4 
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At this point several outcomes that had negative results were encountered in two of the 
innovation processes and these have been recognized as follows and shown by parentheses in the 
tables: 
 
  Negative to maintaining a leading position            - 2 
  Negative to product success targets met            - 4 
  Negative to being first entrant into the market            - 2 
                   - 8 
 
      Net for target outcomes        - 4 
 
Dealing with these problems in Cases II A and II B eventually resulted in positive influences on 
unit profitability  because lower unit costs were achieved. 
 

Peripheral – 
  Knowledge gained for technical systems use   2 
  Knowledge gained for new product line extensions  3 
  Knowledge gained for organizational and innovation 
      system development     4 
  Confirmed existing product development system           _4_ 
         Total           13 
 
The net negative findings for team interactions with other parts of company are due to problems 
encountered by the project teams with testing department time availability, too slow provision of 
manufacturing fixtures, and parts availability in two of the cases. These types of problems imply 
that some conflicts between the project managers and functional departments were not foreseen 
in advance and thus led to imbalances in the overall project work. A more balanced matrix 
approach that included the functional departments from the beginning would likely have 
prevented the negative impacts on the three above identified outcomes (Bernasco et al, 1999, p. 
122). 
 
The peripheral outcomes from interactions with other parts of the companies were positive and 
concentrated on the knowledge gain set and on the outcome of ‘confirmed existing product 
development system’. This last outcome is interesting because it implies that without the newly 
installed product innovation regime the problems encountered could have been even more 
significant.   
          
3.d Iterations due to marketing inputs - 
 
The numbers of instances of positive influences on outcomes from changes made due to 
marketing inputs are: 
 

Target - 
  Unit profitability      4 
  New customer segments accessed    1 
  Sales to existing customers     2   

Product utility gain               _4_ 
                    11 

 
Peripheral – 

  Knowledge gained for marketing    1 
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  Increased competence to overcome  
technical/marketing risks             _4_ 

          5 
 
Unit profitability and product utility gains could both be connected to obtaining and acting on 
marketing inputs during the innovation process. This of course also gave increased competence to 
overcome technical/marketing risks in the peripheral outcomes for the current product and for 
future ones. 
 
3.e Iterations due to new manufacturing engineering needs 
 
The numbers of instances of positive influences on outcomes from this class of process activities 
and event factors are: 
 

Target - 
  Unit profitability       1 
  Product utility gain       1 
  Product success targets met              _ 4_ 
           6   
 Peripheral – 
  Gain of new manufacturing competencies and paradigms  4 
 
These findings confirm that product success targets and gains for new manufacturing 
competencies and paradigms operate as a functional set in innovation projects wherein planning 
for production success is part of the duties assigned to the project team. 
 
The overall view for the innovation process phase-activities factors is shown in Tables 4.2 and 
4.3 wherein the highest incident target outcomes are unit profitability (13) and product utility 
gain (18). These two outcomes are greatly affected by the innovation process work as was 
expected. By contrast the highest incident peripheral outcomes that all showed values of only 4 
were: knowledge gained for technical systems use, knowledge gained for organizational and 
innovation system development, gain of new manufacturing competencies and paradigms, 
increased competence to overcome technical/marketing risks, and confirming of the existing 
product development system. The totals for frequencies of connections to the outcomes do not, 
however, tell us anything about the long-term impacts on the company. That is the purpose of the 
impact analyses in sections 6 and 7. Before those are taken up there is the subject of 
innovativeness level factors affecting outcomes. That is taken up next in Section 5.  
 
In the peripheral outcome group the activities categorized as team interactions with other parts of 
company (3c) had the largest number of process factor-to-outcome influences at 13 compared to 
only 5 in the next group of activities of iterations due to new marketing inputs (3d) as shown by 
the last row totals. In order to facilitate successful innovation processes the interactions with 
other parts of company should be planned for, prioritized and authorized in advance. 
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5.   Product Innovativeness Influences on Outcomes 
 
5.1 Types of Innovativeness Influences  
 
The influences of product innovativeness on outcomes are discussed in this and the next Section 
6. This section is based on qualitative factors associated with the moderating variable product 
innovativeness that influences the outcomes as illustrated in Figure 3.1. The methodology for the  
qualitative analysis is similar to the analyses in the previous two sections. The influences of the 
factors are of two types the first of which pertains to both the target and peripheral outcomes. 
Some of the target outcomes are directly connected to product innovativeness: new product 
platform created, patent applications filed, evolution of an industry standard, and maintaining a 
leading innovation position. The four knowledge gain peripheral outcomes as well as gain of new 
manufacturing competencies and paradigms and increased competence to overcome technical/ 
marketing risks are also indirectly connected to product innovativeness.  
 
The second type of influence arises due to the finding that several outcomes are particularly 
sensitive to higher product innovativeness levels and this aspect will be treated in Section 6.  
 
5.2 Innovativeness Influences Analyzed 
 
The product innovativeness factor influences on target and peripheral outcomes and are set forth 
in Tables 5.1 and 5.2 together with the case reference pages. 
 
The innovativeness factors interacted differently in the four cases and summary patterns are seen 
in the innovation processes when the newness aspects of the devices are considered. Case I A fits 
for a product innovation based on a novel technology because designing and producing the 
overcurrent devices by use of PCB technology was not part of the company’s prior experience; 
however, there is also an element of pioneering technology use since PCB technology had not 
been used previously for such a product type  (Ahuja and Lambert, 2001, p. 526). As expected 
the experimentation with a novel technology increased the knowledge gains seen in the 
associated peripheral outcomes. The other three cases fit better for emerging and novel 
technology innovativeness types and the knowledge gains for those cases also show large impact 
levels. 
 
The first peripheral outcome of technical system knowledge gain has been used only for the 
factor of the external search for technical knowledge rather than recognizing the internal 
development of such knowledge. While technical knowledge was developed as a by-product of 
the product innovation activities in each case it was not possible to connect such internally 
developed knowledge with product innovativeness sufficiently to justify a separate entry. For 
example, the core material in the Case I B device was developed internally without an external 
knowledge search, but it was not possible to determine how that development influenced product 
innovativeness. 
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Table 5.1 Product Innovativeness Influences on Target Outcomes 
 
Influencing Factors Outcome 

Category 
Target Outcomes Evidence from Case(s) 

Brainstorming meeting with entire 
team 
 
New product structure/process 
 
 
 
New product design features 
 
 
 
Innovative design that appealed to 
new customer segments 
 
 
Innovative design that appealed to 
existing customers 
 
 
Improved product functions to 
solve customer problems and meet 
needs 
 
 
Product design incorporated 
features that lower unit cost  
 
 
New product followed by 
competitors 
 
Gain for leading innovation 
position 
 
 
 
New manufacturing technique 
created to produce new product 

T 
 
 
T 
 
 
 
T 
 
 
 
T 
 
 
 
T 
 
 
 
T 
T 
T 
 
 
T 
 
 
 
T 
 
 
T 
 
 
 
 
T 
 

new product platform  
  created 
 
patent applications filed 
 
 
 
new product platform  
  created 
 
 
new customer segments  
  accessed 
 
 
sales to existing customers 
 
 
 
product utility gain 
solving customer problems 
meeting customer needs 
 
 
unit profitability 
 
 
 
evolution of an industry   
  standard 
 
maintaining a leading  
  innovation position 
 
 
 
new manufacturing technique  
  acquired 

I A:20, 48 
 
 
I A:27, 46 
I B:42, 52 
II A:31, 32, 54 
 
I A:20-24, 48 
II A:27-32, 53 
II B:36-40, 58 
 
I A:46, 47 
II A:16, 31-34, 54 
II B:16, 17, 39-43, 58 
 
I A:46, 48 
I B:51, 52 
II B:39-43, 58, 59 
 
I A:46, 48 - 50 
I B:51-53 
II A:53, 55, 56 
II B:57, 59 
 
I A:46 
I B:51 
II B:34-38, 40-43, 57 
 
I A:47, 51, 57 
II A:54-56, 63 
 
I A:50 
I B:53 
II A:55, 63 
II B:59, 65 
 
I A:47  
I B:42, 59 

 
 
The peripheral outcome of knowledge gains in organizational and internal product innovation 
system development in Table 5.2 is divided analytically into two associated innovativeness 
factors: 1. development of organization structure, and 2. development of a product innovation 
system. The case reports are instructive for these two factors. The development of organization 
structure is found to be a large factor in Case I A:55-56, wherein a ‘star form network’ was set in 
place to facilitate working with external cooperation partners. This is recognized as an effective 
knowledge transfer form due to the incorporated connection patterns (Hauschildt, 1992, p. 107). 
The case report states that ‘In the absence of a new product innovation that exceeded the 
company’s existing competency base this network would probably not have evolved’.  
 
For the second factor the later developed miniSMDE device innovation process was started 



 

 

 

51 
 
 
 
 

mainly at the later development and scale-up phases 3 and 4, Case I A:32-34, since that process 
had been well characterized during the original miniSMD innovation process. This was a large 
change in the product innovation system compared to the steps specified in the company’s formal 
NPD process. The evidence from case II A on this factor 2 is that internal company processes 
were changed to assure that all parts and software were ready at the same time in any future 
similar NPD work, Case II A:60, 63.  
 
Table 5.2 Product Innovativeness Influences on Peripheral Outcomes 
 
Influencing Factors Outcome Category Peripheral Outcomes Evidence from Case(s) 
Search for external 
technical knowledge 
 
Making adjustments for  
specific customer needs 
 
 
Appealing to new 
customer segments 
 
 
 
Development of 
organization structure 
 
 
Development of 
product innovation 
system 
 
 
Finding new product 
extensions 
 
 
Detailed working with  
cooperation partners 
 
 
Gain in confidence 
with new 
technical/market 
knowledge 
 
Gain of new 
manufacturing 
competencies  
 
Direct competing 
products in market 

P 
 
 
P 
 
 
 
P 
 
 
 
 
P 
 
 
 
P 
 
 
 
 
P 
 
 
 
P 
 
 
 
P 
 
 
 
 
P 
 
 
 
P 

technical system  
  knowledge gain 
 
marketing knowledge  
  gain 
 
 
marketing knowledge  
  gain 
 
 
 
gain of organizational  
  development  
  knowledge 
 
gain of internal product  
  innovation system  
  development  
  knowledge 
 
product line extension  
   knowledge 
 
 
strengthening linkages   
  to cooperation  
  partners 
 
increased competence  
  to overcome  
  technical/ marketing  
  risks 
 
gain of new manufacturing  
  competencies and  
  paradigms 
 
direct competition  
  encountered 

I A:21-27, 37, 53-55 
II A:28, 43, 60 
 
I A:21-24, 55 
I B:17, 52, 53, 58  
II A:24, 25, 29-32, 60 
 
I A:47, 55 
I B:52, 58 
II A:16, 54, 60 
II B:16, 17, 58, 64, 65 
 
I A:55, 56 
I B:58, 59 
II A:60 
 
I A:32-34, 55-60 
I B:32, 33, 59, 60 
II A:60, 63 
 
 
I A:32-37, 55 
II A:33, 34, 60 
II B:39-43, 63 
 
I A:37, 56 
II A:62 
 
 
I A:56, 57 
I B:59 
II A:62, 63 
II B:65 
 
I A:21-27, 47 
I B:42, 59 
  
 
I A:57 
I B:60 
II A:63 
II B:65           

 
 
In Table 5.2 gains in marketing knowledge are noted for three of the cases when considering the 
factor of making adjustments for customer needs. The peripheral outcome factor of making 
adjustments for specific customer needs was not found in Case IIB since this device was 
developed for a wide market spectrum. However, gains in marketing knowledge were noted for 
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all four cases when the factor of appealing to new customer segments is considered.   
 
The target and peripheral outcomes frequencies influenced by product innovativeness in the 
previous two tables are given in Tables 5.3 and 5.4, respectively. The expected frequencies are 
found in the target outcomes. No specific connections were found for the outcome of success 
targets being met because those are influenced by many other factors. Similarly, being first into 
the market did not seem directly influenced. An interesting finding is that the knowledge gain for 
future use set of four peripheral outcomes accounts for a majority of the net positive peripheral 
outcomes. The strong relationship between product innovativeness and knowledge gain relates to 
the finding in Section 3 that pertains to external context factors and implies that special planning 
is needed for the acquisition of knowledge in product innovation processes. 
 
Table 5.3 - Target Outcomes Frequencies for Innovation factors in Innovation Processes 
 
Target Outcome 
Type 
 
 

Outcome frequencies 
 
Cases: 
I A                 I B            II A             II B 

Total 
Outcome 
frequencies 
across all 
four cases 

Solving customer 
problems  
 
Meeting customer 
needs with 
improved product 
functions 

1  
 
 
 
 
1 

1  
 
 
 
 
1 

 
 
 
 
 
4 

Unit profitability  1 1  1 3 
Patent 
applications filed 

1 1 1  3 

Evolution of an 
industry standard 

1  1  2 

New customer 
segments accessed 

1  1 1 3 

New 
manufacturing 
technology 
acquired 

 
1 

 
1 

   
2 

New product 
platform(s) 
created 

2  1 1 4 

Sales to existing 
customers 

1 1  1 3 

Product utility 
gain 

1 1 1 1 4 

Maintaining 
leading innovation 
position 

1 1 1 1 4 

Product success 
targets met 

     

Being first entrant 
into the market 

     

Case totals 11 7 7 7 32 
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Table 5.4 – Peripheral Outcomes Frequencies for Innovation factors in Innovation Processes 
 
Peripheral Outcome 
Type 
 
 
 

Outcome frequencies 
 
 
Cases: 
 
I A                 I B            II A          II B 

Total 
Outcome 
frequencies 
across all 
four cases 

Knowledge gained for 
future use in  

 

     

Technical systems 1  1  2 
New product line 
extensions 

1  1 1 3 

Marketing  2 2 3  7 
Organizational and 
internal product 
innovation  system  
development 

2 2 2  6 

      
Strengthening of  
linkages to 
 

     

Customers      
Cooperation partner(s) 1  1  2 
    Other suppliers      
Other outcomes 
 

     

Gain of new 
manufacturing  
competencies and 
paradigms 

1 1   2 

Increased competence 
to overcome technical/ 
marketing risks  

1 1 1 1 4 

Confirmed existing 
product development 
system 

     

Direct competition 
encountered 

(1) (1) (1) (1) (4) 

Case totals 8 5 8 1 22 
 
 
A response to Question 4 from Section 1 can now be attempted. It was:   
 
 How do factors related to product innovativeness influence innovation process outcomes? 
 
This simple question does not have a convenient answer. A number of influencing factors that are 
related to product innovativeness could be discerned from the investigated cases and these are 
given in Tables 5.1 and 5.2. The following is a list of the outcomes that were found connected to 
three or more of the four cases via these factors:  
 
 
 
 
  



 

 

 

54 
 
 
 
 

Target - 
  Solving customer problems or Meeting customer needs  

with improved product functions    4 
 

Unit profitability      3 
Patents applications filed     3 

  New customer segments accessed    3   
  New product platform(s)     4  

Sales to existing customers     3 
Product utility gain      4 
Maintaining a leading innovation position   4_ 

                   28 
 

Peripheral – 
  Knowledge gained for new product line extensions  3 
  Knowledge gained for marketing    7 
  Knowledge gained for organizational and innovation  
   system development     6 
  Increased competence to overcome  

technical/marketing risks    4 
  Direct competition encountered             - 4_ 
          net    16 
 
The eight influenced target outcomes and the five peripheral outcomes are those for which three 
or more specific factor connections could be found. It is entirely possible that in other case 
analyses evidence of connections to other outcomes could be found. For example, if the product 
innovation required a new manufacturing process then the target outcome of new manufacturing 
technology acquired would also come into focus as it did for Cases I A and I B. 
 
It is believed that the frequencies and outcomes given above would hold for a wide range of 
industrial product innovations since evidence for each listed outcome is found in at least three of 
the four cases.    
 
An interesting finding is that 16 of the 20 positive peripheral outcomes frequencies are classified 
in the knowledge gain set. This indicates that product innovativeness moderates toward increased 
knowledge outcomes. The negative peripheral outcome of direct competition encountered was 
found in each of the cases so it seems to be a uniform influence in Table 5.4, but the impact of 
encountering competition is interestingly non-equivalent across the cases as will be seen in the 
last part of the next report section.  
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6. Outcomes Classification According to Impacts Analysis and Product 
Innovativeness 
 
The qualitative analyses in Section 5 will be extended in this section by an analysis based on the 
impact levels given in the case reports in order to classify the outcomes and to show different 
aspects of the influences of product innovativeness factors. 
 
The impact levels analyses in the case reports for Cases I A and B in section14 and for Cases II A 
and B in section 15 are combined to show influences on the outcomes according to a first level of 
convergence of quantitative data derived from the respondents. The use of this convergence of 
data means that multiple methods or triangulation is used for in-depth analysis (Veryzer, 2005, p. 
24).  
 
The impact level quantitative data from the following case report tables have been used for 
analytical purposes in this section 6: 
 
1. Target Outcome Impact Levels from: 
Case I A - Table 8 for the miniSMD device,  p. 46 
Cases I B - Table 9 for the VTP210 device, p. 51 
 
Case II A - Table 10 for the 2C device, p. 54 
Case II B - Table 11 for the ST6 device, p. 58 
 
2. Peripheral Outcome Impact Levels from:   
Case I A - Table 11 for the miniSMD device, p. 54 
Case I B - Table 12 for the VTP210 device, p. 58 
 
Case II A - Table 12 for the 2C device, p. 61 
Case II B - Table 13 for the ST6 device, p. 64 
 
The impact levels for outcomes are determined from the importance weightings and likely time 
span of the outcome durations collected in the interviews according to the scale given in the 
Appendices B in each case report. This scale is reproduced here for convenience: 
 
Impact level  Outcome Importance  Operative Impact name 
   Weighting range           Duration      
    5   7 – 10    >PLC  large 
 
    4   7 – 10         PLC  large 
 
    3   4 – 6.9     >PLC  mid-level 
   7 – 10     <PLC  mid-level 
    
    2   4 – 6.9           PLC  mid-level 
   1 – 3.9        >PLC  mid-level 
 
    1   1 – 6.9         <PLC  small 
   1 – 3.9             PLC  small 
 
The impact names listed in the last column are used to permit more convenient analysis 
comments. The data from the four cases have been combined in Table 6.1 for target outcomes 
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and Table 6.2 for peripheral outcomes and the case columns have been arranged in the order of 
the decreasing product innovativeness levels that are given in the last row of each table. 
 
6.1 Target Outcomes Impact Levels Analysis  
 
The target outcome impact average levels in the ‘Average Impact Level’ column of Table 6.1 are 
analyzed as follows: 
 
1. Those at level 4 or above across the four cases are unit profitability, new product platform(s) 
created, and patents applications filed. These are the three outcomes found to have the greatest 
impact for sustaining competitive advantage and are printed in bold for emphasis.  
 
2. Those with slightly lower impact levels of 3 to 3.9 are the first outcome type of solving 
customer problems or meeting customer needs with improving product functions6, new customer 
segments accessed, sales to existing customers, and maintaining a leading innovation position. 
While these do not show as high impact averages as the first class, each of these could become of 
greater impact value in particular innovation processes and are printed in italics for ease of 
reference. For example, in a fast changing technology market that is highly competitive both new 
customer segments accessed and maintaining a leading innovation position would be of great 
utility for sustaining a competitive advantage position. 
 
Table  6.1 Target outcomes impact levels of Four Cases Compared  
 
Compared Target 
Outcome Type 
 
 
 

Case II B 
   ST6 

Case II A 
    2C 
 

Case I A 
miniSMD 

Case I B 
VTP210 

Average 
Impact 
Level for 
all cases 

Impact Averages 
for highest three 
innovativeness 
levels 

Solving customer 
problems 
 
Meeting customer 
needs 
Improving product 
functions 

 
 
 
4 
 
4 

5 3  
 
 
3 
 
4 

 
 
 
 
 
3.83 

 
 
 
 
 
4 

Unit profitability  4 4 4 4 4 4 
New product 
platform(s) 
created1 

5 5 4 4 4.5 4.67 

New customer 
segments accessed 

4 5 4 1 3.5 4.33 

Patents 
applications filed 

3 5 5 5 4.5 4.33 

Evolution of an 
industry standard 

 3 5  4 (for two)  

Sales to existing 
customers 

4 3 4 4 3.75 3.67 

Maintaining 
leading innovation 
position 

4 2 3 3 3 3 

Product utility gain  4 1 3 3 2.75 2.67 
New manufacturing 
technology 

1 1 4 5 2.75 2. 

                                                 
6  This outcome could be considered for classification in group 1. due to the average of 3.83 that is  nearly 4.  
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acquired2 
Product success 
targets met 

1 1 3 3 2 1.67 

Being first entrant 
into the market 

 1 1  1 (for two)  

Product 
Innovativeness 
level 

9.66 8.66 7.8 4.67   

1. For VTP210 the target outcome of improved product functions has been used in this comparative table. 
2. For both VTP210 and ST6 the peripheral outcomes gain of new manufacturing competencies and paradigms have  
    been used for comparisons.. 
 
The low impact level of 1 for the product utility gain of Case II A is founded on the 66% utility 
gain reported at II A:56 (0.66 times) compared to the 10 to 20 times gain for Case I A at I A:48-
50 and the three times gain for case II B in the Appendix Table C3.  
 
The seven target outcomes shown in bold or italics are those showing the highest impact levels 
across the four cases and are those most likely to be associated with gains in competitive 
advantage flowing from product innovation processes over long-term durations according to 
impact level analysis.  
 
6.2 Peripheral Outcomes Impact Levels Analysis 
 
The peripheral outcome impact average levels in the ‘Average Impact Level’ column of Table 6.2 
are analyzed as follows: 
 
The classification of the average impact levels for peripheral outcomes is as follows: 
 
1. Those at level 4 or above are the first three knowledge gains for use in future technical  
systems, new product line extensions, and marketing; and the additional one of increased 
competence to overcome technical/marketing risks. These four peripheral outcomes are found to 
have equivalent impact levels to the first target outcome class noted above and are printed in bold 
for emphasis. 
 
2. Three peripheral outcomes were found to have overall average impact levels of 3 to 3.9: 
knowledge gain for organizational and internal product innovation system development, 
strengthening linkages to customers, and gain of new manufacturing competencies and 
paradigms. These are printed in italics for ease of reference. Even though these do not show as 
high impact averages as the first class each of these could show greater impact values in 
particular innovation processes. For example, the outcomes of both knowledge gains in 
organizational and internal product innovation system development and strengthening of linkages 
to customers have great utility for sustaining a competitive advantage position in fast moving 
technology markets. 
 
The peripheral outcomes from successful industrial product innovation processes that show 
average impact levels of 3 or more are thus those shown in bold and italics.  This group of 
outcomes will likely be associated with the gain of competitive advantage flowing from an 
innovation process for industrial products. It is surprising that the outcome of strengthening of 
linkages to cooperation partners did not have higher impact levels, but the low impact levels of 2 
for the 2C and the miniSMD devices are due to a low importance weightings given in the first of 
these two cases and a medium duration of PLC in the second one. The data suggests that inputs 
from cooperation partners fade in impact over the medium term. 
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Table 6.2 Peripheral outcomes impact levels for  Four Cases   
 
Peripheral Outcome Types Case II B 

   ST6 
Case I A 
   2C  

Case I A 
miniSMD  

Case I B 
VTP210 

Average 
Impact 
Level for 
all cases 

Impact Averages 
for highest three 
innovativeness 
levels 

Knowledge gained for 
future use in  
 

      

Technical    
    systems 

4  5    5 3 4.25 4.66 

New product line  
    extensions 

5  5 5 3 4.5 5 

Marketing  5  5 5 3 4.5 5 
Organizational  
    and internal    
    product innovation       
   system       
   development 

 
 
5 

 
     
 3 

 
 
3 

 
 
3 

 
 
3.5 

 
 
3.67 

       
Strengthening of  linkages 
to 
 

      

 Customers 3 3       2 4 3 2.67 
    Cooperation partner(s) 3 2 2 not used  2.33 
    Other suppliers 3 2    2 not used  2.33 
Other outcomes 
 

      

Gain of new  
   manufacturing  
   competencies and  
   paradigms 

1 2 5 5 3.25 2.67 

 Increased competence to  
    overcome technical/  
    marketing risks  

 
3 

 
3     

 
5 

 
5 

 
4 

 
3.67 

Confirmed existing  
   product development  
   system 

 
3 

    
3   

 
1 

 
1 

 
2 

 
2.33 

Direct competition  
   encountered 

(1) (2) (1) (4) (2) (1.33) 

       
Product Innovativeness  
   level 

9.66 8.66 7.8 4.67   

 
The data presented in this section enable an answer to Q5 that is: 
 
Q5.  How can outcomes from the studied innovation processes that have different impact levels 

be identified and classified? 
 
The impact levels for each of the target and peripheral outcomes are given in Tables 6.1 and 6.2. 
Those printed in bold constitute the highest impact level class and those in italics are in the next, 
slightly lower, impact level class.  
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6.3 Impact Analysis with respect to product innovativeness level 
 
From the collected data is also possible to provide further analysis for the influence of product 
innovativeness on the outcome impact levels. This enables a slightly different analysis as to the 
moderation of innovation processes according to product innovativeness level than was given in 
Section 5. To accomplish this analysis the average target and peripheral impact levels for the four 
cases in Tables 6.1 and 6.2 have been compared to those for the three highest product 
innovativeness level cases that are given in the last right-hand column.  
 
The purpose of these comparisons is to find outcomes that are more sensitive to product 
innovativeness levels than are other outcomes that also have high impact levels due to the 
sampling of only successful processes. This seems to be a reasonable procedure because the three 
highest innovativeness levels are in the range of 7.8 to 9.66 for an average level of 8.7 compared 
to the lowest level of 4.67 for Case I B. Of course there seems to have been a difference in the 
respondents’ evaluations of innovativeness levels with the Case II A and B values being at 
somewhat higher scale values, but the outcome importance weighting values tend to support the 
impact level differences between the three high level cases and the one lowest level case. 
 
Taking innovativeness into the analysis as a moderating variable results in the following group of 
outcomes that have the greatest impact levels of 4 or above: 
 
 the target outcomes of solving customer problems or meeting customer needs 

with improving product functions, unit profitability, new product platform(s) created, new  
customer segments accessed, patents applications filed, and the first three peripheral  
outcomes in the knowledge gained for future use with respect to technical systems,  
product line extensions and marketing.  
 

By comparing the two right hand columns the sensitivity of some outcomes to innovativeness 
level can be better appreciated: 
 
1. In the outcomes shown in Table 6.1 the target outcome type of solving customer problems or 
meeting customer needs increased marginally due to the slightly lower average of 3.5 for the 
excluded Case I B and new product platform(s) created also rose marginally. 
 
2. New customer segments accessed increases from 3.5 to 4.33 indicating that higher levels of 
innovativeness are likely associated with moving into new market segments. It is understandable 
that the new product functions and new product platforms help to attract new customers.  
 
3. Innovating a new product that better fits a particular existing customer as in the VTP210 case 
does not require a high innovativeness level, and the purchasing situation and avoidance of re-
qualification work by the customer might make a lower level of product changes preferable. This 
can lead to a high impact level for the outcome of sales to existing customers for a low 
innovativeness level product as shown by the level 4 for this VTP210 device. 
 
 
For peripheral outcomes there are also three points: 
 
1. It is of interest that the peripheral knowledge gain outcomes for use with technical systems, 
new product line extensions, and marketing all show increases in the average impact values of at 
least 0.4 (10% of the available scale range) when the three highest product innovativeness level 
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cases are analyzed together. This indicates that these three peripheral outcomes are more sensitive 
to innovativeness level than are other peripheral outcomes in successful innovation processes.  
Also the average impact levels for the first four (knowledge gained for future use) outcomes all 
show increases. This implies that knowledge gains may be particularly strongly linked to product 
innovativeness level and that such outcomes should be given special attention in highly 
innovative product development processes. 
 
2. The innovation processes also show idiosyncratic variations across the four cases. For 
example, the VTP210 device was created with specific existing customer needs in center focus 
for an impact level of 4 per Table 6.1, but no linkages to cooperation partners or other suppliers 
were involved. For the other three innovation processes only low or medium importance 
weightings were found for linkages and this gave lower level impact values that indicate these 
linkages were not greatly important even though for the two Raytek cases durations beyond the 
PLC were recorded.    
 
3. The last outcome of direct competition encountered is negatively associated with product 
innovativeness since a larger impact level means that the market pressure from competing units 
should reduce sales of the new product. This is seen in the impact level of 4 for Case I B that has 
the lowest innovativeness level compared to impact levels of 1 and 2 for the three higher 
innovativeness products. It is not the uniform factor influence shown in the next to last row of 
Table 5.4 in section 5. 
 
The data presented in this section enable an answer to Q6 that is: 
 
Q6. How do outcomes from higher innovativeness processes differ from outcomes from  

a lower innovativeness one? 
 
Higher innovativeness processes are likely to have a greater impact level for the outcome type of 
new product platform(s) created compared to a lower innovativeness process.  Also the target 
outcome types of solving customer problems or meeting customer needs and new product 
platform(s) created may increase modestly.  
 
The target outcome of new customer segments accessed will likely show a low impact level when 
the product innovation process has been focussed on meeting the needs of existing customers. 
This means, in principle, that the product innovativeness level can be low and still achieve a 
successful product innovation process.  
 
The peripheral outcomes of knowledge gains for use with technical systems, new product line 
extensions, and marketing all show increases in the average impact values when evaluating the 
three highest innovativeness level processes compared across the four cases. The indication is 
that knowledge gains increase with product innovativeness. This finding helps to confirm that 
higher innovativeness products can be supported, in part, by increases in knowledge that help 
build future competitive advantage. 
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7. Outcome Patterns Associated with Successful Product Innovation Processes 
 
7.1 Introduction to Outcome Patterns  
 
This section presents the patterns of outcomes that have been found across all factors evaluated 
for the four innovation processes. The objective of this analysis is to facilitate a better 
understanding of successful industrial product innovation processes. These patterns are based on 
the qualitative data given in sections 3-5 so that the overall view of the product innovation 
process can be more clearly appreciated. The frequencies of influence by the various selected 
innovation factors on the target and peripheral outcomes are given in Tables 7.1 and 7.2. The 
numerical designations for the columns are those in Figure 3.1. 
 
This presentation enables an answer to the seventh research question: 
 
 How can outcome patterns associated with successful product innovation processes  

be determined?  
 
7.2 Outcome Patterns Analysis 
 
In Table 7.1 the highest target outcome totals in descending order are for: product utility gain, 
unit profitability, sales to existing customers, and new customer segments accessed.  Each of 
these outcomes had net totals of 10 or greater factor influences across the four cases. These are 
the highest scoring target outcomes. Product utility gain is at the head of the class with a score of 
45 and 20 of these are within internal context. This finding indicates that increased attention to 
internal cooperation with other parts of the company is essential to rapid and successful industrial 
product innovation. It is recognized that many departments in industrial manufacturing 
companies are more focused on getting this week’s production completed even if that means 
pushing the requests of new product development teams off to later dates.  
 
The last three target outcomes show losses that were found for maintaining leading innovation 
position, product success targets met, and being the first market entrant. Those losses in outcomes 
were caused by delays in other parts of the company supplying the needed testing services and 
parts for production start-up, etc. To prevent delays top management should set clear priorities for 
other parts of the company that will be involved at some phases of the innovation project.  
 
The grouped factor totals in the last row of Table 7.1 also show that the external and, particularly, 
the internal context as well as the product innovativeness level are critically important for the 
support of successful industrial product innovation processes. Also the early activities covering 
the product concept origination and solving of technical issues have totals above 10. The case 
reports describe how the technical risks decreased during the early innovation process phases as 
the technical issues were resolved.  
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Table 7.1  Target outcome frequencies for grouped factors totals from the four study cases  
 
Target Outcome 
Type 
 
 
 

3.1 
External 
Context 

3.2 
Internal 
Context 

3.3a product 
concept 
origination 

3.3b 
Solving 
technical 
issues 

3.3c team 
interactions 
with other 
parts of 
company 

3.3d 
Iterations 
due to new 
marketing 
inputs 

3.3e Iterations 
due to new 
manufacturing 
engineering 
needs 

3.4 Product 
Innovativeness 
level  

Total 
Outcome 
frequencies 
across all 
four cases 

Solving customer 
problems or meeting 
customer needs  

4       4   8 

Unit Profitability  2   6 2 4 1 3 18 
Patents applications 
filed 

       3   3 

Evolution of an 
industry standard 

       2   2 

New customer 
segments accessed 

9     1  3 13 

New manufacturing 
technology acquired 

  1 1    2   4 

New product 
platform(s) created 

 1 4 1    4 10 

Sales to existing 
customers 

9     2  3 14 

Product utility gain 5 20 4 7 2 4 1 4 47 
Maintaining leading 
innovation position 

  4  (2)   4 8-2 
 
net 6 

Product success 
targets met 

 9   (4)  4  13-4 
 
net 9 

Being first entrant 
into the market 

  3  (2)    3-2 
 
net 1 

Cases totals 29 30 16 15 (8) – 4 
  net (4) 

11 6 32 135 
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Table 7.2  Peripheral outcome frequencies for grouped factors totals from the four study cases 
 
Peripheral Outcome Type 
 
 
 

3.1 
External 
Context 

3.2 
Internal 
Context 

3.3a 
product 
concept 
origination 

3.3b 
Solving 
technical 
issues 

3.3c team 
interactions 
with other 
parts of 
company 

3.3d 
Iterations 
due to new 
marketing 
inputs 

3.3e Iterations 
due to new 
manufacturing 
engineering 
needs 

3.4 Product 
Innovativeness 
level  

Total 
Outcome 
frequencies 
across all 
four cases 

Knowledge gained for 
future use in  

         

Technical systems 2 2 1 2 2   2 11 
New product line    
   extensions 

1 4   3   3 11 

 Marketing  11     1  7 19 
Organizational and  
  internal product  
  innovation system       
  development 

    4   6 10 

Strengthening of  linkages 
to 

         

Customers 3          3 
Cooperation partner(s) 2   2    2   6 
    Other suppliers 1          1 
Other outcomes          
Gain of new  
  manufacturing  
  competencies and      
  paradigms 

 4     4 2 10 

Increased competence  
  to overcome  technical /   
  marketing risks  

     4  4   8 

Confirmed existing product  
  development system 

    4      4 

Direct competition  
  encountered 

       (4) ( 4) 

Cases totals 20 10 1 4 13 5 4 22 79 
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Table 7.2 data shows that the set of four peripheral knowledge gains for future use have high 
outcome totals of 10 to 19. So this set is regarded as particularly important to keep in central 
focus when striving for successful innovation processes. The only other outcome in this high 
totals range for the four cases as a group is gain of new manufacturing competencies and 
paradigms. 
 
The grouped peripheral factor totals in the last row show that the product innovativeness level 
and the external context factors are particularly important for industrial product innovation 
processes peripheral outcomes.  
 
The product innovativeness level columns numbered 3.4 in Tables 7.1 and 7.2 show high totals of 
32 and 22, respectively, that confirms the point that most target as well as peripheral outcomes 
are strongly influenced by product innovativeness levels. The next section will comment more on 
this relationship over the long-term. 
 
 
 
8. Long-Term Outcome Changes  
 
8.1 Use of Data Collected 
 
The outcomes that were evaluated as of the start and end of the four product innovation processes 
in order to establish a set of short-term evaluations are used together with the longer term 
evaluations to provide an assessment of changes in the outcomes over long-time frames. These 
analyses use only the importance weightings of the selected outcomes rather than the impact 
levels so that the expected operability durations of the outcomes are not included as they were for 
the impact level analyses used in the case report tables.  
 
By using only the importance weightings the short-term evaluations are compared with long-term 
importance weightings gathered five plus years later. These data are then given on a 10-point 
Likert scale. This analysis enables a better understanding of the changes in outcomes over long- 
time frames because the respondents had the benefit of many more years of experience with the 
products in the market. Most innovation process evaluation reports have been based on data 
gathered for shorter time periods of up to the market release. One report states that “Data were 
gathered for each project at multiple times … as the project moved toward the marketplace..” and 
would “continue until they are introduced and market and financial performance can be 
measured.” (McDermott and O’Connor, 2002, p. 425). It could be useful to collect data as to 
outcomes over longer time frames. 
 
The two formal purposes for these analyses are to: 1. investigate a longer time span starting with 
the product innovation processes themselves and 2. provide a check on the results obtained with 
the impact levels analyses in the previous sections.  
 
To accomplish this type of analysis short-term (S-T) outcomes from the Appendices A tables in 
each of the case reports are compared to equivalent longer-term outcomes. For this purpose 
longer-term (L-T) outcomes are taken as those having operative spans of at least the product life 
cycles (PLC). The long-term data used for this purpose are taken from: 
 
Cases I A and B, Tables 8-9 and 11-12 in section 14, and 
Cases II A and B, Tables 10-13 in section 15.  
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The compared importance weightings for the short-term and long-terms are shown in Table 8.1 
for each case and then for the average values across the four cases. The row designations in the 
left-hand column are those used in the Appendices A tables for the short-term evaluations. The 
equivalent long-term measures used according to the listed outcome designations are: 

a. sales to existing customers 
b. new customer segments accessed 
c. unit profitability 
d. patent applications filed 
e. the average for eight knowledge related outcomes [new product platform(s) created 

and patent applications filed from the target outcomes; and a group of four knowledge 
gains + gain of new manufacturing competencies and paradigms + increased 
competence to overcome technical/marketing risks from the peripheral outcomes]. 

 
 
Table 8.1  Short-term and Long-term Outcome Importance Weightings 
 
 Short-term at 

innovation process 
start 

Short-term at 
innovation 
process end 

Long-term Change from 
average of 
short-term to 
long-term 

Cases IA I B IIA IIB IA I B IIA IIB IA I B IIA IIB  
Outcome type per 
App. A 

             

a. Retaining present  
    customers1 

 6  10  1 3.75  3  10  1  6  7  10  5  10  

        averages      5.19       5.00      8.00     + 2.90 
b. Obtaining new  
    customers 

 7   7  9  8  7  9  9  8  10 32  7  8     

        averages      7.75    8.25    7.00      - 1.00 
c. Improving per unit  
    profit 

 7  3  n/a  3.5 10 10  8 10 10 10  8 10  

        averages      4.50     9.50   9.50     + 2.50 
d. Obtaining patent  
    protection 

 8  4  0  n/a  7  4 10 n/a 10  8  7  6  

        averages      4.00    7.00    7.75     + 2.25 
e. Creating new   
    competitive  
    knowledge 

 5  7  10  1  5  7 10  5 7.63 6.63 6.13 7.13  

        averages      5.75    6.75     6.88     + 0.63 
Average values for  
    time frames 

 
     5.44 

   
   7.30 

 
    7.83 

 
    + 1.46 

1. For short-term Case II B values the two reported sums shown in appendix Table A2 have been averaged. 
2. This evaluation is the result of mixing two different new customer segments and would be  
     substantially higher for one of those if taken alone. 
 
8.2 Outcome Changes Analysis 
 
The last of the research questions can now be answered. It is: 
 
Q8. How do long-term outcomes differ from short-term outcomes of innovation processes? 
 
Over the long-term outcomes a, c, and d show the largest average increases of over 2 on the 10-
point scale of importance weightings. The only negative in the right-hand column is due to the 
low value for Case I B that is explained in the table footnote so there would likely be a positive 
change if the other customer segment had been used alone. Consider, for this point that a 9 was 
recorded so that the average value became 8.5. The last right-hand column entry would then be   
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+ 0.5. With this possibility in mind it appears that the selected outcomes generally increase in 
importance over long-time frames. This general answer to research question eight is due to the 
greater appreciation of gains that are seen for successful industrial product innovation processes 
over longer time frames. 
 
In addition, by reading across the outcome line items it is possible to connect the long-term 
evaluations for specific cases with other data. For Case I A the retaining present customers 
outcome values sequence is 6-3-7.  The low value at the end of the product innovation process 
was due to the slower than expected acceptance of the new miniSMD product by some of the 
customers. This same outcome increased in importance weighting for Case II B with a sequence 
of 3.75-6-10 showing that the gains in product utility seen for that product were of growing 
importance in the long-term to the customers. 
 
The increases in values for improving per unit profit show the sequence of 3.5-10-10 for  Case II 
B and this relates to the substantial unit cost reductions that were achieved during the innovation 
process. For this same case that has the highest product innovativeness level of 9.66 the last line 
item of creating new competitive knowledge shows a sequence of 1-5-7.13 for the largest gain 
across the time span of +6.13. This indicates a strong connection between product innovativeness 
and competitive knowledge and is most likely related to the substantial sales made to both 
existing customers and to new customer segments. For a comparison, the lowest innovativeness 
level at 4.67 is in Case I B that shows a 7-7-6.63 sequence illustrating that the competitive 
knowledge outcome decreases over time for this lower innovativeness product.  
 
It is also instructive to compare the competitive knowledge outcomes for the other two cases 
because these were the original ones tagged as the more innovative products in the initial 
interviews. Case IA shows a sequence of 5-5-7.63 for a +2.63 gain over the long-term while Case 
IIA shows a sequence of 10-10-6.13 for a drop of – 3.87 in importance weighting. The original 
expectations based on the initial product innovativeness indication did not hold well over the 
long-term for Case II A. 
 
The effect of including the expected outcome durations in the analyses can be seen by comparing 
the outcome type e. of creating new competitive knowledge for the II A and II B devices in Table 
8.1 to an equivalent knowledge construct from the case reports. In the case report Tables 10-13 
the outcome durations were used together with the importance weightings to establish impact 
levels. From Table 8.1 above the outcome type e. values are 6.13 and 7.13, respectively, which 
indicate that device II B created more competitive knowledge over a long-time frame. However, 
when the expected outcome operability duration is taken into account the positions reverse and 
device II A is indicated as creating more competitive knowledge. The impact level values from 
Table 14 in the Cases II A and B reports for the knowledge gained set of eight outcomes are 4.13 
and 3.88, respectively. This reversal in comparative standing is due to shorter operative time 
periods of PLC being estimated for two of the outcomes for the II B device. All eight of the 
knowledge related outcomes for the II A device were estimated to have durations longer than the 
PLC. This comparison indicates that knowledge related outcomes that have longer duration 
operability provide more gain for the company than those that have shorter durations. 
 
Other more detailed comments for the specific case pairs are in section 17 for Cases I A and B 
and section 18 for Cases II A and B. 
 
Evaluating outcomes over extended periods brings to mind the possibility that a methodology 
could be devised for use as a life-cycle management tool for industrial products provided that 
relevant factors/outcomes are included. Many of the outcomes discussed in this study would be 
relevant for that purpose: solving customer problems, unit profitability, new customer segments 
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accessed, sales to existing customers, and continuing product utility, for example. Other factors 
would be needed in order to track a product’s remaining life-cycle viability, but this could be an 
interesting approach in view of the scattered databases in many companies (Ausura et al, 2005, p. 
503). 
 
9. Conclusions and Summary 
 
9.1 Conclusions 
 
A first conclusion is that all of the outcomes evaluated in the study were supported by both the 
quantitative and the qualitative data as shown in data Tables 6.1 and 6.2 and Tables 7.1 and 7.2 
respectively. This provides a second level of triangulation or convergence of the data that was 
above-mentioned in section 6 at the first level. Thus all outcomes are in the evaluation frame for 
determining the results of industrial product innovation processes.  
 
Some outcomes in both of the target and peripheral categories have been found to be strongly 
supported by both types of data and therefore merit special attention when creating innovative 
industrial products. Other outcomes are well supported by either quantitative or qualitative data 
and have to be considered as well.  
 
The conclusions emphasize those outcomes that are the more important ones according to the 
extent of support found in the study. In Table 9.1, section A, the nine outcomes that are supported 
to a high degree by both quantitative and qualitative data are printed in bold for emphasis. Then 
in section B the six outcomes supported according to similar criteria by the quantitative data only 
are given. The included outcomes account for 15 of the 23 outcomes in the above-mentioned data 
Tables 6.1, 6.2, 7.1 and 7.2. 
 
The criteria used to evaluate the importance standing of each outcome across the four cases are: 
 
 For quantitative data – an average impact level of 3 or more ( >3) 
 
 For qualitative data – a frequency of factor influences for all conceptual groups of the  

innovation process of 10 or more ( >10)  
 
Table 9.1 More Important Outcomes  
Outcomes Outcome  

categories 
Outcome labels Average Impact 

Level across the 
four cases 

Frequencies of 
Innovation Process 
Factor Influences 

Section A 
 

    

Unit profitability T unitprof 4 18 
New customer segments accessed T newcustmr 3.5 13 
New product platform(s) created1 T newplatfrm 4.5 10 
Sales to existing customers T existcustmr 3.75 14 
Knowledge gained for future use 
in technical systems1 

P knowtech 4.25 11 

Knowledge gained for future use 
in new product line extensions1 

P knowprodext 4.5 11 

Knowledge gained for future use 
in marketing1 

P knowmkt 4.5 19 

Knowledge gained for future use 
in organizational and internal 
product innovation  system 
development1 

P knowintrnl 3.5 10 
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Gain of new manufacturing  
 competencies and paradigms 

P manufcompet 3.25 10 

Section B 
 

    

Patents applications filed T patfiled 4.5 3 
Solving customer problems or 
meeting customer needs 

T custproblm 3.83 8 

Maintaining leading innovation 
position 

T leadpostn 3 net 6 

Strengthening linkages to customers P custlink 3 3 
Increased competence to   
overcome  technical/ marketing 
risks 

P riskcompet 4 8 

Product utility gain T utilgain 2.752 45 
1. Found to be sensitive to higher innovativeness levels. 
2. This low average impact level is explained further below. 
 
Note 1. to Table 9.1 refers to the findings explained in regard to Tables 6.1 and 6.2 as to  differences found for 
certain outcomes when comparing the impact level averages of the three highest product innovativeness level 
products against those of the averages from all four cases.  
 
The outcomes listed in section B with factor influence frequencies of at least 8 were close to 
inclusion in section A. The only factor influence recognized for the outcome of patent 
applications filed is within the product innovativeness group shown in Tables 5.1, 7.1 and in 
Table 9.1, above, because the patentability will be determined, in large part, by the product’s 
novelty. This meant that a low factor influence frequency is found together with a high impact 
level. 
 
The above outcome evaluations, except for the last one, are plotted in Figure 9.1 to better show 
the more important ones in relation to the evaluation criteria. 
 
 
 20            
         ¤ knowmkt    
Factor        ¤ unitprof 
Frequency 
 
 15              existcustmr 
             ¤    
       ¤ newcustmr  
            knowtech 
       manufcompet         knowintrnl        ¤ ¤ knowprodext 
 10           ¤     ¤   ¤ newplatfrm   
      
               ¤     ¤ riskcompet    
                custproblm 
      ¤ leadpostn 
 5 
 
      ¤ custlink  ¤ patfiled 
 
 1           
  1  2  3                      4       5 
     Average Impact Level 
 
Figure 9.1 Long-Term Outcomes Summary Plot 
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The low average impact level for the last outcome, product utility gain, excluded it from section 
A and it was not plotted in Figure 9.1, but it is of some importance to recognize that the 2.75 
level is mainly due to the low impact of 1 assigned to the Case II A device. Using only the other 
three cases an average of 3.33 is found. As mentioned in Section 6, p. 57, the low evaluation for 
Case II A is supported by the 66% increase in the product utility index (see Case II A:56) for a 
0.66 times gain. The equivalent gains in the Cases I A and II B devices were in the 3 to 20 times 
range. Thus the product utility gain is believed to be lower in this analysis than for many new 
industrial products. In conclusion, this outcome of product utility gain is listed in Table 9.1 also. 
 
It may seem unusual that the three outcomes of being first into the market, new manufacturing 
technology acquired, and product success targets met are of lower importance and thus are not in 
Table 9.1. The first two of these outcomes had too low evaluations for inclusion in the table. 
There are several reasons for the absence of the third outcome. This product success outcome had 
an average impact level of 2 that was due in large part to the low impact evaluations of 1 found 
for both Cases II A and B. The evaluations even at this low level were complicated by manner of 
tracking these targets inside of the company for the II B device (see II B:59-60). A factor 
influence frequency of a net 9 is found for this outcome and these two results eventually 
determined its exclusion at this level of analysis. Of course product success targets have 
operational durations no longer than the PLC so lower impact levels are to be expected over time. 
 
The 15 outcomes listed in Table 9.1 and particularly the knowledge accumulation ones need to be  
considered and evaluated for industrial product innovation processes. These could be part of the 
internal product and technology strategies and included in the initial project planning. It would 
also be useful to track these outcomes over long-time frames so that fuller appreciation of the 
returns to the company’s competitive advantage position can be better understood. 
 
Over long-time frames of at least five years Table 8.1 shows that outcomes equivalent to 
retaining present customers, improving per unit profits, obtaining patent protection, and creating 
new competitive knowledge are all likely to increase. These increases can add a different 
perspective to supplement product review processes.  
 
Additional conclusions for similarities and differences between each of the case pairs are given in 
the last sections of each appended case report as further detailed in the following Methodology 
Appendix, Data Analyses section, Stage A. 
 
9.2 Summary of Study  
 
The primary purpose of the study is differentiated into three aspects and the results will be 
summarized for each of these by reference to the related research questions.  
 
Aspect 1. Determining the relationships of selected innovation process factors to outcomes from  

    product innovation processes  
 
These relationships are influences exerted by various factors on the outcomes.  As such the 
influences found relate to research questions Q1 – Q4. These questions are reproduced here for 
convenience with section and page references for the answers. 
 
Q1.   How does the company’s external context influence outcomes from the innovation  

processes?  Section 3, p. 35-37. 
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Q2. How does the company’s internal context influence outcomes from the innovation 
processes?  Section 3, p. 37. 

 
Q3. How do specific phases-activities within innovation processes influence outcomes? 
 Section 4, p. 46-48. 
 
Q4. How do factors related to product innovativeness influence innovation process outcomes?   

Section 5, p. 53, 54. 
 
Aspect 2. Identifying and classifying outcomes with respect to different levels of impact for  

    achieving competitive advantage 
 
The outcomes in the study first had to be identified and this was one of the earliest tasks that 
occurred during the initial interviews. An open-ended start set is given in Table 8.1, but these 
outcomes were soon supplemented with those used for additional data collection as shown in 
Tables 6.1 and 6.2. These tables enabled an answer to the next two questions. 
   
Q5.  How can outcomes from the studied innovation processes that have different impact levels 

be identified and classified?  Section 6, p. 56-58. 
 
Q6. How do outcomes from higher innovativeness processes differ from those of  

a lower innovativeness one?  Section 6, p. 60. 
 
Aspect 3. Determining pattern(s) of outcomes associated with successful product innovation  

    processes. 
 
This third aspect has been divided into two parts to better focus on long-term effects of the 
outcomes compared to short-term aspects although only five outcomes were tested for such 
effects as reported in connection to Q8. 
 
Q7. How can outcome patterns associated with successful product innovation processes  

be determined?  Section 7, p. 61-64. 
 
Q8. How do long-term outcomes differ from short-term outcomes of product innovation  

processes?  Section 8, p. 65-67. 
 
The secondary purpose of presenting a different longitudinal methodological approach for 
investigating innovation process factors and outcomes is addressed most directly in the 
Methodology Appendix in addition to the main report sections. 
 
9.3 Suggestions for Further Use of the Study 
 
As mentioned at the end of Section 8 evaluations of outcomes over long-time frames could be 
used as a life-cycle management tool for industrial products providing some revisions were made 
(Ausura et al, 2005). A relevant set of factors and outcomes would have to be agreed between the 
product/market managers and these would need to include ones that have connections to the 
product lines. Perhaps customer utility/price indices as prepared in the case report Appendices C 
could be a start for that purpose. Six to eight managers who have relevant impressions and data 
access to sales for specific customers could then meet on a periodic basis to review changes in the 
factors and outcomes. The meetings would provide a forum for collecting group judgments. This 
procedure could then provide valuable feedback information for life-cycle management. A 
similar procedure has been described for use as a corporate management system for use by a team 
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of senior executives (Kaplan and Norton, 1996, p. 12). The suggestion here is to use short and 
long-time frame outcome projections and tracking to improve industrial product innovation 
processes.  
 
Another suggestion that is more on the academic side is to design a study that evaluates a full set 
of outcomes at both short-term and long-term time frames as an extension of the type of findings 
in Table 8.1. Most product innovation studies are based on project performance data that is 
collected only one time after the release to the market or termination of the project. Since 
increases in outcome evaluations were found for four of the five test outcomes it seems that 
expansion of this type of methodology to a larger outcome set is justified. In such a research 
design both outcome weightings and impact levels should be collected. It might also be useful to 
use average evaluations from a small group of knowledgeable managers although this will be 
difficult for any outside researcher to accomplish. Perhaps this could represent an opportunity for 
participant-observation research (Yin, 1994, p. 87). Another point is that a participant-
observation design could facilitate the inclusion of external partners as participant-observation 
interviewees (Ernst and Teichert, 1998, p. 737). 
 
It would also be of interest to see other study results collected by similar methodology for 
different industrial products. It is hoped that this case study will enable richer understanding 
through the in-depth focus on the individual ‘trees’ of product innovation processes within the 
‘forest’ of studies. 
 
 
Methodology Appendix 
 
The research design follows a multiple case comparison design methodology. A case study 
approach is a preferred strategy for answering ‘why’ and ‘how’ questions such as those posed in 
sub-section 1.5, above (Yin, 1994, p. 1). Case studies are also suggested for building theories 
(Eisenhardt, 1989). At a later point in the concluding remarks on the rational plan stream of 
product development research a call is made for “…figuring out just what is a ‘better’ product or 
just how do people go about the ‘effective’ execution to develop such a product.” (Brown and 
Eisenhardt, 1995, p. 353). The case method that uses interviewing is exceptionally well suited for 
tracking just how an innovation process occurred. This point is in line with another earlier 
suggestion that qualitative research designs may facilitate clearer understandings of the decision 
structure of a given company (Clemens, 1974, p. 117).  
  
More recently quantitative, survey-based researchers have adopted a case study research design 
combining qualitative and quantitative data to enable “a more holistic understanding of the entire 
new product development system” (McDonough and Griffin, 1997). A more ‘holistic 
understanding’ would include the contextual conditions (Yin, 1994, p.  13). Also it has been 
pointed out that the case study methodology may aid in “…uncovering successful configurations 
for product development as carried out by research institutes…” (Weerd-Nederhof and Fisscher, 
2003). In a study of innovations in an industrial product line (frequency converters) it was noted 
that case research is an appropriate method when it is necessary to cover contextual conditions 
(Lindman 1997, p. 88). New insights on the factors associated with new product development 
may also come from in-depth case studies Montoya-Weiss and Calantone, 1994, p. 413).    
 
The logic of using a multiple-case study is to produce some contrasting results between 
innovation processes that created products under different technical and market contexts and that 
had different innovativeness levels (Yin, 1994, p. 46).  
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Four criteria are used for judging the quality of empirical social research: construct validity, 
internal validity, external validity, and reliability. Each criterion has case study tactics that can be 
used such as multiple sources and evidence, establishing a chain of evidence, and having key 
informants review draft case study reports for attempting better construct validity (Yin, 1994, p. 
33). This and the other criteria are handled by a description of the case data sources and analyses  
used for this study. 
 
Case Data Sources 
 
Multiple sources were employed for each case: multiple face-to-face interviews, a series of 
corporate documents, observations of R&D departments and production lines, and samples of 
products. The data from these different sources was examined for linkages so that triangulation 
could be used as a basis for the findings. Drafts of the case reports were prepared and checked by 
one or more of the respondents during the interviewing sequence. The final case reports were also 
checked for accuracy and elimination of sensitive information prior to obtain releases for 
publication. 
 
First, contacts were made with project development persons within three companies on the basis 
of prior professional linkages. Each of these led to conversations with senior company personnel 
and then to innovation project managers and team members. They were requested to provide 
access to two recent innovation projects that were regarded as at least normally successful and 
that had different levels of innovativeness. The logic of the requests was to find and compare 
pairs of product innovation processes that were carried out under a common innovation process 
regime and that had equivalency in both external and internal contexts with the expected 
exceptions for differences in markets, technologies, suppliers, prior external linkages, etc. The 
case selection criteria within each company were then: selection of two innovation processes that 
had occurred during close time frames, used a common innovation process regime, and had 
different innovativeness levels. The selected processes over-lapped in project timing and were 
found to have different innovativeness levels. 
 
The two companies that contributed the data for the four reported cases provided remarkable 
support for the completion of the study. The third company became involved a legal  controversy 
and was unable to release the case report that had been largely completed.  
 
That fifth, unreported case did have some utility for the study, however. It was actually the first 
company that was interviewed so the protocol was proofed prior to use in the four reported cases. 
The most interesting phenomenon in this regard was that the protocol questions only started the 
interviews with the project team members in that fifth case. After the first few questions the 
respondents took over with their own recollections of the project and this open-ended 
interviewing raised the enrichment quality of the data immeasurably because many of the more 
in-depth issues that were exposed would have been much more difficult to discovery if the 
protocol had been followed exactly. This meant that it became necessary to repeatedly return to 
the protocol to make sure all relevant areas had been covered. So this same phenomenon was 
rather expected during the subsequent, reported cases interviews and the interview technique was 
adjusted to insure more ‘listening’ time so that an easier flow of in-depth, enrichment data was 
facilitated (Yin, 1994, p. 57). This was an important adjustment because understanding of the 
external and internal contexts was of critical interest as shown by section 3. Another advantage 
from the fifth case was that drafting of the case report preceded the other four so that the report 
structure had been previously tested to some extent. 
 
The interview protocol was divided into sections for the original project proposal, the project 
activity phases, and the project review. It contained table shells for the project team membership, 
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the most significant factors supporting the project start decision, the relative importance of a set 
of factors in the final project review, and for estimates of the initial technical and market risks. 
The factors used were: retaining present customers, obtaining new customers, being first into 
market, improving product’s unit profitability, obtaining patent protection, increasing division 
sales, increasing division profits, creating new competitive knowledge, plus open ended factors. 
The table shells for the two sets of factors were set up on a 10-point Likert scale. The data 
collected shortly after the end of the innovation processes is reported in Appendices A in the case 
reports. The use of these table shells led to additional information. For example the technical and 
market risk assessments led to learning the later points at which higher risks had been lowered to 
more acceptable levels. 
 
The interviews were also spread over long-time frames that were needed to follow the research 
design by enabling evaluations of the outcomes over extended periods so that more realistic 
assessment of impacts to the company could be ascertained. The logic of this part of the research 
design is due to the expectation that outcomes for innovation projects change over time and some 
outcomes that were evaluated as high at a point close to the product releases may have either 
increased or diminished with the passage of more time and events. 
 
The longer time perspective also enabled new, more detailed questions to be posed. Enhanced 
table shells were prepared for target and peripheral outcomes so that additional data could be 
gathered on the outcomes. The final review point for Cases IA & B was 62 months after product 
release for the first of these two cases and 91 months for Cases IIA & B. The difference between 
these two final review points is not seen as a serious issue because the technology and market 
changes are seen as more rapid for the first pair of cases. 
 
At several points during this extended interviewing process drafts of the case reports were read 
and commented on by at least one of the respondents. The details that were changed provided 
proof that the drafts had been read thoroughly. Finally, a draft with all necessary data was 
prepared and approved for publication use by each of the two companies.  
 
During the interviewing processes company literature was obtained on various topics. Some of 
these were product data sheets and books, sales brochures, company capability brochures, annual 
reports, and internal documents. The respondents were careful not to provide any sensitive data. 
Sufficient information was eventually obtained to enable a fairly detailed description of the actual 
innovation processes. 
 
The interviews, documents, and contacting via telephone and email were indexed to provide 
chains of evidence. These amounted to multi-page listings for both Cases IA and IB and for 
Cases IIA and IIB. Methodology Table 1 provides listings for the quantities of the evidence  
 
Methodology Table 1. Case Evidentiary Sources 
 
Cases Number of 

Respondents 
Number of Interviews1 Number of different types of 

documents accessed 
I  A & B   5   39   7  
II A & B   4   14   10 
1. personally or via telephone to follow-up a previous interview.  
 
sources although the numbers of telephone and email contacts are not listed. Some of the emails 
were very helpful in understanding various issues.  
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During the case analyses numerous comparisons were examined over different time periods in 
order to better understand the differences in the two innovation processes carried out within each 
of the companies. Then in this main report data from all four cases has been examined to find 
matching patterns for the outcomes.  
 
The project performance comparisons for Cases IA & B are in Table 7 of the Case report and for 
Cases IIA & B in Table 9. The analyses set forth in the various sections are based on data for the 
reported outcomes rather than the project performance comparisons in these two tables. An initial 
set of outcomes was used to collect the weightings of importance on a 10-point scale for each 
outcome relative to the other outcomes in the set. The data is in Appendices A of the case reports 
and these were given as of the start of the project and, then, release of the product to the market. 
At a point some five plus years later a final data set was gathered for the full range of both target 
and peripheral outcomes. In addition to the importance weightings that were taken again for each 
outcome the respondents were ask to assign one of three duration periods over which operability 
had occurred or was expected. The duration periods were based on the product life cycle and 
were : < PLC, PLC or > PLC. These data were then combined according to the scale set forth in 
Appendix B for both of the case reports to obtain impact levels for the outcomes. This procedure 
follows the logic that outcomes of high importance to the company that remain operative over 
long durations are likely to provide greater impact for achieving competitive advantage than 
those of lesser importance and short durations. 
 
The importance weightings for the initial set of outcomes were gathered from different 
respondents than those for the final data set. In each of the cases the initial and final set 
respondents were at different hierarchical positions (Ernst and Teichert, 1998, p. 737). This 
procedure gave the benefit of obtaining a better understanding as to the importance weightings 
that these knowledgeable respondents assigned to the outcomes. 
 
The target and peripheral outcomes in this study contributed to the organizational performance 
gained by each product innovation case. In other studies subjective measures of performance 
variables have been taken on seven-point multi-item scales (Langerak et al, 2004, p. 85) and a 
similar methodology has been used in this study. 
 
Data Analyses 
 
The analyses of the collected data were performed in two stages. In Stage A the case pairs from 
each of the two companies were examined and compared in the terminal sections of each of the 
appended case reports to find similarities and differences. In Stage B the four cases were 
analyzed together to achieve more comprehensive findings and the results are set forth in 
Sections 3-9 of this main report. Both stages are based on data shown in the case report tables and 
figures and in the steps discussed below the references are first to cases I A & B and then to cases 
II A & B, respectively.  
 
Stage A (within the appended case reports) 
1. The data collected for each pair of projects were organized and compared as shown in Tables 7 
and 9, respectively. 
 
2. Then the quantitative impact levels of the target and peripheral outcomes were assessed in 
Tables 8-12 and Tables 10-13, respectively. 
 
3. Average values for the impact levels of the target and peripheral outcomes were examined 
separately and combined for the groupings of outcomes having impact levels and 3-5 (on the 5-
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point scale), those evaluated at >PLC and at PLC or less, and for the combined group of all 
outcomes. The resulting average values are reported in Tables 13 and Table 14, respectively. 
 
4. The average values obtained for the combined all outcomes group and for a selected set of 
knowledge-related outcomes from step 3 above were compared according to product 
innovativeness levels and shown graphically in Figures 8 and 10, respectively, to illustrate 
differences according to those levels. 
 
5. The targeted and peripheral outcomes were then separately compared between the two pairs of 
cases so that the comparative strengths could be better understood as shown in Tables 14 and 15  
and in Tables 15 and 16, respectively. These comparisons aided the understanding of the 
influence exerted by the factors on the different outcomes and the improved understandings were 
used in the Stage B analyses. 
 
6. A group of five outcomes from Appendices A in the two pairs of cases that were evaluated 
close to the conclusion of the innovation projects were compared to equivalent outcomes 
evaluated over the longer time frames. These were compared as importance weighting values on 
a 10-point scale since the time frame was part of this comparison design. The results of this 
selected outcome group evaluation are in Tables 16 and 17, respectively.  
 
7. Conclusions were then drawn for each of the two pairs of cases by focussing on the innovation 
processes per se and then the outcomes over the longer time frames. These conclusions are in the 
case report sections 18 and 19, respectively. 
 
Stage B (within this main report) 
1. The four cases were qualitatively analyzed together by relating the observed innovation 
process factors to connected outcomes. The factors were organized according to the groups of 
external context, internal context, specific phase-activities within the processes, and the influence 
of product innovativeness on the outcomes. Many of the innovation process factors influenced 
several outcomes. For each factor analyzed references are provided for principal evidence 
statements from the four cases. These analyses are in Sections 3-5 and include tables and 
additional analyses for the frequencies found for the outcomes across the four cases. These 
analyses enabled answers to research questions Q1-4 that were posed in Section 1. 
 
2. The quantitative impact level analyses from Stage A were then used to identify and classify the 
outcomes across the four cases with special attention to the modification of the impact levels of 
the outcomes with respect to innovativeness as set forth in Section 6. This procedure enabled 
answers to research questions Q5 and Q6 posed in Section 1. 
 
3. In order to find overall outcome patterns that are associated with successful product innovation 
processes the frequency data for the groups of factors referred to in Stage B, step 1 were analyzed 
and the results reported in Section 7. This enabled an answer to research question Q7. 
 
4. The data from Stage A, step 6 for the four cases was then assembled and analyzed as shown in 
Section 8 to enable an answer to research question Q8. 
 
5. Conclusions were then drawn for the four cases for the overall analyses in Section 9 using both 
qualitative and quantitative data to focus on the more important outcomes from these successful 
product innovation cases. 
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1.  Introduction 
 
This is a multi-case comparison of the innovation processes of two overcurrent protection devices 
that were innovated by Raychem Corporation for use in various electronic products. These 
processes occurred over the same time frame and were carried out under a formally instituted 
New Product Development (NPD) Process regime. These products are also referred to as devices 
and units, depending on context.  
 
The uniformity in product development context within the company and the closeness of the 
technological base offers a unique comparative situation for the detailed study of short and long-
term outcomes from these different processes. The data was collected during the 1996 to 2003 
period so that outputs that extended beyond the product life cycles for the products could be 
better evaluated. A present tense perspective has been used for this extended time frame even 
though the products and the company have changed in the meantime since comparisons between 
the two NPD processes are better served in this manner. 
 
Raychem was founded in 1957 and specialized in the manufacturing and sales of a wide range of 
industrial products, which are based, in part, on modified polymeric materials. By 1973 the 
company had three divisions and revenues of about $80 million. As of 1999 it was a leader in 
materials science and engineering, with annual revenues of $1.8 billion (fiscal 1998) and had 
some 9,500 employees in 49 countries.7 It is headquartered in Menlo Park, California and 
operated major facilities in Europe and Japan. The company utilized expertise in materials 
science, electronics, and process engineering to develop, manufacture and market high-
performance products for electronics OEM businesses, telecommunications and energy networks, 
and the commercial and industrial infrastructure.8 In May 1999, after the principal events in this 
case study, the Company announced its acquisition by Tyco International.9 
 
The study begins with a description of the industry and the involved technology in section 2 that 
is followed by a detailed treatment of the product lines and the innovation histories and market 
significance of these lines in sections 3 and 4. These sections include the key technological steps 
and are seen as rising above the particular type of innovation process employed. 
 
In this study the outcomes flowing from two different product development processes are 
compared. The birth of a new product concept is explained in sections 5 and 6 and the 
development of the involved manufacturing process is in section 7. However; it must be 
recognized that all of this innovative activity occurred within a formalized new product 
development (NPD) process that follows a fixed regime that is described in section 8. The actual 
use of the formal NPD process is in section 9 and the spread of the new product concept into the 
various product lines is covered in sections 10 and 11.    
 
Outside linkages during the processes are in section 12 and a comparison of the innovation 
projects is in section 13. Assessments of the outcomes of the NPD processes are covered in 
section 14 and these outcomes are analyzed in sections 15 and 16. Conclusions follow in section 
17. 
                                                 
7 Homepage, Press Release: Raychem Announces Fiscal Fourth Quarter Revenues, 
www3.Raychem.com/RYCnews/fin/071999.htm, accessed 1999-08-25.  

8    Ibid.  
9 Homepage, Press Release: Tyco International to Acquire Raychem Corporation, 
www3.raychem.com/RYCnews/corp/051999_tyco_ancmt.htm, accessed 1999-08-25 
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2.  Industry/Technology Background 
 
The increasing use of electronic circuitry in a vast range of products is a principal fact of life in 
this era that is driven by the force of persistent technological change. These products encompass 
computers, telecommunication equipment, consumer and industrial electronic devices, 
automobiles, and a growing range of battery powered devices such as cameras and mobile 
phones, etc. Wherever one looks there are products, which require electronic circuitry for 
functioning. Many of these product markets are in rapid growth.  For example, the worldwide 
market for automotive electronics products alone was expected to increase from about $37 billion 
to about $84 billion between 1995 to 2005. Most of this increase being due to the projected 
increase in the “average value of electronic components in cars from $920 to $1700 within a 
decade with the levels in North America and Japan exceeding $2000” according to an industry 
report.10 
 
The above electronic products often operate at lower voltage and current usage than electrical 
products such as toasters, fans, mixers, laundry and drying machines, and other more familiar 
household products. One thing that both the electronic and more strictly electrical products have 
in common is that all of the involved circuits must be protected against electric overcurrent and 
overvoltage conditions. An overcurrent is an abnormally high current that has the potential to 
cause failure in an electrical circuit. For example, an out-of-range condition in the power source 
or a decrease in load impedance can cause an overcurrent. This means that overcurrent protection 
devices are essential components for all electrical and electronic circuitry.  
 
An overvoltage is an abnormally high voltage that has the potential to cause failure in an 
electrical circuit. To protect against damage to circuit components protector devices for both of 
these two conditions must be used. The overcurrent protector device is installed in-line with the 
power source and load while the overvoltage protector is installed on the grounding line as shown 
in Figure 1. In this diagram the load is shown as a motor. In general, overcurrent protectors work 
by interrupting the current by some type of heat sensitive element that ruptures, causes increased 
resistance, or changes physical position, whereas the overvoltage protectors work by dumping the 
excess voltage to ground as shown. A specific example of the latter is the use of a Zener diode to 
dump telephone land line voltage to ground when overvoltages occur. 
 
Overcurrent Protection -  The requirement to provide for overcurrent protection actually began 
in the 1800s with the development of electrical power sources. Overcurrent protection devices 
were built into the circuits of all electrical equipment and products during the manufacturing 
processes according to the diagram shown in Figure 1. Thus the idea of circuit protection devices, 
in general, is very old.  For example, household electrical supply systems have been constructed 
for many years with one-time-use fuses that break to prevent overcurrent flow. These fuses 
protect given circuits such as those used by laundry and dryer machines or dining and living room 
lights and outlets, etc. They have to be replaced by hand after an overload condition has occurred 
such as could happen by using all the household appliances at the same time. The use of such 
fuses was not an elegant solution, however, due to all of the household owner work and 
annoyance involved in changing the burned out fuses, particularly during night times. This led to 
the use of electrical circuit breaker panels fitted with resettable toggle switches, which are the 
more modern household standard. Of course it is a very different situation when electronic 
circuits inside of cameras or mobile telephones, and battery packs are considered. In such 

                                                 
10 Financial Times, 21 November 1996, p. 4  based on The Electronic Revolution in the Motor Industry, 1994, p.  
        11. 
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component-dense products it would be difficult to provide for proper use of any such reset 
switches. Rather, the overload protection is better arranged in another manner, that does not 
require user or repairman intervention. 
 
 
 
 
 
             power             load 
             source             (motor) 
 
 
 
 
 
 
Overcurrent protector          

—     ground 

     

               – 

Figure 1  Circuit Protection Diagram
 

Both cameras and mobile telephones operate at low currents and voltages which means that the 
electronic components are electrically delicate and are particularly sensitive to short circuit and 
overload conditions. Without such protection circuit burnouts and even more dangerous situations 
such as fires and explosions can occur. Protection against such conditions is also important for 
small motors, audio speakers, battery-powered equipment, computer circuit boards, disk drives, 
alarm systems, satellite-television video receivers, and telecommunication systems. 
 
Types of Overcurrent Protection Devices - It is useful to classify the main classes and types of 
overcurrent protection devices. These devices are of two general classes: A. mechanical and B. 
solid state. The mechanical class, A, is composed of several types: 1. one-time-use fuses like 
those in the earlier household supply systems which burnout during an overcurrent surge,  2. the 
magnetic type such as circuit breakers, and  3. bimetallic devices or switches, which stop current 
flow at a preset temperature point by physical movement of an element and then permit flow 
again when the temperature drops. The solid state class, B, is composed of :  1. integrated circuits 
that detect overcurrent conditions and then signal a switch to interrupt the current flow,  2. 
ceramic positive temperature coefficient types, and 3. polymeric positive temperature coefficient 
types. The devices in this solid-state class have no moving parts that can wear out and fail. These 
solid state devices interrupt electric current at a given temperature and then permit current flow 
when the temperature drops so that they are automatically resettable for continuing operations 
after the overcurrent condition no longer exists and power to the circuit is removed. For the last 
two types the term “positive temperature coefficient” (PTC) will be explained below in section 3. 
 
There are of course cost, design and other trade-off considerations in choosing between these 
protection devices.  The use of one-time burnout fuses means that the user of the equipment or 
product has to change the fuse or take the unit in for repair after every overcurrent event. If the 
circuit is of large size such as a car or a household electrical supply system then changing fuses 
can be a practical, even if an annoying, solution. But for smaller sized circuits such as are found 
in the component-dense circuit boards of many consumer electronic products fuses that can be 
blown by an overcurrent condition involve additional maintenance by users since the fuses must 
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then be replaced. The magnetic circuit breakers are just too large in size for use in the smaller 
sized consumer electronic products. 
 
The bimetallic devices have both advantages and disadvantages. A main advantage is that they 
can be made to operate at precise set points. The Commercial Sensors and Controls Division of 
Texas Instruments with its Klixon™ products is a leading manufacturer of the bimetallic 
overcurrent protection devices. A first disadvantage is that they contain a moveable part that can 
be broken due to repeated, cyclical movements which means that eventual failure is more likely 
when overcurrent conditions fluctuate over a period of time. Due to the propensity for such 
component failure it is often necessary to use both a fuse and a bimetallic device together in the 
same circuit. A second disadvantage is that these devices are considered to be too large for some 
uses.  
 
A disadvantage for the solid-state type of device is that custom-manufacturing runs for a specific 
need can be quite costly. Of course in mass quantities this problem decreases significantly. 
 
The differences between the ceramic and polymeric types of devices are a mix of price and 
functional characteristics so that these two can be seen as being in more or less direct 
substitutable competition depending upon the application of the device. 
 
Consumer Products Overcurrent Protection Devices - This Raychem case study is centered on 
innovations relating to the polymeric type of overcurrent protection devices that function to 
interrupt the current flow when an overload condition occurs. This type has the advantages of  
having no moveable parts and of automatically resetting for continued operation of the protected 
circuits. While it is true, as stated above, that all electrical and electronic circuits must be 
protected against overcurrent conditions, for the purpose of this study a subset of this wide range 
will be focused upon. The demand for automatically resettable overcurrent protection is large in 
consumer products such as television sets, VCRs, computers, cameras, mobile phones, etc. It is 
the protection against overcurrent conditions in such products that is focused on here. The 
resettable solid-state type overcurrent devices are suitable for providing such protection. 
 
More specifically, the rapid progress in the field of information handling and communication 
equipment to process digital, graphic, and voice signals has led to a wide range of portable units 
such as laptops, printers, electronically operated cameras and video recorders, and mobile  
telephones. All of these devices require the use of battery power packs. These power packs must 
be protected against negligent storage and use conditions since the deliverable power can under 
certain conditions lead to dangerous conditions. For example, an extra mobile phone pack placed 
in a briefcase or a backpack could short out on the metal coil binding of a spiral notebook and 
start a fire thus ruining documents, notes and other valuables. Currents of 10 to 100 amps are 
available from these battery packs and these are sufficient to make a metal conductor glow white-
hot and burn through.  
 
The problem does not stop here, however. The preferred batteries for these packs for many years 
have been those based on rechargeable nickel/cadmium technology. However; cadmium is 
damaging to the environment so the manufacturers of such portable devices have been seeking 
batteries based on alternate technology. Nickel/metal hydride batteries, which have been 
developed, seem to be roughly two times better than the nickel cadmium ones and of course 
result in less environmental problems as well. However, there is another problem. These new 
batteries generate hydrogen gas when used in certain modes. The hydrogen gas is of course 
explosive in air and when an overheated, short circuiting battery pack connector is present all of 
the conditions for an explosion are present. It is one thing to have your briefcase catch on fire, but 
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quite another to have it explode even if the story value for this second type event is much greater 
for use at a party. 
 
Raychem developed a commercially important resettable overcurrent protection device. As of 
1996 the global market for all circuit protection devices was about $7 billion annually and the 
industry contained a few hundred competitors. However; only part of this market can be 
considered to be accessible to outside suppliers. The accessible market can be defined as the total 
of all overcurrent protection devices of both the mechanical and solid-state classes that were 
purchased from suppliers for the very wide range of electrical and electronic circuits which must 
all be protected, except for electrical distribution substations. The overcurrent protection devices 
for such substations are of a completely different character due to the very large currents 
involved. The accessible market was valued at about $1 to 2 billion in 1996. There are somewhat 
less than 100 total competitors with 10 to 20 major producers. 
 
The resettable Raychem devices give a number of advantages to the manufacturers of a wide 
range of products and to the ultimate users. To better understand the development of these 
resettable overcurrent protection devices it is necessary to look briefly into the history of the 
company’s technological base. 
 
3.  Raychem Circuit Protection Division Product Lines 
 
The PolySwitch devices were manufactured in Raychem’s Circuit Protection Division.  Raychem 
is also in the overvoltage protection market with its SiBar surge arrester product line. 
 
Starting in the 1950s Raychem modified polymers by subjecting them to various types of 
radiation. The irradiation treatments modified the internal cross-linking and other chemical and 
physical properties of the polymers, which resulted in new materials that had improved 
usefulness for a wide range of industrial purposes. In the 1960s new knowledge concerning the 
electrical conducting properties of modified polymers was generated in this field. Then in the 
1970s and early 1980s Raychem worked with this knowledge to fabricate polymeric composites 
that were based on the phenomenon that when certain conductive particles such as carbon black 
were mixed into crystalline organic polymers the modified material would conduct electrical 
current only up to a critical temperature at which point the electrical resistance would sharply 
increase and effectively cutoff the current flow. These composites were used to fabricate 
commercially feasible overcurrent protection devices through the formulation of polymeric 
composite material and specific physical designs. The first product line based on this principle 
was a series of self-regulating heaters. In summary, this product innovation work eventually led 
to the creation of new polymer composites that were capable of functioning as the core material 
for automatically resettable overcurrent devices.   
 
The modified materials were termed PTC polymers for “positive temperature coefficient”. The 
physio-electrical properties of these PTC polymers are such that they function to conduct current 
again when cooled down below the critical trip temperature, that is below the electrically 
nonconducting temperature. The involved technology came to be referred to by the acronym 
PPTC (polymeric positive temperature coefficient).  
   
This research work established a powerful, yet simple, product concept of a modified polymer 
which would conduct current up to a given operating temperature and would then switch over to 
operate essentially as a nonconductor. This reduced the current flow very significantly to only a 
trickle current, thus enabling electrical circuit protection capability. When the PTC polymer was 
cooled down by removal of the overcurrent condition and ambient air heat exchange, electric 
current would again flow and the protected circuit once again functioned. The new overcurrent 
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protection devices were formed from a core of a positive temperature coefficient polymer to 
which electrodes and connector leads were attached for insertion into the electrical circuits, which 
were to be protected. The devices were automatically resettable due to the fundamental properties 
of the PTC polymer. No resetting action or adjustment was necessary other than clearing the fault 
condition and removing the power. An automatic circuit protection device had been thus created. 
No fuse replacement or toggle switch resetting was necessary with these new devices. Since there 
were no moving parts the mechanical failure rates of PolySwitch devices shipped in 1981 were 
very low. These devices were first used to protect lithium cells in the Kodak disk camera against 
excessive discharge. 
 
Since then a range of devices has been innovated for many different types of circuits. The 
resettable devices also allow major computer manufacturers to avoid significant warranty costs 
since the devices protect against short circuit and burnout malfunctions and then permit the 
protected device to continue to operate. 
 
Different polymers and conductive particles can be used to achieve different trip temperatures 
and other operating specifications such as the impedance, electrical resistance of the devices, or 
time to achieve the trip condition. The hold current is usually designed to have a  0.05 to 14 amp 
range depending on the formulation of the polymer composite and the design of the device.  
 
Radial Devices - Among the first resettable devices produced were small-sized electronic 
components, which have a pair of connector leads or prongs by which they were inserted into a 
socket on a printed circuit board, which is to be protected. The PTC polymer core chips are 
illustrated in the far left column of Figure 2 as either circular or rectangular in shape. These PTC 
core chips were placed in contact with a conductive metal layer that functions as an electrode and 
then connector leads were attached. The last step was to coat the PTC core and the upper portion 
of the device with a protective electrically insulating layer of epoxy which was usually yellow or 
gray in color. Radial devices similar to these are still in the PolySwitch product line and are 
illustrated in the first row of Figure 2 as constituting the first technology generation, G1. These 
devices are used in a wide range of electronic products such as alarm systems, audio speakers, 
toys, and other electronic equipment. Use of these devices helps these products meet the 
Underwriters’ Laboratories safety standards. 
 
As the electronic revolution swept forward, two industry conditions began to change with respect 
to the utility of the radial type resettable devices. One of these was that battery power packs came 
to be increasingly demanded for a wider and wider range of products. Also the battery power 
increased and even the technology used began to change as nickel cadmium gave way to 
nickel/metal hydride and then to lithium ion batteries.  
 
The second of these conditions was that printed circuit boards which had traditionally used plated 
through-holes for mounting of components gave way to surface mounted configurations where 
components were mounted on the top and bottoms of the boards which allowed greater density in 
routing of connections and components.   
 
These surface mount boards were particularly useful for products such as laptop computers, for 
example, where the large numbers of components had to fit into increasingly smaller spaces.  
Many of  the same conditions for circuits also exist for mobile telephones. In these products, 
however, many of the manufacturers use a flexible version of a surface mount circuit board.  Both 
of these conditions meant that the radial type devices presented circuit design problems since 
these were not in ideal form for use in battery packs or flex circuits. 
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Battery Protection (strap) Devices - The change to the use of more battery power packs meant 
that overcurrent protection within the battery packs was needed. The devices with a radial 
extending set of prongs were not ideal since batteries do not have built-in holding sockets or 
plated through-holes for the prongs. Rather, a new type of resettable device was needed by the 
battery pack manufacturers - one with flat connector leads, which could be welded directly 
between the battery terminals. One reason for this was that battery packs were assembled with 
welded metal straps and overcurrent devices that were similar to these straps would be 
compatible with existing manufacturing processing. The Circuit Protection Division thus 
developed a new line of battery protection devices for this market segment. The first devices of 
this type were developed for nickel-cadmium battery packs for cellular telephones and were 
sometimes referred to as ‘strap’ devices and hence this term has also been used herein. Major 
manufacturers of mobile telephones include Ericsson, Motorola, and Nokia. This product type is 
also illustrated in the second row of Figure 2 but changes in the functions of the models have 
been made over time so that four generations have been innovated. 
 
Surface Mounted Devices - The change to more flexible circuit substrates also meant that the 
radially extending prongs could not be accommodated because plated through-holes could not be 
provided for the overcurrent devices. For this change a new smaller type of device that could be 
attached directly to the surface of the flex circuit by robotic pick-and-place equipment and 
soldering was needed. This need was part of a more general, increasingly strong, demand trend 
since the mid-1980s for direct soldering of electronic components on printed circuit boards 
(PCBs). For this new demand the Circuit Protection Division developed a line of surface mounted 
devices (SMD units) that starts in the third row of Figure 2 as shown by the G1  column. 
 
The creation of the miniSMD product as the second generation, G2, product in the surface 
mounted line shown in the last row of Figure 2 was the result of the innovation process described 
in this case study. Once this innovation had proven feasible the newly developed manufacturing 
technology was then applied to the battery protection line to create the fourth generation, G4, 
device labeled as the miniSMDE device shown in the second row.  
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4.  Development of  Product Line Generations 
 
Radial type devices - 
 
The physical forms of the overcurrent devices of interest here are shown by two or more views in 
Figure 3. These overcurrent protection devices have a PTC core chip, which is externally clad 
with a thin metallic layer. Metal connectors in form of radial wire leads, blades, straps, or solder 
terminal pads are joined to the external metal cladding layer through soldering. The core chip and 
part of the metal connectors are then protected by a tape wrap layer or an epoxy coating that is 
shown in Figure 3 by light shading.  
  
The first generation, G1, of the resettable devices was that described above under the term “radial 
type”. These have a set of prongs extending from the main body for mounting into holes or 
sockets in printed circuit boards as shown by the two views labeled A in Figure 3.   
 
Battery protection devices - 
 
The battery protection (strap) line currently consists of four product types that were categorized 
into four generations of this product line as shown in Figure 2. Interestingly all of these 
generations, G1 to G4, are considered to be lower level product innovations although the last 
product generation is quite different in a number of respects from the prior G1-G3 generations.   
In this case study the G2, G3 and G4 battery protection line generations have been used, in part, 
as the comparative lower level innovation projects. The reasons for this will soon become 
apparent. 
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The first battery protection device shown in Figure 2 as the G1 generation is illustrated in Figure 
3 B by the SRP200 and LPT190 units that both consist of a flat PTC core chip that is clad with a 
metallic layer. Two nickel straps are soldered to the clad core chip and extend in opposite 
directions. This basic structure is protected with upper and lower electrically insulating pressure-
sensitive tape layers as shown in the Figure 3, B cross-sectional view. The finished devices are 
sold to electronic product manufacturers at this point. The customers install the devices by 
welding them across the terminals in battery packs to provide the needed overload protection.   
These battery protection devices evolved from the radial device shown in Figure 3 A by changing 
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the wire prongs to strap connector leads and replacing the epoxy coating with the upper and lower 
layers of pressure-sensitive tape. 
 
The SRP200 unit was eventually found to have certain limitations for evolving market needs.  
The battery chemistry changes from nickel-cadmium to nickel-metal hydride to lithium ion 
caused the voltage, permissible resistance (or impedance), and trip temperature limits to all shift 
to new operational values. Table 1.1 sets forth the value ranges associated with each of these 
successive battery types for use in cellular or mobile telephones. For each battery type a specific 
device was innovated and the product names are also given in this table.  
 

Table 1.1     Parameter Ranges for Strap Devices According to Battery Type 
 

Battery  
Type 

Voltage  
Range, volt 

Impedance  
Range, mohm 
 

Trip  
temperature, °C 

Battery Protection 
Device 

Nickel  
Cadmium 

12 -24 30 -100 125 SRP200 

Nickel-Metal 
Hydride 

8 -16 30 -100 110 LTP190 

Lithium Ion 6 -12 
 

30 - 60 95 VTP210 

 
The specifications for the associated battery protection devices are given in Table 1.2, below. 

 
New overcurrent devices were needed in order to meet these new operational values. Of course 
all of these devices were to be used in high volume, high precision applications by the customers.  
The demands from these customers were also that a very low parts per million (ppm) defect rate 
must be maintained throughout manufacturing and delivery by Raychem and also throughout 
installation in the products to be protected.  
 
There was also another problem encountered for certain uses. In the early period of the use of this 
battery protection device some manufacturers placed the devices directly on flex circuits and 
secured them with solder paste during a heating step. Since these devices were not designed for 
surface mount assembly, the nonconductive tape layers on the devices tended to distort under the 
heating due to the residual stresses in the tape.   
 
The main problem with the SRP200 device; however, was that its impedance or resistance of  30  
to 100 milliohms (mohm) was too high for use by mobile phone producers. This level of 
impedance reduced the usable “talk time” over the mobile phones. This is regarded as a serious 
limitation because the mobile telephone operators sell “talk time” to their customer/users. Also 
this high impedance tends to clip digital signals used in the GSM mobile telephone system as the 
battery runs down. Another problem was that the 125°C trip temperature at 30 volt DC and 100 
amp was regarded as too high for some uses. These problems encountered with the battery 
protection device product line are set out in Table 1.2 together with the operating specifications 
of the various generational models. 
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Table 1.2 Battery Protection Device Models 
 
Model  
  
 

Generation Use  
Problems 

Specifications Advantages over previous model Product Process  
start point 

SRP200 G1 *voltage too high 
*impedance too high for 
 mobile phones 
*trip temp. too high 

30-100 mohm impedance 
125 °C trip temp. 
200 mA hold current 
2 cover pieces plastic         
tape  

  Feasibility 
 Phase 2 
 

LTP190 G2 *similar problems 30-100 ohm impedance 
115 °C trip temp. 
one piece tape wrap 

slightly lower trip temp.  
slightly lower impedance 

 Development 
 Phase 3 
 
   

VTP210 G3 *some similar problems 30-60  mohm Impedance 
95 °C trip temp. 
one piece tape wrap 
0.5mm. thickness 

½ impedance of SRP200 
½ PTC core thickness for thin    
     profile 
thin foot print 
lower impedance allows more talk   
time 

 Strategic +    
      Feasibility 
 Phases 1 and 2 
   



 

 

 
 
 

17

These problems and a specific request from a lead mobile telephone customer led to 
reformulation of the PTC core polymeric material so as to lower the trip temperature slightly to 
about 115 °C. The resulting device was given the model designation of LTP190. This unit has 
been categorized as the G2 generation illustrated in Figure 2 and has a nearly identical 
appearance to the SRP200 unit so these have been shown together as type B in Figure 3. The 
changes in electrical characteristics are achieved by using different materials for the PTC core 
and by fabricating cores with different shapes and effective masses. 
 
The trip temperature was still too high for some customers so a more fundamental PTC 
reformulation was undertaken. This resulted in reducing the trip temperature to 95 °C at 16 v DC, 
100 amp and also reducing the impedance to only 60 milliohms. Other modifications were that a 
slim profile design was used in both the width and thickness directions so that the device could be 
more easily packed together with batteries in a battery pack. This could be accomplished since 
the PTC core was reduced to one-half the thickness of the two earlier models. The thickness was 
reduced to only 0.13 mm. or 5 mils that was considered to be a technical feat in itself. This new 
’very thin part’ VTP210 model was also covered with an overlapping one-piece tape wrap. Due 
primarily to the improved PTC core polymer material this model has been characterized as a G3 
device and is shown as type C in Figure 3. The reformulation of the PTC core polymer and the 
overall design meant that this product was very specifically designed for use with nickel/metal 
hydride and lithium ion battery packs that are used in many electronic products.  
 
There is a step-by-step progression from the first battery protection device, SRP200, to each of  
the other two devices (LTP190, and the VTP210) which implies that these were lower level 
innovations and the processes by which these were created have been used as units of analysis for 
this study. The number designations in these product names denote the hold currents in 
milliamperes (mA). The last battery protection type device in Figure 2, second row, that is 
designated as the miniSMDE device is based on greatly changed technological features and hence 
is classified as the fourth generation, G4, device in Figure 2. The fabrication of this device 
became possible due to the product platform innovation in the surface mounted product line and 
will be returned to after commentary on that new product innovation. 
 
Surface-mounted type devices - 
 
As mentioned in the next-to-the-last paragraph of section 3, there was a strong demand trend for 
the direct placing and soldering of electronic components on printed circuit boards. Due primarily  
to this general trend a specific surface mounted device (SMD unit) was designed. This device 
consisted of a small metallic clad PPTC core chip, which had upper and lower metal connector 
parts, soldered to the metallic cladding. These metal connector parts (that are not shown by 
shading) were configured so that two solder terminals protruded from the bottom side as 
illustrated in Figure 3, device D. These terminals could be directly soldered to flex circuits or  
printed circuit boards during the manufacturing process in the customers’ production lines.   
Since this was the original device designed exclusively for surface mounting it is designated the 
G1 generation in Figure 2. The manufacturing process used for this surface mounted device is 
explained below in the Engineering section 7. 
 
As shown in Table 2 a number of problems began to appear as customers used these new SMD 
devices. Chief among these was that some customers regarded the footprint as too large. Since 
the main reason for using surface mount components is to produce highly dense electronics 
boards in a cost effective fashion, the size of these surface mount polymer PTC devices compared 
unfavorably with fuses that were available at the time. However, since fuses presented a real 
problem for replacement when they functioned or “blew” this size disadvantage of the SMD 
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device was tolerated. Another minor problem was that the devices could not be reworked or 
repaired if they were incorrectly placed on a printed circuit board. Rather, the entire device had to 
be removed and replaced.  
 
Other problems were encountered by the Circuit Protection Division with respect to the manu-
facturing process. There were a large number of steps needed for configuring the upper and lower 
metal connectors. Then of course there were the three parts to handle and inventory. The parts 
were very small which meant that delicate, high speed handling of the parts was necessary in the 
manufacturing process. It was necessary to hold the PTC core chip and the two connectors with 
special alignment jigs during the attachment step, which further raises the potential for errors. 
These types of procedures meant that the described manufacturing process was craft- sensitive 
and added costs to prevent the occurrence of manufacturing defects. The cost of these devices 
was also much higher than contemporary surface mount fuses due, in part, to the steps necessary 
to prevent manufacturing defects associated with the design of the device.  
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Table 2   Surface Mounted Devices    
                            

Model 
 

    Generation     Use Problems                             Specifications              Advantages over prior 
     model 

 Product              
development 
 start point 

  SMD 
  device 

       G1  * too large footprint  
         
 *solder joint could liquefy 
     during attachment 
*cost too high for some             
     uses 

120 – 480 mohm            
                 impedance 
Profile;   7.4x5x3 mm. 
 
Footprint area; 37 mm2

  Strategic - 
 Phase 1 
 

miniSMD
  device 

       G2  *Lower voltage rating which  
     increased engineering   
     redesign work 
 
 
      

 40 – 210  mohm     
                 impedance  
 
Low profile;                 
       4.5x3.2x0.5 mm. 
 
Footprint area;  
        14.4 mm2 

     40% smaller size 
     66% lower profile 
     80% less mass 
     300% faster time to trip
     25% lower cost 
     1/2 impedance of SMD 
      device  
      lower ppm defects 
      solder pads coplanar 
      no bendable leads 
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5.  Brainstorming the Birth of a New Product Platform - 
 
These customer problems and manufacturing issues associated with the original SMD device led 
to a brainstorming session which was attended by persons from the applied research, corporate 
R&D, product development, engineering, marketing, and manufacturing functions within the 
Circuit Protection Division. The team started the new product development  (NPD) process by 
reviewing a wide range of industry practices. Some of the electronic components being used by 
customers in their circuit designs seemed to have inherent manufacturing quality problems. For 
example, components with dual in-line packaging (DIP) incur both manufacturing and 
installation problems. This meant that components with relatively large numbers of connector 
leads were regarded as the source of problems both in manufacturing by the component producer 
and during use by the customers. 
 
The team then evolved the following product objectives as possible ways to eliminate the various 
surface mounted device (SMD unit) problems: 
 1.  Reduce the thickness and size of the device. 

2.  Eliminate the problem of the solder layers becoming liquefied when the device is mounted  
     to flex circuits by soldering processes in the customer/manufacturers production lines. 

 3.  Eliminate the handling, inventory, and installation problems with respect to the metal  
      connectors. 
 4.  Lower the unit manufacturing costs for the SMD devices. 
 
It seemed that these fundamental requirements could not be met with the existing SMD product 
design and manufacturing process. So the product team members started brainstorming ideas for 
solutions to these problems:  
 

 How could the metal connectors be eliminated all together?  This was a lateral-thinking 
 idea similar to eliminating the motor from a car to make it function better. 

 
 Why not use the metallic electrode of the PTC core itself as the connector part?  If that  

was possible, how could the top surface be used as one of the connector parts on  the 
other side?   

 
  Could a rivet through the PTC core be used to connect the top layer of cladding to the 
  bottom layer of cladding? 
 

Another idea: sew a wire through the core to establish the necessary electrical 
connection between the cladding layers.   

 
  Why not punch a hole through the core and plate a conducting layer into the hole to  
  connect the top layer to a bottom layer?   
 
Of course the bottom layer would have to be electrically isolated from the top layer to make any 
of these last three ideas work. Also the customers needed terminals on at least one side of the 
devices that could be used to solder the SMD unit to the flex circuit or printed circuit board. 
 
 
 
 
 



 

 

 
 
 
 

21

6.  The miniSMD Product Platform - 
 
These initial considerations eventually led, after several key inventions, to the product concept of 
a new overcurrent device that would have two metal solder terminals formed on the bottom side 
as integral parts rather than being separately added as discrete parts during the manufacturing 
process. The new concept device would at the same time have smaller dimensioned physical 
features. This was a powerful product concept since it would simultaneously solve a number of 
product functionality and manufacturability problems. It also held out the important hope of 
solving customer installation and quality control problems. The product platform eventually 
produced according to this concept was given the name of ‘miniSMD’ to denote a smaller sized 
surface mounted device. This product has been classified as a G2 generation of the surface 
mounted product line in the last row of Figure 2 and is illustrated as device E in Figure 3, above.  
Its principal features are given in Table 2. The form of this device is nearly the same as the later 
innovated miniSMDE device so type E in Figure 3 also has been used to illustrate both of these 
products and will be described in more detail in the following engineering Section 7. In this 
Figure 3 E illustration the device is shown somewhat enlarged compared to the SMD unit of 
Figure 3 D. The principal difference between these is in the greater ratio of the length to the 
width that is used for the later product.   
 
The product development team began to act on this new concept by solving the following 
problems: 
 
 How could a hole be formed in each PTC core piece in a reproducible manner?   
 
 How could a conducting metal cylinder be placed into the holes?   
 

How was it possible to electrically isolate different sections of the bottom layers, which had 
been connected via the conductor cylinder to the top layer?    

 
All of these issues had to be answered in ways that permitted an efficient manufacturing process 
of high reliability. Each product feature idea had to be worked through to show that the required 
manufacturing process steps were feasible and would work sufficiently well in production. The 
innovation process then consisted of working on a series of steps involving intertwined product 
and process concepts that interacted in a complex of checks and balances. It was not the 
traditional process of first designing a product with needed features and then figuring out how to 
manufacture it. Rather, it was an iterative process characterized by product design and 
manufacturing engineering interplay. The team quickly understood that this concept was a new 
product platform.  
 
The next stage in the innovation process was to conceptually work through the engineering steps 
of a tentative manufacturing process to determine whether such a radically new product could 
actually be manufactured. Technical feasibility was the big question together with cost 
effectiveness issues. Market acceptance of changing to another SMD product form was yet 
another issue. 
 
The market acceptance issue was dealt with by early voice-of-the-customer interactions by both 
the marketing and technical people. From the customers the collective response was 
“we need smaller parts”.   
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The competitors were all moving toward smaller sizes: microfuses; minitrace fuses; and mini-
resistors. An example is Littelfuse company with its Nano2  surface mount fuse which used a 
holder in a square profile to aid assembly on surface mounted boards. This trend also meant that 
lower profiles, i.e. smaller thicknesses, were increasingly in demand and the new product concept 
was in line with this trend. 
 
Innovativeness Within the Development Processes -  The innovation processes that produced 
the two products  are the units of analysis in this case study. While the creation of a product 
having a totally new conceptual base and significant inventive steps might be considered 
sufficient to justify using a term such as highly innovative or ‘revolutionary’ in the case of the 
miniSMD process an innovativeness index value was also estimated. In a like manner 
innovativeness index values were taken for the processes for two of the other battery protection 
devices, the VTP210 and the miniSMDE, for comparative purposes. 
 
The innovativeness of these products was investigated by collecting responses from a key project 
team member who has worked with the overcurrent devices for many years. The responses were 
gathered on a 10-point scale as to the newness to the existing experience base of the following:  
competitors, the company per se, suppliers, and customer/users.   
 
The responses on the 10-point scale are set forth in Table 3 . 
 
Table 3  -  Estimated Product Innovativeness Index Values for the VTP210, miniSMD and 

miniSMDE Processes  
 
 
Device Category ____    VTP210       miniSMD _   miniSMDE_ 
  
competitors        5             10         8    
   
the company per se            4                        10         4 
 
suppliers           
 as to PCB processes        n.a.            6         2 
 as to device packaging    n.a.            3          3 
 
customer/users        5                   10         7___ 
 
Index values averages     4.67           7.8       4.8 
 
 
As can be seen in Table 3 the innovativeness index values average of the miniSMD device is 
above both the VTP210 and the miniSMDE devices – an average of  approximately 8 vs. 5 for 
the latter two products. The competitors had no experience base from which to even suspect that 
the miniSMD device was possible so that a value of 10 was given. Once that product was seen on 
the market the competitors were less surprised by the miniSMDE product availability. The 
VTP210 device was seen by the competitors as moderately new. 
 
As to the company per se there was of course deep technical knowledge that enabled the 
miniSMD product development, but it was still completely new so a value of 10 was given. By 
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the later time of the miniSMDE device development the existing experience base within the 
company was at a much higher state so a lower newness value of 4 was recorded for this device 
which was considered to be a derivative of the earlier miniSMD device. The VTP210 unit was 
actually seen as creating a new PTC material platform so that its newness evaluation for the 
company per se was 4 even though the product form was close to the prior battery protection 
devices.  
 
The suppliers category was broken into two groups: those who were knowledgeable as to PCB 
processes and those that were knowledgeable as to SMD device packaging for installation onto 
printed circuit boards in customer assembly lines. In both cases of the SMD products the PCB 
suppliers had existing experience bases that they could more easily fit the new fabrication process 
into than did the other participants. The SMD product developments were still moderately novel 
even to the PCB suppliers in the case of the miniSMD device since many new consideration were 
involved. Once that product had been dealt with the miniSMDE device was by comparison 
regarded as having lower newness. This resulted in the newness values of 6 and 2, respectively.   
 
The surface mounted device packaging suppliers were already placing very small parts into 
industry standardized tape and reel systems so not much had changed for them by these two SMD 
product innovations. The suppliers immediately saw the manufacturing advantages and regarded 
the innovativeness in a different light from the other categories. These supplier newness values 
are not applicable (n.a.) to the VTP210 device because these devices are manufactured totally 
within the company and are not supplied in reel and tape systems. 
  
The customer/users were not expecting a product such as the miniSMD device so the value is 10.  
After they had seen that small sized surface-mounted devices were possible the newness value of 
the miniSMDE device was somewhat smaller. In this regard it must be appreciated that the 
customers of these industrial products are themselves at extremely high states of technical 
knowledge. This means that it is important to keep in mind that all of the customer/users have 
knowledge and skill levels that are quite high and can be described as being sophisticated. Even 
given this there was considerable surprise and excitement generated by the new miniSMD 
product when released.  
 
In the case of the VTP210 device, lower trip temperatures were of great interest to the 
customer/users so a value of 5 was given. They also quickly came to appreciate the lower 
resistance that this device had achieved. 
 
Other innovativeness measures were also taken based on internal Raychem product comparisons.  
The relative technological and market advantage aspects were collected from the same key team 
member on 100% scales. Relative technological step means the scientific functionality of the new 
products relative to the Raychem products available at the beginning of the respective projects. 
Relative market advantage means the efficiency gain in terms of utility to the customers 
compared with the then existing closest Raychem product(s). The following results were 
obtained: 
 
 for the miniSMD device-  
 
  relative technological step – 70 % 
 
  relative market advantage step -  80% 
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 for the  miniSMDE device - 
 
  relative technological step – 40 % 
 
  relative market advantage step -  70% 
 
The average values of 75 % vs. 55 % for these two products as determined by these measures are 
slightly less pronounced that for the first set of values taken, but nevertheless indicates that the 
level of innovativeness is higher for the miniSMD. Improved utilities were provided for the 
customers through the miniSMD device due to its low profile, small PCB area occupied, and the 
easy-to-handle and solder aspects. It should be recognized that values such as recorded in this 
section could be differ slightly among the project team members. 
 
The creation of this miniSMD product platform and the required manufacturing process occurred 
within a well-known technology-based company that used detailed innovation process protocols.  
The focus of the next section, 7, is on the inter-looping of the product design with the 
manufacturing engineering process steps. The connections to the formal innovation process 
protocols will be handled in section 8, below. 
 
7.  Engineering a Manufacturing Process for the New Platform Device - 
 
The team then continued by re-evaluating the existing manufacturing process for the original 
SMD unit. This re-evaluation started with the PTC core fabrication step. For a long time the core 
polymer composite had been produced in sheet form and then clad with a nickel or nickel-copper 
laminate layer on each side. It seemed that this step could still be used. So the fabrication of the 
metal-coated PTC core sheet was to be used as the first manufacturing step.   
 
The next step in the prior, but then existing manufacturing process for the original SMD product 
was to divide the metal-clad sheet of PTC material into small chips. The subsequent step was to 
solder onto each of these chips two small metal parts which had been separately formed in an 
another manufacturing process so as to provide one solder terminal each. One of these parts was 
soldered to a first surface of one of the small chips and the second part was soldered to the 
opposite surface of the chip. The two solder terminals were configured so as to have parallel 
edges facing the same direction as shown in Figure 3 D. to enable the device to be secured onto a 
printed circuit board. These solder terminals were also of small size and positioning two of these 
onto each of the small PTC core chips was subject to manufacturing errors which then raised the 
possible defects rate as above mentioned. 
 
With the objective of avoiding these then existing manufacturability problems it was decided to 
explore whether a conceptual manufacturing process could be planned in such a way as to add all 
of the necessary physical and electrical features while these devices were in the sheet form. The 
idea was to somehow avoid the division of the sheet into chips prior to adding all of the necessary 
features. Such a fabrication process then would result in the last step being the division of the 
sheet into the separated and completed small-sized devices. The development team began to 
focus on ways to produce the needed features in sheet form. This was a conceptual exercise and 
was carried out in a series of team meetings with an ever-widening set of co-workers. At the time 
of these planning meetings it was not known whether the desired manufacturing steps could 
efficiently be accomplished in a high speed and high quality manner.  
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In order to connect a device by surface mounting onto a printed circuit board or a flex circuit both 
terminals would have to be on the same side of the device. This was accomplished by first 
etching away a small strip of the metal cladding in the bottom layer to form an electrical isolation 
groove as shown by the enlarged cross-sectional and bottom views of Figure 3 E. Thereafter a 
strip of solder was applied to each of the remaining two sides of metal on the bottom of the 
device to form two terminal pads on each area that would become a separate device as shown in 
these same two views.  
 
Next it was critically necessary to connect the top metal cladding layer of each of the completed 
devices to one of the bottom terminal pads. Again this could most efficiently be done when the 
devices were in the sheet form early in the manufacturing process. The team felt that the idea of 
forming very small holes through the device had the most merit of the above brainstormed 
fabrication ideas. It was eventually discovered that tiny holes could be drilled through the PPTC 
core and one of the integrally attached metal pads so that electrical connection could be made 
between the top metal clad layer and one of the finally formed bottom metal pads by plating the 
holes with metal to form integral metal cylinders on the walls of the holes.    
 
At this point in the new fabrication process the metal-clad PPTC core sheet was to have two 
parallel sets of metal pads extending across the bottom surface of the sheet for each row of 
devices which was to be separated out as shown in the cross-sectional and bottom views of Figure 
3 E. The topside of the sheet would show a series of parallel lines of tiny holes. Since each 
completed device would need only one such hole there would be one-half as many lines of holes 
as there were metal pads on the bottom side of the PTC core sheet.  . 
 
The next step was to provide a nonconducting cover for the body of each of the finally formed 
surface mounted devices. It was believed that this could be achieved by selectively coating the 
space between the parallel metal pads with a green polyester coating that is shown by light 
shading.  
 
The necessity of electrically isolating the two metal cladding layers and the attached two pads 
was accomplished by the earlier mentioned etching step. This enabled the formation of an 
electrical isolation groove in the bottom metal cladding layer as best shown by dark shading in 
the cross-sectional and bottom views of Figure 3 E. This solution eventually proved to be both 
simple and elegant as is often the case in new product development. For this particular 
innovation; however, the solution was subject to some more adjustments, which are covered in 
the continuing product innovation section, 11, below.      
 
At this stage in the new manufacturing process there would be a large sheet of metallic clad PTC 
with parallel rows of tiny holes drilled through the non-coated metal areas on the topside. On the 
bottom side the parallel rows of holes would exit in every other of the co-parallel metal pads  
These pads with the through-holes would then provide the solder terminals for the top metal layer 
of the device chips once broken out of the sheet form. The bottom side of the fabricated sheet 
would also contain the second set of parallel metal pads. These second metal pads were to then 
form the solder terminals for the bottom layer of the chips. The fabrication sheet would also show 
the etched isolation grooves on the bottom surfaces spaced slightly from the first metal pads, 
which contain the rows of holes.   
 
The last step in this conceptualized fabrication process then would be to breakup the sheet into 
separated devices that could be then individually placed into industry standard tape and reel 
packaging systems for use by the customer. To provide for breakout of the devices break-lines 
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were thought to be desirable. A possible way to fabricate such break-lines was to use the same 
method that was used to create the electrical isolation lines mentioned earlier. It was eventually 
discovered that the electrical isolation grooves and the break-lines could be successfully formed 
by using photo-lithographic and etching steps. 
 
Part of the genius of this new fabrication process would be that all necessary features would have 
been already fixed for each surface mounted device while these are still in the fabricated sheet 
form. According to the planned fabrication process thousands of devices could be produced from 
a single sheet. So this then was to be the new manufacturing process, but an important question 
had been raised by the design of this product: platform: Could all of these features actually be 
accomplished according to efficient manufacturing standards? 
 
A comprehensive answer to this key question was needed if high volume production was to be 
achieved by this new product platform. The fastest and lowest cost way to gain such production 
scale was to get help from those who had deep technical experience in processes close to those 
that were needed. For the miniSMD device this was done by going to large-scale printed circuit 
board (PCB) manufacturers to find out how they would fabricate the needed features: the holes, 
the isolation grooves, the break-apart patterns. So the assessable capabilities all had to be 
continuously evaluated during this knowledge generation phase. All of this meant that knowledge 
was rapidly acquired by the NPD team. This of course led to a rapid competence build-up within 
the Circuit Protection Division. 
 
In order to achieve the necessary manufacturing engineering for the process the central project 
team used resources that existed within and outside of the company. As the team started scaling 
up the process it had to determine and define the critical manufacturing steps, such as the etching 
to form the electrical isolation grooves.  
 
The team coordinated the necessary resources in both the U.S. and in Japan in order to get a 
stable, viable manufacturing procedure set in place. Intra-team meetings were held on a regular 
basis. This led to ongoing manufacturing prototype runs at these large-scale printed circuit board 
manufacturers. This of course required coordination internationally and raised the complexity and 
project time frame.  
 
Once the various alternative approaches were explored and the new knowledge assimilated, the 
fabrication process as above described was operationalized within the Circuit Protection Division. 
The individual miniSMD device dimensions are those stated in Table 2. This is a very small 
component size of only 0.5 mm in thickness. It should be noted that the above fabrication process 
shares many characteristics with semiconductor manufacturing. Use of large sheets of specialized 
starting substrate has a correlation to a silicon wafer. Multiple forming steps, some of which 
produce very small sized features such as the holes and grooves are used. Then, finally, the 
division of the large sheet into individual chips or components (similar to semiconductor chips) 
for installation and use. Thus the surface mounted device fabrication process was changed from 
the production and assembly of discrete parts to the use of mass processed technology of small-
sized discrete devices in sheet form. 
 
The physical appearance and utility of the miniSMD device have been changed from the original 
SMD unit along many dimensions: size reduced 40%, profile thickness reduced 66%, mass 
reduced 80%, and the time to trip the device reduced 300%. So the miniSMD device is smaller, 
faster and it is also lower cost (25%) and it also has about one-half the impedance of the first 
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SMD unit.11 All of these changes indicate that this was a highly innovative product both as to 
product features and the manufacturing process. 
 
It is also important to point out that both the miniSMD device and its manufacturing process were 
new to the company, the competitors, and the customers. The latter did not specify or create 
market pull for this exact product. Rather, they had only requested smaller SMD devices and 
reported mounting problems relating to the first generation of SMD products. 
 
8. Formal Raychem product development process 
 
Complete development process - 
  
The formal product development process or protocol used within Raychem was divided into five 
activity phases (or stages) each of which has specific objectives that have to be met.  Design 
review points (or gates) are positioned at the end of each of these phases to assure that the 
objectives for each set of the phase activities have been fully met. A set of review issues is 
specified for each design point. The process phases and the design points which are designated  
DR0 through DR4 are illustrated in Table 4 along with the specific phase objectives and the 
review issues for each. The terminology used has been slightly adapted from available corporate 
information.12   
 
The five development phases have the following short definitions: Strategic - concept generation 
and screening; Feasibility - product definition and market research; Development - product 
development plus process and supplier evaluation; Scale-up - manufacturing scale-up and field 
trials; Launch - full scale product manufacturing and sales. The first three of these phases are 
handled under development budgets and the last two are under operations budgets. 
 
For each of the five activity phases and design review gates specifications are set up for the 
categories of: sales and marketing, technical issues, manufacturing, and financial and planning 
issues. For the activity phases these are specifications of the steps to be completed.  For the 
design review points these are statements of conclusions reached. For example, in the feasibility 
phase the following sales and marketing activities are specified: 
 
 Conduct formal customer interviews. 
 Generate formal requirements. 
 Plan the product line progression. 
 Conduct formal market/business study of: market size, obtainable pricing, and   
  shipment timing. 
 Assess business risk. 
 Write the business plan. 
 
These activities are directed mainly to the first two objectives in the feasibility phase as shown in 
Table 4. The focus of these activities is on preparing a convincing business plan or case to enable 
the decision to develop the product.   
 
At the end of this feasibility phase (or stage) design review point DR1 must be passed through.  
The issues are those listed in Table 4, right-hand column. For the sales and marketing functions 

                                                 
11 Raychem Annual Report 1995, p 11.   
12 Raychem, Design Review Data Requirements; Design Phase Activities, March 1994, pp. 1-2.   
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the review proceeds by taking a fresh look at the conclusions from the first review point, DR0, 
which occurred before the feasibility stage was started, i.e. the review which was made following 
the number 1. strategic stage. Then the following are checked out in the feasibility stage review: 
 
 Formal definition of the product requirements. 
 Formal definition of economic value to the customer. 
 Plan for product line introduction and progression. 
 Assessment of business risk. 
 Assessment of competitive situation. 
 Assessment of the written business plan. 
 
It is worth noting that the issue of whether the project will generate sufficient profit is raised at 
both the DR1 and the DR2 points according to Table 4. In practice, a cash flow analysis is carried 
out as part of the DR2 work so that estimates of returns on assets and investment can be made. 
 
The product development process was overseen and adjusted by the Corporate Technology 
Department, which was a top management function within Raychem. All divisions followed this 
process, but individual project variations were made within the business units.   
 
It can be said that the central issue at the DR1 point is to decide whether to continue into the 
product development stage. In another document the decision to be taken at the DR1 review point 
following the feasibility phase is specified as:  
 
We understand the details of the customer requirement and will establish a project to develop the 
product.  The product once developed will  
 * solve the customers’ problem(s), 
 * generate sufficient profit, and  
 * have sufficient proprietary protection.13   

                                                 
13 Raychem Corporate Quality, Guideline for Product Development, July 1996, p.8. 
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Table 4  Raychem Product Development Process 
 
Product Development 
Phase Activities 

Objectives for Development Phase 
Activities 

Design Review Points Design Review Issues 

1. Strategic Expend a limited amount of resources. 
Establish rationale for expenses. 
Get approval for spending. 
 

DR0 Fit of proposed product with Corporate & 
Division strategies? 
Business potential? 
Commit resources for feasibility phase. 

2. Feasibility Rigorously establish requirements. 
Rigorously establish business plan. 
Demonstrate product/process capability. 
Get approval for additional spending. 
Get approval to ship pre-production units. 
Get approval for capital expenditures. 

DR1 We understand the requirements. 
Product once developed will meet 
requirements. 
Product will generate sufficient profit. 
Commit resource to develop product. 

3. Development Final product/process development. 
Pre-production run. 
Demonstrate that design and process are 
capable and meet requirements. 
Get approval to launch product. 

DR2 Pre-production product may be released. 
Product meets requirements. 
Product will generate sufficient profit. 
Commit capital and resource for 
manufacturing scale. 

4. Scale-up Finalize documentation. 
Transfer product/process to full-scale 
manufacturing. 
Final evaluation and qualification. 

DR3 Proceed to launch product. 
Product meets requirements. 
Product will generate sufficient profit. 

5. Launch Product and customer support. 
Continuous improvement. 
Process capability. 
Review of total project. 

DR4 Have project targets and commitments 
been met? 
Are any product, process, or procedure 
changes necessary? 

Source: Raychem Design Review Data Requirements: Design Phase Activities, March 1994.
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The items required for the decisions to be made are specified as: 
 * function of product understood. 
 * customer need completely defined. 
 * potential cost structure. 
 * competitive situation understood. 
 * potential proprietary protection/liability exposure. 

* hazards, environmental, recyclability (including packaging) implications of  application  
   understood. 

 * laboratory mock-ups have passed some key tests. 
  
This process of performing activities in stages and reviewing the progress at the end of each stage 
continues throughout the development, start-up, and product launch stages. The project teams 
tend to be matrix organizations within the division with sub-teams set up for various detailed 
activities. 
 
In principle, the DR0 review point would be embodied in a start project proposal after the 
strategic phase activities had been completed, but there are no time frames or budgets specified at 
this point. However; in practice the first two activity phases covering strategic and feasibility 
issues are usually handled together. This means that a first proposal is prepared to obtain funding 
for those two phases and then a second proposal is prepared for securing funds for the remaining 
phases. This second proposal then contains such items as the specification of beta test sites and 
the number of pieces that will be produced during scale-up activities. 
  
It is important to point out that the first 4 phases of the Raychem product development process set 
forth in Table 4 were handled in an iterative, combined manner for the miniSMD device. The 
concept generation and product definition were carried out incrementally together with the 
product development and manufacturing scale-up work. This means that the NPD process was 
not one of serial, discrete activities, but rather the process was characterized by having a number 
of parallel, interconnected steps. 
 
It is also interesting to compare the activities specified for the several stages to those found in 
research reports on such product development processes. Cooper and Kleinschmidt (1986) 
reported a list of developmental activities, which have been slightly modified as follows: 
 1.   Initial screening 
 2.   Basic product development 
 3.   Preliminary market assessment 
 4.   Preliminary technical assessment 
 5.   Detailed market study/market research 
 6.   Business/financial analysis 
 7.   Continued product development 
 8.   In-house product testing 
 9.   Customer tests of product 
 10. Test market/trial sales 
 11. Trial production 
 12. Pre-commercialization business analysis 
 13. Production start-up 
 14. Market launch14 

                                                 
14 Cooper, R.G. and E.J. Kleinschmidt (1986) ‘An Investigation into the New Product Process: Steps,  Deficiencies, 
and Impact’, Journal of Product Innovation Management Vol. 3, pp. 71-85. 
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A comparison of this list with the Raychem development process stages shows that all of the 
prescribed steps are performed in the order reported by these researchers. 
 
9.  Actual use of the formal NPD process  
 
Not all of the PolySwitch product innovations start at the same point in the development process 
described in section 8, above. This has been briefly noted in Tables 1.2, 2 and 6 (see below) in 
the far right-hand columns. The process for the LTP190 battery protection device set forth in 
Table 1.2 was started in phase 3 of the innovation process, i.e. at the development phase because 
the only change from the earlier SRP200 product was the formulation of a new lower temperature 
PTC core material. The change was accomplished quickly so that the scale-up was handled in 
parallel within the same time frame. In this case the PPTC chemists could predict that they would 
be able to meet the specifications needed from the outset because of some earlier work that had 
been done so the technical risk was low, but the promised formulation still had to be carried out.  
Due to this initial technical assurance this process could be seen as practically starting at the 
scale-up phase. The NPD process for the earlier SRP200 device was also started at a later point, 
in the feasibility phase 2 as shown in Table 1.2. 
 
The G3 model, VTP210, was started with combined strategic and feasibility phases 1 and 2.  The 
G4 miniSMDE product development process was started mainly at the scale-up, phase 4 with 
some developmental activities (from phase 3) that were covered in parallel. (see Table 6, right-
hand column) This truncated NPD process could be safely used for the G4 product since the 
miniSMD product had already been developed as the G2 surface mounted product and had 
proved that there was a fit to divisional and corporate strategies. That earlier product innovation 
also showed that the new type of device had substantial business potential and was technically 
feasible.   
 
Index values representing the approximate time periods for the first four activity phases are given 
in Table 5. This manner of data presentation has been used at the request of the company in order 
to permit comparisons between the NPD processes without revealing the underlying figures.  
 
The launch activity was completed in due course for each of these successful products but 
completion of this last activity is not included in this study since it occurs after the transfer of the 
project to manufacturing within the Circuit Protection Division. In the case of the LTP190 device 
only the start of the innovation process at the development phase is reported rather than the 
period since it was relatively short. 
 
These activity phase time periods index values show that the earlier activities are sometimes by-
passed when a given project is believed to have fewer uncertainty factors as for the LTP190 and 
miniSMDE products. Also the use of combined strategic and feasibility activities for the VTP210 
and the miniSMD device projects shows that parallel activity steps in the beginning of the NPD 
processes are common as well. The LTP190 and miniSMDE projects also show that the 
development and scale-up phases are sometimes carried out in parallel.  
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Table  5    Project Development Design Phase Time Periods for products, index values   
 
Design Activity Phases  LTP190  VTP210  MiniSMD unit  MiniSMDE unit
    Strategic +        
        Feasibility 
    
    Development 
   
    Scale-up 

 
 
 
   start 
 
   start 

 
   1.00 
 
   3.33  
   
   0.67  

 
  1.17   
 
  2   
  
  2.33  

 
 
 
 

      1.83      
 

Approximated project 
time periods to complete 
the listed  design phase 
activities  

  
 
   5.00  

 
 
  5.50  

 
 
       1.83  

 
 
The gain to the company also seems to have been greater for the miniSMD innovation process.  
The changes in product features and in manufacturing processing steps from this innovation 
process were quickly adapted to the battery protection product line as shown by the miniSMDE 
development process. 
 
The NPD process time frames differ only slightly between the two projects. The VTP210 project 
required an index value of 5 in total against 5.5 for the miniSMD project. The somewhat 
surprisingly long development phase time having an index value of 3.33 in the case of the 
VTP210 process is due to various additional work that was undertaken as explained more fully in 
section 13, below. 
 
The scale-up activities for the miniSMD device required an index value of 2.33 and about one-
half of this was due to customer feedback from beta testing and the changes necessitated by this 
new knowledge. The scale-up for the VTP210 device was much shorter with an index value of 
0.67 since many production problems had been solved already in the longer development phase 
of that project.  
 
10.  Leveraging on the miniSMD Product Development - 
 
Once the miniSMD device had been proven to be fully manufacturable, the development team 
turned its attention to the battery protection devices, which still suffered from a number of 
problems such as:   
 

1.  Surface protection tape occasionally distorted during some later use steps in customer   
     production lines.  

 2.  Connector leads were subject to bending. 
3. The small solder paste pads used by customers to connect the devices to flex circuits are  
     coplanar and the strap leads are not actually coplanar. 

 4. The size was still regarded as too large for many applications. 
 
These considerations led to work on a miniSMDE-type device, which is illustrated in Figure 2 as 
constituting the G4 battery protection line generation. This miniSMDE device is essentially a 
larger sized version of the miniSMD device. The thickness is the same, but the width and length 
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have been adjusted principally for battery pack customers. In a series of innovative leaps made in 
the surface mounted devices through the above-described miniSMD innovation process the four 
above delineated problems could also be solved using the same product design and 
manufacturing techniques. The ability to use a miniSMD device type of solution to effect 
substantial change in the battery protection devices also shows another dimension of that 
miniSMD innovation. 
 
The application of the new product design and manufacturing process to the battery protection 
devices product line shows the characteristics of a lower level innovation process when viewed 
from the diagonal arrow pathway from miniSMD device to the miniSMDE device shown in 
Figure 2. The change from the VTP210 unit to the miniSMDE device is more radical, but this is 
due solely to the import of miniSMD concepts into the strap line from the SMD product line. An 
additional effect for the Circuit Protection Division is that the same manufacturing infrastructure 
can now be used for both the miniSMD and the miniSMDE devices so that the overall shared 
production cost structure has been reduced. The advantages for the miniSMDE battery protection 
device are stated in Table 6, below.   
 
Summarizing the history of the product development work covered in sections 3 through11 it can 
be seen that the original R&D work in the 1970s led eventually to the radial and battery 
protection devices illustrated in Figures 2 and 3. Later in fiscal 1990 the surface mounted device 
(SMD unit) shown as Figure 3, D which had a metal clad PTC core soldered between two metal 
connector parts was innovated as the first surface mounted device. These earlier products were 
characterized by product features, which were built-up from small individual components. This 
meant that the manufacturing processes had to be capable of handling the rapid and accurate 
fabrication of large numbers of very small parts. It is well known that products produced from 
small parts incur greater manufacturability problems than do products that can be assembled from 
larger parts. This characteristic then limited both the manufacturing quality levels and the 
physical size reductions that could be achieved. In the case of the SMD products, some customers 
were not willing to use these devices because the footprint area was regarded as too great for use 
with flex circuits. These two problems together with others caused the Circuit Protection Division 
to embark on the innovation process that resulted in the creation of the miniSMD device. 
 
This miniSMD product had fundamentally different and smaller physical features and a 
completely different manufacturing process. The new process is more analogous to printed circuit 
board (PCB) and, perhaps, integrated circuit (computer) chip manufacturing than it is to the 
previous small parts fabrication process. This was a critical departure from the experience base in 
the Division. The development trajectory veered away from the path of small parts handling 
during fabrication and onto a path of multiple unit batch processing. This second path permitted 
large numbers of the miniSMD devices to be manufactured to a finished state in sheet format that 
is analogous to the fabrication of computer chips. Once this new product concept was understood 
and fully operationalized it was seen to have advantages that were superior to the previous 
product concepts. It was a large step forward that was new to the company, customers, and 
competitors. 
 
The advantages gained in the areas of manufacturing quality levels, application accuracy in 
customers’ production lines, and cost reduction have resulted in this new product platform raising 
the utility of the surface-mounted devices to the customers.  
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Table 6 miniSMDE Battery Protection Device     
                                                          
 

Model 
 

Generation Use Problems Specifications Advantages over 
prior model 

Product 
development 
start point 

 
miniSMDE 

device 

G4 none other 
than minor 
design and 
specification 
changes 

thin profile;  
     14x6x0.7 mm   

     footprint area; 
           84 mm2 

uses same PTC core       
as VTP210 device 
      60  mohm      
      impedance 

longer talk time    
  for  mobile   
  phones 
lower ppm   
  defects 
solder pads  
  coplanar 
no bendable   
   leads 

Development 
& Scale-up  
Phases 3 & 4 
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11. Continuing Derivative Innovations  
 
Once the miniSMD and miniSMDE products had been innovated attention was again turned to 
the manufacturing process and product use characteristics. This led to a modification wherein a 
V-shaped electrical isolation groove is used rather than the straight one and this change increased 
the robustness of the product. 
 
It was also observed that the effective installation of the devices could be increased by forming 
the through-holes at the margins between the rows of chips on the PTC core sheets. When this is 
done the top cladding layer of each SMD-type chip is connected to both of its two bottom solder 
terminals via two metal coated half diameter hole slots which are formed through each edge. The 
advantage of this manufacturing process change is ease of use by the customer and better 
inspection of the solder joints after placement onto a printed circuit board. For this improvement 
the solder terminal pads were configured around the through-holes so that the solder area is 
nearly equal across the width of each device. Also the shape of the isolation grooves was changed 
to conform to the new shape of the solder terminal pads. 
  
To provide a more clear idea of these continuing developments the layout for the devices for the 
original positioning of the devices on the fabricated sheet is shown together with the layouts for 
these new fabrication techniques in Figure 4. For each illustration two devices are shown joined 
along a common break-line. Of course each device is eventually broken out from the sheet in 
which it was fabricated so there are break-lines on each side so the vertical break-lines have been 
shown by dashed lines to emphasize this breakout feature.   
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_________________________________________ 

 
Another modification for the SMD devices is that solder terminals can be formed in the top 
surfaces as well as in the bottom surfaces so that the chips will be top/bottom symmetrical and 
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thus function equally well when installed in either top or bottom positions. By using this fourth 
improved, fault-tolerant product feature the customers can avoid the inoperative installation of 
the SMD devices. This is a variation that improves installed robustness.    
 
An observation at this point is that the innovation of the miniSMD device set in motion a 
subsequent cascade of derivative innovations. That device can also be considered to be a platform 
product, while the LTP190, VTP210, miniSMDE battery protection products, and the modified 
products described in this section 9 are considered to be derivative products. The VTP210 device 
did, however, create a new PTC core material platform. 
 
Manufacturing process and product characteristic changes such as these will likely continue as 
subsequent product generations come forth.   
 
12. Outside Linkages During the NPN Processes 
 
Various sources external to the team were used for scale-up and testing in Phase 3 in both 
projects. More sources external to the company were used for the miniSMD project since the 
technical changes exceeded the knowledge base that was most well characterized within the 
company. Both teams were in contact with corporate R&D and then lead customers for beta 
testing. In addition the miniSMD project collected opinions and knowledge from outside vendors 
and PCB experts. This external information was needed to better understand how to design and 
fabricate the new devices in the most efficient manner. 
 
13.  Comparison of the Innovation Projects   
 
The innovation processes of the two cases are presented and compared in this section 13 from a 
project data perspective and more broadly in the subsequent sections 14-17. The innovation 
processes are summarized with reference to associated product lines and the development of 
these as set forth in sections 3 -12 and are analyzed by reference to the phase activities and design 
review points set forth in Table 4, above. 
 
Project Comparisons - Both of these projects required more time than had been originally 
planned. The miniSMD project needed about 50% more while the VTP210 project required 
nearly 167% more than the original time estimate. The miniSMD required nearly double the 
planned budget in staff time allocation while the VTP210 used only about 24% more staff time  
than originally planned. 
 
Both projects produced highly successful products that favorably influenced growing product 
lines. The miniSMD product features and manufacturing techniques were even used to create 
many other new products.   
 
The summary data Table 7 is divided into three horizontal sections for: A. original proposal 
items, B. development project parameters, and C. project review summary. The vertical columns 
contain the type of factor presented (left column), factors for the miniSMD product (center 
column), and factors for the VTP210 product (right column). 
 
The quantitative information in Table 7 is based on estimates collected from various involved 
project members. The base data have been converted to index values in order to permit 
comparisons between the two product innovation processes without revealing the underlying 
figures. Thus the second data row for target price/full cost shows an index value of 1 for the 
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miniSMD rather than the actual ratio for comparison with an index value of 0.88 for the VTP210.  
Initial commentary is as follows. 
 
Section A – 
In section A of Table 7 it can be seen that the miniSMD product development project was 
initially planned with a longer time frame for completion than the VTP210 project and that the 
perceived level of initial technical and market risks were judged to be higher in the case of that 
first project. Within a short time after the original brainstorming session for the miniSMD 
product reported in section 5 above it was realized that a whole new downstream manufacturing 
process using PCB (printed circuit board) technology would be necessary and that this type of 
knowledge was not held within the corporation. This realization led to setting longer time frames 
for the product development project steps. 
 
It was thought that the smaller sized surface mounted devices that were the objective of the 
miniSMD  project would answer the customers' demands for smaller and easier to use devices, 
but customer acceptance was very difficult to predict until prototypes were actually available for 
beta testing. 
 
Several critical market issues were specified at the beginning of the VTP210 project:  
 
 Will key customers like it?  
 What will be the competitor response? 

Could a competing bimetallic device be made small enough for battery protection?  
  

The miniSMD development project staff was planned to include both full and part time people 
whereas the VTP210 battery protection device project was planned to be staffed mainly by part 
time allocation. Both teams were matrix organizations so that except for the few full time 
members all of the participants had other tasks to perform within their functional homes during 
the time periods of these two projects. 

 
In the original proposal work for the miniSMD device development process the return on 
investment (ROI), internal rate of return (IRR), and payback periods were calculated for annual 
production quantities of 5 million and 50 million parts. Trial and error solutions were carried out 
for different assumption patterns. Several P&L statements were made for cash flow projections: 
however, these calculations were judged to be less important than the new capabilities, which 
would be gained by carrying out the miniSMD project. 
 
In connection with the team organization comments, it should be mentioned that an identified 
project manager who was to change depending upon the activity phase was planned for each of 
the projects. It was thought that having different project leaders for each of the development, 
scale-up, and launch phases would give the fastest development cycle since greater specialization 
for each phase would be available.   
 
Section B - 
The miniSMD development project shows a strategic/feasibility phase followed by slightly 
longer and relatively equal development and scale-up phase time frames. By contrast the VTP210 
project shows a similar strategic/feasibility phase with an index factor value of one (1) followed 
by a much longer development phase having a 3.33 index factor value. In both processes the 
strategic/feasibility phases were combined as is frequently done in Raychem NPD process work. 
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This type of parallel working is possible because of the close interconnections between the 
objectives and issues shown in Table 4 for these two stages.  
 
The relatively long development phase for the VTP210 product was due to both additional new 
technical requirements that occurred after the project start as well as an investment decision to 
up-grade the manufacturing processes used for this product. During the project the customer 
technical requirements changed and both the low trip temperature and lower resistance 
(impedance) became necessary as mentioned previously. This meant that reformulation of the 
PTC core material was needed and some additional time was necessary for this reason. The 
manufacturing process changes will be commented upon following Table 7. 
 
Also shown in this section B of Table 7 is that the VTP210 project had a slightly shorter 
completion time period compared to that for the miniSMD project. The VTP210 project cycle 
would likely have been shorter if it were not for additional work that was decided upon as it was 
under way.  
 
For both projects the main means used for keeping division management abreast of the project 
were: 1. the periodic monitoring of the innovation process and  2. the availability of the project 
reports. For the miniSMD project there were many more technical reports than for the 
comparison project because the new knowledge and findings were of great internal interest within 
the Circuit Protection Division and some of the other divisions. 
 
Section C – 
It can be seen that the miniSMD project relied more on expert knowledge outside of the project 
team and of the corporation than did the VTP210 project. The development team wanted to get to 
a high point of the knowledge curve for these steps as fast as possible. The vendors needed were 
mostly new to Raychem. The main questions were: Would the new processes be adaptable to 
high volume production? Would the processes ruin the PTC core material?  
 
Another point for section C. is that the related capital costs associated with tooling up for 
producing the new products are set forth according to index values separately from the noncapital 
development costs. 
 
The table does not show that one of the main rationales for the miniSMD product development 
project was that it would generate new knowledge within the Circuit Protection Division. This 
valuable new knowledge was obtained for rather modest development costs by comparison to the 
VTP210 project. This was a somewhat surprising result since most of the needed technical 
knowledge was already within the corporation for the VTP210 product whereas a higher level of 
technical uncertainty was attached to the miniSMD project from the start. 
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Table 7  Summary of Project Data 
 
A. Original Proposal 
 

miniSMD device  VTP210 device 

 
Planned project time frames 
 
 
Target price/full cost 
 
Project staffing in phase of 1 
   Strategic + 
      Feasibility 
 
   Development 
    
   Scale-up 
    
Team organization 2 

 
 
Planned staff changes 
 
 
 
Perceived level of technical 
risk on 1 to 10 scale 
 
Perceived level of market 
risk 

 
    4  
 
 
    1 
  
    
 
    1 
   
    1 
    
    2 
 
matrix with identified project 
manager 
 
none, team to remain the same 
except for project manager 
changes in different phases 
 
 
    8 
 
    5 
           

 
  1.2  to end of  development  
         activity 
 
  0.88 
 
     
 
  0.75 to 1.13 
 
          “ 
    
          “     
 
matrix with identified project 
manager 
 
none, team to remain the same 
except for project manager 
changes in different phases 
 
 
    2 
 
    4 

B. Development Project   
     Parameters 

miniSMD device  VTP210 device 

 
  Time periods for: 
 
    Strategic + 
       Feasibility 
    Development 
    Scale-up 
     
Project time periods  to 
complete the first four 
design phase activities  

 
Top management 
sponsorship throughout 
project 
 
 

 
 
 
 
   1.7 
   2  
   2.33 
 
 
 
   5.5 
 
 
yes 
 
 
 

 
 
 
 
  1 
  3.33 
  0.67  
 
 
 
  5 
 
 
yes 
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Method of informing top 
management about project 
 
Financial issues raised at 
design review sessions 

periodic monitoring 
project reports 
 
 
profitability 

periodic monitoring 
project reports 
 
 
none 

C. Project Review  
   Summary 

miniSMD device  VTP210 device 

 
Sources outside of the team  
used for scale-up and testing  
 
 
Development personnel 
time used 1  

 
  1& 2 - strategic +           
feasibility 
  
  3 – development 
 
  4 - scale-up 
   
 
Total Personnel  
 
Project noncapital 
development cost totals for 
various design phase 
activities 3 

 
  1& 2- strategic + 
        feasibility 
  3 - development 
  4 - scale-up 
 
Total Project noncapital 
costs 
 
Project capital costs for 
stated design activities 
 
  3 - development 
  4 - scale-up 
 
Total capital cost estimate 
 
Total Project costs 
 

 
corporate R&D, outside vendors, 
PCB experts, lead customers for 
beta testing 
 
 
 
 
 
  1 
 
  2.5  
 
  3 + 1.25 from outside 
 
 
  7.75 
 
 
 
 
 
 
 
  1.75 
  7.5 (+ some from outside) 
 10.5  
 
 
 19.75 
 
 
 
 
  2.9 
  1.6 
 
  4.5  
 
24.25 

 
corporate R&D, lead customers 
for beta testing 
 
 
 
 
 
 
  1  
 

  1.5 
 
  1.75 
 
 
  4.25 
 
 
 
 
 
 
 
  1.5 
  7.5 
  1.75 
 
 
 10.75 
 
 
 
 
  1.45 
  0.35 
 
  1.8 
 
12.55 

Notes for Table 7: 
1.    The base data was expressed  in full time equivalent, FTE,  man-years for the stated activities.   
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2. The project managers were planned to change depending on the activity phase. 
3. The financial base data was calculated from the full time equivalent figures taken times the average cost per 

man-year in order to produce order of magnitude estimates.   
 
 
The last part of Table 7, section C. shows that the miniSMD project was more expensive in terms 
of both noncapital (development) and capital costs than was the VTP210 project. It could even be 
considered slightly more costly than set forth since the mid-part of section C shows in that 
outside work was done in the miniSMD project in the scale-up phase. This was not captured in 
the investment costs for the project since it was not within the Division’s project development 
budget figures. At the per man-year rate used for calculations this would amount to an additional 
index factor value of nearly one (1).    
 
The capital costs were a factor of 2.5 times as high for the miniSMD project as for the VTP210 
project. This was expected from the outset since this new SMD product was quite different than 
any previous product and required the development of completely new manufacturing processes 
and equipment. These capital outlays occurred during the NPD process in the development and 
scale-up phases as shown. 

 
A brief explanation of the still relatively high capital costs incurred for the VTP210 product may 
be useful here. Four new production processes were evolved during the NPD project and these of 
course required capital equipment purchases during the NPD phases as well as more development 
time. An example is that the soldering of the connector straps on to the metal-clad PTC core chip 
was changed from the former batch production technique to a process flow soldering technique.  
While it would have been possible to reduce the capital cost outlays by using the existing 
manufacturing techniques an investment decision was made to upgrade the manufacturing 
process as part of the NPD project. This meant that the total VTP210 project costs were allowed 
to rise, but lower unit costs were eventually achieved as a result. Thus one interpretation of this 
information is that the VTP210 product development costs could be seen as lower than shown 
above under the assumption that the earlier production process could have been used without 
these additional costs. 

 
Another interesting observation from the miniSMD product development project is that the 
original plan timing slipped by an index factor value of 1.5 due to the technical unknowns that 
required detailed interactions with outside vendors in order to achieve the solutions needed for 
scale-up. These vendors had to be located, evaluated and worked with. Many of these unknowns 
could not be assessed in the original proposal. 
 
The planned estimate for the VTP210 project time represented by the index factor value of 1.2 
actually required the use of a factor value of 5 as shown in section B. The above mentioned 
manufacturing process work that occurred during the VTP210 process had the effect of extending 
the development time. This is the main reason for the high index factor value of 3.33 for 
development phase 3 of that NPD process.  Another reason for the relatively long NPD process 
time is the following. While most of the technical knowledge for the VTP210 product was known 
at the outset of the development process, the change of the PTC material for this product was not 
known at the time the original proposal was written. This change was needed by customers in 
order to lower the trip temperature. Fortunately corporate R&D already knew a PTC formulation 
that had most of the needed properties, but some development time was still required. 
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The miniSMD product that resulted from this project required a relatively longer time for the 
launch ramp-up sales to take-off that is signaled by the potential customers beginning to make 
high volume purchases. By contrast the VTP210 product showed good sales immediately after 
the market launch. However, by mid-1998 the miniSMD device sales had surpassed those of the 
VTP210 product which again emphasizes the greater gains made through the miniSMD product.  
 
A factor having impact on the slow start-up sales for the miniSMD product was that some 
customers did not want to switch to the miniSMD device because the re-qualifying cost, the need 
to re-layout the circuit boards, and associated difficulties of changing their own internal 
manufacturing processes were judged to be too large. Some of these buyers have stayed with the 
thicker metal connector SMD units shown in Figure 3. D. For this new miniSMD product there 
were a number of critical issues from the beginning: cost/unit; size; ease of use for the pick and 
place vacuum installation machines in customer manufacturing lines; quick market response in 
that chip sizes could be easily changed. 
 
The financial results for both of the products for which information is given in Table 7 are 
regarded as acceptable by the company. The miniSMD product was regarded as  
 

“highly successful and exceeds the customer satisfaction, sales, profit, and growth  
targets”.  The VTP210 product was regarded as “just successful, having met the original  
targets”.15    

 
The company is pleased with the commercial success of both of these products since both of them 
meet the corporate hurdle rate.  
 
14.  Assessment of the Product Development Processes Outcomes 
 
A product development process results not only in a new product, but also in related sets of 
targeted and peripheral outcomes. Targeted outcomes are ones that are often used as rationales 
for starting a NPD process. Frequently projections are made for such prospective outcomes 
before making the decision to go forward with the project. Peripheral outcomes are ones that flow 
in a subsidiary manner from the decision to invest in a given project and are not usually ones that 
are subject to projections as part of the original decision.  
 
The two sets of outcomes are evaluated by proceeding along two parallel analytical tracks. The 
first is the analysis of activities and events that produced the outcomes. This requires looking in 
depth at the NPD process steps for each case and the surrounding context. The second track 
consists of gathering ordinal numerical evaluations from team members and management to 
provide better guidance for the analyses in the first track. It is felt that by frequently touching 
base with ordinal data collected from single knowledgeable respondents the analysis can be 
improved. The ordinal data is not presented as scientific, but rather was used as an analytical 
guide to discover more about the relative importance of the outcomes under evaluation over the 
time frames of the evaluations. The additional explanations obtained in support of the gathered 
numerical evaluations made this a valuable methodology.  

 
The relative importance of outcomes for the miniSMD and VTP210 NPD processes are assessed 
at two time points:  
 
                                                 
15 Interview of key project team member, 19 July 1999. 
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1. Initial evaluations of the importance weightings of some of the target outcomes 
were taken on 10-point scales to establish values as of the start of the NPD 
project and then compared to those same values collected shortly after the end 
of the two development processes. This was done as a means of gauging the 
change in these factors over the life of the projects. The results are in Appendix 
A and are referred to as needed in the following sub-sections. 

  
2. Finally, long-term importance weightings of both target and peripheral 

outcomes are then collected on the same 10-point scale from one of the key 
project team members at 62 months after product release of the first of these 
two devices. The purpose of the assessments of these outcomes at this final 
review point is to gain a better understanding of NPD process outcomes over a 
longer time frame.  

 
The relative importance of outcomes analysis started by identifying the main business 
development rationales for the two NPD processes. The main target outcomes for NPD processes 
in the Circuit Protection Division were set forth by one of the key team members:   

 
“1. solving the customers’ problems,  2. doing so while increasing profitability,  
and 3. protecting the investment in R&D through patents or in some other  
way”.16   

 
These target outcomes were stated in the order of importance to the division. The first two are 
considered the most important. These together with some others have been designated as target 
outcomes in Tables 8 and 9, below. The first table covers the miniSMD process and the second 
one is for the VTP 210 innovation process. 

 
Sales to existing customers and to new customer segments are used as target outcomes because 
sales projections are among the main decision factors and furnish support for many of the other 
factors. Existing customers were those to which products were being sold prior to the start of the 
NPD process. New customer segments are those that were not regarded as customers based on 
sales before the process start point.   
 
Data on other target outcomes such as maintaining a leading innovation position and product 
utility gains were also collected. Some target outcomes such as the creation of a new product 
platform and patent applications filed that provide support for a NPD decision also have the 
characteristic of implying knowledge gained.  
 
Peripheral outcomes such as knowledge gaining for different purposes and external linkages 
formed have also been evaluated by the same methodology. These outcomes are difficult to 
foresee on the basis of information that is known in the earliest stages of a new project. For 
example, a linkage to a supplier that was established during a NPD project could have increasing 
importance even after the product release. The formation of such a linkage is not usually a 
rationale for undertaking a project, but can become an important ongoing outcome flowing from 

                                                 
16 Interview of key project team member, 19 July 1999. 
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a given project. These outcomes provide peripheral support for the decision to initiate a NPD 
process rather than constituting the main decision rationales. The extent to which these peripheral 
outcomes characterize a given NPD process depends largely upon the details of the process 
carried out and the innovativeness of the project. 
 
The assessed longer-term outcomes are evaluated along two dimensions: 1. an overall importance 
weighting of each outcome relative to all outcomes of both target and peripheral types at the final 
review point as mentioned above, and 2. the likely time span over which each outcome is 
expected to remain operative.   

 
The second dimension has been assessed along a cumulative time scale having three time period 
categories so as to set down a judgment as to the likely operative period for each outcome. The 
time period categories each begin with the product release and are defined as: 1. a period less 
than the system's product life cycle (PLC), 2. a period extending across the duration of the PLC, 
and 3. a period longer than the PLC for the developed product. An outcome that has been judged 
to occur mainly within the first part of the PLC is then classified in the first category along this 
scale. An outcome that is expected to last throughout the duration of the PLC, but not much 
longer was classified in the second position. The PLC is taken as the product cycle in the home 
country market. 

 
A classification of an outcome as likely to exceed the PLC means that its operative period is 
likely to extend across the time scale into the subsequent generation(s) of such a product. This 
longest period for outcome evaluations has to be carefully considered because outcomes judged 
to be longer than the product life cycles (PLCs) can have an impact on company development for 
many years. The designation of ‘long-term or period’ is used to cover a period covering the PLC 
while the designation of ‘longest-term or period’ is reserved for use in the beyond PLC time 
frame. 
 
Of course all of the outcomes have operativeness at least in the first time scale category. The 
positions along both dimensions have been established by one of the key project team members 
using the perspective of the company rather than that of the customers or general economics 
considerations. 
  
These two dimensions have been used in order to establish more comparisons among the 
outcomes. They are regarded as providing only indications along the two dimensions and have 
the limitation that the importance weightings and time scale classifications for the outcomes have 
been set down by only one project team member so that they have to be regarded as subjective 
even if well informed. Other team members would likely have given different values. Use of the 
time scale requires a judgment about the likely future of the various outcomes since the available 
information is from the first period, less than the duration of the miniSMD device PLC. Hence, 
these time scale evaluations can be seen only as approximations.  
 
The combination of an importance weighting and the duration for its operativeness is termed the 
impact level of a particular outcome. The importance weighting evaluations have been divided 
into three ranges for analysis purposes. The following weightings ranges have been used: high is 
7 to 10, medium is 4 to 6.9, and low is 0 to 3.9. The impact evaluations have also been scaled in a 
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simple ordinal manner. The highest importance weighting range of 7 – 10 together with the 
longest duration of >PLC is impact level five (5) and the next lower level of 4 (four) is for the 
same weighting range at the shorter duration of the PLC. Both of these levels are referred to as 
having a large expected impact. Three other impact levels for other data combinations are also 
used as shown in Appendix B. 
 
14.1  Target Outcomes of miniSMD Development Process 
 
The target outcomes for the miniSMD process are evaluated below in connection with Table 8. 
The following explanations for each target outcome have been guided by the recorded 
evaluations for this device that had the higher innovativeness standing at the start of this study. 
The outcomes are ordered according to the above stated main development decision rationale and 
then decreasing impact levels. 
 
Solving Customer Problems –  
Customer problems with existing industrial products are usually solved by improving product 
functions. The two new PolySwitch products, miniSMD and miniSMDE, based on the new 
product platform provided solutions to the problem of limited available area on PCBs. These new 
devices also solved installation problems associated with pick-and-place small robots that had to 
be used for installing the prior SMD units. The new devices were provided on tape and reel 
systems that allowed much higher accuracy and lower reject installation at the high speeds used 
for PCB assembly lines. Other advantages previously noted in Tables 2 and 6, above, have been 
created to add customer value to these PolySwitch devices. The impact level of 3 reflects the 
duration of <PLC assigned to this outcome. Customer problems arise quickly in fast moving 
technologies. 
 
Unit Profitability –  
As mentioned in Table 2 the miniSMD unit had a 25% lower cost /unit than the replaced prior 
SMD device.    
 
Patent Applications Filed -   
Several applications were filed covering various aspects of the miniSMD device to protect the 
investment made during the innovation process. This is the only outcome mentioned as being one 
of the three principal outcomes supporting the innovation processes that was evaluated at the top 
impact level of 5. The first two outcomes while always in mind during the initial consideration of 
a NPD project do not have as high an impact when the duration of operativeness is considered. 
 
Table 8 - miniSMD Development Process Target Outcomes  
 
Target Outcome Type 
 
 
 

Relative 
Importance 
Weighting for 
Outcome, 
 1 to 10 

Likely Time Span of 
Outcome 
            Duration of 
 < PLC   PLC   > PLC

Impact 
Level 

Solving customer problems             10      x         3 
Unit Profitability             10        x        4 
Patents applications filed            10        x       5 
Evolution of an industry standard            10        x       5 
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New customer segments accessed            10        x        4 
New manufacturing technology              8        x            4 
New product platform(s) created              7        x            4 
Sales to existing customers              7        x            4 
Product utility gain            10      x              3 
Maintaining leading innovation 
position 

            8      x         3 

Product success targets met             7      x         3 
Being first entrant into the market             5      x         1 
 
Evolution of an Industry Standard - 
This product development process also began an evolution toward the miniSMD device 
becoming an industry standard since customer manufacturing specifications increasingly called 
for solutions meeting the dimensions of this device. This outcome is at the largest impact level 5 
since it is expected to remain operative beyond the PLC of this miniSMD device. 
  
A commercial example may be useful on this last point. Microsoft published a hardware guide for 
computer manufacturers designing products that comply with the Microsoft Windows 95 
operating environment. In several instances this guide specified overcurrent devices with 
capabilities matching polymeric PTC devices. The miniSMD device fell within this Windows 95 
qualification statement. Thus the PPTC devices were among those resettable devices that were 
acceptable for use in this environment and the miniSMD device provided a lower cost solution 
than the alternative devices. This meant that the following components in a Microsoft Windows 
95-compliant computer could be protected by the miniSMD device: the mouse, the keyboard, the 
SCSI host adapter, the video-to-monitor connection, and the Ethernet adapter.17 Another example 
has been taken from Raychem’s homepage concerning the use of the miniSMD device together 
with other circuit protection devices to meet Federal Communication Commission regulations 
and is included in Appendix D. 

 
New Customer Segments Accessed - 
From a marketing perspective the miniSMD product was also successful because it permitted 
new buyer segments to be reached. Some of the Japanese flex circuit and printed circuit board 
producers did not purchase the G1- G3 battery protection devices or the SMD product for 
production requirements because the installation difficulties and inability to rework the attached 
devices were too great. The miniSMD device overcame those problems, which then led to 
significant increased sales to these new customer segments. This outcome is evaluated as having 
an importance weightings of 10 that is expected to remain operative for the duration of the PLC 
so an impact level of 4 is found. 
 
New Manufacturing Technology - 
The miniSMD project established a new manufacturing technology based on printed circuit board 
fabrication techniques that permitted an entirely new product design to be offered to the market. 
This new manufacturing technology was later applied to the battery protection line to create the  
miniSMDE product. This shows that the results of the miniSMD NPD process were transferred to 
another product line. Also this new production technique enabled very high quality assurance 
standards. 
 
                                                 
17 Raychem Annual Report 1995, p.10. 
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New Product Platform Created - 
This outcome is parallel to the evolution of an industry standard, but has a slightly lower impact 
level due to a lower importance weighting and an operativeness period of only the duration of the 
PLC. There could be other platforms that will replace this one in this fast pace science-based 
industry.  
 
Sales To Existing Customers - 
There are two aspects of this outcome. The first is the extent to which the NPD project was 
needed to retain present customer(s) and the second is the sales level achieved within a 
reasonable time after the market launch.  Retaining present customers was of only medium to low 
importance as a factor during the NPD process time frame according to Table A1 data in 
Appendix A. 
 
The miniSMD device was slow to achieve market ramp-up volume in the first year. This is a 
characteristic of some highly innovative new products that require customer learning, re-layout 
and re-qualification work. The sales increased to a good level once the customers overcame these 
initial constraints. 
 
While the sales figures for the miniSMD device were not reported separately, it is possible to get 
a sense of the sales for the overcurrent products from the following. The described PolySwitch 
product developments have been well received by the company’s customers. As mentioned, 
above, sales of the miniSMD devices exceeded the established target. Overall sales in Raychem’s 
electronic business segment increased from $522 million in 1994 to $611 million in 1995; 
however, these sales figures include many different products.18   

 
In  1997 the Circuit Protection Product Group was separately reported with revenue of $204 
million which was 11.6% of total revenue.19 As the company’s homepage stated for the PPTC 
current protection devices: 
  
 “Billions of these components are now used in computers and peripherals,  

automotive electronics, telecommunications equipment, instrumentation and control 
equipment, medical devices, and a wide range of consumer electronics products.”20 

  
Product Utility Gain - 
Customer utility was assessed by means of two merit indices for showing product performance 
according to measures that are important to the customers. Merit Index I was calculated as the 
sum of the average maximum time-to-trip, the power dissipation, and the thicknesses of the two 
SMD units. The index values for the miniSMD device were compared to the same measures for 
the prior SMD device. Unit price values were determined for each of the units and then 
reciprocals of the indices were plotted against the reciprocals of the price values. The prior SMD 
unit had a reciprocal merit index value of 0.042 with a reciprocal price at 1.00 while the 
miniSMD device showed an index value of 0.735 and a reciprocal price value of 1.33. The 
calculations referred to above are in Appendix B, Tables B1 and B2.    
 

                                                 
18 Raychem Annual Report 1995, p.1. 
19 Raychem Annual Report 1997  p. 1.   
20 Raychem Homepage, News, Raychem and Motorola Sign Joint Development Pact For Circuit Protection Control   
    Devices, www.raychem.com/news/newsx.htm, accessed  11 sept. 1997.   
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The resulting graphic plot Figure 5 shows that the reciprocal of the Merit Index I value increased 
nearly 20 times and the reciprocal of the unit price value decreased by 25%. 
 
Reciprocal values for: 
Merit Index I 
      1.0 
      

      
0.735

             
miniSMD device  

 
      
 
     0.1  
   
       

0.042   SMD device 
 
     0.01   ^            ^ 
                   1.00           1.33  
   Reciprocal for unit price 
   

Figure 5   Merit Index I Diagram for the SMD product line 
 

Merit Index II was evaluated by summing the footprint areas and the volumes of the two SMD 
products since space and PCB real estate area must be minimized in the electronics products that 
the PolySwitch devices protect. The prior SMD unit had a reciprocal Merit Index II value of 
0.0048 for the same reciprocal price of 1.00 while the miniSMD device showed an index value of 
0.053 at a reciprocal price value of 1.33. Product data from the identified company databook for 
the supporting computations are given in Table B3 in Appendix B. Using the same reciprocal 
values plotting technique as above these values are displayed in Figure 6 against the same unit 
price values as shown above. 
 
This Figure 6 shows a 10 times increase in the Merit Index II which means that the average size 
measures that constitute this index value have decreased by a factor of 10, one order of 
magnitude.  
 
These index values and the illustrations in Figures 5 and 6 show that 10 to 20 times increases in 
the selected performance values occurred between the SMD and the miniSMD products over the 
same time as a 25% decrease in unit price.  
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Reciprocal values for: 
Merit Index II, log scale  
      1.0 
      
    0.053

        miniSMD device 

     
 

 
     0.01  
   
 

   
0.0048

   SMD device 
 
    0.001   ^                 ^ 
   1.00              1.33     Reciprocal for unit price 
 

Figure 6   Merit Index II Diagram for the SMD product line 
 

 
Maintaining a Leading Innovation Position –  
Another outcome was that that the firm's leading innovation position was maintained and 
enhanced through this miniSMD development effort. This leading position was evaluated as a 
high importance weighting with operativeness over only the shorter <PLC duration for a level 3 
impact taking into account that new competitive knowledge was created.  
 
Product Success Targets Met - 
As stated at the end of section 12, the miniSMD product is regarded as “highly successful and 
exceeds the customer satisfaction, sales, profit, and growth targets”. This product also helped the 
Circuit Protection Division to maintain a growth rate of 40% year-to-year.21  
 
Being First Into the Market – 
Coming first into the market with a new product platform that reduced surface mounting 
problems was a consistently moderately high decision factor at the beginning and at the end of 
the development process. (see Appendix A, Table A1) However, when compared with the other 
outcomes its impact level is small due to both a low importance weighting and an expected 
operativeness of less than the PLC as is logical. 
 
Assessment of Target Outcomes Associated with the miniSMD Development Process - 
At the final evaluation point solving customer problems, profitability (improving product’s unit 
profit), and obtaining patent protection were stated as the first target outcomes that support 
decisions to undertake the innovation processes. These are all evaluated at impact levels of 3 or 
above. In addition the outcomes of evolution of an industry standard, new customer segments 
accessed, new manufacturing technique, new product platform created and sales to existing 
customers are also given evaluation of 4 or 5 on the impact level scale. 

                                                 
21 Raychem Annual Report 1994, p.7. 
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Since its introduction several companies have generated miniSMD-type extensional designs. This 
is further evidence that an industry standard was set by the miniSMD development.  
 
14.2  Target Outcomes of VTP210 Development Process 
 
The target outcomes for the VTP210 unit are evaluated in Table 9. As above, the following 
explanations for each target outcome have been guided by the recorded evaluations for this 
device. The ordering is according to the comparable outcomes in Table 8 so that referencing will 
be easier in subsequent section of this study. 
 
Meeting Customers Needs By Improved Product Functions – 
Customer needs are usually met by improving product functions. For evaluation purposes the 
needs and product functions are separated into two related outcomes. The VTP210 unit had ½ of 
the impedance of the earlier SRP200 device and that feature allowed more talk time for the 
ultimate customers of mobile telephones. It also had ½ of the PTC core thickness to provide for a 
thin profile that mobile telephone manufacturers wanted.  It also had a narrow footprint that saved 
real estate area on the customer's printed circuits. The lower impedance was the result of a basic 
chemistry change in the PTC core material. These new specifications met the direct customers’ 
needs. A highly weighted importance of 10 is given to both outcomes for the duration of less that 
the PLC and over the PLC, respectively. These two, taken together, have an impact level average 
of 3.5.  
 
Unit Profitability -  
As mentioned near the end of section 13, above, the VTP210 product is regarded as “just 
successful, having met the original targets". One of these targets was for unit profitability. 
 
Table 9 - VTP210 Development Process Target Outcomes  
 
Target Outcome Type 
 
 
 

Relative 
Importance 
Weighting for 
Outcome, 
 1 to 10 
  

Likely Time Span of 
Outcome 
 
            Duration of       
< PLC   PLC    > PLC
 

Impact 
Level 

Meeting customer needs 
Improved product functions  

          10         
          10 

    x       
     x 

       3  
   4      3.5 

Unit Profitability            10       x        4 
Patents filed             8            x    5 
New customer segments accessed             3*       x        1 
Sales to existing customers           10       x        4 
Product utility gain             8     x           3 
Maintaining a leading innovation 
position 

            8     x      3 

Product success targets met             7     x      3 
*  This evaluation the result of mixing two different new customer segments and would be substantially 
higher for one of those if taken alone. 
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Patent Applications Filed -   
Several applications were filed covering various aspects of the VTP210 product and associated 
manufacturing process improvements so as to protect the investment made during the innovation 
process. This outcome is evaluated as having the only impact level 5 for this VTP210 device. 
 
New Customer Segments Accessed - 
This is the lowest evaluated outcome for the VTP210 due to the mixing of two different customer 
segments. One of these segments resulted in only an importance weighting of 3 being assigned to 
the mix of the two. There are always some possible sales failures when marketing to new 
segments. Note that obtaining new customer segment(s) was a highly weighted factor by the end 
of the NPD process, 9 out of 10. (see Appendix A, Table A2) 
 
Sales To Existing Customers - 
Retaining present customers was a highly weighted factor in the decision to create this VTP210 
unit according to Table A2 in Appendix A, with a value of 10 on a 10-point scale. This means 
that it was believed necessary to create this product to exact specifications to retain at least one 
important customer. 
 
With respect to initial sales it should be mentioned that the VTP210 device sold well right from 
the product launch because the device  
 

‘fit exactly the processing and design (i.e. form factor) requirements of the customer’. 
 
Demand outstripped supply in the early months and then settled into a good target position. This 
outcome is evaluated to have an impact level 4. 
 
Product Utility Gain -   
The sequence of product developments in the battery protection line gave utility gains that are 
assessed by a technique of comparing performance parameters against unit price values similar to 
that used in section 14.1. The performance parameters were the impedance and the trip 
temperature. The price per unit for the SPR200 and the LTP190 devices was the same and is 
taken as the base unit price value. VTP210 unit had a 10% higher price and since the miniSMDE 
device was offered in a tape and reel format its actual per unit price in the customers’ cost base 
was 10% lower. The performance and price data used is given in Table 10. 
 
Table 10  Performance and Cost/unit data for the battery protection line 
Device 1. Impedance, 

mohms 
2. Trip temperature, 
o
C 

3. Price/unit value 

A. SRP200 60 125 1.00 
B. LTP190 50 115 1.00 
C. VTP210 25 95 1.1 
D. miniSMDE 25 95 0.9 

 
The performance parameters of impedance and trip temperature reduction were successively 
improved in devices A to D. This was accomplished primarily through improvements in the PTC 
physio-electrical properties. Even the form of the SRP200 and LTP190 devices are very close 
(see Fig. 2). There was a decrease in the impedance of some 17% between the SRP200 device 
and the LTP190 device. However, the VTP210 product had only one-half of the impedance 
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compared to the LTP190 device so according to that measure there was a 50% improvement 
while the price/unit rose only 10%. The corresponding trip temperature reductions are 8% and 
17%, respectively. The calculations for the battery protection line valuations and a graphic plot 
are set forth in Appendix B. 
 
Maintaining a leading innovation position - 
This outcome has been assessed at the same impact level as in section 14.1, above. It should be 
noted that this outcome also relates to factor No. 8 in Tables A2 in Appendix A, creating new 
competitive knowledge.   
 
Product Success Targets Met - 
As mentioned near the end of section 13, above, the VTP210 product is regarded as “just 
successful, having met the original targets" for customer satisfaction, sales, and profits, and 
growth. 
 
Assessment of  the VTP210 Development Process Target Outcomes- 
All outcomes for this device are evaluated at impact levels of 3-5, except for the new customer 
segments accessed outcome commented upon in the above paragraph. Over one-half of these 
outcomes are at the PLC or beyond durations. Impact levels of 4 or 5 were recorded for improved 
product functions, profitability, patent applications filed, and sales to existing customers. These 
outcomes differ from those assessed at the end of the NPD process. According to the results 
shown in Appendix A, Table A2 the most important factors at the end of the NPD process for the 
VTP210 device were: retaining present customers, obtaining new customer segment(s), and 
creating new competitive knowledge. 
 
14.3  Peripheral Outcomes of miniSMD Development Process 
 
The outcomes considered to be peripheral for the miniSMD device are set forth in Table 11 
according to the same two dimensions that were used in Table 8 for the target outcomes. Three of 
the four knowledge gained group of outcomes are found to have large impact levels of 5 due the 
nature of this highly innovative NPD process. 
 
Knowledge Gained For Future Use      
Technical Systems - The accumulation of technical knowledge started by questioning the 
fundamental understandings and practices upon which the then current SMD products were 
manufactured and used (see sections 5 and 6). Without a willingness to question all of the 
techniques used at that time the new product platform might not have been created. The 
innovation process can be characterized as an intertwined mixture of ideas for different product 
features and new production steps. At each point in the innovation process the feasibility of 
actually manufacturing the new product features had to be checked out. This parallel handling of 
product features and production techniques quickly shifted the learning curve toward greater 
knowledge gain. This is distinguishable from a more traditional, linear development process 
wherein a product is designed with the desired features and then the manufacturing process is 
engineered to produce these features. 
 
Gains in technical knowledge were made rapidly as the needed features were integrated with the 
PCB techniques. In the beginning it was not clear how the PCB processing would affect the 
functioning of the core material in the miniSMD device that is illustrated in Figure 3 D, above.   
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Table 11 - miniSMD Development Process Peripheral Outcomes 
 
Peripheral Outcome Types Relative 

Importance 
Weighting 
for Outcome,
 1 to 10 

Likely Time Span of 
Outcome 
                 Duration of 
   < PLC  PLC      > PLC

Impact 
Level 

Knowledge gained  for future 
use in  
 

     

    Technical systems           9      x      5 
    New product line extensions           9      x      5    
    Marketing            7      x      5 
    Organizational and internal    
        product innovation   
        system development 

          
      
           4 

   
 
   x 

 
      
     3  

      
Strengthening of  linkages to 
 

     

    Customers            6     x             2 
     Cooperation partner(s)            6              x             2 
    Other suppliers            6     x             2 
Other peripheral outcomes 
 

     

    Increased competence to   
         overcome  
         technical/marketing risks  

 
            
           7 

 
 

  
   
   x 

 
   
     5    

    Confirmed existing product  
         development system 

     
           5 

        
     x 

   
     1 

    Direct competition for  
         miniSMD unit  
         encountered 

           
           
          (6) 

 
       
     x 

     
   
    (1) 

    Controversies concerning  
         the technology 

 
           7 

         
   x 

  
     4 

 
Another way to show the increase in batch processing sheet fabrication knowledge is by plotting 
the changed customer utility values against the types of knowledge generated in the innovation 
process. Customer values can be estimated as utility per unit price by using one or both of the 
merit index values shown in section 14.1 and dividing by the unit price. The types of knowledge 
generated in the miniSMD process were taken to be: product form, miniaturization of features, 
mass processing in sheet form, and large scale PCB production techniques. 
 
According to the above-discussed figures the customer value figure for the SMD device based on 
Merit Index I is 23.8/1.00 = 23.8 and for miniSMD device is 1.36/1.33 = 1.02. The corresponding 
reciprocal figures are:  0.04 and .98. A plot of this alternative type of product development 
trajectory is shown in Figure 7. 
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Reciprocal values for 
Customer utility    miniSMD device 
             1.0  Batch processing in sheet form Miniaturization 

0.98  New product form   Large scale PCB production  
        techniques 
 
 
 
             0.1 
  
      SMD device 
  Fabrication of 
            0.04 small parts 
 
  Discrete device 
            0.01 assembly 
 
   Overcurrent Device Technical Knowledge 
 
Figure 7  Knowledge Trajectory for the SMD product line 
 
This type of trajectory emphasizes the generation of new knowledge that is at the heart of the 
miniSMD innovation process.   
 
The new technical knowledge also was used to create product line extensions. The power of the 
miniSMD product platform is shown, in part, by the fact that it was quickly adapted to produce a 
new product for the battery protection line, the miniSMDE device. This shows that an outcome of 
a product concept such as the miniSMD is that it can displace earlier product concepts in 
situations where the envelope of feature changes is wide enough to incorporate other products.   
In this case the envelope established was large enough to permit the concept to be applied to 
create the miniSMDE device that has a footprint area about 6 times as large as does the original 
miniSMD device. Also successively smaller devices, the microSMD and the nanoSMD products, 
were later developed from the base of this technical knowledge.  
 
Marketing - New marketing knowledge resulted from the sales made to the potential Japanese 
customers that originally refrained from using the SMD unit, but then began to use the miniSMD 
product once its advantages were proven. 
 
Organizational and internal product innovation system development - Knowledge as to 
organizational and internal product innovation system development was also gained. For the 
miniSMD project the formal development process set forth in section 8 was closely followed so 
that new knowledge as to this aspect could seem to be low. There are, however, two observations 
that counter this view. The first is that parallel processing was used for parts of the first two 
phases so that simultaneous phase activities were carried out. This suggests that for industrial 
product lines that are already well established with large customers the strategic phase is not 
considered to be a separate activity since the customers’ needs and technical situations are 
already well characterized.  
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The second observation is that the division's knowledge of how to inter-work with outside printed 
circuit board manufacturers was greatly advanced. The cooperation established a star form 
network of commercialization developmental through which additional competencies and 
knowledge were gained. In the absence of a new product innovation that exceeded the company's 
existing competency base this network would probably not have evolved. The experience of 
creating and operating this star form network enhanced organizational knowledge. 
 
Strengthening of Linkages  
To customers - Customers were frequently involved in several phases of the NPD process. The 
first was that information on problems and limitations of existing products was obtained from the 
customers and this then led into the strategic and feasibility phases that have been described in 
sections 8 and 9. Sometimes specific customers took the lead in requesting product modifications 
so that the products that they purchase more closely met their needs. There were several lead 
customers for the miniSMD device. All of them expressed the need for a smaller device. Here, 
however, the main emphasis within the project was to confirm the customers’ ability to use the 
new product in their manufacturing processes.  
  
A second type of customer linkage was that which occurred during the feasibility and 
development phases when the customer had some specialized knowledge that was needed for the 
NPD work. It was more usual that supplier companies had such specialized knowledge, but large 
electronics companies can of course be both suppliers and customers and thus possess such 
needed knowledge.  
 
The third type of usual customer linkages was in the beta testing that occurred in the development 
and scale-up phases. For both the miniSMD and the miniSMDE products lead customers were 
involved. 
 
To cooperation partner(s) and other suppliers- During the process of solving the complex 
technical issues associated with the miniSMD device innovation cooperation with experts outside 
of Raychem became necessary in order to achieve the production goals. The fastest and most 
cost-effective means of gaining the required scale of production was to utilize large-scale printed 
circuit board (PCB) manufacturers as cooperating partners for production of the new product.  
Outside help was sought mainly because the complex features and new manufacturing process 
required the skills available within the printed circuit board industry. These same skills were not 
present within the company since a product of this new design had not been manufactured 
previously. 

 
Some on-going suppliers were engaged in cooperative work during the NPD process as well. 
 
Other peripheral outcomes  
Increased competence to over come technical/marketing risks - The miniSMD innovation process 
had the outcome, as do most innovation processes, of enhancing the firm's competence to 
overcome technical/marketing risks. To assess this outcome measures of the risks at the start of 
the miniSMD process were also taken from the involved Chief Scientist on a ten-point scale and 
found to be the following: 

 
  Perceived technical risk 8 
 
  Perceived market risk  5 
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The technical risk factor was high due to the needed downstream processing which was uncertain 
at the outset. This high rating had been reduced to 4 by the second Design Review point, DR2.  
The medium risk assessment for the market risk was due to the concern that some of the 
customers might not care to adopt the new miniSMD device for their production requirements.  
This proved to be true as above-mentioned. 
 
Confirming existing product development system - This peripheral outcome of the miniSMD 
device will be handled together with the same outcome for the VTP210 unit that is covered below 
in Table 12. 
 
Direct competition for miniSMD device encountered - A closely conforming competitive product 
appeared in the market within two years from its release and this led to a negative impact shown 
by the parentheses.22 
 
Controversies concerning the PPTC technology- There are two outcomes to mention here. The 
first is that the manufacturing unit was initially resistant to the product design as well as to the 
need for new engineering and manufacturing competencies that would be required. The second 
pertains to the protection of a company’s technology. When other firms begin to take notice of a 
company’s new products various competitive actions can occur and a company may need to 
protect its technology. For example, Raychem has been involved in litigation regarding its PPTC 
technology.23 This controversies outcome has variable effects depending upon the specific 
situation, however, it is handled here as a positive outcome that affects both of the devices. 
 
14.4  Peripheral Outcomes of VTP210 device 
 
The peripheral outcomes for the VTP210 device are set forth in Table 12, below. The four 
knowledge gained group of peripheral outcomes are found to have impact levels of only 3 due to 
the low relative importance weightings. 
 
Knowledge gained for future use 
Technical systems - The main two gains from the VTP 210 project were that:  1. a new PTC core 
material was created that had one-half the impedance of the prior LTP190 unit and a lower trip 
temperature; and 2. the manufacturing process for this product was up-graded due to a later 
investment decision. (See section 13, explanations for Table 7, sec. C that follow the table and the 
related new manufacturing competencies and paradigms, below.)   
 
New product line extensions – As pointed out previously it later became possible to use the new 
PTC core material created in connection with the VTP210 unit for the core of the later developed 
miniSMDE unit. This shows that the VTP210 product that was derived from the prior SRP200 
and LTP190 products and seems similar to those did have a quite important new element that was 
useful beyond that particular product. However, this product extension was not foreseeable at the 
time the VTP210 project was undertaken or even during the first part of the project cycle so this 
outcome has been classified as peripheral. 
 

                                                 
22 Op. cit.,interview of key project team member, 19 July 1999. 
23 Homepage, Press Release: Raychem to Contest Antitrust Verdict Relating to Patents on Polymeric Resettable 
Fuses,  www.raychem.com/RYCnews/fin/081098.htm  Accessed 2000-09-08. 
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Another interesting later development is that the metal-clad PTC core from the VTP210 product 
was used to create an over-temperature protection device for a combination motor/electric car. 
This new product is then a spin-off from that particular battery protection line NPD process.  
These two points indicate that the VTP210 product can be said to more than just an incremental 
product up-grade, however, compared to the miniSMD device it is considered to have been 
created through a lower innovativeness level process. 
 
Table 12 - VTP 210 Development Process Peripheral Outcomes 
 
Peripheral Outcome Types Relative 

Importance 
Weighting 
for Outcome,
 1 to 10 

Likely Time Span of 
Outcome 
                Duration of 
 < PLC     PLC      > PLC

Impact 
Level 

Knowledge gained  for future 
use in  
 

     

    Technical systems            5      x     3    
    New product line extensions            5      x     3   
    Marketing             4      x     3  
    Organizational and internal  
        product innovation   
        system development 

 
           
           4 

      
 
   x 

    3 
       

      
Strengthening of  linkages to  
        Customers 

 
           8 

  
    x 

 
       

 
    4       

      
Other peripheral outcomes 
 

     

    Gain of new manufacturing  
         competencies and  
         paradigms 

 
             
            9 

      
 
   x 

 
    
    5   

    Increased competence to   
         overcome  
         technical/marketing  
         risks  

 
             
            8 

 
 

    
 
   x 

 
 
    5      

    Confirmed use of the  
         existing product  
         development system 

 
             
             3 

 
      
     x 

   
 
    1 

    Direct competition for new  
          system  encountered 

 
          (10) 

         
    x 

         
   (4) 

 
Marketing – New marketing knowledge was gained as a result of sales of the VTP210 device to 
some new customers, but there was some disagreement within the development teams as to the 
extent of this gain. 
 
Organizational and internal product innovation system development – Knowledge in this area 
was also gained during the VTP210 product development process. The formal process as 
described in section 8 was customized considerably for this particular project. The flexibility to 
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develop four new manufacturing processes that were not originally planned for was granted in 
this project. However; this was regarded as being within the scope of the development process 
system as normally practiced. Also as seen in section 9, above, the actual new product 
development processes studied tend to be modified for the particular technical situation 
encountered. When only limited technical changes are to be made the innovation process is 
started at a later phase providing that there has been only limited change in the product design.   
This VTP210 project was started with combined strategic and feasibility phases that is an 
example of parallel processing of the phases. This is the same start-up as used for the miniSMD 
product development process. 
 
Strengthening of Linkages  
To Customers - As mentioned above with respect to the miniSMD unit, customer linkages are 
frequently involved in several phases of the NPD process. Sometimes specific customers take the 
lead in requesting product modifications so that the products that they purchase more closely 
meet their needs. In the case of the LTP190 and VTP210 battery protection products several lead 
customers were involved since the problems encountered in fitting mobile phones with battery 
packs had caused these companies to seek out solutions from Raychem. Outside vendors and 
experts were not, however, involved in this NPD project. 
 
Other peripheral outcomes – 
Gain of new manufacturing competencies and paradigms - A fairly strong outcome of impact 
level 5 was that such competencies and paradigms were gained by this VTP210 product 
development. As mentioned above four new manufacturing processes were implemented as a 
result of this product development process. 
 
Increased competence to overcome technical/marketing risks - The VTP210 innovation process 
also had the outcome of enhancing the firm's competence to overcome technical and marketing 
risks. To assess this outcome measures of these risks at the start of the miniSMD development 
process were taken from the involved Chief Scientist on a ten-point scale and found to be the 
following: 
 

Perceived technical risk 2 
Perceived market risk  4 

 
The market risk dropped to 2 when the lead customer gave its approval during the development 
phase. This provides confirmation that this VTP210 process faced lower risks from the outset. 
 
Confirming use of the existing product development system - This peripheral outcome of the 
VTP 210 device is treated together with the same outcome for the miniSMD device covered in 
sub-section 14.3, above, since the two processes taken together shed light on the use of the 
development system for the involved product lines. It can also be noted that this was a minimal 
outcome of impact level 1 since the existing product development system had already been 
confirmed in prior development projects. 
 
The formal process set forth in section 8 above, was followed for the two NPD processes, but the 
start points differed depending upon the nature of the product that was to be created. As shown by 
Table 2, section 4, the miniSMD product started with parallel phases 1 and 2 strategic and 
feasibility activities (using phase numbering from Table 4).  
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The development process for the VTP210 device was also started with the same parallel phases 1 
and 2 strategic and feasibility activities (see Table 1.2, section 4) as used for the miniSMD device 
due to the change in PTC core polymer formulation, size and thickness, and manufacturing 
issues. The miniSMDE process on the other hand was started at a later point, in principle, with a 
development phase 3 and a parallel scale-up phase 4 since much of the technology was already 
known from the miniSMD project. The effect here seems to be that the greater the existing 
knowledge base for a product concept the later will be the start point in the formal product 
development process. 
 
The innovation processes for the earlier battery protection devices, SRP200 and LTP190, were 
started at the later development and scale-up phases 3 and 4 as shown in Table 1.2, principally, 
because those products could be well characterized at the project initiation point due to the earlier 
work on the earlier radial and battery protection devices. The LTP190 development process can 
be seen as starting for practical purposes at the scale-up phase 4 since the chemists already knew 
the correct polymeric PTC core formulation at the beginning of the project.  
 
This also confirms that the formal process was followed once the starting step has been decided 
based on the above considerations.  
 
Direct competition for VTP210 device encountered - As of 1999 the precise performance 
specifications of this product were not matched so that no exactly equivalent product was in the 
market.24 Strong direct competition came mostly from bimetal and  thermal fuse devices and this 
gave a negative impact as shown by the parentheses in Table 12. 
 
14.5   Comparison of Outcomes for the miniSMD and VTP210 Development Processes 
 
The outcome impact level evaluations in Tables 8 and 9 (target) and Tables 11 and 12 
(peripheral) have been averaged by the categories shown in Table 13 to show comparative 
differences. For these specific evaluations the peripheral outcomes of direct competition 
encountered for each device are omitted because these are negative outcomes for the respective 
devices. The last outcome category for each of the devices focuses on knowledge gained as a 
result of each of the NPD processes. This final outcome type category consists of the average of 
the impact levels for the following set of eight outcomes that form a knowledge construct: 
 
  Tables 8-9 - 
  New product platform(s) created 
  Patent applications filed 
 

Tables 11 and 12 - 
  Knowledge gained for future use (set of 4 outcomes)  
  Gain of new manufacturing competencies and paradigms 
  Increased competence to overcome technical/marketing risks 
 
 
 
 
 
 
                                                 
24 Interview of key project team member, 19 July 1999. 
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Table 13 Relative Impact Level Averages for miniSMD and STP210 Process Outcomes  
 
Outcome type Case IA  miniSMD Case IB  VTP210 Differences 

of  miniSMD – 
VTP210 

 
All target outcomes  

         
        3.58 

      
     3.33 

 
     0.25 

Those @ impact 3-5         3.82      3.63      0.19 
 >PLC         5.00*       5.00**          0 
   PLC or less 
 

        3.30      3.13      0.17 

All positive peripheral 
outcomes 

         
        3.40 

      
     3.38 

 
      0.02 

Those @ impact 3-5         4.50      3.71       0.79 
 >PLC         4.60      3.67       0.93 
   PLC or less 
 

        2.20      2.50     - 0.30    

Overall positive 
outcomes  

     
        3.5 

   
     3.35 

     
      0.15 

Those @ impact 3-5         3.83      3.67       0.16 
 >PLC         4.71      3.86       0.85 
   PLC or less 
 

        2.93      3.60     - 0.67 

Knowledge gained 
(set of 8 outcomes) 

 
        4.50 

 
       3.86 

 
      0.64 

*   based on only two outcome values 
** based on only one outcome value  
 
 
Target Outcomes 
 
The average value for the all target outcomes category in the first data row of Table 13 is slightly 
higher for the miniSMD process than for the VTP210 process mostly to the large impact levels 
found for the outcomes of evolution of an industry standard, new customer segments accessed, 
and new product platform created. These outcomes were originally hypothesized to be important 
for highly innovative product development processes.  
 
There are other indications that the miniSMD device innovation process has a more significant 
impact than the broadest impact averages show. This innovation process has a higher impact level 
average when comparing only the highest impact levels of 3-5. Mainly due to the finding that 7 of 
the 12 target outcomes for the miniSMD have impact levels of 4 or 5 compared to 3 of 8 for the 
VTP210 process. 
 
Positive Peripheral Outcomes 
 
In the second Table 13 section both the outcomes with impact levels of 3 to 5 and those with 
levels >PLC are larger for the miniSMD than for the VTP210 process. The magnitudes of the 
impact level differences are about 20% of the available scale range (0.79/4 to 0.93/4). This 
magnitudes also signal a large outcome difference between the two processes.  
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Differences in Knowledge Gained  
 
The miniSMD device shows greater knowledge gains than the VTP210 device according to the 
set of 8 outcomes taken as a knowledge construct in the bottom row of Table 13. This is due to 
higher importance weightings for the first three of the set of four peripheral knowledge gains that 
are in technical systems, new product line extensions, and marketing.  
 
The averaged innovativeness index values for the miniSMD and the VTP210 devices are shown 
in Table 3 as 7.8 and 4.67, respectively. The difference between these two values is large and 
thus it is of interest to compare these innovativeness values with the averaged values of the 
impact levels in Table 13. This is shown in Figure 8 wherein the all outcomes averages and 
knowledge gain averages are plotted versus the innovativeness averages to provide a visual image 
of the differences of these values. The dotted line shows the difference between the two devices 
for the all outcome averages and the solid line shows the knowledge gained sets of outcome 
averages.. 
 
          9  
          
          8 

Innovativeness           All  
   o

 
           x     miniSMD

    
  averages     7           outcomes 
                 
          6              

             
    knowledge gain outcome 

          5 

             x   x      VTP210 
          4 
  2  3            4  5  
     Impact Levels 
 
Figure 8  Outcomes and Innovativeness Averages for miniSMD and VTP210 Processes 
 
The expectation is that the graph should show positive slopes for both lines because larger all 
impact levels and greater knowledge gain outcomes should occur in the process with the higher 
innovativeness index value. The graph does show this expected relationship. Thus higher 
innovativeness seems to produce larger overall impacts and greater knowledge gains in line with 
expectations from theory. 
 
 
15.  Analysis of Target Outcomes 
 
The target outcomes detailed in sections 14.1 and 14.2 have been analyzed and compared in table 
14, below. Detailed commentary is then presented for each of the outcomes for the miniSMD and 
the VTP210 devices.  
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Table 14  Analysis of Target Outcomes 
 
Target Outcome Types 

       A.  miniSMD  project                           B. VTP210 project 

Comparisons Between Processes 
used for the two projects 

Comparative Strength of Outcome  

    
1. Solving customer problems  Meeting customer needs with 

improved functions 
Product A reduced installation 
constraints in customers’ 
production lines for the new unit 
compared to the prior SMD unit.  
The product also reduced the PCB 
area needed for mounting.  The 
product B main gain was in longer 
talk time for the customers' mobile 
telephones. Product B had 
somewhat smaller physical 
dimensions and improved electrical 
properties than the prior product in 
that line.   

More efficient customer handling 
of the devices resulted in a greater 
gain for product A. 

2. Unit profitability  Unit profitability  Product A exceeded its profitability 
target while product B just met its 
target. 

This outcome is stronger for 
product A. 

3. Patent applications filed Patent applications filed Patents were filed for both 
products, but the scope of available 
coverage was likely greater for 
product A.  

The patent granted outcome is 
greater for product A. 

4. Evolution of an industry standard n.a. Product A started the evolution of a 
new product standard in the 
industry.  The same does not apply 
to product B. 

The ongoing outcome of product A 
in setting an industry standard is 
greater than for product B. 

5. New customer segments accessed New customer segments accessed Accessing new customer segments This outcome was stronger for 
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was moderately high for product A 
and new customers were obtained 
after an initially slow ramp-up of 
sales.  This outcome was somewhat 
less successful for product B. 

product A than for product B.  

6. New manufacturing technology Peripheral outcome of gain of new 
manufacturing competencies and 
paradigms 

Product A evolved an entirely new 
manufacturing technology. 
Changes of a less radical type were 
made in the product B production 
system, but the extent of the 
changes was also large.  

Changes in the manufacturing 
technology for product A were 
different than those for product B, 
however the net effect is near 
equivalency. 

7. New product platform(s) created Improved product functions  Product A was a totally new design 
that had much smaller physical 
elements and better electrical 
properties than the prior SMD unit. 
Product B was one of smaller step 
changes that were followed 
through with large manufacturing 
process and equipment changes.   

Product A was more fundamentally 
new than was B. 

8. Sales to existing customers Sales to existing customers The importance of retaining 
present customers had, at the final 
review point, a lower value for 
product A than for product B.  
Retaining present customers was 
regarded as very important for 
product B.   

Continuing sales were good for 
both products. 
 
The importance of increasing 
division sales was nearly 
equivalent.  

9. Product utility gain Product utility gain  Customer merit indices values 
increased 10 to 20 times between 
the original SMD device and 
product A. There was a 50% 
improvement in the impedance of 

The utility gains appear to be 10 to 
20 times for product A compared 
to less that a one time gain for 
product B. 
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product B compared to the prior 
LTP190 device.  

10. Maintaining leading innovation  
      position 

Maintaining leading innovation 
position 

Both products presented the 
opportunity for Raychem to 
demonstrate that it is both a 
technology and market leader.  

The longer-term impact of 
maintaining a leading technical 
image seems similar for both 
products.  

11. Product success targets met Product success targets met The targets for product a are 
exceeded and those for product B 
were just met. 

Product A had better customer 
satisfaction, sales, profitability, and 
growth than product B. 

12. Being first entrant into the  
      market 

n.a. This outcome is of lesser 
importance compared to 
maintaining a leading position with 
the miniSMD device. 

Not compared. 
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Overall Table 14 shows greater outcomes for 8 out of the 11 compared outcomes for Product A.   
Those were for outcomes 1 - 5, 7, 9 and 11. Thus about 73% of the outcomes assessed were 
stronger for product A, the miniSMD product. The remaining three outcomes 6, 8 and 10 were 
found equivalent. These comparisons have been guided by the impact levels found for the various 
outcomes, but do not entirely follow those values. Rather the events and steps taken within the 
NPD processes have been relied on to a greater extent. For example, no formal question 
concerning the VTP210 starting the evolution of an industry standard was included during data 
collection in regard to outcome 4, but from collateral comments it became clear that it had not 
done so. For one other outcome, 1, a slightly larger impact level was found for the VTP210, but 
the events recorded required modified comparison statements. 
 
Detailed Comparisons For Target Outcomes 
 
1. Solving customer problems –  
 Handling and mounting the miniSMD device on the customers' PCBs was made much easier and 
misalignment was significantly reduced compared to the original SMD device. Talk time was 
also lengthened due to the decreased impedance. Handling of the VTP210 unit was similar to that 
of the prior LTP190 product, but mounting was improved by the slightly smaller size. Increase of 
talk time was the main improvement. 
 
2. Profitability –  
Product A exceeded its profitability target while product B just met its target as reported in 
sections 14.1 and 14.2 for this outcome. 
 
3. Patent applications filed –  
Patent applications were filed for each of the two products. It is believed that the scope of 
coverage available for product A was more extensive due to the more fundamentally changed 
product design and manufacturing process steps. 
 
4. Evolution of an industry standard -   
Section 14.1 contains a more complete statement of this outcome for the miniSMD device that 
adds evidence for the comparative statements in Table 14, above. 
 
5. New customer segments accessed –  
The decision factor of obtaining new customer segment(s) was ranked as 7 out of a possible 10 
during NPD process time frame for product A indicating that this was a moderately high 
consideration. This is shown in Table A1 in Appendix A. The same factor for product B rose 
from the same value of 7 at the beginning of the process to 9 by the final review point which 
indicates a greater importance on this new customer factor according to Table A2. The reason for 
this was that it was discovered that some new customers had the same needs that could be met by 
product B.  Product A was somewhat slower to gain sales volume in the earliest part of the sales 
period, but then even new Japanese customers began buying the new miniSMD device and sales 
began to grow strongly. 
 
6. New manufacturing technology –  
During the NPD process for the miniSMD product an entirely new manufacturing technical 
system was evolved by drawing into Raychem existing new expertise from external large-scale 
printed circuit board producers. The design of the surface-mounted device was greatly changed 
during this transformation. The VTP210 process gave gains in new competencies and paradigms, 
that were classified as peripheral since the decision to invest in these changes for the VTP210 
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product occurred after the NPD process had been already undertaken and thus was not involved 
in the original project decision. Therefore, these two outcomes have been compared at the final 
review point by using data from both the target set and the peripheral set of outcomes. 
 
This particular outcome 6 pertaining to new manufacturing technology for the VTP device has 
been handled as gains in new manufacturing competencies and paradigms from Table 12. 
 
7.New product platform created – 
The miniSMD device had physical elements that were 40% smaller with a 60% lower profile than 
the prior SMD unit. Electrical properties such as impedance were lowered by one-half and cost 
lowered 25%. It was 300% faster on time to trip than the original SMD device. (see Table 2) 
These changes led to the product platform being used for the miniSMDE and other latter products 
described in sections 10 and 11. The VTP210 device had ½ the impedance of the prior LTP190 
unit and hence gave more mobile telephone talk time. Compared to that prior unit it had ½ the 
PTC core thickness that gave a lower profile (see Table 1.2), but did not create a platform for a 
wave of derivative products.  
 
8. Sales to existing customers –  
Sales of the miniSMD device were slower in the earliest part of the product life cycle due to the 
re-qualification issues within the customers' plants. This led to a decrease in the importance of 
retaining present customers as shown by the factor value of 6 that decreased to 3 on the 10 point 
scale used for Table A1 in Appendix A. However, later sales successes changed this result in 
favor of the miniSMD. By comparison the factor value for retaining present customers was 10 at 
the beginning of the NPD process for the VTP210 device and remained at this high value. 
 
9. Product utility gain –  
The merit index values and the illustrations in Figures 5 and 6 show that 10 to 20 times increases 
in the selected performance values occurred between the SMD and the miniSMD products over 
the same time as a 25% decrease in unit price. The VTP210 product had only one-half of the 
impedance compared to the LTP190 device so by that measure there was a 50% improvement 
while the price/unit rose only 10%. Another point is that the forms of these latter two battery 
protection line products are very close (see Fig. 2). 
 
10. Maintaining leading innovation position –  
Both products showed that Raychem is a leader in creating new technically sophisticated 
products that are needed in the market. The factor of creating new competitive knowledge was 
slightly higher for Product B as shown in Appendix A, Table A2, by comparison to Table A1 for 
Product A. However, the outcomes for both Product A and B are found to have the same impact 
level and hence at the final review point are seen as equivalent. 
  
11. Product success targets met -   
See the paragraphs on this outcome in sections 14.1 and 14.2. The miniSMD had higher success. 
 
12. Being first entrant into the market –  
This was not considered a target outcome for the VTP210 so no further analysis. The fact of 
being first with the miniSMD device did add to the maintenance of a leading position that is 
covered above for outcome 10. 
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16.  Analysis of Peripheral Outcomes 
 
The peripheral outcomes detailed in sections 14.3 and 14.4 have been analyzed and compared in 
Table 15, below. Detailed commentary is then presented for the outcomes found for the 
miniSMD and VTP210 devices.   
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Table 15 Analysis of Peripheral Outcomes 
 
Peripheral Outcome Types 

        A.  miniSMD project                     B. VTP210 project

Comparisons Between Processes 
used for the two projects 

Comparative Strength of Outcome 

Knowledge gained for future use 
in  

Knowledge gained for future use 
in  

  

   1. Technical systems      Technical systems The product A platform and the 
manufacturing system that was 
created both gave important new 
knowledge.  For product B there 
were gains in PTC core properties 
and in manufacturing processing 
knowledge. 

The product A gains are greater as 
to technical systems knowledge. 

    2. New product line extensions      New product line extensions Knowledge from both of these 
products was used to create the 
miniSMDE and other derivative 
products. Also Product A 
eventually led to other smaller- 
sized devices. 

This knowledge outcome for 
product A is greater. 

    3. Marketing       Marketing  New customers were eventually 
established for both products A 
and B.  

The outcome is greater for 
product A. 

    4. Organizational and internal 
        product innovation  system 
        development 

    Organizational and internal 
       product innovation system       
       development 

Project A gave new knowledge as 
to the handling of a star form 
network for manufacturing.  
Project B showed that flexibility 
to include new manufacturing 
tasks as part of the work was a 
desirable change in the formal 
NPD process. 

Development of the star form 
network in project A gave more 
significant knowledge for use on 
future projects. 
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Strengthening of linkages to 
 

Strengthening of linkages to 
 

  

5. Customers    Customers Linkages to customers were 
improved by both products but for 
Product B were somewhat more 
significant initially. 

The extent of the linkage 
strengthening seems slightly 
greater for Product B. 

6. Cooperation partner(s) not used The linkages with these outside 
actors were of great importance in 
developing product A, but were 
not used for product B.  

These outcomes are thus stronger 
for product A. 7. Other suppliers not used 

Other peripheral outcomes 
 

Other peripheral outcomes 
 

  

8. Increased competence to  
        overcome   
        technical/marketing risks  

   Increased competence to  
       overcome technical/  
       marketing risks  

Competence to over come the 
technical risks was gained mainly 
in the case of product A.   

This technical competence 
gaining outcome is strongest for 
product A.  The marketing 
competence seems equivalent. 

9. Confirmed use of the existing  
        product  development system 

    Confirmed use of the existing  
        product development system 

Both NPD processes confirm the 
judicious use of the formal 
product development process. 

This outcome is found to be the 
same for the two products. 

10. Direct competition for  
         miniSMD device   
         encountered 

    Direct competition for  
        VTP210 device  
         encountered 

Product A encountered 
competition within 2 years. 
Product B faced competitive 
bimetal and thermal fuse products, 
but these did not meet its precise 
specifications.  

The outcome of competition is 
stronger against Product B. 

11. Controversy concerning the  
          PPTC technology 

 Controversy concerning the  
          PPTC technology 

Legal controversy concerning the 
PPTC technology affected both  
products in a similar manner. 

This outcome appears to be 
similar for the two products. 
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Overall Table 15 shows greater outcomes for 6 out of the 11 outcomes for Product A. These are 
outcomes 1-4 (all of the knowledge gained for future use group), and linkages to partner(s) and 
other suppliers 6 and 7. Thus some 55% of the peripheral outcomes are stronger for the miniSMD 
device. Only the strengthening of linkages to customers, outcome 5, is greater for the VTP210 at 
the final review point although this could change in the future. Equivalent outcomes are found for 
the other peripheral outcomes 8, 9 and 11. The single negative outcome of direct competition 
encountered was also higher for Product B. 
 
Also for Table 15 the comparisons have been guided by the impact levels found for the various 
compared peripheral outcomes, but do not entirely follow those values. Rather the events and 
steps taken within the NPD processes have been relied on to a greater extent. For example, no 
formal question concerning the VTP210 giving raise to controversy concerning the PPTC 
technology was included during data collection in regard to outcome 11, but from collateral 
comments it became clear that the same conclusions could be drawn.  
 
Detailed comments concerning Table 15 follow. 
 
Knowledge Gained 
 
1 & 2. Technical systems and new product line extensions – 
Knowledge from both products A and B was used to create the miniSMDE product; however, this 
new device is firmly based on the miniSMD product platform. The miniSMDE product 
manufacturing process is largely the same as for the miniSMD device. The PTC core material 
from the VTP210 device was used for the miniSMDE device and a later overcurrent protection 
device for an electric car power pack. Also, as mentioned above, the miniSMD product gave rise 
to the new micro- and nano- products. 
 
3. Marketing –  
While new customers were obtained for both products, a wider range of customers was gained by 
product A. 
 
4. Organizational and internal product innovation system development – 
Knowledge for organizational and internal innovation system development was gained in both 
projects. The creation and operation of a star form network for engineering and, later, the ongoing 
new manufacturing process from the miniSMD project was of great importance. Gaining the 
flexibility to add four new manufacturing processes during the engineering work for the VTP210 
product was also of importance. 
 
Strengthening linkages 
 
5. Customers – 
Both projects A permitted better linkages to both existing and new customers. Project A was 
particularly important for accessing new customers while B was much more important for 
retaining present customers as of the final review point.  (see Appendix A, Tables A1 and A2) 
 
6 & 7. Cooperation partners and other suppliers – 
The linkages with cooperation partners and other suppliers were of great importance in the 
development of the manufacturing process for the miniSMD product. Those linkages to the large-
scale PCB producers matured into important on-going manufacturing arrangements for this new 
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product. The VTP210 product relied mainly on engineering techniques that were well 
characterized within the company and hence outside linkage were not as much involved.  
 
Other peripheral outcomes 
 
8.  Increased competence to overcome technical/marketing risks – 
Section 14.3 shows that the perceived technical risk of the miniSMD device was 8 on a ten-point 
scale at the beginning of the NPD process. This risk had been reduced to 4 by the second Design 
Review point, DR2. The marketing risk was mainly on the issue of whether the customers would 
actually choose to do the re-qualification work that would be involved. Some did not adopt this 
new product. Corresponding risk assessments for the VTP210 product were 2 for technical and 4 
on the market side at the beginning of the NPD process as set forth in section 14.4. The marketing 
risk decreased to 2 once the lead customer approved this product during the development phase.  
 
9.  Confirmed existing product development systems – 
Both projects followed the formal product design guidelines once they had been started with 
parallel processing for the first two phases. 
 
10. Direct competition for miniSMD unit encountered – 
New competitive products were encountered by the miniSMD device that tends to show that it 
was a new product platform that had to be followed in the market. That is, the competing 
companies introduced new products to counter its development. This re-enforces the highly 
innovative character of the miniSMD device. The VTP210 device faced competition from both 
bimetallic and thermal fuse devices even though no product with the precise performance 
specifications had come into the market as of 1999. 
 
11. Controversies concerning the miniSMD technology – 
 The legal controversy concerning the PPTC technology affected both products in about the same 
manner. 
 
17. Analysis of Selected Outcomes 
 
It is also of interest to compare not the impact levels, but rather the importance weightings of 
selected short-term outcomes from Appendix A to equivalent longer-term outcomes in Tables 8-9 
and 11-12 in section 14. For this purpose longer-term (L-T) outcomes are taken as those having 
operative spans of at least the product life cycles (PLC). The compared importance weightings 
from Appendix A and those for the equivalent outcomes are given in Table 16. The two purposes 
for this analysis are: to investigate a longer time span starting with the NPD processes themselves 
and to provide a check on the results obtained with the impact levels analyses in the previous 
sections. For use of this data care must be taken to factor in that the weightings for the NPD 
process times were assigned by the Chief Scientist associated with both of the projects while 
those for the L-T columns have been assigned by one of the key members of the project teams.  
 
The equivalent long-term outcome designations are: 

a. sales to existing customers 
b. new customer segments accessed 
c. profitability 
d. patent applications filed 
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e. the average for eight competitive knowledge gained outcomes [patent applications 
filed from Tables 8 and 9; new product platform(s) created for miniSMD from Table 8 
and improved product functions for VTP210 from Table 9; group of four knowledge 
gains from Tables 11 and 12 , new manufacturing technique for miniSMD (from 
Table 8)  gain of new manufacturing competencies and paradigms for the VTP210 
from Table 12; and increased competence to overcome technical/marketing risks for 
both devices from Tables 11 and 12]. 

 
Table 16  Short-term and Long-term Outcomes by Importance Weightings 
 
Outcome 
type per 
App. A 

MiniSMD importance weightings VTP210 importance weightings 

 NPD 
process 
start 

NPD 
process 
end 

L-T per 
Tables  
10 &12 

NPD 
process 
start 

NPD 
process 
end 

L-T per 
Tables  
11 &13 

a. Retaining 
present 
customers* 

 
     6 

 
     3 

 
      7 

 
    10 

 
   10 
 

 
    10 

b. Obtaining 
new 
customers 

 
     7 

 
     7 

 
    10 

 
      7 

 
     9 

 
      3* 

c. Improving 
per unit 
profit 

 
     7 

 
     7 

 
    10 

 
      3 

 
     6 

 
     10 

d. Obtaining 
patent 
protection 

 
     8 

 
     7 

 
    10 

 
      4 

 
     4 
 

 
       8 

e. Creating 
new  
competitive 
knowledge 

 
 
     5 

 
 
     5 

 
 
    7.63 

 
    
      7 

 
 
     7 

 
 
      6.63 

*  This evaluation is the result of mixing two different new customer segments and would be  
    substantially higher for one of those if taken alone.. 
 
It became necessary to use some greater license for comparisons since the issues in the cases 
became more finely divided over the course of the case study, particularly as to creating and 
gaining competitive knowledge. 
 
The long-term importance weightings are higher than during the shorter NPD process period for 
the miniSMD in each of the five selected outcomes. The importance of each of these outcomes 
increased in the longer time frame. This is evidence for the point that outcomes do change as the 
PLC occurs. 
 
The long-term outcomes are at lower than the NPD values for two of the VTP210 outcomes. For 
b. (obtaining new customers) the reason is that one of the two new customer attempts failed as 
per the footnote to Table 13. Also the importance of outcome e. (creating new competitive 
knowledge) dropped in the long-term fro m 7 to 6.63. This is not a large difference, but seems to 
indicate that the knowledge gained was not as important as originally thought. The knowledge 
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gain outcome for the miniSMD was 1.00 higher at 7.63 and that figure is much larger that the 
values obtained for the NPD process period. 
 
18.  Conclusions 
 
Similarities and differences in context, conditions, events and outcomes found for the period of 
the two NPD processes per se will be initially summarized, followed by the longer-time frames 
comparative outcomes for a duration beyond the PLCs. 
 
18.1 Summary of NPD Processes 
 
miniSMD – 
The miniSMD process focused on meeting the demand for smaller sized SMD devices. As the 
project proceeded a new product design was created and new manufacturing technology was set 
in place. These changes to both the product design and the manufacturing technology 
simultaneously resulted in large outcomes for this NPD process of both target and peripheral 
types. The new product design envelope resulted in a much small footprint area on the customers’ 
PCBs and improved mounting capabilities. This meant that significant, new technological 
knowledge was created for many later uses.  
 
VTP210 – 
The VTP210 process responded to the need for increasing call time for mobile telephones. This 
was accomplished mainly by changing the PPTC core material in device so that less current was 
used. Thus the VTP210 device was similar to the dominant product concept in the strap line even 
though there were other changes in the external wrapping, and the manufacturing process and 
equipment. The conceptual changes seem to be fewer for this latter device and small outcomes 
were found for this second process. 
 
Comparisons of the two NPD processes – 
 
According to the impact level analysis methodology employed for this study the miniSMD 
process shows impact level averages on a 5-point scale of 3.50 for all of the evaluated target and 
peripheral outcomes, 4.50 for a set of eight knowledge related outcomes together with an 
innovativeness index value of 7.80 on a 10-point scale. 
 
By the used of the same impact level analysis methodology the VTP210 process shows impact 
level averages on a 5-point scale of 3.35 for all of the evaluated target and peripheral outcomes, 
3.86 for the set of eight knowledge related outcomes together with an innovativeness index value 
of only 4.67 on a 10-point scale. Thus the two main outcome averages and the innovativeness 
index value are all higher for the miniSMD.   
 
18.2  NPD processes per se 
 
Similarities –  
1. The development context was identical in that both processes occurred within the same 
company over approximately the same time frame. The top management personnel was largely 
unchanged as well. Also both projects used matrix management organization. During the NPD 
process changes of project managers for both projects was planned for at the beginning of the 
process. 
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2. Both development projects followed the formal product development process regime described 
in section 8 thus both started at Phase 1 of the formal regime so that neither used a truncated 
regime. The actual projects were quite close to the formal regime and are described in sections 6 
and 7 for the miniSMD device and section 9 for the VTP210. As shown in Table 1.2 some NPD 
projects in the battery protection line have started at the later phases 2 or 3. The VTP210 project 
could have followed a truncated NPD format, since the product characterization was well know 
within the company, however, a complete regime sequence was followed. A common set of 
project requirements was to foresee the complete manufacturing process for the innovated 
devices and to cost out this process.     
 
3. Important technological know-how was created during each of the projects within the 
respective product lines. The miniSMD know-how is in both the product per se and in the 
manufacturing process and the VTP210 know-how is more specific to the manufacturing process. 
 
Differences – 
 
1. The miniSMD project started with the demand for smaller sized SMD devices from some 
customers. This was followed by a brainstorming session that ultimately resulted in a completely 
changed product design and new manufacturing technology being employed. Changing both the 
product design and the manufacturing technology simultaneously results in large outcome 
changes for this product. 
 
 The miniSMD project pushed overcurrent protection device concept beyond the company’s 
previous model. The new concept envelope that was conceived in the brainstorming session 
resulted in a much small footprint area on the customers’ PCBs and improved mounting 
capabilities. This meant that new technological knowledge was created for many purposes.  
 
The VTP210 project started to increase call time for charged-up batteries in the mobile telephone. 
This was accomplished mainly by lowering the impedance (resistance) of the device so that less 
current was used. This devise also had a lower trip temperature that enabled other advantages. 
Thus the VTP210 device was similar to the existing product concept in the strap line even though 
there were changes in the PPTC core material, the external wrapping, and the manufacturing 
process and equipment, and the conceptual changes seem to be fewer for this latter device. 
 
2. The creation of new knowledge was a central focus in the miniSMD project from the point of 
the brainstorming session onward. For the VTP210 device new knowledge was not originally in 
such a central focus because the characterization for the device was well within the existing 
knowledge base of the project team. 
 
3. The miniSMD project shows much greater technological and design freedom than does the 
VTP210. The original miniSMD product concept after the key brainstorming session required 
rethinking about both the product design, properties, size, use parameters and methods and about 
the entire manufacturing process. By contrast the VTP210 was focused on a set of specific 
customer requirements that entailed holding the product design close to the existing product 
design. Changes in the manufacturing process and equipment came in at a later point. 
 
4. The planned project time for the miniSMD was exceeded by about 50%, whereas the planned 
project time for the VTP210 was exceeded by nearly 400%. While this sounds like a very bad 
result for the latter device the reason is that during the NPD process time frame a large number of 
changes in the production process for this device were undertaken as detailed in the comments 
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following Table 7. That deviation can also be seen a mark of flexibility in the use of the 
company’s formal product development process. 
 
5. The miniSMD device led quickly to the development of the new miniSMDE device for the 
strap line as set forth in sections 10 and 11. Following the development trajectory other 
modifications were made as detailed by Figure 4. These types of innovations did not occur as a 
result of the VTP210 development.  
 
6. The miniSMD was about twice as large in terms of total project costs, but only required about 
20% more project time due to the additional work during the VTP210 process in regard to the 
new manufacturing processes and equipment that has been commented on in difference point 1. 
However, the miniSMD device had higher sales levels once the product was fully accepted in the 
market. 
 
18.3  Comparative outcomes over longer-time frames - 
 
Similarities – 
 
1.  Both projects produced successful products that came to have valuable outcomes. The 
miniSMD led to the miniSMDE device and other derivative products and also a totally new 
manufacturing process technology. The VTP210 led to improved manufacturing processing 
within the strap line of products.   
 
2. Both processes produced knowledge gains for the company. These are long-term impacts of 
beyond the PLC. The gains are in the categories of: technical systems, new product line 
extensions, marketing, and organizational and internal product innovation system development. 
 
Differences – 
 
1. Table 16 reporting on the basis of outcome importance weightings shows different patterns of 
outcome change over time for the two processes. All five comparable outcomes increased from 
the time frame of the miniSMD project to the final review point some five years later. By contrast 
increases in the outcome importance weightings for the VTP210 device were found for only two 
outcomes: improving per unit profit and obtaining patent protection. The other three outcomes of 
Retaining present customers, Obtaining new customers, and Creating new competitive knowledge 
either remained the same or decreased when evaluated from a L-T perspective. 
 
2. As shown in Table 13 the impact level averages for the all target outcomes and those at impact 
3-5 and >PLC as well as for the knowledge gained set of 8 outcomes for the miniSMD process 
are higher than for the VTP210 process. The same is shown for the peripheral outcome section 
and the overall outcomes section of Table 13. Also the innovativeness index value for the 
miniSMD ST6 is higher at 7.80 than for the VTP210 at 4.67. These differences indicate that the 
miniSMD process outcomes are much greater than those for the VTP210.  
 
3. Table 14 shows greater target outcomes for 8 out of the 11 outcomes for the miniSMD process 
compared to the VTP210 whereas Table 15 shows greater peripheral outcomes for 6 out of the 11 
outcomes for Product A compared to the VTP210, taking into account that the tenth outcome is a 
negative. 
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18.4 Relationship of the Two Processes to Other Products 
   
1. The analysis supports the conclusion that the miniSMD device was a highly innovative product 
that created a new product platform. By contrast the miniSMDE product was found to be 
devirative to the miniSMD device. Also both the LTP190, VTP210 devices appear to be 
derivative from the SRP200 device. As mentioned in section 14.2, the VTP210 did, however, 
create a new PPTC material platform. The classification of a product as being derivative from an 
earlier product process requires technical judgments as to exactly what functions have been 
changed and to estimate the future use of various aspects of the product changes achieved.   
 
2. From the above analysis it also appears that knowledge assembled in a given development 
project can be generalized to earlier products in same line, to other lines, and to subsequent 
products. The miniSMD device led to the use of largely the same new PCB-type of fabrication 
technology in the battery protection product line. A related outcome is that innovation processes 
can have a strong developmental outcome on the product lines for which they are undertaken and 
even on the Division as a whole. The miniSMD project evolved new manufacturing technology 
and a completely different product fabrication, which moved the division away from a component 
parts manufacturing trajectory. 
 
In conclusion, innovation processes such as those described have enabled the Circuit Protection 
Division to maintain a growth rate of 40% year-to-year as mentioned in section 13.1. Revenue 
from the PolySwitch Division was $165 million in fiscal 1995 and $204 million in fiscal 1997, 
although the product range over these years was not identical due to the formation of the Circuit 
Protection Product Group.25  26   
 
 
__________________________________________ 
 

 
 
 
 
 
 
 
 
 

                                                 
25 Raychem Annual Report 1995  , inside front cover. 
26 Raychem Annual Report 1997 , p.1. 
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Appendix A  Initial Target Outcomes Assessed During Development Process Time Frame 

PART 1 

Measures of the values of various target outcomes that are also factors associated with the initial 
decision to pursue these two NPD projects were taken on 10-point scales and compared to 
measures of those same outcomes evaluated as of the end of the projects. The responses were 
taken from the involved Chief Scientist. Others working on these projects would likely have 
different evaluations, but these give some indications as to reasons supporting the innovation 
efforts. Factors with the largest shifts are highlighted in bold. 
 
Table A1 – Initial Target Outcome Values from the miniSMD NPD Process 
 
 Outcome    Value at Beginning __Value at End of Project 
 
1. Retaining present customers   6   3 
 
2. Obtaining new customer segment(s)  7   7 
 
3. Being first into market    7   7 
 
4. Improving product’s unit profit   7   7 
     
5. Obtaining patent protection   8   7 
 
6. Increasing division sales     4   4 
 
7. Increasing division profits    3   3 
 
8. Creating new competitive knowledge  5   5 
 
This Table A1 shows that the highlighted first factor, retaining present customers, greatly 
decreased in importance. The reason for this is that some customers did not want to change their 
parts orders due to re-qualification costs involved to switch to the new miniSMD device. The 
other factors were largely unchanged over the duration of the NPD process. 
 
PART 2 
 
Table A2 - Initial Target Outcome Values from the VTP210 NPD Process 
 
 Outcome    Value at Beginning __Value at Final Review 
 
1. Retaining present customers   10   10 
 
2. Obtaining new customer segment(s)  7   9 
 
3. Being first into market    2   2 
 
4. Improving product’s unit profit   3   6 
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5. Obtaining patent protection   4   4 
 
6. Increasing division sales     5   5 
 
7. Increasing division profits    6   6 
 
8. Creating new competitive knowledge  7   7 
 
 
This Table A2 shows that the first outcome, retaining present customers, was the most important 
at the beginning and also at the final review stage. This is because a large mobile telephone 
customer had an urgent need for a lower trip temperature device for its mobile telephone market.  
Outcome 2, obtaining new customers, increased somewhat due to the fact that during the NPD 
process other customers were found to have the same needs. The outcome of being first into the 
market, Nr. 3, was of low importance since Raychem was already in the market. Outcome 4. 
increased due to unit cost improvements in process control made during the innovation process.  
Outcomes 6 and 7 were considered to be of medium importance throughout the NPD process 
since there were reasonable prospects of obtaining more sales of this new device in the cell-phone 
market. 
 
Thus Table A2 shows that only the two highlighted outcomes, 2 and 4, changed during the NPD 
process. One other observation is that outcome Nr. 8, creating new competitive knowledge was 
important throughout the process since this device would help secure sales against the 
competitors’ bimetallic overcurrent devices. 
 
A comparison of Tables A1 and A2 shows that outcome Nr. 1, retaining present customers, was 
of greater importance in the VTP210 device case than for the miniSMD device. The customers 
were not expecting the latter to be actually available so retention was not an issue. Outcomes 3-5 
were given higher values in the miniSMD device case over those recorded for the VTP210 
battery protection case. Outcome Nr. 3, being first into the market, was an important competitive 
objective within Raychem and was of increased importance when there was an opportunity to 
increase its reputation as a technology leader as in the miniSMD device case. Outcome Nr. 4 is 
also of greater importance since the hope raised in the initial brainstorming session was that the 
manufacturing difficulties of the then existing surface mounted device could be overcome so that 
the unit cost would decrease. Outcome Nr. 5 was of increased importance over the VTP210 case 
due to the prospect of obtaining patent coverage on the valuable technological achievements that 
were made in the miniSMD new product development (NPD) process. Several patent applications 
were filed on various aspects of the miniSMD product developments; however, one was also filed 
on the VTP210 device PPTC material.   
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Appendix B – Impact Level Scale for Outcomes 
 
 To aid outcome analysis the following scale of impact levels is setup wherein the 
importance weightings for the various outcomes and the operative time frame are combined.  
This has permitted the outcomes from the two cases to be more closely compared in order to 
better understand cross-case differences and similarities. The levels 5 and 4 are likely to have the 
largest impact on the company over longer time frames so each has been assigned a separate 
impact level.  
 
Impact level  Outcome Importance  Operative Impact name 
   Weighting range           Duration        
 
    5   7 – 10    >PLC  large 
 
    4   7 – 10         PLC  large 
 
    3   4 – 6.9     >PLC  mid-level 
   7 – 10     <PLC  mid-level 
    
    2   4 – 6.9           PLC  mid-level 
   1 – 3.9        >PLC  mid-level 
 
    1   1 – 6.9         <PLC  small 
   1 – 3.9             PLC  small 
 
The impact names are used to permit more convenient and simplified analysis comments. 
 

 
Appendix C - Overcurrent Device Product Utilities 
 
A better understanding of the gain in product utility that was created for the SMD product line is 
given by comparing the merit indices data for the miniSMD product against the SMD product 
that it replaced for many customers. The results of the comparisons were shown in Figures 5 and 
6 in section 14.1. The underlying data and calculations are explained in this appendix.  
 
A similar analysis for the battery protection line is also presented in that section below.  
 
SMD Product Line  
 
In order to evaluate the utility gain for the SMD line two merit indices, I and II, were set up and 
compared for the original SMD and the miniSMD devices. The first of these will be discussed in 
detail and then the second will be dealt with in a similar fashion. 
 
The factors in Merit Index I were taken to be: a. time-to-trip at equivalent resistance measures;  b. 
power dissipation, Pd, when the device is in the tripped state; and c. thickness of the device.  
Factor a. is the amount of time that is taken for a device to switch to the high-resistance state once 
a fault current has been applied across it. This is a key factor to industrial customers because if it 
trips too slowly the components being protected may be damaged before the device can switch to 
a high-resistance state. If it switches too fast then undesired or nuisance tripping will occur. In 
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general, less mass in the device means faster tripping times. If large parts of the device are metal 
as in the case of the original SMD device the PTC core must heat up that metal before tripping 
can occur and that lengthens the time-to-trip. 

 
Power dissipation is important because the electrical energy is being converted to heat that can 
build up in the protected product and electrical energy is being lost through this dissipation and 
that can have significance, particularly, in battery powered products like cell phones.   
 
Device thickness is important because most of the overcurrent protection devices are installed in 
limited space locations within the electronic packages of the protected products. Unit price is of 
importance since the customer can gain component savings together with better performance.  

 
The factor time-to-trip must be compared at equivalent resistance measures so three SMD devices 
were analyzed and compared to three miniSMD devices using data from Raychem's 1997 
Databook for PolySwitch® Resettable Fuses.27 This was done by first determining the average 
resistances, in ohms, of the devices between minimum and maximum values and then averaging 
these resistance values. The results are shown in Table C1, below. The two sets of averaged 
resistance values both show 0.067 ohms so the requirement of equivalent resistances is met 
exactly. The maximum time-to-trip and Pd measures for each of the compared devices were then 
recorded as shown in this table and averaged. In a like manner the thickness of each device was 
recorded and averaged.    

 
The resulting Merit Index I values are then associated with the unit price value taken from Table 
2, section 4, wherein it is shown that the miniSMD device has a 25% lower cost than does the 
original SMD unit. For this index evaluation purpose unit cost decrease is taken to equate with 
unit price decrease. This is used by giving values of 1.00 for the SMD device and 0.75 for the 
miniSMD device and then taking the reciprocals as 1.00 and 1.33 as shown in Table B2. 

 
Merit Index I has been computed as the sum of factors a, b, and c as follows: 
 
Merit Index I = average time-to-trip + average Pd  + thickness   
 

The averages from Table C1 are shown in Table C2, below, together with the Merit Index I value 
and the reciprocal of that merit index which has been used for plotting the change in performance 
that are shown in Figure 5, section 14.1, against the change in unit price. 

                                                 
27 Raychem, Circuit Protection Databook: PolySwitch Resettable Fuses, effective: February 1997, pp. 135, 136, 
147, and 148. 
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Table C1   
 
Merit Index I data for the SMD product line 
 
Part Number                            Resistance, in ohms Time-to-trip Pd, watts Thickness, mm 
 Rmin Rmax Rave. Max, sec.   
SMD200 0.05 0.125 0.09 12 1.9 3 
SMD250 0.035 0.085 0.06 25 1.9 3 
SMD260 0.025 0.075 0.05 20 1.7 3 
 Averages  0.067 19 1.83 3 
miniSMDC035 0.32 1.3 0.08 0.10 0.6 0.5 
miniSMDC050 0.15 1.0 0.06 0.15 0.8 0.5 
miniSMD050 0.15 1.0 0.06 0.15 0.8 0.5 
 Averages  0.067 0.13 0.73 0.5 
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Table C2   Merit Index I values for the SMD product line 
 
Product  
Category 

a. time-to-trip 
average max, 
sec.  

b. power 
dissipation,  
watts 

c. thickness,      
    mm. 

Merit  
Index I 
 

Reciprocal 
Merit 
Index I 
Value 

Reciprocal 
Unit Price 
value 

Original 
SMD unit  

19 1.83 3 23.8 0.042 1.00 

miniSMD 
device 

 0.13 0.73 0.5   1.36 0.735 1.33 

 
Since all of the performance increases are reflected in decreasing values when moving from the 
first to the second product in this Table C2, the respective reciprocal values have been separately 
calculated as shown. As there are only the two data points for each of the two end points 
representing the two products this technique generates only a single straight line for Merit Index I 
when plotted against the unit price value. This type of plotting shows the performance measures 
increasing along the y-axis and unfortunately the unit price might appear to be increasing rather 
than decreasing as is actually the case. 
 
A second merit index was evaluated by computing the footprint areas and the volumes of the two 
SMD products since space and PCB real estate area must be minimized in the electronics 
products that the PolySwitch devices protect. The product data from the identified Databook for 
these computations is also given in Table C3, below. 
 
This Merit Index II has been taken as the sum of the footprint area and the volume for each of the 
same three products for each of the SMD and miniSMD products as used for the Table C1 
calculations.   The index values are: 
 

Merit Index II for SMD device = 52.3 + 156.9 = 209.2 
 

Merit Index II for miniSMD device = 12.6 + 6.3 = 18.9 
 
Using the same reciprocal values plotting technique as above these values were displayed in 
Figure 6 in section 14.1, above, against the same unit price values as shown above. 
 
As mentioned above the SMD device is based on component parts fabrication techniques whereas 
the miniSMD device is based on batch processing sheet fabrication technology. This is not 
illustrated in Figures 5 and 6 but is regarded as an important technological trajectory dimension.  
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Table C3 

Merit Index II data for the SMD product line 
 
Part Number Dimensions,  

Ave. length 
Max. width, mm. Max. thickness, mm. Footprint area, mm2 Volume, mm3 

SMD200 8.75 6.7 3 58.6 175.8 
SMD250 8.75 6.7 3 58.6 175.8 
SMD260 7.36 5.4 3 39.7 119.1 
 Averages  3 52.3 156.9 
miniSMDC035 3.22 2.58 0.5 8.3 4.15 
miniSMDC050 4.55 3.24 0.5 14.74 7.37 
miniSMD050 4.55 3.24 0.5 14.74 7.37 
 Averages  0.5 12.6 6.3 
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Battery Protection Line  
 
The battery protection (strap) line product utility changes are somewhat more interesting because 
the movement can be seen with better staging definition between successive products. The price 
per unit for the SPR200 and the LTP190 products was the same and is taken as the base unit price 
value. VTP210 unit had a 10% higher price and since the miniSMDE device was offered in a tape 
and reel format its actual per unit price in the customers’ cost base was 10% lower. The 
performance and price data used was given in section 14.2 , Table 10 . 
 
For this battery protection line the reciprocals of measures 1 and 2 have been plotted in Figure C1  
on the multiple y-axes (marked as o and +, respectively)  and the reciprocal of the price/unit is on 
the x-axis. The backup data is in Table C4, below, wherein the product designations are: A - 
SPR200, B - LTP190, C -VTP210, and D – miniSMDE device. 
 
Reciprocal values for: 
Impedance   Trip    
      o     temp, +                  
      0.04           C   o              D o 
             
   0.0105        C  +               D + 
          
      0.02       B o         
       
   0.0087    B   +    
      0.017  0.008     A o+  
         ^       ^ 
     0.9        1.0    1.1 
       cost/unit

-1 

 
Figure C1  Product Utility Changes for the battery protection line  
        
This battery protection line product utility development is quite different from the SMD line for 
several reasons. The performance parameters of impedance and trip temperature reduction were 
successively improved in products A to B. This was accomplished primarily through 
improvements in the PPTC physio-chemical properties. Indeed, even the form of the SRP200 and 
LTP190 products are very close (see Fig. 2). The VTP210 product had only one-half of the 
impedance compared to the LTP190 product so that reciprocal value doubled while the price/unit 
rose only 10%. Then when the product concept from the miniSMD device innovation was 
introduced into the battery protection line the physio-chemical properties were held constant so 
the primary change from product C to D was the price/unit reduction. As mentioned previously, 
the PTC core material developed for the VTP210 product, C, was used for the miniSMDE 
product, D.  
 
The change in trip temperatures was from 125o C to 115o C between the SRP200 and the LTP190 
products, a decrease of 8%. The change was then from 115o C to 95o  C between the LTP190 and 
the VTP210 products, for a decrease of some 17%. 
 
Other factors here were the same as for the miniSMD device, i.e. the fabrication complexity and 
the installation problems were also reduced.    
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This analysis implies that both innovation processes are associated with decreasing cost per unit.  
This seems to be so for these two cases, but is unlikely to be a general rule for industrial products.  
 
Table C4   Reciprocal Values of Performance and Cost/unit data for the battery protection line for 
Figure C1 and Table 9 in section 14.2. 
 
Product 1. Impedance 

 mohms     reciprocal 
2. Trip temperature 
 
o
C          reciprocal 

3.  Price/unit, 
percent    reciprocal 

A. SRP200 60             0.017 125          0.008 1.00          1.00 
B. LTP190 50             0.02 115          0.0087 1.00          1.00 
C. VTP210 25             0.04 95            0.0105 1.1            0.90 
D. miniSMDE   
     unit 

25             0.04 95            0.0105 0.9            1.1 

 

Appendix D - Circuit Protection Component Announcement 

Circuit Protection Components Enable Customer Premises Equipment to Survive Low-
Level Lightning28  
June 3, 1998  
Menlo Park, CA  
 
Raychem Corporation is offering a combination of circuit protection components that enable 
telecommunications equipment manufacturers to meet tough new standards set by the U.S. 
Federal Communications Commission (FCC) for withstanding lightning. The revised FCC Code 
of Regulations 47 Part 68 standard requires that telephones, modems, PBX systems, fax and 
answering machines, as well as other customer premises equipment, continue operating after low-
level lightning surges. Manufacturers can meet the new standard by using Raychem’s PolySwitch 
TR-600-150-RB, RXE, SMD or miniSMD resettable fuses for overcurrent protection together 
with the company’s SiBar thyristor surge protectors for overvoltage protection.  
 
"The new FCC requirement has made it necessary for manufacturers to develop new circuit 
protection designs for their products," said Gary Wiseman, commercial marketing director in 
Raychem's Electronics OEM Components Division. "By coordinating PolySwitch resettable fuses 
with SiBar thyristor surge protectors, Raychem is offering manufacturers cost-effective, reliable 
solutions for meeting this standard while helping make equipment safer and more reliable for end 
users."  
 
Under previous FCC regulations, customer premises equipment exposed to transient surges from 
lightning strikes could not fail in a way that would lead to damage or failure in the 
telecommunications network. Therefore, manufacturers were able to use fuses or other devices to 
disable and disconnect their equipment from the network if it was damaged by transients. With 
the new regulation that requires equipment to continue operating after low-level surges, 
manufacturers now need more robust devices for both overcurrent and overvoltage protection.  
 
Copyright 1996, 1997 and 1998 Raychem Corporation 
                                                 
28 Raychem Homepage, News, Circuit Protection Components Enable Customer Premises Equipment to Survive 
Low-Level Lightning, www.raychem.com/news/newsx.htm, accessed July 1, 1998. 
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1.  Introduction to Case Studies  
 
This is a comparison study of two temperature measurement product innovation processes that 
were carried out by Raytek, Inc. headquartered in Santa Cruz, California. These processes 
occurred over the same time frame and were conducted under a formally instituted New Product 
Development (NPD) Process regime. The products created are also referred to as devices and 
units, depending on context.  
 
The uniformity in product development context within the company and the closeness of the 
involved technological bases offers a unique comparative situation for the detailed study of short 
and long-term outcomes from these two different processes. The data was collected over an 
extended period so that outputs that extended into and beyond the product life cycles for the 
products could be better evaluated. A present tense perspective has been used for this extended 
time frame even though the products and the company have changed in the meantime.   
 
Continuing development work on both of these new units eventually led to further product 
innovations and thus it has also been possible to study these innovation processes from a broader 
product line perspective. 
 
Raytek is a leader in noncontact temperature measurement that was originally established in 1963 
in Mountain View, CA. It had sales in 1991 of about $ 11 million that grew to over $38 million 
by 1997.  During the 1990s it also expanded globally as shown below in Table 1 wherein P.D. 
means ‘product development’. 
 
Table 1 - Raytek: International Locations; Operations & Employees Distribution 
 
Locations Operations  Employees 

(1998) 
Santa Cruz 
Germany 
Japan 
China 
Brazil  
  

manufacturing/P.D./sales/service 
manufacturing/P.D./sales/service 
sales/service (manufacturing in future) 
sales/service (manufacturing soon) 
sales/service   

 140 
   90 
     6 
   30 
     3 
 

              Totals   269 
 
The financial history of the company provides perspective for some of its internal decision 
practices. In 1985 the sales level was some $4 million, but the loss rate was about $1 million/year 
and the number of employees had been reduced to 41. To solve this problem the company 
changed its operational strategy to become a just-in-time seller that focused on materials handling 
and flow with a total quality control objective.29 Manufacturing procedures were set in place so 
that labor costs were held to no more than 5% of the unit costs. This meant that NPD processes 
were required to take into account the manufacturing cost structure for finally produced products. 
At that time the main hand-held unit was designated as the Raynger R2 and the main on-line unit 
was the T2 model that had a box head and was used for temperature monitoring within industrial 
plants. 
     
The company is now a division of Fluke Corporation, but during the data collection period it was 
a privately held, independent corporation that is controlled by its employees. Most of the 
                                                 
29 Communication from the V.P. of Finance referring to a 1989 letter sent to a California State Senator. 
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noncontact thermometers are made under the company’s own brand name, but some are also 
made under private label for large industrial companies such as Caterpiller that sells detectors 
used for diesel maintenance services. 
 
Disposition of the Study –  
The technological and industry context will be covered in the next section and the Raytek product 
lines will follow in sections 3 and 4.  Sections 5. and 6. set forth the birth of the two product 
concepts. Section 7 describes the formal innovation process regime under which these two 
products were developed. The detailed innovation processes actually carried out together with 
continuing developments within the respective product lines are given in sections 8 to 11.  
Outside linkages used during the new product development (NPD) processes are summarized in 
section 12 with some interesting implications given in section 13. 
 
A comparison of the two NPD process according to collected data is in section 14. Outcomes are 
assessed in section 15 and then further analyzed in sections 16-18. Conclusions are given in 
section 19. 
     
2. Technology/Industry Background 
 
Temperature measurements are required for a wide range of industrial processes and also in 
various commercial and home uses wherever energy is used. Temperature detection and 
monitoring is needed in many different fields such as: transportation equipment; food preparation 
and storage; transport of goods; chemical, petroleum, and metals industrial processes, and for 
building maintenance, heating, and cooling. 
 
Temperature measurement can be carried out by various devices such as liquid thermometers, 
thermocouples, bimetallic switches, and by infrared  (IR) detectors. Liquid thermometers operate 
by the expansion of a contained liquid due to the heat content of the measured environment.  The 
usual liquid is mercury. While these are of great use in some situations such as determining if one 
has a fever they are of limited use for commercial and industrial purposes. Thermocouples 
function by generating an electrical signal that is proportional to the temperature of the sensor 
element. There are; however two serious limitations with these two types of measuring devices: 
1. these have to be mounted directly on the unit or part for which the temperature is to be 
measured and 2. temperatures are some times so high that the sensor element will melt. For many 
industrial and commercial environments it is quite impractical to fit all of the units and parts with 
separate thermocouples.   
 
The bimetallic switches are those often used to regulate home heating and air-conditioning 
systems.  An element comprised of two different metals is exposed to air in the conditioned space 
and its shape or position is sensitive to the air temperature. Electrical contacts can be arranged to 
be made and broken depending on the air temperature, thus functioning to turn on and off the 
heating and/or air conditioning equipment. Such bimetallic elements can of course be arranged in 
different forms for industrial control devices, but these are considered somewhat limited in 
utility. 
 
Both the thermocouples and the bimetallic elements have to be used in almost direct heat transfer 
contact with the part or space to be temperature measured within industrial and commercial 
environments. However, in such environments there are many units, parts, and subsystems for 
which it is necessary to monitor temperatures without making direct heat transfer contact. For 
example, when it is important to monitor the temperature of a moving strip of steel during a 
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shaping process neither a thermocouple nor a bimetallic element would be appropriate. Neither of 
these would work well for monitoring the temperature of a steel furnace pouring operation either. 
 
Another limitation with the first three temperature measurement devices is installation cost. In 
industrial plants and large commercial structures there are many motors, pumps, pipes, and 
operating units that could be operating at incorrect or even dangerous temperatures. It is not cost 
efficient to install fixed measuring units on all such units. These two limitations have led to the 
development and use of the fourth category of temperature measuring device - infrared (IR) 
thermometers. 
 
The surfaces of all solid objects generate detectable infrared radiation over a wide range of 
temperatures from refrigerated conditions to high temperature industrial conditions. Surfaces with 
different temperatures emit different infrared radiation. We cannot see infrared radiation since it 
is beyond the visible electro-magnetic spectrum of our eyes, but this type of radiation can be 
“seen” by using the proper optical and sensing equipment that is also the reason why night-vision 
goggles work and satellites can take ground pictures at night. What is necessary to measure the 
temperatures of these parts is to “read” the infrared radiation being given off by them and then 
correctly interpret the data.  
 
Infrared detectors can be made to be handheld and thus portable so that they can be used for 
detecting and monitoring the temperatures of a wide range of the parts and units used within 
commercial and industrial environments. They can also be designed as fixed or mounted 
temperature monitoring units for a wide range of industrial processes. This fixed type are called 
‘online’ in the industry because they are installed in a set position to monitor a production process 
or line. 
 
For both the portable and the fixed, online type detectors another important point is that these 
detectors do not have to be in physical contact with the part or unit but can measure the 
temperature remotely from a distance by just collecting and focusing the infrared radiation 
similarly to the way a camera does with light in the visible range of the electro-magnetic 
spectrum. 
 
Another aspect of this technology is that the detector element that senses the infrared radiation 
emitted from a target surface usually operates over only a small IR wavelength or temperature 
range. While such a narrow range gives improved accuracy it has certain drawbacks. Another 
possibility is to use two detector elements that are designed to sense two different wavelength 
ranges. This type of design overcomes some of the drawbacks of a single detector element and is 
preferred for some high temperature industrial users such as steel and glass producers.  
 
Some 95% of the IR units sold detect only a single narrow wave length range of emitted infrared 
radiation. These are called single-color units since these detect infrared radiation only over a 
narrow IR wavelength range. Only 5% of the IR thermometers on the market permit the 
measurement of two separate wave length ranges and these are referred to as two-color units.   
There are a series of trade-offs in the technical features between these two types of detection 
capabilities.   
 
The use of a single-color detection unit achieves somewhat greater accuracy in the temperature 
readings, but a two-color detection capability is, in general, better for overcoming airborne 
obstructions and can be used to reduce the size of the target area. Being able to detect IR 
emissions through airborne particulate obstructions like smoke, dust, and vapor is of great 
importance for some online uses such as measuring temperatures in a steel pouring operation.  
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These types of obstructions can reduce the observable IR by up to 50%. Another problem is that 
the lens of the IR sensing head can become coated with dust and reduce the readings that can be 
obtained. This is a difficult problem to solve. 
 
The two-color units are about ten times more sensitive than the single color units. The infrared 
wavelength emissivity of objects varies according to the type of surface. Dark, rough, opaque,  or 
organic surfaces emit more energy than do shiny, smooth surfaces. The more sophisticated IR 
thermometers provide adjustments for different surface types. A two-color detection capability 
provides for an extended temperature range over which the surface temperatures can be 
accurately measured compared to a single color detection capability. 
 
Another feature of the two-color units is that they can be switched back and forth between the 
two wavelength ranges to get better accuracy in certain environments. These units can also be 
adjusted so as to reduce the effective measurement area over which the temperature reading is 
taken below that of the one-color units. 
 
Infrared Temperature Measurement Market - This market can be divided into two major 
segments: commercial/industrial segments and military ones. In the first of these segmental 
groups the industrial buyers overlap somewhat with the commercial buyers, but the higher price 
end of the market is, in general, occupied by the industrial customers that are interested in 
obtaining process control equipment for uses such as monitoring steel and aluminum production 
and temperature measurement instruments for plant maintenance. Commercial buyers are 
interested in monitoring the temperatures of a wide range of operating equipment and fixtures 
that are found in the fields of transportation equipment, automotive diagnostics, food safety and 
storage, condition of transported goods, electrical equipment monitoring, and for building 
maintenance, heating, and cooling. The overlap is due to the fact that industrial producers also 
need to monitor a wide range of equipment and fixtures. 
 
The customers in the military/governmental segments buy very sophisticated instruments for 
doing such tasks as thermal imaging, for example.  NASA has for, example, used one of Raytek’s 
units to measure the temperature of booster rockets and for determining the temperature profile of 
nitrogen tanks. 
 
There are a large number of competitors in the noncontact temperature measurement industry.  
The estimated global market size as of 1998 was about  $500 million. In the market segment of 
portable thermometers for noncontact temperature measurement there are about 50 competitors. 
 
In the online thermometer segment there are about 8 to 10 competitors with Raytek being the 
market leader.  For the high temperature online segment there are six suppliers in North America: 
Ircon, Land, Mikron, Williamson, Capintec and Raytek. In Europe there are four competitors in 
this segment: Impac, Ultrakust, Keller, and Raytek. In Asia there are two main competitors in this 
segment: Chino and Raytek.30  The global total is; therefore, about 10. 
 
The portable IR thermometer segment of the industry can be characterized as being close to 
purely competitive due, in part, to the large number of suppliers while the online segment shows 
the characteristics of an oligopoly. While there are fewer suppliers in the online segment it is 
highly competitive based on perceived technical competence and reputation. Overall, this 

                                                 
30 Raytek,  Thermalert 2C Series: “TwoColors, Two-Ways” SALES BULLETIN, April 1996, p.2. 
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industry is characterized by rather small-sized high technology firms that specialize in IR 
detection equipment 
 
The price ranges of these two main types of IR measurement devices is of interest here. The 
portable units vary from about $160 to $1600 whereas the on-line range was from $ 1700 to 
$12,000 in the late 1990s. 
 
The lower part of the portable range is within the tradesman range in which many different 
commercial users are in the market as active buyers. This is a very large market and is just 
becoming of interest for the IR measurement industry. An example is that an automobile 
mechanic who has some catalytic converter repairs could be a buyer at a sufficiently low price 
since the IR unit would permit him to verify the functioning of the converters without taking 
them off from the cars. At a low enough price the unit could pay for itself in a couple of 
applications and from that point forward it would, in effect, be a money-maker for him.  However 
attractive this proposition might be it only seems to apply to in the lower part of the above 
portable unit price range. The large number of automobile repair facilities of course makes this an 
interesting market segment. 
 
 3.  Raytek Product Lines 
 
Before describing the product lines it may be useful to the reader to grasp the basic structure and 
functioning of these products. As shown in Figure 1 a simple, functional IR temperature 
measurement device (thermometer) includes a sensor or sensing head that contains a focusing  
lens system, one or more detector elements for converting incoming IR to electrical signals, 
output electronics that include a power source, amplifier and processor, and a monitor unit that 
can include a display screen. The more complex units also include software to control the output 
electronics and the monitor unit.   
 
 
   SENSING HEAD 
 
 
 
 
   
 IR 
 
      LENS DETECTOR      OUTPUT ELECTRONICS 
Emitting  (SENSING)  power source 
Object   ELEMENTS  amplifier 
      processor 
 
Figure 1 - Schematic Diagram of an IR Thermometer 
 
The infrared radiation, IR, from an emitting object comes in to the thermometer from the left side 
of the schematic diagram and is focused through the lens on to the detector elements which then 
generate electrical signals that are proportional to the temperature of the infrared radiating from 
the object that is in focus. These signals are processed through the output electronics and the 
temperature measurement is displayed and/or recorded by the monitor unit.   
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There are several additional comments to Figure 1. Only a single lens is shown for sake of 
simplicity. Most focusing systems have multiple lenses. While two detector elements are shown 
which would be needed when a two-color (2C) unit is to be manufactured it is of course only 
necessary to have one such element when a single color (only one narrow wavelength range) is to 
be detected. The monitor unit can be separate from the sensing head as shown or it can be built in 
to a single housing together with the sensing head and a display panel as in the case of portable 
units.   
 
Raytek manufactures and sells a large number of product lines for noncontact temperature 
measurement. These lines include sensors; modular electronics; monitoring systems (sensing 
heads + monitors); line scanners; and online fixed mounted and portable units. 
 
The two classes of these noncontact temperature measurement devices that are of interest for 
purposes of this comparative study are: online and portable. The online class is used generally in 
fixed positions to monitor temperatures in industrial processes as mentioned above. The portable 
class are used as maintenance tools to help spot potential overheating problems that can cause 
costly repairs if not detected at the earliest possible time. 
 
The online device class consists of five product line groups as set forth in Table 2 wherein short 
descriptions of each group are given together with the number of models or series in each group.   
Similar information is given for the portable line.  
 
Table 2  Raytek Online and Portable Product Lines 
 
Product Lines Description No. of models 
Online 
 integrated sensors 
 
 
 sensors with modular   
    electronics 
 
 monitoring systems 
 
 
  
fixed mounted units 
 
 line scanning systems 

 
combines sensor and output electronics in 
single package 
 
separate sensors and output electronics 
 
 
interchangeable sensors and monitors and 
accessory housing 
 
 
factory assembled full functioning 
 
temperature measurement for web processes 

 
3 
 
 
2 
 
 
4 sensing heads 
1 accessory unit 
4 monitor units 
 
8 different series 
 
12 
 

Portable units   
 laser aiming 
 
 
 line-of-sight aiming 

 
sensor measures temperature of a circular 
area around the laser spot 
 
sensor measures temperature of an object that 
is in-line with sensor optics 

 
7 
 
 
3 

 
Source:  Raytek, Portable and Online Thermometers for Noncontact Temperature Measurement.31  
                                                 
31 Raytek, Portable and Online Thermometers for Noncontact Temperature Measurement, brochure copyrighted 
1995. 
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The first three online product line groups are components for constructing customized 
measurement devices for industrial applications. The various components illustrated in Figure 1 
can be put together in a wide range of combinations that optimize temperature monitoring 
capabilities for various temperature ranges and feedback data requirements. The fourth line group 
is the Thermalert® family of factory assembled fixed mounted online units. 
   
The fifth product line is known as line scanning systems and these provide multi-point 
temperature readings and are designed for monitoring the temperature across the width of an 
extruded plastic sheet, but these are not directly of interest for this comparative study. 
 
The portable units are divided according to the sighting function.  Some of these products have 
laser sighting while another group has line-of-sight aiming. The first is analogous to a laser-
equipped pistol and the latter to “iron sights” or a telescope mounted on a rifle. 
 
4. Development of Product Line Generations 
 
The main product lines for purpose of this study are the Thermalert® family of online units and 
the Raynger® family of portable units. These two product families are being developed over time 
by the addition of many new features that are delineating the various series within these families. 
 
In this study the innovation process for Thermalert® 2C product, will be compared with that of 
the Raynger® ST6 product. In this and later sections the first is also alternatively referred to as 
Product A and the second one is designated Product B.    
 
The 2C new product development project started with a need from the marketing department to 
acquired new customers in the high temperature manufacturing industrial segment and was 
expanded during the innovation process to encompass a number of technical features that were 
new to the industry. This project was started for the purpose of adding the feature of two-color 
temperature measurement to the then existing online product family and is labeled as the Product 
A main innovation process in Figure 2. The development of this product gave rise to the new 
Marathon series within the Thermalert® product line.   
 
The ST6 unit innovation process was carried out to add a new model equipped with laser aiming 
to the lowest priced portable product line. Laser aiming was already available in several other of 
the higher priced units in the portable category. It became an important product in the low priced 
hand-held portable ST product line that is focused on the large volume tradesman market segment 
referred to above. The NPD process is labeled as the Product B innovation process in Figure 2. 
 
As these two product lines developed several generations of products can be distinguished.   
These have been diagrammed in Figure 2 below to provide a visual map for the products referred 
to in the subsequent sections of this study including those developed later than the two products 
focused upon in this study. The various generations are denoted as G1, G2, etc. 
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     G1    G2    G3    G4 
Online 
 
Thermalert® family     Product A main innovation process 
Other series       Prior one-color 
       units 
 
 
    Marathon series      2C /  MR1S    MA1S   MR1F 
             MA2S 
 
 
Portable        
                 
Raynger®  family 

Product A subsequent innovation process 
          

   Other series     Some prior units with  
      laser sighting 
 
   MX series    3i     MX2, MX4         MX4+ 
 
   ST series        ST2    ST6   ST3 
     ST4       ST8 
 
        
 

Product B innovation process 
 
Figure 2  Marathon and ST Product Line Generations   
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Figure 2 shows that the existing online products were all one-color units so that single detectors 
or sensing elements were used in those. The 2C product was the first two-color unit having two 
such elements. That is not the sole new feature in this new product as will be later appreciated.    
 
In the portable products category lasers were already used on some of the existing products. The 
purpose of the ST6 project was to add a laser sighting feature to the low priced hand-held line. 
Laser sighting is the number one feature for hand-held units according to customer survey 
information. The ST6 product led to the creation of an extended ST line products having a variety 
of features that are, significantly, available at decreasing prices. 
 
To provide better comparison the MX series is also shown in the portable category. The first 3i 
product had two lasers for sighting but was a high priced unit in the $1500 to $2000 range. It 
preceded the ST6 development project, but led to the creation of the MX line in which multiple 
lasers are arranged in a circular pattern to enable the target area to be accurately visualized by the 
user.    
 
Several indications of the Product A and product B process steps of the illustrated product 
generations are also shown in Figure 2. The G1 to G2 step for the Marathon product line is of 
particular significance for reasons that will become clear below. The 2C product new features 
included the use of data management software that was also used in the MX portable line. This 
shows that one of the features of this 2C project spread into another product line in the portable 
category in this case and this is noted as the Product A subsequent innovation process. 
  
Both the 2C and the ST6 projects dealt with a product feature that is not readily apparent to most 
users. This is the use of surface mounted electronic components on the small internal printed 
circuit boards (PCB) in those two products. This feature was developed for both of these products 
in about the same time frame and permitted decreased manufacturing unit costs at increasing 
quality levels. 
 
The products referred to in Figure 2 cover a wide range of measurement conditions and customer 
requirements in the industrial and commercial markets. The involved product features are set 
forth in Tables 3 and 4 so that the advantages over previous models in these product development 
trajectories can be understood more clearly. Also, the product development start points are shown 
in these two tables. The last columns in both Table 3 and table 4 show that both NPD processes 
were started in Phase 1 with planning, although for some incremental products this is not always 
the start point. Thus these two tables contain important contextual information for the two NPD 
processes. 
 
Only the principal use problems, features, and advantages for the involved products are 
mentioned in these following two tables in which optical resolution is mentioned in regard to 
advantages over previous models. This requires more explanation. Optical resolution is expressed 
as a ratio of the distance out to the object of which the temperature is to be measured to the 
diameter of the observed spot area of the object from which the IR is emitted. For example, a 
resolution measure of 35:1 would specify that at 35 feet from the object an area of approximately 
a one foot diameter spot on that object would be the source of the IR that is measured. These are 
rather approximate numbers because the measurements actually made are for a collection of 90% 
of the emitted IR energy. This is the industry standard in terms of resolution. Higher resolution 
ratios are need for certain industrial situations so that the emitted IR is measured from very small 
areas.   For example, when a 100:1 resolution unit is placed 10 feet away from the measured 
object the emitting area is only 0.1 foot in diameter. 
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Table 3   Online product models 
Model  
 

Generation Use  
Problems 

 Features Advantages over previous  
model 

Product development   
start point 

 Prior units G1 gave imprecise readings in 
some industrial conditions 
 
limited to low temperature 
conditions according to 
some customers 

  Wide ranging     n/a   n/a 

   2C G2  None other than minor 
design and specification 
changes 

  Two-color detection 
  Switchable between one  
     and two-color operation 
  Advanced electro-optical    
    design 
  Smart digital electronics 
  Built-in user interface    
    display 
  Monitoring and controlling 
    from remote locations 

 Gives improved readings in  
   difficult, high temperature,  
    industrial situations. 
  Overcomes obstructions due to 
     atmospheric particulate  
     matter. 
  Optical resolution over the   
     35:1 to 100:1 range in three  
     models. 

 Planning - Phase 1 
   

  MA1S 
  MA2S 

G3  None other than minor 
design and specification 
changes 

  Adds high-speed signal  
    processing to MR1S. 
  Improved optical        
    resolution over the  
    MR1S 

  High speed (1 msec.) response 
     time. 
 
  Optical resolution of 300:1 

 Planning - Phase 1 
   

  MR1F G4  None other than minor 
design and specification 
changes 

  Sealed fiber optic cable 
  Variable focus optical head 

  Improved measurement for  
     hard-to-reach locations  
     including hot and high  
     magnetic flux environments.

 Planning - Phase 1 
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The improved features and advantages from generation to generation can be quickly seen in 
Table 3 for the online product category. What is not very apparent; however, is the increasing 
sophistication behind the internal electronics and data management that is involved for these 
illustrated products. The rapidly increasing reliance on technological knowledge has become a 
part of the product development trajectory that is being established by the Marathon® product 
series that started with the development of the 2C unit. 
 
In a like fashion the improvements in features and advantages from generation to generation for 
the portable product category can be seen in Table 4, below. The main generational development 
thrust in this product line is the decreasing unit costs that have brought down the prices of the 
Raytek laser sighting products. The price of the bottom of the line, ST2 device, in 1998 was only 
$160 which was well within the tradesman tool price range. 
 
The full MX series product line is not shown in Table 4 because it is only peripherally involved 
in the ST line development. The use problems, features, and advantages for this higher priced and 
more accurate sighting instrument are not sufficiently comparable to the ST trajectory to warrant 
inclusion here.    
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Table 4   Portable product models 
 
Model  
  
 

Generation Use  
Problems 

 Features Advantages over previous  
model 

Product 
development   
start point 

 Prior units   
   with laser  
   sighting 
 
 
 ST2 and  
       ST4 

G1 Priced too high for most  
  commercial uses 
 
Technical features not  
  needed for some lower  
  level uses 
 
 No laser sighting 

  Wide ranging 
  High price ($700 to  
    $800) 
 
 
 
  Low price ($200) 
  Line of eye sight only

   n/a   n/a 

   ST6 G2 None other than minor  
  design and specification  
  changes 

  Laser sighting 
  Surface mounted  
    electronic  
    components 
  Lowest priced laser  
    sighting unit on market 
    at $450 when      
    introduced 

 Has laser sighting capability for  
  improved readings in  
  commercial and industrial  
  situations. 
 
Provides low priced unit for first  
  time in market. 

 Planning - Phase 1 
   

   ST3 
   ST8 

G3 None other than minor  
  design and specification  
  changes 

  Adds enhanced display   
    functions to original  
    ST6 

Both have laser sighting  
 
Improved display capabilities 

 Planning - Phase 1 
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5.  Birth of the Thermalert® 2C Product Concept   
 
In 1994 the marketing department became concerned that the company’s product line was not 
wide enough to sufficiently appeal to customers in the high temperature industrial segments such 
as primary and secondary steel, glass, semi-conductors, and various induction heating operations.  
The marketing department determined that these segments of customers believed that temperature 
instrument companies that make more complex IR detectors that use the so-called two-color 
systems understand high temperature needs better than do companies making only one-color 
instruments. It was thought that the company’s existing on-line industrial units did not adequately 
show its technical capabilities to this high temperature segment. Marketing thus requested that a 
two-color IR thermometer be created to facilitate entry into those higher priced segments. 
 
The idea was that a two-color online unit would expand sales opportunities because those high-
end industrial buyers would purchase the new units and then gradually begin to buy other IR units 
across the entire product line. Due to the origination of the product concept in marketing this 
could be said to be a market pull innovation, but that label does not really capture what actually 
happened in the innovation process. A large number of innovations were made by the project 
team that developed the two-color IR detection unit that finally had very unique features. From 
this standpoint the innovation seems to have been one more of technology push. 
 
The project team produced a unit that had many new technical features. Instead of a unit that was 
a ‘me-too’ entry in the market the final product had vastly improved features. An undifferentiated 
‘me-too’ entry would have had the two-color capability that would require hand adjustment with 
a screwdriver to service certain types of problems and the temperature readings would have to be 
taken off directly from the display panel on the unit.    
 
The finally launched product operated in a totally different way. The unit functions as an 
extension of a process control computer. It provides the “temperature eye” input for a process that 
can be far away from a production engineers’ control room. The production engineer in the 
customers plant can simple call up the temperature eye and adjust the same for different settings 
from a computer. He can switch between single-color or two-color inputs and can put on the 
screen ratio measurements because there are two separate streams of input data available. 
 
It is also possible to record the temperature on a continuous basis and to program in certain 
warning signals. In short, the 2C unit became a sophisticated temperature input peripheral device 
for control through a computer rather than a fixed in-place thermometer that had to be read 
locally. This meant that the data management and control features built-in to the 2C unit 
permitted control, read-out, and recordation all from a remote control room location. 
 
6.  Birth of the Raynger® ST6 Product Concept    
 
Raytek has for some time manufactured and sold a line of hand-held (portable) IR thermometers 
that are line-of-sight instruments. Various models of the R2 unit have been sold for 25 years.  
Then in the mid-1980s an R3 unit was added. These were sighted through an eyepiece optical 
system to focus on the center of the active IR receiving area that was indicated by crosshairs.  
This means that the sighting is similar to that of a single lens reflex camera. These were priced at 
the professional-use, high end of the market.   
 
Another way for sighting a portable unit is to provide laser sighting that provides visual feedback 
to the user as to the exact area from which the IR measurement is being taken. Some years ago a 
laser module was offered in the R2 unit as an option and this proved to be of interest to certain 
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customers. A similar module was also offered for some of the on-line units so that industrial 
process operators could check the spot from which the temperature was being measured. Another 
development was that in the 1980s Raytek introduced a PM series of portable units with a laser 
sighting function. The laser eliminated the need to look through an optical device; however, the 
cost of adding the laser feature was fairly high and the PM units were in the $500 to $1600 range.  
The customers who had bought these PM units accepted the laser feature enthusiastically and 
began to ask for lasers in lower cost portable units. 
 
In the mid-1990s the marketing department began to feel that a low cost laser sighted portable 
unit would lead to healthy sales and requested that such a unit be designed. This product concept 
evolved directly from the above customer demands for such a product. Marketing was eager to be 
the first into the market with such a low-priced product. 
 
The company also manufactured and sold a lower cost ST line of  portable, handheld units that 
had neither optical or laser sighting, but rather were pistol-sighted down the top of the housing; 
so-called ‘iron sights’. Those units require that the user move the thermometer in a scanning 
pattern so as to make sure that they have centered on the IR from the point or object that they are 
trying to measure. This is a limitation for some uses, but the price of those units is lower than 
those mentioned above. So the product concept evolved to be the addition of a laser module into 
the lower cost ST product line. 
 
There are two advantages to laser sighting for IR thermometers. The first is that the spot where 
the temperature reading is taken can be visually confirmed by the user. The second is that it is 
easier to use laser sighting, sort of like having a ray gun in ones hand. This feature makes the 
repetitive tasks of checking for temperatures somewhat more interesting. This is important for the 
commercial heating and cooling and building maintenance uses of these thermometers since such 
tasks can quickly become boring and then measurement errors arise. 
 
The concept was that the inclusion of a laser module would give the customers these benefits at 
lower prices, i.e., increased functions at lower prices. 
 
7.  The Raytek Formal Product Development Process 
 
Shortly before the start of the two innovation processes described in this comparative study 
Raytek adopted a New Product Development Process (NPD) regime that has four major task 
phases that are controlled by design reviews and management review decision gates. This regime 
is similar to a phase-gate or stage-gate system.32 While very detailed and time-consuming this 
process regime is the reality in NPD efforts today in most technology-based physical product 
innovating firms.   
 
Since both of the present innovation processes were carried out under this regime it is useful to 
describe the formal task phases and decision gates that are provided for in Raytek’s NPD regime.   
These are shown in Figure 3 that is based on the Raytek Quality Manual.33  These task phases and 
decision gates will be first commented on in general and then in greater detail so that both an 
overview and the actual subtasks can be more fully appreciated. The management review 
decision boxes shown in bold are those that involve direct top management participation.  The 

                                                 
32 Cooper, Robert G. (1990) ‘Stage Gate Systems: A New Tool for Managing New Products’, Business Horizons 
(May-June): 44-54 . 
 
33 Raytek Quality Manual, Revision F, p. 11. 
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non-bold boxes are task phases unless they are designated as reviews. Both of these non-bold 
boxes are controlled within the Engineering Department. 
 
After an interesting IDEA has been generated the first task is to produce a business plan that 
contains the initial product requirements and the project plan as shown in Phase 1. Other 
information that is required to be gathered at particular phases is set forth also in Figure 3. Of 
course as much of the information needed in the subsequent task phases as can be discerned in 
Phase 1 must be dealt with in this initial phase. This initial information is then reviewed in a 
kickoff session that actually constitutes a top management decision gate. On the practical  
significance of these kickoff sessions it is interesting to repeat a comment by the Vice President 
of Engineering, to the effect that: 
 
 “Most projects go through to the end once the kickoff is passed.”34 
 
After a successful kickoff session has established approval for an innovation project the 
Feasibility/Specification Phase 2 is undertaken with specific tasks as shown in Figure 3. A 
preliminary design review (PDR) is held following this phase to assure that all required 
knowledge has been successfully dealt with. This and the two subsequent design reviews are held 
within the engineering  department. Following this preliminary design review the project is taken 
through the first top management review wherein the president and all of the vice presidents 
constitute the review committee. At the management reviews the projects are subject to a veto 
from any one of the committee of 7 managers. This has led to tightly disciplined NPD work. 
 
The next task phase is the formal Design Phase 3 where the new product is finally specified as to 
features, parts, and subsystems that can be successfully manufactured. After this phase comes the 
critical design review (CDR) that is followed by the second management review. The word 
‘critical’ is used to denote that an approval in both of these reviews will commit the company to 
go into the Pilot Phase 4 and then into manufacturing and product launch. A final design review 
(FDR) is held by the engineering department and then the third top management review is carried 
out. An approval in this review session means that the new product will get to the release point 
that is the decision for market launch. Following the release decision the project documentation is 
to be completed as shown in Phase 5 of Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
34 Interview of the Vice President of Engineering, 22 July 1996.  
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        NO  YES   NO   YES    NO          
             
  
 
 
     YES 
 
 
 
 
Figure 3 - Raytek New Product Development Process (NPD) Schematic Diagram 
 
Source:  Raytek Quality Manual, Rev. F, p 11. 
 
 
 
 
 

       KICKOFF 

 Phase 4  Pilot 
Purchase Parts 
Stage for Manufacture 
Train Assemblers 
Build Pilot Units 
Characterize Pilot Units 
Beta Testing of Units 
Complete Training 
Report Progress Weekly 

 Phase 3  Design 
Design 
   Industrial, Opto-mech, Electronic,      
   Software, Fixtures 
Options & Accessories 
Design Verification & Validity 
Fabrication/Test Prototype(s) 
Fabrication/Test Fixture(s) 
Release Document 
  BOM/Parts List 
  Assembly/Part Drawings 
  Printed Circuit Board Package 
Long-lead Parts 
Freeze specifications 
Approve Vendors/suppliers 
Market Introduction 
Production & Service Training 
Design/Fabrication Demo Kits  

 Phase 2 
 Feasibility/specification 
Preliminary Product Requirement 
Preliminary Project Plan 
Risk analysis 
System Engineering Analysis 
Design Approaches 
Design Tradeoffs 
Fabrication/Test Breadboard 
Assess Feasibility 
Preliminary Design 
Prelim. Bill of Materials (BOM) 
Project Plan 
Project Requirements Specified 
Report Progress Weekly 
 
   

Critical Design  
     Review 

Final Design 
     Review 

   Preliminary Design     
          Review 

  Management    
      Review 3 

        Management  Review 1         Management Review 2 

Phase 5  Documentation 
Product Documentation 
Characterization Data 
Post Release and Enhancement Lists 

       RELEASE 

Phase 1  Tasks 
  Business Plan 
  Initial Product Requirements 
  Initial Project Plan  
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It is important to comment here that the NPD process under this Raytek regime is not intended to 
be practiced in the strict linear fashion as can be implied by the flow along the arrows from Idea 
to Phase 5 Documentation. Quite to the contrary, project managers are encouraged to pull the 
tasks up from the design and pilot phases into the feasibility/specification phase so that parallel 
development of these phased tasks occurs thus reducing the development time frame. This is 
illustrated by the diagram of Figure 4. 
 
 Linear    Parallel 
        o             o 
Stages    1       1    o    
 over   2           2       o 

Time       3       o             o 
   3          4            5 
                 
   4                
    
   5  
 
Figure 4 -  Linear vs. Parallel  Development Staging 
 
The Vice President of Engineering, pointed out that the essence of  
 
 “the NPD art is in choosing which tasks can be moved up for parallel processing”.35  
 
This means that the project manager is entrusted with the decisions as to which tasks can be 
moved up and performed in parallel within the limitations of the project resources. 
 
In addition to parallel processing it is possible to have many variations in the use of the NPD 
process illustrated in Figure 3. The first is that not all projects are started at the same point.  It is 
possible to start at Phase 2 with feasibility and specification tasks, for example. 
 
Also it is possible to have the market introduction start already in the design phase rather than 
waiting until after the third management review. Such introduction is a positive aid since 
customer orders are needed to start regular production. Other variations that involve customers 
are that contact is normally taken with some potential customers already in the planning Phase 1 
so as to better fix the product features and that beta testing with customers under actual use  
conditions can occur in design Phase 3 as well as in the pilot Phase 4. 
  
The details of the various task phases and decision gates (called reviews) in Figure 3 are also 
important to achieve successful NPD processes and the more important of these details are noted 
below. 
 
Phase 1 Tasks - The initial business plan is expected to cover both product and financial 
considerations as well as to lay out the project plan. This phase can be seen as having three inter-
related parts as shown in the Phase 1 box. The initial product requirements are to be specified in 
terms of the market unit sales forecast, expected accuracy of the instrument, its optical resolution, 
ability to withstand shock and vibration, type of display screen to be used and its estimated cost 
together with the expected list price. The initial project plan must specify milestones for the 
various task items specified in the main task phases 2 through 4. This means setting forth the 

                                                 
35 Interview, Vice President of Engineering, 22 July 1996. . 
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dates by which these will be accomplished. The business plan financials such as cash flow, 
estimated return on investment (ROI), and internal rate of return (IRR) are to be calculated.  The 
purpose of this phase 1 is to provide adequate information upon which a Kickoff decision can be 
made. 
 
KICKOFF - The Phase 1 information is then used by top management as the basis for a decision 
to proceed with the innovation process or to stop the process because of insufficient potential.  
When adequate business potential is found the project is authorized to proceed. This is an 
important step in the NPD process in view of the above quoted comment that most projects once 
through this initial gate will go to the Release point. 
 
Phase 2  Feasibility/Specification - The specific tasks to be accomplished are those set forth in 
the task box. The first two items provide for reconsideration of the information developed in 
Phase 1. Of specific interest at this phase is the fabrication and testing of the breadboard for the 
circuitry of the new instrument. This is of course an early task in the innovation process and in 
some cases is done in phase 1 so that fuller information, particularly for the product requirements, 
can be accumulated. This then leads to the preliminary bill of materials (BOM) for parts. 
 
Preliminary Design Review (PDR) - This first review is undertaken in the Engineering 
Department, chaired by the Vice President of Engineering, and is preceded by the preparation of 
a review book that is given to the review committee one week prior to the review meeting. The 
key issue here is whether the right questions are being asked. Is the product specification correct?  
It is an adversarial review. The defending project team must show that the design is valid for 
meeting the product requirements and the team must present and confirm the development 
schedule. Also the team must show why the risks are acceptably low. It is important to identify 
all open issues and to fix plans for resolving these. 
 
If the review committee has specific concerns these can be handled in an ad hoc manner by 
deferring consideration until a later date when a separate memo can be produced and evaluated.  
It is; however, important to finalize the PDR at the earliest possible time since it is more costly to 
kill the project at a later date.   
 
Management Review 1 - This first management review is undertaken by the project leader in a 
meeting with the top managers, a group composed of the President and all Vice Presidents. The 
project leader prepares a status document beforehand for showing the planning and actual dates 
and that details the work-in-progress for senior management. If the top managers agree with the 
innovation process the funds for continued development in Phase 3 are committed.    
 
It is of interest to note that there is no cost or engineering time budget set up for the project work 
under the Raytek regime. There is of course departmental budgeting by the Engineering 
Department, but not on a per project basis. The NPD processes are carried out within this 
department as general engineering tasks. 
 
An important element of the NPD regime is the information reporting system that keeps top 
management informed as to each project. There is a once per week updating of the project status 
and milestones review online over the internal (intranet) communication system. Also there is a 
weekly meeting of the top managers at which the Vice President of Engineering verbally updates 
each NPD project. There are also separate marketing and manufacturing engineering meetings 
that update and track each project that is underway. 
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Phase 3  Design - In this phase the form and function of a new instrument that can be produced 
by manufacturing are specified. This necessitates the fabrication and testing of at least one 
prototype of the instrument including the new PCB. The market introduction task is composed of 
the subtasks of: laying out the plans for world-wide introduction, preparation of sales brochures, 
labels and an operating manual. The product design must be validated and the prototype must be 
fully tested. 
 
Critical Design Review (CDR) - This review is conducted within the engineering department as 
are all of the design reviews. The prototype test data is studied and performance issues are 
resolved. The manufacturing cost issues are to be resolved here. 
 
Phase 4 Pilot - The pilot production of the first manufactured instruments occurs here.  Training 
for manufacturing and instrument assembly is undertaken in this phase. 
 
Final Design Review (FDR) - This is mainly an information meeting and no decision is taken 
here.  The assumption is that all of the instrument requirements have been successfully resolved 
by this stage in the NPD process. The specifications/product requirements are confirmed. The 
data from the prototype units is reviewed. The information accumulated is archived. This is the 
stop point for the Engineering Department. It is possible of course to do a post-release review or 
to become involved again for product improvements. 
 
Management Review 3 - The approval for product release and launch should occur as planned.  
Again it would be unusual for a product development to proceed this far into the NPD process 
with serious problems that would prevent a launch at this stage. 
 
Phase 5 Documentation - This is a post-release information recordation task.  The types of 
information specified in Figure 3 are to be recorded into an electronic record of the project. 
 
Use of the Formal NPD Process in Practice - Raytek has what can be described as a directed 
NPD practice. It is not the kind of company that develops a number of new ideas in the R&D lab 
and then picks and chooses the ones that are going to be developed and brought into the market.  
It is more like ‘directed development’. The management team decides there is a need and then it 
goes about developing a product to fill it. This leads to a high percentage of successful NPD 
projects.   
 
 “For the most part when we start out with a project we tend to finish them off and I would  

say that our track record is in the 90% in terms of bringing it to market and in terms of   
fluctuations and variations in price schedule at least in the portable products....”36 

 
Also in terms of scheduling, the NPD projects usually are not more than plus or minus about 10% 
if at all in terms of timing. Typically there are no dramatic cost overruns or miscalculations in 
terms of per unit cost. 
 
Another point with respect to Figure 3 is that many of the past NPD projects have been carried 
out to develop derivations of earlier products. This has meant that phases 2 and 3 of 
feasibility/specification and design have been abbreviated and the cycle time has been reduced so 
that the projects have finished in short time frames. The teams know what is needed and exactly 
how each step should be done. They are confident of being able to solve the details from the 
outset. This is possible for projects in which small step improvements are being made to existing 

                                                 
36 Interview of the ST6 device project manager16 July1998. 
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products. Thus phases 2 and 3 have contained many truncated sub-steps. According to the ST6 
project manager: 
 
 “the devil is in the details and probably about 80% of our project is to figure out those  
 details.”37  

 
This attention to NPD details requires much thinking and many check-offs that go into 
accomplishing the different phases. However, given the required attention to details the teams are 
then able to move fast through the implementation process. For example, sometimes those details 
are as simple as quotes on new electronic circuitry or code. Fundamentally the new electronics do 
just what the old circuit did or the code does just what the old code did but someone has to write 
the code and/or to build the circuit and to figure out the calibration. 
 
Another perspective is useful for understanding the formal process as actually practiced. That is 
to look at the longer term of the development of a give product line over time. There are at least 
two alternative approaches. The first is to use incremental staging for making a series of changes 
to given product in the line. That is to make small step changes during each of the NPD projects.  
After several iterations the product will have different functions and appearance. A second 
approach is to carry out a more comprehensive product revision during a single NPD project.  
This means that all of the functions and subsystems of the product will be examined for possible 
changes within a single NPD project. The incremental approach of course can be carried out 
much faster for each of the step changes than can the more comprehensive approach.   
 
The incremental approach is preferred by some project managers because this allows the teams to 
do the detailed work for a given small set of feature changes without being sidetracked by a lot of 
peripheral issues concerning industrial design, for example. With too many activities on the 
critical path the project slows down. It is hard enough to get the electronics to work, the 
algorithms, and all the interconnected components of the IR circuit to work without having to 
also have the complications of the shape of the product or to make hard tooling to produce the 
plastic parts.   
    
Another complication would be to have to redesign the optics system within the same project 
wherein all of those changes were being made. Each of these changes raise issues concerning new 
tooling and vendor selection. 
 
By carrying out an incremental NPD project it is possible to pipeline or speed up particular NPD 
process because from a marketing standpoint the components are just being replaced and made to 
work better, also the team does not have to get involved in a lot of decisions other than some 
questions of user interface, product labels, and of course some performance issues. Then the next 
sequential project can be concentrated more on industrial design issues and packaging, for 
example, or perhaps optics issues. Over a longer perspective a given product will have gone 
through many iterative changes in this manner, but no one step will seem to have been very large. 
 
Some managers prefer the comprehensive approach wherein the project size is large and the time 
frame is extended, but a complete revision of a given product can be made. More fundamental 
product changes can be made in such a project and the new functions and changed appearance of 
the product usually reflect this approach. This is the approach of doing two smaller projects rather 
than one big one. The problem is that this comprehensive approach is seen by some as being three 
times the amount work rather than twice the work.   

                                                 
37 Interview of the ST6 device project manager16 July1998. 
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By doing the first part first and the second part second in an incremental approach it is about half 
the work and the project work is dramatically different because the team has developed all the 
infrastructure for the calibration, code work, the circuitry work sequentially as the project 
iterations have occurred. 
 
The ST6 project can be seen as following the incremental approach whereas the 2C project can be 
seen more as of the comprehensive approach. 
 
8.   The Actual 2C Innovation Process 
 
This process will be described by reference to the above Figure 3 formal Raytek NPD regime 
although some of the steps do not quite fit the steps given. The use of the same headings should 
make the actual process more easily understood. 
 
IDEA - As mentioned in section 5, above, the original idea for the two-color development that 
became the 2C IR thermometer originated in the marketing department with the belief that such 
an instrument would raise Raytek’s technical reputation among the high temperature process 
customers and would also raise sales across all the product lines. No data management or remote 
control features were included in this original product idea. 
 
Phase 1 Tasks - Once this new product concept had been discussed and believed to be of interest 
a pre-feasibility study was undertaken by one of the design engineers to determine whether a 
product innovation process should go forward. This study was made over a six months period.   
 
The tasks were to determine whether a sensing head with two detector elements could be 
constructed and to learn how this could be done. The detector elements from various suppliers 
had to be collected and tested. A breadboard for the new unit was set up during this period. This 
initial work was needed to be able to describe the new product concept with enough specificity to 
enable preliminary product requirements to set up. 
 
The main question to be answered here was: Is this concept technically possible? The answer 
seemed to be affirmative.   
 
Another question was what features were of greatest value to customers. For this purpose  the 
Project Manager contacted several potential high temperature industry customers including 
Inland Steel Co. and  LTV (also a steel company). Some of the companies contacted gave some 
purchase estimates already at this early stage.   
 
At the idea stage the product concept incorporated only data output to a built-in digital display 
panel. Thus the unit would have required a standard screwdriver adjustment for an internal 
potentiometer for fine-tuning. In addition; however, as planning proceeded other technical 
features were included: 
 
 1. The signals from the detector elements were to be used so that the unit functioned as 
both a single-color and as a two-color unit in alternating modes depending on choices made by 
the operating engineer in the customer factory.   
 
 2. The unit was to be fully digitized so that the settings could be controlled remotely 
through a computer rather than requiring an operator to adjust the unit with a screwdriver which 
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was the usual way this is done. This meant that digital signal processing (DSP) was to be used for 
the new unit.  
 
The control functions planned in this first phase per feature 2, above, became an important part of 
the innovative effort since the two-way DSP permitted both adjustment of the 2C instrument and 
reading and recording the temperature measurements from a remotely located process control 
room in a customers plant. This type of full control had not been put into earlier Raytek products 
so this aspect was new to the company. Software had been earlier developed for use in the 
Thermalert® 3, 4, and 6 series of online instruments that provided for reading temperatures and 
storing measurement data at a remote location, but those instruments did not include the feature 
of control of the adjustments for operation of the units from a remotely located computer. A 
package of control features was more fully worked out in Phase 3, below. 
 
Kickoff -  At the end of this period the management team decided that this 2C project should go 
forward into the Phase 2 tasks. The management team for this decision consisted of the president 
and the vice presidents of each department. One of the product development engineers was 
assigned the project manager role.  In accepting this assignment he negotiated to have the choice 
of people from other departments. He also got approval for the hiring of a new software engineer. 
It is of interest to note here that no business plan or initial project plan nor even specific product 
requirements had been set in place at this point.  
 
Phase 2 Feasibility/Specification -   
 
The first task of the project manager was to assemble a project team. After the main tasks were 
decided a series of meetings were held with various engineers to gauge their interest levels in this 
project.  The main focus of the member selection was to create a cross-functional team. The 10 
person team assembled for Phase 2 comprised the following: 
 
 1 project manager or leader; 
 2 engineers from each of the subgroups of software, electronics, and systems; 
 1 engineer from each of mechanical and testing; and 
 1 technician. 
  
Weekly reviews were set up for all team members. Also weekly meetings were fixed for the three 
subgroups. 
 
The second task was to prepare a written proposal that embodied all of the accumulated 
information so that the project direction was clear. The following were needed for the plan to be 
completed: 
 
 1.  An estimated time frame for the development of the project. 
 
 2.  The number and identity of project team members. 
 
 3.  The cost of developing the product. 
 
 4.  Cost of new capital equipment needed. 
 
 5.  Negotiations with marketing for the set of product features. 
 
 6.  The timing for each piece of information needed. 
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A 21 months time-line was set up for the project and is shown in Figure 5. The business plan and 
the other tasks shown in Figure 3 for Phase 1 all had to be accomplished in a compressed time 
frame. Development costs included some capital equipment costs and the salaries and fringe costs 
for the 9 engineers and one technician assigned to the team. The price for the unit was to be based 
on the formula of: (materials + labor) x 3 = exworks price.   
 
Time by Phases 
 
6 mo.        1 mo.       12 mo.     2 mo. 
___________________________________________________________ 
 
Phase 1  Phase 2  Phase 3      Phase 4 
  business    planning &    design        pilot         
  plan     feasibility 
 
             kickoff          PDR      CDR       FDR       Release 
 
Figure 5 -  2C Thermometer Project Timeline Plan 
 
This time-line shows the first 6 months of the planning period as Phase 1, but an  important note 
is that no business plan or detailed product requirements nor initial project plan had been 
produced during this time. Therefore parts of the Phase 1 tasks were actually done in Phase 2.   
Not counting the first 6 month period that had already passed at the point that this timeline was 
laid down a development time of 14 months plus the one month for completing the planning and 
feasibility work was established. 
 
The plans laid out were then recorded in a first Project Review book that was used for the 
Preliminary Design Review, PDR. The planning was carried out with the aid of a MicroSoft 
Project software package that provides for contingency time inputs, slack time, and the 
identification of the critical path. This is similar to a planning evaluation review technique 
(PERT) based system. Through the use of this software the critical path was known at all times 
during the project. In this initial planning phase two of the 14 weeks plotted out were slack time 
leaving 12 months as the critical time path. 
 
Use of a PERT type of system is essential if the tasks that can be performed in parallel are to be 
correctly identified and dealt with for NPD work in addition to determining the critical path 
length and slack time. The parallel stages are illustrated in Figure 4. 
 
Another important task in this short Phase 2 was to negotiate the set of features and the technical 
work required to achieve these with the marketing department. Product features always have 
costs attached and the project team had to make sure that the set of features needed by the 
customers could be produced within the product development time and budget constraints and 
then manufactured for a reasonable unit cost. The marketing department of course wanted to 
make sure that the product would have the best possible combination of performance and price. 
 
There were some problems flushed out in this Phase 2 period that permitted the project time-line 
to be more accurately fixed. The subcontractor company that was to be used for assembling the 
output electronics for the unit could not properly handle the smaller pin sizes on the components 
normally needed for digital signal processing (DSP). Rather than deal with the additional 
problems of qualifying another subcontractor the circuitry was redesigned to use components 
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with larger pin sizes while preserving the DSP feature. This feature was needed so that increased 
functionality could be built-in to the product.  
 
Preliminary Design Review - 
 
Since this was one of the first projects to go through the NPD process regime described in section 
7 a wide invitation was made for the review meeting. This first review occurred with some 30 
people present representing all departments. Three design approaches were presented with one of 
these being recommended by the team. 
 
Two principal questions arose: 1. Should a high-speed digital data intake be used that would 
require the use of a new signal processor and assembly language? The alternative was to use the 
more familiar standard processor and C language, but this would of course mean a slower capture 
speed. 2. The payback period was calculated to be four years based on a rather low sales forecast. 
Top managers who were in the meeting wanted a one-year payback for the project. There was no 
return on investment (ROI) calculation made at this point. 
 
The conclusion of this PDR was that if the project was to go forward it should be with the 
recommended design approach wherein the above product features were used. This meant that 
question 1. was answered affirmatively and a high speed digital data intake was included in the 
product design. The team’s recommendations were being followed, but the issue really was 
would the project go forward at all.  
 
Management Review 1 - 
 
The top managers met and considered this 2C product development proposal. The decision was 
made to stop the project mainly on the grounds of the payback period that was believed to be 
excessively long. 
 
The President then met with the company Chairman who was concerned that the sales forecast 
was too low. He questioned whether the marketing department could make accurate sales 
predictions for such a new unit. He also thought that new sales would occur both for the 2C unit 
per se and for other products that would be sold to the high temperature customers who would 
see Raytek as having a higher technology profile. The Chairman thought that the company’s 
reputation as a leading edge IR instrument house was more important to advance than the initial 
payback period issue. So the decision of the first Management review was overruled and the 
decision was then to go forward with the project. This decision cast the Chairman as the 
champion for this project. 
 
This decision history had some repercussions since some departments and individuals felt that the 
2C project had a low priority due to the way in which it had been approved. This meant that 
internal resources were more difficult to obtain in a timely fashion as the project proceeded than 
has been the case for most other Raytek development projects. 
 
Once this decision to proceed with development had been taken Design Phase 3 was started 
immediately. 
 
Phase 3 Design - 
 
The project team grew to a total of 11 full time and 2 part time members. The full time team 
positions were the original 10 from engineering as of phase 2 plus one addition from 
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manufacturing engineering. The two part-time were from marketing at 10% and purchasing at 
30%. In addition one temporary assembler was employed full-time for 8 months during this 
Phase 3 and this need was not foreseen in the project proposal. Also a consultant was brought in 
to help solve an electromagnetic interference problem in the unit. 
 
Other problems surfaced during this Phase 3. While it was recognized during the planning work 
that the new European standards (designated with CE identification letters) would have to be met 
by this thermometer no particular engineering time was set up for this subtask. One man-month 
of electrical engineering time was then added for this purpose. This required 6 or 7 different tests 
of the equipment at various test sites. Another problem was that the unit did not provide stable 
readings fast enough. On start-up the unit required abnormally long times to come into 
equilibrium readings. The cause seemed to be that moisture on the new surface mounted 
components in the electronics package was evaporating in variable patterns. This was eventually 
tracked down and solved by installing a heating element to burn off the moisture. This unforeseen 
problem added one month extra to the final time frame. 
 
Yet another problem encountered was that two of the engineers were pulled off from the 2C 
project for one month. One of these persons was in the critical path. Some reshuffling of tasks 
alleviated the negative effect of this problem.  
 
All of this meant that this Phase 3 was a period of intense product development activities in 
which three significant product features were generated and incorporated into the design which 
gave the 2C unit many improvements in addition to the basic two-color detection capability that 
was requested by the marketing department.    
 
 The following are these features:   
 
 1. All of the parts of the unit were placed within the same small housing. This meant that 
the sensing head, the signal electronics, and a monitoring display panel were all integrated within 
the same unit. Also a heat protection jacket was designed for the more compact 2C device. 
 
 2. The digital signal output was also configured for use as an input to a computer so that 
the readings could be monitored and recorded by a computer at a remote location. This meant that 
two monitoring units were provided: the display panel mentioned in feature 1, above, and the 
remotely located control computer. 
 
 3. A plan to produce software was created so that the 2C units could be customized for 
different customer uses at Raytek before the units were sent out for use in the customer’s factory.   
 
This list of product features requires some additional commentary. The compacting of the 
elements that was needed to achieve the placement of all of the operating elements in the same 
small unit required specially designed electronic components so that the space required on the 
internal circuit board could be reduced. The needed components were mainly the smaller surface 
mounted devices for the printed circuit board (PCB) of the output electronics package shown in 
Figure 1. This compact space objective is referred to as a PCB real estate issue and is a common 
design problem in various electronic products such as the successively smaller Sony Walkman 
stereo units. 
 
Solving the space constraints with a new PCB that used surface mounted components for the two-
color device created a new product platform that could be used as a basis for designing other 
products. 
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In addition to the above three features the 2C unit was provided with control buttons for making 
adjustments so that the use of a screwdriver was eliminated, a four segment LED display panel 
was developed so that control is by buttons whereby the numbers on the display output can be 
changed. 
 
A couple of other tasks that were not adequately foreseen at the project proposal time were also 
taken up in this Phase 3:  1. extra documentation was found to be necessary to set up instructions 
for manufacturing and these were needed for production training, 2. the Manufacturing 
Engineering Department was slow to produce test equipment for production use, but this is likely 
because it was told that the 2C unit had a low priority. 
 
During Design Phase 3 it was discovered that there was a need to provide a warning in the event 
that the IR sensor unit lens would become so dirty that it would not give correct temperature 
readings. Since the unit was to operate as an IR eye for an operational computer that is remote 
from the computer it was eventually understood  to be necessary to provide for such a warning 
capability. The electronic circuitry was designed to have a warning sounded when the IR input 
energy drops down to 5% of the original strength. A combination of a new lens that eliminated 
spherical distortion and the digital signal processing (DSP) meant that accurate readings could be 
made for the temperatures down to 1% of the original IR strength. Therefore, the warning was set 
at 5% so that an operator would be able to clean the lens before the 1% point occurred. This two 
stage warning system that continues to work even after a dirty lens is detected became another 
industry first for this 2C unit. 
 
In this Design Phase 3 four of the components had to be redesigned for ease of  assembling the 
unit. The assembly labor time target was two hours. Assembly of the complete unit initially 
required 2 hours and 45 minutes. Another reason for this redesigning task was that the target 
price under the formula used had now risen beyond $2100. With the redesigned components the 
target price was shaved back down to this target amount.  
 
Beta site testing was started with potential customers already in this Phase 3. Since this was a 
high temperature industry device, arrangements for outside testing the 2C were made with several 
companies including LTV, a steel company.  
 
Another favorable result of this Design phase was that the software programming was completed 
earlier than expected which meant that the freed-up engineering time could be used for hardware 
testing so that the final release to marketing date could be more closely adhered to. 
 
Innovation Project Incentives - Another aspect of the project manager’s job in this crucial 
Design phase was to show the team that their work was appreciated. This gave rise to various 
sub-tasks such as convincing the rest of the company to give the team the timely support that was 
needed.   
 
The project manager undertook various other means to show the company’s appreciation. The 
various milestone achievements were celebrated with food and drink. The team’s completed work 
was acknowledged at company meetings. The various team members were honored for their 
achievements on the project. Upon release of the product, plaques having a picture of the 2C 
product were given to each team member. A promise was made to all of the members that they 
could work on any new idea they had for one to two months after the successful conclusion of the 
project.   
 
In order to be more complete as to incentives the company’s somewhat unique bonus system 
must be mentioned. This bonus system divides 25% of net earnings among employees on basis 
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of:  the share of earning generated by their operating unit, then on the proportion of their salaries 
to the salary total for the operating unit. The distributed bonus system created a climate of mutual 
work ethic that applies to the NPD teams as well as to all of the employees. In one of the mid- 
quarters in 1996 $250,000 was paid out in bonuses. The smallest one was $1000, but this 
extrapolated to a $4000 bonus addition on a yearly basis. 
 
The above types of incentives were important to the engineers working on this project because 
their reputation within the company depends in large part on the NPD successes with which they 
have been associated.   
 
Critical Design Review - 
 
At this CDR review the performance data from the prototype testing from one of the tasks in 
Phase 3 was questioned. Some of the specifications were exceeded, but others were lower than 
fully desired. Marketing wanted to increase the specifications to be published for the unit so that 
its capabilities would be better appreciated by customers. An increase in the specifications was 
made only for one parameter: the distance to size ratio that determines the optical resolution of 
the 2C unit. There were insufficient data to justify changing any of the other parameters.   
 
Another critically important point in this review was that the Vice President of Engineering, had 
already indicated during the Design Phase 3 that he thought the prototype testing looked good.  
This set a positive tone for this CDR. 
 
The costs allocated to this project were somewhat over the original proposal estimate at this 
point. 
 
At this time the cost estimates were re-evaluated with the result that the materials + labor looked 
to be somewhat above the previous level.  A new target price of $3200 was set for the unit. This 
upward revision from the earlier $2100 was due to greater number of features that had been built 
into the new 2C unit. 
 
Management Review 2 - 
 
This second review resulted in a green light being given to this project. No serious issues were 
raised for the project. The prototype test data and the cost figures look acceptable and the product 
features had been greatly advanced over those originally envisioned by the Marketing 
Department. 
 
One of the reasons for this favorable second management review is the information reporting 
system used within the formal NPD process per section 7 had already presented very useful data. 
 
Pilot Phase 4 - 
 
During this pilot phase 4 it was discovered that more help was needed from the parts planning 
group for procuring the parts needed for the pilot manufacturing runs. This caused a schedule 
slow down during this last development phase, but the President cleared the way for this task to 
be accomplished nearly on time. The product release in May 1996 was; however, achieved while 
the parts availability was still being worked out. 
 
Another task taken on in this final phase was one that was not planned for originally. The 
Marketing Department wanted to be able to demonstrate this new 2C unit under a range of likely 
operating conditions. A reason for this is that high temperature heat sources are not found in 
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conference rooms or offices where sales presentation tend to occur. The team then undertook to 
create a demo package that worked on an MicroSoft Windows base.  A wheel with five segments 
showing different conditions was invented. Each segment would give different temperature 
conditions and readings. These segments simulated smoke, a moving wire, targets of varying 
sizes, and different physical locations of the targets at different times.  These are conditions that 
engineers using high temperature production processes face daily. The 2C unit operating in the 
two-color mode showed that it could read the high points of the graphs in an accurate manner.  
An additional patent application was filed on this demonstration device. 
 
Final Design Review - 
 
The FDR resulted in a swift approval.  One of the reasons for this action was that the key Heat 
Treating show was scheduled for March 1996 and the Marketing Department believed that it was 
important to unveil this new 2C unit in that venue. This is in keeping with Raytek’s business 
philosophy that it should be the first into the market with new technical features such as those 
that were in the 2C unit. 
 
The total development costs allocated to the 2C project as of this final point were about 80% 
higher than the initial budget that was set up for the original simpler device . 
 
Management Review 3 - 
  
A decision was needed on whether the company should take the new 2C unit to the Heat Treating 
Show before its actual release to the Marketing Department. An approval to attend this show was 
obtained at this management meeting. There were some manufacturing details that were still 
being worked out, but the unit was taken and displayed at this important industry forum about 
two months prior to its formal release. 
 
Release - 
 
The release to marketing decision was slowed down by the slower that anticipated completion of 
manufacturing testing equipment and some parts availability issues due to internal prioritizing of 
these parts for other products. Once these were worked through the formal release occurred in 
May 1996.   
 
The final product was about one-third the size of competitive products which meant that it would 
be preferred for tight space industrial situations. It had integrated electronics due to the digital 
signal processing (DSP), both an on-unit display panel and a remote 2-way computer access line, 
and embedded software that is controlled from the remotely located control computer. A final 
exworks price of $3645 was set for this new product. 
 
Phase 5 Documentation - 
 
Following the release decision the tasks listed for this phase 5 in Figure 3 were completed. This 
information will be needed in order to more closely follow the actual NPD process that occurred 
in this 2C case since the results were deemed to be excellent. 
 
8.1 Initial Outcomes from the 2C Product Development Process -   
 
One outcome was that the next on-line products developed used several of the features worked 
out in this development process. This follows the company’s policy not to redesign and re-release 
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old products, but rather to move on into new features for all of the products. So when the specific 
features incorporated in the 2C device showed advantages those features were used in other 
products to provide new functions. 
 
Being first into the market with products having new features is usually regarded as very 
important. So is moving into the market fast. The project time frame here was an excellent 
outcome in that total time to release was only 15.5 months not counting the original 6 months of 
phase 1. The planned 14 month total timeline was exceeded by only one and one-half months.  
This is only 3.5 months over the best possible time frame according to the MS Project critical 
path in the Project Book set up for the PDR.  
 
Another important result was that six patent applications were filed in the countries of greatest 
interest to Raytek for the various innovations described above that grew out of this successful 
project. These will help the company to sustain the competitive advantage position it has created 
through this 2C innovation process.  
 
Soon after the product release the pilot produced units were sold in one week rather than over a 
two month period as planned. This led to an increase in the production schedule. 
 
The four year payback period that nearly killed the project at the PDR point had by June 1997 
been refigured to be an acceptable two years thus tending to prove that the original sales estimate 
was indeed too conservative. Shortly after the product release point the projected internal rate of 
return, IRR, was estimated to be 20% over a 3 year forecast period. Also the target price to cost 
ratio was re-estimated at 4:1 rather than the planned 3:1. 
 
8.2  Marathon® 2C Innovativeness Index -     
 
An innovativeness assessment for the 2C instrument was guided by collecting responses from the 
Executive Vice President, on a 10-point scale as to the following: competitors, the company per 
se, noncustomer collaborators, and customer/users.38 
 
The following responses on this 10-point scale were as set forth in Table 5. 
 
Table 5 -  Estimates of Innovativeness of the 2C Unit to the Existing Experience Base  
   of the Listed Categories 
 
Category  _____________ Newness Estimate 
  
competitors      8   
 
the company per se       10 
 
noncustomer collaborators    n/a   
  
customer/users      8     Average index value = 8.66 
 
 
As can be seen by Table 5 the innovativeness of the system is estimated to have been quite new 
to the three groups for which estimates are given. Technically an instrument with the features that 
were finally produced could have been conceived of, but the market consisting of the 
                                                 
38 Interview of Executive Vice President, 22 July 1998. 
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customers/users and competitors was somewhat surprised by the package of new features that 
substantially aided online temperature monitoring. 
 
Other innovativeness evaluations were gathered during the interview with the Executive Vice 
President. The relative technological and product or market advantage steps were also collected 
on 100% scales. Relative technological step means the technical sophistication of the new unit 
relative to the IR thermometers available in the market at the beginning of the project. Relative 
product or market advantage means the gain in terms of utility to the user compared with the then 
existing closest unit(s) in the market. The following results were obtained: 
 
  relative technological step - 80% 
 
  relative product advantage step -  90% 
 
The Executive Vice President pointed out that when potential customers first saw the 2C 
demonstrated at a European trade show they were particularly impressed with the stable 
temperature measurements that were seen even when taken through smoke and dust. The relative 
product advantage was, thus, thought to be very high. 
  
9. Leveraging on the 2C Innovation Process 
 
Prior to the marketing release point a preliminary sales brochure had been produced with the 2C 
designation. However; due to the fast acceptance of the new product in the market it was decided 
to use this new device as the basis for a new product line. This line was named Marathon® and 
the 2C unit became the MR1S model. This action of course presumed that additional product 
models would be added in the horizontal direction to produce G3 and G4 products as shown in 
Figure 2 above. 
 
Over the next one-year period three new product models were created that have the features and 
advantages given in Table 3 above. 
 
The key product specifications for the new Marathon® line are set forth in Table 6 below. 
 
All of these Marathon® line products have adjustable emissivity and operate with either one- or 
two-color detectors depending on selections made by the operator from a remote monitor in a 
process control room within a plant. These units can be switched back and forth between one-
color and two-color operation. This permits ratio measurements to be made that give more 
accurate temperature measurements in certain types of industrial high heat environments.  
 
These Marathon® noncontact IR thermometers are designed for operation over high temperature 
ranges and have high optical resolution capabilities of 35:1 to 300:1. 
 
The G2 and G3 generations have very fast response times for securing rapid temperature 
measurements that are needed in critical steps that occur in the processing of steel, various heat 
treatments, wire drawing, and semiconductor fabrication, for example. They also have variable 
focus optics to ensure accurate and quick sighting and setup times. 
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Table 6 - Marathon® Product Line* 
 
Product Nr. 
& 
Generation 

Features -    
Optical          Response        Temp.               Fiber 
Resolution    time, msec.       range, 0C          Optics  

2C/MR1S 
     G2 
 
MA1S & 
MA2S 
    G3 
 
MR1F 
    G4 

 35:1 to           10               600 to 3000           no 
 130:1 
       
 300:1              1 or 10       500 to 3000           no         
                                          250 to 2000           no 
       
       
 >60:1               10              650 to 3000          yes                 

* Each product has three models available to cover the wide resolution and temperature ranges.  
 
All units in this line of products have built-in local display user interfaces that permit easy 
configuration and viewing of all parameters at the unit in addition to the remote monitoring 
capability. 
 
10.   The Actual ST6 Innovation Process 
 
This process will be described also by reference to the above formal Raytek NPD regime 
illustrated in Figure 3. The use of the same headings should make for an easier understanding.  
Actually it is quite appropriate to use Figure 3 as a main reference guide for this ST6 project 
since it was one of the first product development processes that was carried out according to the 
then newly evolved formal Raytek NPD regime. Thus, this project was also seen as one of the 
first tests for the workability of this new regime within the company. 
 
IDEA - As mentioned in section 6 the beginning of this product idea was that the Marketing 
Department wanted to be first into the market with a hand-held IR thermometer that was low cost 
and had a laser aiming feature. The plan was to add this new thermometer to the existing ST 
product line. 
 
At that time the ST product line consisting of only two units, the ST2  and the ST4.  Both of these 
units had line-of-slight aiming, activation triggers, and back-lighted display screens. The 
Marketing Department realized that customers were asking for such a unit with laser aiming. In 
form these are somewhat like temperature pistols. Thus the main idea was to add laser aiming to 
those units so that users could be reassured as to the location at which the temperature 
measurement was being taken. The new product was designated the ST6 unit. 
 
Some 80% to 90% of the sales in the ST line were of the lowest cost units so a low unit cost was 
needed even if it had laser sighting. At the time of the original idea it was believed that speed of 
development was essential because of perceived competitive actions for such a product. Another 
reason was that after laser aiming had been added to the PM product line a healthy increase in 
sales of that product line had occurred. It was believed that the same magnitude of sales increase 
could occur in the ST line once a laser was added to one of the models. The ST6 product concept 
thus can be said to have had a market pull origin. 
 
Decreasing laser costs - The idea to add a laser into the ST line would not have been possible in 
earlier years due to the high cost of lasers. The early helium-neon (HeNe) lasers were in the $500 
to $600 range but eventually this has dropped to $150 to  $200/unit. However, these required 120 
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volt power supplies so they could be used in the on-line temperature monitoring units, but not in 
the portable ones. 
 
Solid-state lasers were used on some of the R2 and the PM line products and at that time the laser 
diode component cost alone was several hundred dollars that of course led to a rather high priced 
product.  However; by 1990 the price on solid-state gallium arsenide laser diodes had dropped to 
just over $100, by 1991 dropped further to $40 and then by 1998 onto $9. These solid-state lasers 
also used much less power, drawing only 30 or 40 milliwatts so that they could be run on 
batteries. This meant that it had become possible both technically and economically to consider 
laser sighting in low priced IR thermometers. The cost of the laser diode is not the only cost 
;however, because optics,  a power supply system, and mechanical parts to align the laser within 
the housing are also needed so when reading the above prices one has to understand that the total 
cost of adding a laser is above those figures. 
 
Phase 1 Tasks - One of the product development engineers was assigned the task of preparing 
the business plan and to then continue as the Project Manager upon approval. He was the leader 
of the original ST product line and was thus well experienced in all of the engineering aspects of 
these products. The champion for this new product idea was the Chairman who was also serving 
as the company’s President at that time. He was acting as the product manager for the ST line and 
was responsible for setting the specifications for this new product. 
 
The planning proceeded on the understanding that the ST6 product concept was a derivative 
product in the sense that there was already an existing ST product line and the fundamental need 
was to make a small change at least in the code and a re-layout of the PCB in order to reduce its 
size by the use of surface mount the required components including a new EEPROM (Electrically 
Erasable Programmable Read-Only Memory) chip. All of these were manufacturing and 
economic issues. The NPD task was to build into the new product the capability of a laser by 
using discrete components. Some of these components were already being used for the PM unit 
and this new device would also have the added benefit of leveraging those parts volumes that 
should effectively help the PM be more cost effective by reducing the parts costs due to increased 
volumes that would go into the ST line.  
 
A four-year business plan forecast was for an initial output of 5000 units per year that would 
eventually grow to 70,000/year. The planned cost of labor + materials + outside manufacturing 
was to be no more than $100. The exworks price was to be four times this combined cost figure 
so that a price of about $400 could be used. A profit margin of about 40% over full costs was 
expected for the new unit that was about the same as for the ST4 unit that was holding 12% of the 
sales in the ST line. The profit margin on the ST2 unit was somewhat higher and it was the lowest 
price unit with 88% of the ST product line sales. 
 
It was believed that the development costs would not be great since lasers were already being 
used in the PM line and the planned changes did not seem all that complex. For this reason no 
payback period or return on investment was calculated in the plan. This was in line with Raytek’s 
budgeting practice of considering the NPD work that is done within the engineering department 
to be part of the operating cost of that department. Hence, the work on specific projects was not 
separately allocated to those projects. 
 
The development time frame was for 8 months distributed according to Figure 6, below. The 
same Microsoft Project software program was used to plan out this ST6 development as was used 
for the 2C unit. In this case no slack time was used in the plan.   
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Time by Phases 
   1 mo.       2 mo.  3 mo.        2 mo. 
________________________________________________________ 
 
Phase 1   Phase 2  Phase 3    Phase 4 
  business feasibility &     design         pilot          
  plan  specifications 
 
          kickoff                PDR         CDR          FDR         Release 
 
Figure 6 -  ST6 Thermometer Project Timeline Plan 
 
  
Kickoff - The business plan was approved, but with several conditions attached to the 
development process. The first was that the product development should be as fast as possible. A 
second one was that manufacturability of the new product should be planned from the outset. A 
third was that any new features other than the laser should be available for use in other products 
across the ST product line. 
 
Phase 2 Feasibility/Specifications - The first task was to setup the project team. The project 
manager brought in two other design engineers on a full-time basis. One was to do the opto-
mechanical work and the other was to do the electronics and printed circuit board (PCB) tasks.  
Part-time team members were to cover manufacturing engineering liaison, purchasing, and 
marketing and the combined time input for these members was equivalent to about one full time 
person.   
 
Weekly full team meeting times and subgroup meeting times were set up. Top management was 
to be informed about the progress of the project through the management reviews provided for by 
the formal NPD process diagrammed in Figure 3 and via the project information bank that was 
maintained on-line. 
 
There was an initial technical question that was dealt with in this second phase. This was whether 
an axial mounted laser should be used so that the center of the IR field being read by the unit 
would also be the center of the projected laser beam. The lasers in the existing process monitor 
product line used coaxial alignment so this technology was well known within Raytek. The 
problem was that this represented a high cost solution. A solution that appeared to be about one-
half of the coaxial alignment cost was believed to be a nearly parallel mounting of the laser so 
that the two center points while not exactly the same would be close enough for practical use of 
the new unit. 
 
The project manager knew that the ST units were used by customers for measuring the 
temperature of objects that were spaced close to the person taking the measurement. Thus a 
nearly parallel mounting product design was planned for. The laser spot center would be only 
12mm. from the center of the temperature measuring area at a detection distance of one meter.  
This specification was thought to be appropriate for this new ST unit. 
 
The second task was to consider how several technical issues could be handled. These issues 
were: 
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1.  Could surface mounting technology (SMT) be used to advantage instead of the 
through-hole mounting (also called pin mounting) of electronic components on the printed circuit 
boards (PCB) as the units were manufactured? This was a PCB “real estate” issue since more 
components were needed to support the laser feature and by the use of SMT lower cost PCBs 
could be manufactured which would translate to a cost barrier that some competitors would have 
difficulty matching. About three square inches of PCB for the new electronic components was 
needed to support the laser feature, but the available space was only one-half of this if the 
standard through-hole electronic components were used. Also the addition of the laser aiming 
feature would have increased the size of the housing if the present through-hole mounted 
components were used and there was a strong desire to be able to produce the entire ST line using 
standard sized housings. If many special parts had to be manufactured for the new ST6 unit then 
its cost structure would be too high to allow the cost barrier that was needed to protect against 
competitive encroachment. For these reasons the SMT route was chosen for the ST6 project 
work, even though it might take longer than was planned for. 
  

Another aspect of the SMT was that the project team took the position that the entire ST 
product line should be changed to the SMT type of printed circuit boards. This would have the 
advantage of lower manufacturing costs for the entire line since the surface mounting could be 
done at lower cost levels than the through-hole components. This meant that the entire product 
line would have to be eventually changed to conform to the use of the new SMT electronic 
components as a result of this ST6 product development process. 
  

2.  A cable to control the display from the PCB inside the unit was used in the earlier ST 
units and this was an extra assembly step. To reduce assembly time it was thought useful to 
change this to a connector that would be faster and easier to install between the unit’s PCB and 
the display panel. Eventually this change also reduced the cost of the display panel and improved 
the reliability and troubleshooting for the unit. 
 

This new connector was to be designed to go between the end of printed circuit board and 
the display. It was a right-angle connector piece that had one part soldered to the printed circuit 
board and the other piece soldered to the display circuit board. This was a sophisticated 
engineering solution to the connection problem. Later this solution turned out to be a problem for 
the ST6 product as mentioned in the Pilot Phase 4, below. 
 

3.  The leads from the PCB to the detector elements in the sensing head were to be 
changed to a form that would permit easier servicing for repairs. 
 

4.  Another issue was whether to increase the optical resolution of the ST6 unit above the 
8:1 that was being used for the ST2 And ST4. This could be done by creating a side project to 
increase the resolution by about two times using another optics design. Ultimately it was decided 
not to recommend this alternative because the project time frame would be extended too long and 
the 8:1 resolution was considered appropriate for this fully moveable handheld unit. 
 
 Ultimately both the primary component of the collimating lens and the laser diode were 
able to be used directly from the PM product line and, in fact, during the engineering process it 
was determined that a less expensive lens component could be used and that was then retrofitted 
back in to the more expensive, older PM product to gain further parts cost leveraging.  
 
From a systems engineering standpoint the ST6 was to have essentially the same electronic 
circuit as the two earlier ST units but just using surface mounted components instead of through-
the-hole mounted components so much of the engineering analysis was unnecessary and the 
needed steps could be done fairly expeditiously so that a prototype could be built. Many of the 
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other parts such as the main optics design was unchanged. The unit had the same lens, detector, 
holder. It was largely the same product.   
 
A breadboard and a prototype were then made so that issues such as performance under exposure 
to transient temperature conditions could be tested. The team had to determine the stability and 
type of responses when the unit was moved between hot and cold ambient conditions. When the 
critical components like the amplifiers are reduced in size one has to determine whether these are 
more or less susceptible to thermal transients. These are issues that could not be dealt with 
without building a breadboard for the printed circuit board or a prototype for the new unit. 
 
Preliminary Design Review (PDR) - The technical solutions above described were set forth in 
the Review Book for this check point within the Engineering Department and approval to 
continue the project was secured without serious issues for the product design approach. 
 
Management Review 1 - In this top management meeting the action of the Engineering 
Department was approved and the funding of the project continued. 
 
Phase 3 Design - Final product design and prototype fabrication and testing occur in this phase as 
shown in Figure 3.   
 
 The following issues required solutions to be worked out: 
 
 1.  A systematic laser aiming error in the 1o to 2o range was found during testing and this 
problem turned out to be a large technical challenge. A solution was worked out that did not 
require the use of an optical prism and that did not require adjustments during the assembly step 
in manufacturing. Another laser was used and a lens design change was also made. This was an 
improvement over the PM product line units that had coaxial lasers. For those units this laser 
assembly adjustment required four minute per unit. The new ST6 design required only one 
minute for the same adjustment and a total of 8 or 9 minutes for complete unit assembly 
including the laser adjustment. 
 
 2.  The ability of the existing vendors to produce a. the printed circuit boards (PCB) with 
the SMT components and b. the display panels was checked out. While this new unit required 
some new manufacturing procedures those vendors were qualified to produce the needed parts. 
 
 Throughout this and the other phases it was necessary for the Project Manager to spread 
recognition among the team members for their work on the project. This was done by the project 
manager sending emails to the members thanking them for having completed particular steps.  
Also a wrap-up lunch was taken at the conclusion of the project. There was no special individual 
or team-wide recognition by the company for this project work other than these efforts and of 
course the distributed bonus system.   
 
Critical Design Review (CDR) and Management Review 2 - These two control gates were 
passed with only minor project implementation issues being raised. At this point the project was 
only one month off from the planned timing and the unit cost figure was $77.80 which was lower 
than that associated with the original target of $100 in the initial product development plan. 
 
Pilot Phase 4 - As the pilot units were fabricated it became apparent that the combination that 
had been achieved through the use of SMT electronic components, the display panel connected 
directly into the PCB via a connector, and some rethinking of the manufacturing process flow had 
resulted in lower costs per unit than had originally been thought possible. This translated into a 
final cost per unit of $76 rather than the originally planned $100 target figure. A 24% unit cost 
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reduction under the planned level had been achieved. The laser feature would; however, still 
support an increased price so that the markup factor could be higher than the originally planned 
figure of 4 times unit cost. 
 
Another problem as mentioned in issue number 2 of the Phase 2 description was the new 
connector between the PCB and the display panel. It was found during dropped-testing that the 
connectors were damaged. In tracing down this problem it seemed that it was caused by 
differences in the solder wave forming operations unit of the vendor factory. The net result was 
that some of the connectors broke loose during the drop testing. This required time-consuming 
and very difficult engineering analysis work.  
 
Yet another problem at this stage was that the production ramp-up was slowed down because the 
assembly fixtures had not been timely produced by the Manufacturing Engineering Department.  
Also some of the workstations for preparing the subassemblies had to be upgraded. The 
importance of this was that manufacturing could not take place until the required tools or fixtures 
for handling the units for assembly had been created.  
 
Solutions to the problems mentioned above slowed down the market introduction by about one 
month. 
 
Final Design Review and Management Review 3 - These two control gates were also passed 
without serious issues being raised against the project. 
 
Release - The pilot units had performed satisfactorily and the manufacturing had been 
sufficiently planned to permit the product release decision to be made.    
 
Post Release Problem - After the release to marketing some difficulties were encountered with 
the operation of the EEPROM chips on the compact PCB so the Design Phase 3 was reinstituted.  
Also it was discovered that a combination problem of a bug in the code and a hardware problem 
that was not obvious at time of release existed. When the unit was chilled down there were some 
behavior problems. 
 
The cause of this problem was that when the unit was cooled down a capacitor value changed and 
that caused a timing change in the circuit and this slight timing change resulted in the code as 
written causing a particular problem that had to do with a feature of operation within the ST6.  
The unit would stay active even after the trigger was released. This problem was very difficult to 
solve.  The correction required the changing of the coding for these chips. This work had not 
been foreseen at the time of the original plan and this addition task required some extension of 
the project time frame. 
 
Phase 5 Documentation - This last phase was not actually done for the ST6 project since the 
team members had already begun to work on other NPD projects. (This is not uncommon in 
Raytek and other high tech companies.)  
 
10.1 Initial Outcomes from the ST6 Product Development Process 
 
The project was performed close to the original time schedule in that 8 months were used that 
was only one month over the originally planned 7 months. The additional time was due mainly to 
the above mentioned EEPROM problem, the work in getting the parts ordering routines set up for 
manufacturing after the release sign-off, and time for arranging for the needed assembly fixtures 
as mentioned above. One formal development process change to be made in this respect is that 
there was some internal company improvement in getting the necessary resources to keep the 
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project running on schedule. There are always problems of coordination and the use of resources 
for NPD projects since the overall company emphasis is on the existing products. 
  
Also a 24% unit cost reduction had been achieved as a result of the development process and this 
made the use of price discounts a possibility so that additional competitive advantage had been 
created. Partly due to these cost savings the profit potential for this new product was found to be 
greater than had been originally planned. 
 
Four other primary results were that: 1. the use of surface mounting technology (SMT)  reduced 
the size of the printed circuit board (PCB)  for the new unit, but this was an expected result,  2.  
SMT also helped the manufacturing cost to be lowered below the level thought possible when the 
project was started just 8 months earlier, 3. it became possible to apply the same  SMT used for 
the ST6 unit to the other products in the ST line, and 4. the planning for converting the entire ST 
line to the same manufacturing procedures was set in motion. In summary, these results meant 
that an improved generic product platform consisting of a more compact PCB had been setup for 
the ST line that promised lower unit costs for all of the products. Several other results were that 
the replacement of the cable to operate the laser with a connector fixed to the PCB made 
assembly of the unit faster and easier.  
 
Some of these results set forth in the immediately preceding paragraph usually flow from work 
carried out in the Manufacturing Engineering Department, but in this case these manufacturing-
linked results were created directly within the product innovation process carried out in the 
Engineering Department. 
 
Another observation from this project is that the project team should have a product line-wide 
perspective when developing a new entry for a product line. The product line development 
trajectory must be understood. This will enable the team to create changes that can be used across 
the line as was done here with the use of SMT and manufacturing procedures. 
 
Five (5) months after release of the ST6 the sales curve was found to be rising, but at a slower 
rate than when laser aiming had been originally added to the PM units. 
 
No patent applications were filed for the ST6 unit although the parallel offset laser was actually a 
new idea for use with such IR thermometers. 
 
The support for the project within the Engineering and Marketing Departments was good, but 
lack of authority for project tasks that required work outside of the first of these two departments 
caused some slow down. This may have been due, in part, to the fact that only a part-time person 
from Manufacturing Engineering had been assigned to work on the project. In practical terms this 
meant that calibration tests for focusing of the laser and the ordering of parts for manufacturing 
were delayed beyond the planned timeline. The result flowing from these experiences is that the 
Manufacturing Engineering Department is to be a more integral part of each NPD project in the 
future. This will be implemented by assigning specific individuals in that department to each new 
project. 
  
The lack of recognition among the team members for their work on the project was a problem in 
that the risks of failure were seen my some members as being greater than the rewards. A failure 
could damage ones career, but success was perceived as not being greatly appreciated. The Vice 
President of Engineering began to put more recognition into the NPD process during the time of 
this project as a means to help correct this oversight. It can also be noted that the upside and 
downside risks are not very well balanced for the NPD engineers. A poor project that results in a 
failed project can have a very negative effect on ones career within the company. On the other 
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hand a great success does not bring a large change in ones circumstances. It is only the gradual 
accumulation of project successes that creates a positive career push. Yet the pressures of finding 
the features that are technically and economically workable are great. Managing a project within 
time and cost constraints is an extremely wearing job. Employees leave companies due to the 
strains of these tasks and heart attacks are occasionally said to have also resulted from this 
strenuous work. 
 
10.2 ST6 Innovativeness Index –  
 
An innovativeness assessment for the ST6 instrument was guided by collecting responses from 
the Executive Vice President, on a 10-point scale as to the following:  competitors, the company 
per se, noncustomer collaborators, and customer/users.39 
 
The following responses on this 10-point scale were as set forth in Table 7. 
 
Table 7 -  Estimates of Innovativeness of the ST6 Unit to the Existing Experience Base  
   of the Listed Categories 
 
Category  _____________ Newness Estimate 
  
competitors      10   
 
the company per se         9 
 
noncustomer collaborators    n/a   
  
customer/users       10    Average index value = 9.66 
 
 
As can be seen by Table 7 the innovativeness of the unit is estimated to have be quite high for 
three of the groups for which estimates were given. Technically a unit having the features that 
were finally produced could have been conceived of, but the market consisting of the 
customers/users and competitors was somewhat surprised by the availability of laser sighting in 
such a low priced unit. 
 
Other innovativeness evaluations were taken during the interview with the Executive Vice 
President . The relative technological and product or market advantage steps were also collected 
on 100% scales. Relative technological step means the technical sophistication of the new unit 
relative to the IR thermometers available in the market at the beginning of the project. Relative 
product or market advantage means the gain in terms of utility to the user compared with the then 
existing closest unit(s) in the market. The following results were obtained: 
 
  relative technological step - 70% 
  relative product advantage step -  90% 
 
Since laser sighting was already available in the PM line it is not the technical function that was 
regarded as being new, but rather the offering of this feature in a lower priced unit that supports 
the above high values.  

                                                 
39 Interview of Executive V.P.. 
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11.  Leveraging on the ST6 Innovation Process 
 
Over the next two years the successful ST6 project led to new product designs for the entire ST 
line. These model changes between 1996 and 1998 are shown in Table 8, below. Two new  
product models, the ST3 and the ST8, were created as shown in Figure 2, above, in the G3 
generation. These new products have the features and advantages given in Table 4. 
 
These two new products were developed to provide the customers of the ST line products with a 
greater range of choice for moderately priced laser-sighted portables. The market response to the 
ST6 showed that there was sufficient demand to justify continued ST line development.  
Completely new electronics were developed. A laser electronics module was innovated to further 
reduce the manufacturing assembly costs for the models using laser sighting. This change 
permitted a lower cost laser to be used in the ST6 unit and in a newly added ST3 unit.   
 
The original ST6 unit used a turnkey display module that was fabricated by an outside vendor.  
The cost of this module was a significant portion of the unit cost. By focusing on this cost 
problem a new display and main processor module was created that could be produced wholly  
 
Table 8 -  Comparison of  ST Product Line , 1996 and 1998 
1996 
Model 
Nrs. 

Features -                                               
                                            Recall      Audible  
Adjustment      Enhanced    last          & visible    Temp.        Laser 
for Emissivity   Display      reading    alarms        range, 0C   Sighting 

1996 
Prices 

Price Index* 

ST2 
 
ST4 
 
ST6 

      no                   no              no           no         -18 to 400        no 
 
      yes                  no             yes          yes        -20 to 500        no 
 
      yes                  no             yes          yes        -20 to 500        yes 

$ 199 
 
   345 
 
   499 

  1 
 
  1.73 
 
  2.51 

1998 
Model 
Nrs. 

 
 

1998  
Prices 

 

ST2 
 
ST3 
 
ST6 
 
ST8 

       no                   yes              no            no      -32 to 400        no 
 
       no                   yes              no            no      -32 to 400        yes 
 
       yes                  yes             yes            yes     -32 to 500        yes 
 
       yes                  yes             yes            yes     -32 to 540        yes 

   160 
 
   249 
 
   399 
         
   450 

    .80 
 
  1.25 
 
  2.01 
 
  2.26 

*   based to the 1996 price of ST2 which was $199. 
 
inside Raytek thus further reducing the unit cost structure. The development of these new 
components permitted the costs to be reduced some 40% which then allowed more pricing 
flexibility for establishing even lower prices. 
 
These product line developments led to other changes in the products within the ST line. As 
shown in the comparison Table 8 the ST4 unit was eliminated and replaced by the new ST3 
model that has laser sighting and carries a significantly lower price than the original ST6.  This 
meant that the laser-sighting feature that was the focus of the original ST6 development project 
became available to customers at an even lower price. Then a new ST8 model was created that 
had improved optics compared to the 1996 ST6 model. The prices per feature set of the entire line 
were reduced. This led to an increase of some 25% in unit sales by 1998. 
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The  new ST6 model as of 1998 has a dual display feature and adjustments for both set point and 
emissivity, but is priced at 80% of the original ST6 price. This change is presented in the price 
index that is shown as having dropped from 2.51 to 2.01. The dual display permits the current 
observed temperature to be compared to other measures that have been taken during the same 
measuring session.  
 
These other measures are the maximum and the minimum temperatures observed, the difference 
between the max. and min. temperatures (known as the delta measure), and the average of all 
measurements taken during the same session. This ability to compare temperature readings over a 
given measurement session has been found to be of value in many uses. For example, when 
monitoring heating and air-conditioning (HVAC) equipment within structures with a portable 
unit it is of interest to locate hot and cold spots and compared these to the average temperature 
found during a measuring session, thus allowing temperature change comparisons that are of 
value to maintenance engineers. The improved 1998 ST6 has an accuracy of 2% whereas the new 
nonadjustable ST3 model has an accuracy of 1%.   
 
The project manager commented in 1998 that  
 
 “These units are the best value on the market today.”40 
  
The new ST8 model was, in 1998, being sold for even a lower price than the 1996 ST6 unit.  
Thus, overall it was clear that the lower prices per feature set that were permitted by the product 
development trajectory gave significant values to the customers who then increased their demand 
for these ST line Raytek units. 
 
12.  Outside Linkages During the NPD Processes 
 
The 2C development project involved potential customers, outside vendors and one consultant.   
It was first necessary to learn about product attributes for the 2C product concept at an early stage 
in the project work. During this early period the project manager visited some of the potential 
customers for this thermometer in the high temperature usage industries and obtained their 
reactions to the 2C concept. Reactions were fairly positive and steel companies, in particular, 
liked the product concept. 
 
In Phase 3, Design, arrangements were made with several customers for beta testing including 
one of the early contacted steel companies, LTV. 
 
The assembly of the electronics package was subcontracted to an outside assembler vendor and 
this required considerable coordination by the project team in phases 3 and 4.   
 
One consultant was employed to help solve an electromagnetic interference problem that was 
encountered. 
 
The ST6 project, on the other hand, was done almost entirely by the original project team.  
Interactions with outside assembler vendors of the PCB and the display panels were needed for 
problem solving and supply qualification. Also a new vendor was located for the laser diodes. 
These outside interactions required coordination by the project team to a lesser extent than for the 
2C project.  
 
 
                                                 
40 Telephone conference with the project manager, 13 May 1998. 



 

 

 
 

44

13.  Implications from the Two NPD Processes 
  
There are several implications that relate to the future usage of the NPD regime within Raytek.   
These are observations gathered mainly from the Vice President of Engineering.41   
 
 1.  It is very difficult to match team members to the project difficulty. Sometimes the 
experience and skill levels are too low. There are no prefect members so the project manager’s 
job is to make the project function with imperfect members. This is an extremely demanding task.  
Not only must the manager have excellent technical skills, but people skills are equally important. 
 
 2.  Some team members are risk adverse yet they are good development engineers. This 
means that if blame for various faults in the process attach to them the entire project can become 
threatened. Attaching blame for failure kills good NPD work. 
 
 3.  Intra-team communications are difficult. One aspect of this is that the project manager 
cannot quite describe what is expected of the various team members. One partial solution is to 
communicate the end result that is desired for each step rather than an open-ended quest for a 
technical solution.  
  
 4.  Flexibility in team assignments must be maintained so that parallel tasks can be done 
in a better way during the process. This requires frequent meetings and completely open 
communication channels. 
 
 5.  Intra-team conflicts must be quickly identified and resolved by the project manager.  
 
 6.  Reducing the number of tests run on the product under development is, in general, an 
error. This means that testing procedures must be planned into the original tasks to be 
accomplished during the main project phases.  
 
 7.  Knowledge developed within the teams is often dissipated at the end of the project.  
Insufficient documentation capture means that some of the unique knowledge built-up during a 
given NPD process is lost or at least very difficult to retrieve. This means that building core 
competence is difficult because the development teams keep getting dissolved at the end of the 
projects. This is of course a top management problem that requires constant attention. 
 
Several other observations are that choosing the right champion and a knowledgeable project 
leader are critically important. Also it seems that more formalism is needed in situations where 
the team membership is changing between projects since this makes for a lack of intra-team 
experience.  
 
Another important set of implications for future usage of the NPD regime is found in a report on 
the 2C innovation process given to the American Electronics Association Innovation Now 
Conference in February 1997.42 The following prescriptive points for innovation processes, in 
general, were made: 
 

                                                 
41 Vice President of Engineering interview, 22 July1996. 
42 Bigelow, R. and Ysaguirre, J. L., ‘Coming from Behind (In our case 15 Years Behind!) to Become a Market 
Winner’, presentation at the American Electronics Association Innovation NOW Conference,  20 February 1997.  
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1. An early ‘buy-in’ from the various departments within the company that the project 
will proceed on schedule. 

 
 2.  Strive for a competitive product design. 
 
 3.  Establish the feasibility position before kickoff. 
 
 4.  Establish the product requirements as early as possible. 
 
 5.  The project leader role involves people management skills. 
 
 6.  Cross-functional teams should be used. 
 
 7.  Testing is as important as product design. 
 
 8.  An early transition from the design and pilot phases to regular production should be  

      planned. 
 
From the information collected for the 2C process it is clear that items 1 through 6 were all met in 
this case. The creation of production testing routines (7) and the transition to production (8) were 
points that caused some delays toward the end of this process. So these are lessons that were 
learned for future use. 
 
The 2C project manager also gave some other warning points: 
 

1.  Do not expect perfect project teams, complete product specifications at the start, or a  
     perfect development process. 

 
2.  The team’s work must not be confined by the formal process under which the project is  
     carried out. 

 
 3.  Changes in product specifications should not be made late in the design phase. 
 

4.  The actual testing procedures should not be reduced in order to meet the time schedule. 
 
 5.  Multiple reporting relationships during the project time frame do not work. 
 
Also other general recommendations for product innovation processes were given:   
 
 a. Product innovation, development cost and performance should be traded off in favor of 
achieving the planned cycle time. This means that getting a product through the process with an 
acceptable set of features is more important than achieving the best technical sophistication and 
innovation should be made within the planned budget. These criteria were all met by the 2C 
process. 
 
 b.  The project manager must have sufficient management authority to be able to stay on 
the time schedule.  This was also achieved, in large part, in this case. 
 
 c.  The best product development tools should be acquired and used because if this is not 
done the final product may suffer and the improvement effect that can be gained from such tool 
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use will not be possible until the product is later upgraded. This is not an easily met 
recommendation because of NPD budget constraints. 
 
14.  Comparison of the Innovation Projects 
 
The innovation processes of the two cases are presented and compared in this section 14 from a 
project data perspective and more broadly in the subsequent sections 15-18.  
 
Project Comparisons - Both of these projects were carried out within nearly the planned time 
frames. The 2C project was initially setup as a 21 month project and was concluded in 22.5 
months. The ST6 was planned for 8 months and used only one extra month for completion.  From 
the time frame standpoint both were very successful. 
 
Both also produced highly successful products that favorably influenced growing product lines.  
The 2C project data management features even moved over to the MX series as commented upon 
with respect to Figure 2. Features created in the ST6 project were used for upgrading the entire 
ST product line. 
 
The 2C project went far beyond the original idea of just creating a two-color sensing unit in that 
new software and data handling capabilities were created that are much appreciated by high 
temperature processing industrial users of temperature monitoring equipment. The capability to 
read the temperatures off of a process control room computer screen has a very high value 
compared to walking out into a possible dangerous high temperature area to get temperature 
readings.   
  
The longer 2C project evolved mathematical algorithms to permit adjustments to the 2C unit for 
particular industrial processes. These permit the customers to customize the operation of the unit 
for the precise needs of particular situations. More importantly, the users can control the 
operation of the 2C (also designated as the new MR1S) unit from the control room computer. All 
of these created advantages have market significance.  
 
The comparison of the two NPD processes according to a number of criteria is shown in the 
summary Table 9. Section A contains the original proposal information, section B covers the 
development project parameters, and section C contains project review summary data. Initial 
commentary follows according to these section designations. 
 
The quantitative information in Table 9 is based on estimates collected from various involved 
project members. The base cost data have been converted to index values in order to permit 
comparisons between the two product innovation processes without revealing the underlying 
figures. Thus the initial budget estimate for development costs shows an index value of 24 for the 
2C device for comparison with an index value of 7.5 for the ST6 device. Initial commentary is as 
follows. 
 
Section A - The planned unit cost index value gives the original proposal baseline as 100. Index 
values are again used for comparison purposes in section C. From the target pricing it can be seen 
that the 2C unit was to be priced about 5 times as high as the ST6 product. Thus the 2C unit was 
focused on the high end of the market in the online segment while the ST6 was for the middle to 
low end of the portable units. The 2C was of course a more costly project for which an initial 
budget was prepared.   
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Section B - The actual project time periods for each of the phases were held close to those 
originally planned and the extension periods were only 1.5 months for the 2C and 1 month for the 
ST6, notwithstanding a number of key technical issues that had to be solved. Interestingly, the 2C 
project was fully supported by top management beginning with the intervention of the Chairman 
as mentioned in section 8, Management Review1.   
 
Section C - It is notable that the 2C project generated important intellectual property rights in that 
6 patent applications were filed.  This did not occur in the ST6 case.  
 
The development personnel time was heavy in Phase 3 - Design for the 2C project.  Phase 3 
required over 140 man-months spread through 13 months for overcoming the various problems 
and perhaps, more importantly, for accomplishing the additional data management (software 
programming) work that actually went far beyond the original market pull idea that had started 
the project. 
 
The cost/unit index value increased during the 2C project and decreased in the ST6 case. The 
increased index value in the first project reflects the fact that the 2C product had become a 
temperature data management system during the NPD process that had many improved functions 
over those that were expected for an online IR thermometer based on existing products. In the 
ST6 case the focus of the entire NPD process was to create a low cost laser sighted portable unit 
and that was achieved under very favorable time and cost conditions. 
 
For the 2C case it can be seen that the noncapital costs increased rapidly in the third (design) and 
fourth (pilot) phases and this is in line with earlier findings from NPD research.   
 
Table 9  Summary of Project Data 
 
A. Original Proposal Thermalert® 2C Raynger® St6 
Project time frame 
      Phase 1 
      Phase 2 
      Phase 3 
      Phase 4 
 
 
Projected unit sales for first 
year 
 
Planned unit cost index value* 
 
Target price 
 
Target ratio for average selling 
price/materials cost  
 
Project staffing in 
      Phase 1 
      Phase 2 
      Phase 3 
      Phase 4 
 

21 months 
      6 months (planning) 
        1 month 
      12 months 
        2 months 
 
 
 
100 units 
 
100  
 
$2100 
 
 
3 
 
 
1 project leader + champion 
10 full time 
11 full time + 4 part time 
10 full time 
 

8 months 
    1 mon. (planning) 
    2 mon. 
    3 mon. 
    2 mon. 
 
 
 
5000 units 
 
100 
 
$400 
 
 
4 
 
 
1 project leader + champion 
3 full time + 3 part time 
      “                “ 
      “                “ 
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Team organization 
 
 
 
 
Planned staff changes 
 
 
Initial budget estimate 
      Development costs 
      Capital costs 
 
Perceived level of technical 
risk on scale of 1 to 10 
 
Perceived level of market risk 
 
 

dedicated team of 10 to 11 full 
time with subgroups that 
included part time members in 
a matrix for detailed steps 
 
project leader to remain 
throughout 
 
 
24.00 
  1.00 
 
 
7 
 
2 

dedicated team of 3 full time 
with subgroups that included 
part time members in a matrix 
for detailed steps 
 
project leader to remain 
throughout 
 
 
7.50  
 
 
 
4 
 
1 
 
 

B. Development Project 
Paramenters 

Thermalert® 2C Raynger® St6 

 
Actual time to complete the 
four activity phases 
 
   Actual Time period for: 
 
       Phase 1 
       Phase 2 
       Phase 3 
       Phase 4 
       Post sign-off 
 
 
Top management sponsorship 
thoughout project 
 
Method of informing tip 
management on project 
 
Key technical issues dealt with 
at design review sessions 
 
 
 
 
 
 
 
 
 
 

 
 
22.5 months 
 
 
 
 6 mon. planning 
 1 mon. 
13 mon. 
2.5 mon. 
0 
 
 
yes, starting with Phase 3 
 
 
intranet project reports + 
management reviews 
 
Feasibility of constructing   
  sensing head with 2 detectors 
Evaluating detector elements  
  from various suppliers 
Alternating between 1-color  
  and 2-color modes 
Full digital operation 
Digital output to a remote  
  terminal 
Creation of monitoring  
  software 
Compaction of all elements  

 
 
9 months 
 
 
 
1 mon. planning 
2 mon. 
3 mon. 
2 mon. 
1 mon. (extention due to  
             several  issues) 
 
yes 
 
 
intranet project reports + 
management reviews 
 
Use of SMT electronics 
Display connector to PCB 
PCB leads to detector  
  elements 
Insuring the laser alignment  
  was within tolerance for  
  housing and for optical axis 
Tightening up the lens to  
  housing tolerance 
Capabilities of existing  
  vendors 
Preparation of new code for  
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Financial issues raised at 
design review sessions 
 

  within same housing 
 
 
4 year payback was thought to 
be too long at Management 
Review 1 

  EEPROM chip to assure fail- 
  safe operation 
 
Containment of cost/unit index 
to the 100 planned value 
 

C. Project Review Summary Thermalert® 2C Raynger® ST6 
 
Source of knowledge obtained 
from outside the team 
 
Patent applications filed 
 
Estimated development 
personnel time used 
(expressed in full time 
equivalent, FTE, man-months) 
 
     Phase 1 
     Phase 2 – Feasibility &  
                     Specifications 
 
     Phase 3 – Design 
 
     Phase 4 – Pilot 
 
     Post-release 
 
Total personnel FTE 
 
 
Unit cost index value at 
release point* 
 
Exworks price at release point 
 
Internal rate of return, IROR 
 
Estimated project noncapital 
development cost totals for 
each phase**: 
 
     Phase 1 
     Phase 2 
     Phase 3 
     Phase 4 
     Post-release 
 
Total noncapital costs 
 
 

 
Outside vendors, consultants, 
potential customers 
 
6 
 
 
 
 
 
 
6        man-months 
 
9             “ 
 
141.2      “ 
 
26           “ 
 
0 
 
182.2   man-months 
 
 
 
129 
 
$3645 
 
20% over 3 years 
 
 
 
 
 
1.50 
2.25 
35.30 
  6.50 
  0 
 
45.55 
 
 

 
Outside vendors 
 
 
0 
 
 
 
 
 
 
1 man-month 
 
8        “ 
 
12      “ 
 
8        “ 
 
3        “ 
 
32  man-months 
 
 
 
76 
 
$499 
 
n/a 
 
 
 
 
 
0.25 
2.00 
3.00 
2.00 
0.75 
 
8.00 
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Estimated capital costs by 
phases: 
 
      Phase 1 
      Phases 2-4 
 
Total project costs 
 

 
 
 
     0 
  1.00 
 
46.55 
 

 
 
 
  0 
0.50 
 
8.50 
 

*    Unit cost index values shown as 100 at proposal stage    
**  Estimated as per man-month cost by the Executive Vice President43 
 
A comparison of the planned project cost at the end of section A with the final costs at the bottom 
of section C shows that the ST6 project came in closer to budget at only 13.3% over whereas the 
2C project was 86.2% over budget. The final total project costs are seen to be about 5 times as 
high for the 2C project as for the ST6 which confirms that projects targeted to new segments are 
usually more expensive than are projects for more well-known segments. Notwithstanding this 
project cost difference it is of interest that both of these projects formed bases for expansion of 
their respective product lines. The use of the two-color (2C) detection system also migrated into 
the MX portable product lines as commented upon previously in section 4 with respect to Figure 
2. 
 
In both cases Phase 3 was the most costly phase at 77.5% of noncapital development costs for the 
2C and 37.5% in the case of the ST6 unit. This seems to mean that the design phase was much 
more complicated for the more unusual product that had higher technical risks (7 vs. 4 on a scale 
of 10).  In both cases the capital costs were low percentages of the total costs. 
 
The following columnar summary of other data from Table 9 further illustrates the large 
differences between the two projects: 
 
       2C thermometer ST6 thermometer 
Section A Planned project time, months   21            8 
  Projected first year unit sales            100     5000 
  Target price/unit, US$                    2100       400 
  Project Staffing       10 or more  3 plus part time 
  Initial budget, index values   25.00           7.50 
 
Section B Project actual time, months   22.5           9    
 
Section C Total personnel, FTE, man-months  182.2          32 
  Unit cost index value compared to  
   100 at project start    129          76 
 
 
15.  Assessment of the Product Development Processes Outcomes 
 
A product development process results not only in a new product, but also in related sets of 
targeted and peripheral outcomes. Targeted outcomes are ones that are often used as rationales 
for starting a NPD process. Frequently projections are made for such prospective outcomes 
before making the decision to go forward with the project. Peripheral outcomes are ones that flow 

                                                 
43 Interview of the Executive V.P., 21 July 1998. 
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in a subsidiary manner from the decision to invest in a given project and are not usually ones that 
are subject to projections as part of the original decision.  
 
The two sets of outcomes are evaluated by proceeding along two parallel analytical tracks. The 
first is the analysis of activities and events that produced the outcomes. This requires looking in 
depth at the NPD process steps for each case and the surrounding context. The second track 
consists of gathering ordinal numerical evaluations from team members and management to 
provide better guidance for the analyses in the first track. It is felt that by frequently touching 
base with ordinal data collected from single knowledgeable respondents the analysis can be 
improved. The ordinal data is not presented as scientific, but rather was used as an analytical 
guide to discover more about the relative importance of the outcomes under evaluation over the 
time frames of the evaluations. The additional explanations obtained in support of the gathered 
numerical evaluations made this a valuable methodology.  
 
Selected outcomes for the Thermalert® 2C and Raynger® ST6 innovation processes are assessed 
in two steps:  
 

1. Initial evaluations of the weights of some of the target outcomes were taken on 10-point 
scales to establish values as of the start of the NPD project and then compared to those 
same values collected shortly after the end of the two development processes. This was 
done as a means of gauging the change in these factors over the life of the projects. The 
results are in Appendix A and are referred to as needed in the following sub-sections. 
 
2. Long-term measures of both target and peripheral outcomes were also collected on the 
same 10-point scale at 91 months after product release of the first of these two devices.44 
The purpose of the assessments of these outcomes at his final review point is to gain a 
more complete understanding of NPD process outcomes over a longer time frame.  
 

The analysis of the outcomes started by identifying the main development decision rationale for 
the two NPD processes. These were stated to be:   

 
“1. improving product functions for general market or specific industrial uses,  and 
  2. lowering unit costs”.45  
  

Sales to existing customers and to new customer segments are used also as target outcomes 
because sales projections are among the main decision factors and furnish support for many of 
the other factors. Existing customers were those to whom products were being sold prior to the 
start of the NPD process. Targeted new customer segments are those that were not regarded as 
customers based on sales before the process start point.  

 
Data on other target outcomes such as maintaining a leading innovation position and product 
utility gains were also collected. Some target outcomes such as the creation of a new product 
platform and patent applications filed that provide support for a NPD decision also have the 
characteristic of denoting knowledge gained.  
 
Peripheral outcomes such as knowledge gaining for different purposes and external linkages 
formed have also been evaluated by the same methodology. These outcomes are difficult to 
foresee on the basis of information that is known in the earliest stages of a new project. For 
                                                 
44  Interview of former Executive Vice President. 
45 Ibid. 
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example, a linkage to a potential customer or supplier that was established during a NPD project 
could have increasing importance even after the product release. The formation of such a linkage 
is not usually a rationale for undertaking a project, but can become an important ongoing 
outcome flowing from a given project. These outcomes provide peripheral support for the 
decision to initiate a NPD process rather than constituting the main support for such a decision.  
The extent to which these peripheral outcomes characterize a given NPD process depends largely 
upon the details of the process carried out and the innovativeness of the project. 
  
The assessed longer-term outcomes are evaluated along two dimensions: 1. an overall importance 
weighting of each outcome relative to all outcomes of both target and peripheral types at the final 
review point as mentioned above, and 2. the likely time span (duration) over which each outcome 
is expected to be operative so as to have an impact on the company.  

 
The second dimension has been assessed along a cumulative time scale divided into three time 
period categories so as to set down a judgment as to the likely operative period for each outcome.  
The time period categories each begin with the product release and are defined as: 1. a period less 
than the product life cycle (PLC),  2. a period extending across the duration of the PLC, and 3. a 
period longer than the PLC for the developed product. An outcome that has been estimated to 
occur mainly within the first part of the PLC is then classified in the first category along this 
scale. An outcome that is expected to last throughout the duration of the PLC, but not much 
longer was classified in the second position. The PLC is taken as the product cycle in the home 
country market. 

 
A classification of an outcome as likely to exceed the PLC means that its operative period is 
believed to extend across the time scale into the subsequent generation(s) of such a product. This 
longest period for outcome evaluations has to be carefully considered because outcomes judged 
to be longer than the product life cycles (PLCs) can have an impact on company development for 
many years. The designation of ‘long-term or period’ is used to cover a period covering the PLC 
while the designation of ‘longest-term or period’ is reserved for use in the beyond PLC time 
frame. 

 
Of course all of the outcomes have operativeness at least in the first time scale category. The 
positions along both dimensions have been established by one of the key managers using the 
perspective of the company rather than that of the customers or of general economics 
considerations. 
  
These two dimensions have been used in order to establish more precise comparisons among the 
outcomes. They are regarded as providing only indications along the two dimensions and have 
the limitation that the importance weightings and time scale classifications for the outcomes have 
been set down by a single knowledgeable respondent so that they have to be regarded as 
subjective even if well informed. Other managers could have given different values. Use of the 
time scale requires a judgment about the likely future of the various outcomes since the available 
information is from the first period, less than the duration of the PLCs. Hence, these time scale 
evaluations can be seen only as approximations.  
 
The combination of an importance weighting and the duration for its operativeness is termed the 
impact level of a particular outcome. The importance weighting evaluations have been divided 



 

 

 
 

53

into three ranges for analysis purposes. The following weightings ranges have been used: high is 
7 to 10, medium is 4 to 6.9, and low is 0 to 3.9. The impact evaluations have also been scaled in a 
simple ordinal manner. The highest weighting range of 7 – 10 together with the longest duration 
of >PLC is impact level five (5) and the next lower level is same weighting range at the shorter 
duration of the PLC is level four (4). Both of these levels are referred to as having a large 
expected impact. Three other impact levels for other data combinations are also used as shown in 
Appendix B. 
 
15.1  Target Outcomes of Thermalert® 2C  Development Process 
 
The target outcomes for the Thermalert® 2C process  are evaluated below in connection with 
Table 10. The following explanations for each target outcome have been guided by the recorded 
evaluations for this device that had the higher innovativeness standing at the start of this study. 
The outcomes are ordered according to the above stated main development decision rationale and 
impact levels. Note that 6 of the first 7 outcomes are placed in the longest time frame (>PLC) for 
operativeness. 
 
Solving Customer Problems - 
Customer problems with existing industrial products are usually solved by improving product 
functions.  The two-color feature provides more convenient control of industrial high temperature 
processes from a remotely located computer rather than at the location of the device in the plant. 
This feature also improves the device accuracy. The electronic package also permits continuous 
and accurate data recording of the temperatures measured and provides needed warning 
signaling. These product functions solve certain problems for high temperature measurement. 
This outcome is given the highest importance weighting and has a longer than PLC duration 
whereby a large impact level of 5 is likely. 
 
Unit Profitability -  
After the initial problems were corrected the Thermalert® 2C device began selling reasonably 
well notwithstanding the higher final price and thus the profitability is consider acceptable. For 
such industrial devices the technical features are relatively more important than price. This 
outcome ceases to have impact beyond the PLC time frame of course and hence is at impact level 
4. 
 
New Product Platform Created - 
The new platform created by the Thermalert® 2C process is based on the two-color function and 
the new printed circuit board (PCB) and associated software that provides for the control of high 
temperature processes. It also enables continuous and accurate data recording of the temperatures 
measured. Other features previously noted in Table 4, above, were also created to add customer 
value to this 2C device. This outcome is given a high importance for a period extending beyond 
the PLC so that long-enduring impact is predicted.  
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Table 10 - Thermalert® 2C Development Process Target Outcomes  
 
 
Target Outcome Type 
 
 
 

Relative 
Importance 
Weighting 
for Outcome,
 1 to 10 
 

Likely Time Span of 
Outcome 
            Duration of 
 < PLC   PLC    > PLC

Impact 
Level* 

Solving customer problems           10       x       5 
Unit profitability              8      x        4 
New product platform(s) created             8       x    5 
New customer segments accessed             7       x    5 
Patents applications filed             7       x    5 
Evolution of an industry standard             6       x    3 
Sales to existing customers             5       x     3 
Maintaining leading innovation 
position 

             
            5 

       
    x 

   
     

 
   2 

Product utility gain              3           x         1 
New manufacturing technique             2      x         1 
Product success targets met             2           x         1 
Being first entrant into the market             1      x      1 
* see Appendix B scale 
 
New Customer Segments Accessed - 
There were start-up problems in satisfying the targeted new customer segment.  In many high 
temperature manufacturing processes warning signal using flashing lights and sirens are the 
standard safety requirement. Such signals had not been part of the planned device output. There 
were also initial software bugs. These caused some customers to be less interested until this 
deficiency was remedied. There was a slight warning signal problem that occurred during a 
demonstration in a steel company when the marketing personnel were unable to control the unit 
which either gave a warning signal or simply continued to record the temperature, but not both.46  
This problem was eventually traced to a virus in the internal software program. Notwithstanding 
these difficulties, two new customers were Corning and Pilkington Glass. These types of 
problems initially interfered with accessing the target new customer segment, but were eventually 
overcome so that a high evaluation of 7 is given with a longer than PLC time span for a large 
predicted impact level of 5.  
 
Patent Applications Filed -   
Six patent applications were filed covering various aspects of the Thermalert®  2C device to 
protect the investment made during the innovation process. Prior to this NPD project the 
company had not filed many patent applications. This high importance outcome over the longest 
time frame (beyond the PLC) also predicts a large impact.  
 
Evolution of an Industry Standard -    
The 2C device contributed to the evolution of an industry standard through the remote recording 
and control features and its relatively compact size. While most of these developments were held 

                                                 
46 Interview of former Executive Vice President. 
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internally by the company, the capabilities of the device became known to potential new 
customers and to the competitors.  
 
Sales To Existing Customers - 
At the start of the Thermalert® 2C development process there were no significant sales to the 
high temperature industries, but there were many industrial customers for the on-line units that 
were potential buyers. This medium importance outcome is also given a longer than PLC impact 
time span. 
 
Maintaining a Leading Innovation Position –  
One of the main target outcomes for this NPD process was to demonstrate increased technical 
competence to the high temperature industrial market. So maintaining and enhancing the 
company’s market position through this development effort was a definite target outcome 
notwithstanding the problems encountered. The maintaining of an innovation position outcome is 
assessed as having a medium weight over the PLC of the device and hence to have a shorter 
impact period.  
 
Product Utility Gain - 
To assess the product utility gained by customers it is first desirable to make some assumptions 
about the focal class of customers. The Thermalert® 2C  device was innovated for new industrial 
customers who deal with high temperature manufacturing processes such as those used in steel, 
heat treating, semiconductor processing furnaces, and wire manufacturing. In many of these 
processes the heat source target may be smaller than the field of view or may be moving. In some 
others situations the target may be obstructed by atmospheric smoke or other particulate matter. 
 
A device with high optical resolution is needed to deal with such problems. For such customers it 
is useful to assess optical resolution as a key variable for the product utility. This measure was 
collected for devices in the Thermalert® product line and compared to product utility index 
values. 
 
The product utility index values were constructed by collecting data for the following features: 
number of colors detected, incorporation of data control and recording, response time, and use of 
fiber optics, together with optical resolution. The assessed index values were summed for each of 
the devices used for this comparison. The calculations and product utility indices are set forth in 
Appendix C, Tables C1 –C2. The resulting graphic plot is shown in Figure 7 wherein optical 
resolution measures are expressed as the whole numbers rather than 30:1, for example. 
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Product Utility Index  
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Figure 7   Product Utility Index Diagram for the Thermalert® product line 
 

This figure shows that the Product Utility Index value increased about 66 % from the start 
position to the Thermalert® 2C device while the optical resolution increased by a factor of 
slightly more than 4. The gain for the next generation product in the line, the MA1S/MA2S was 
about 27% while optical resolution more than doubled. These gains in product utility were within 
the expected range, hence the low weighting. 
 
New Manufacturing Technology - 
Software development for the 2C device was carried out by a small sub-team within the project. 
Not all of the parts and software were ready at the same time for the product launch. This forced 
the sub-team to rapidly improve its product development effectiveness. This increased technical 
know-how was later of use to other product lines. Also the project team gave attention to 
manufacturing assembly issues and designed the device so that parts common to other products 
could be used. It should be noted that this target outcome is necessary for evaluating the NPD 
process that was originally designated as having a high innovation standing within the company. 
 
Product Success Targets Met - 
The 2C device was considered to be an engineering designed unit for which there was no formal 
market testing. There was only minimal advertising and promotion so that the sales targets over 
the longer term of the PLC were not met in a fully acceptable manner, hence the lower evaluation 
for this outcome and a correspondingly small impact. The device was considered a successful one 
nevertheless. 
 
Being First Into the Market – 
Thermalert® 2C was not the first such product to come into the market so this outcome has a 
very low importance weight and is estimated to be operative during the shortest time span that 
together give the smallest impact level. For example, at one of the earliest customer trials a 
competing LAND unit was standing idle nearby. 
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Assessment of Target Outcomes Associated With the Thermalert®  2C Over Development 
Process – 
The largest impact outcomes listed in Table 10 are for solving customer problems, lowering unit 
costs (profitability), the creation of a new product platform, gaining access to new customer 
segments, and patents applications filed. All of these outcomes were rated at 7 or above on the 
10-point scale and each of these except for profitability are evaluated as have expected impact 
beyond the PLC for level 5 impacts. This Thermalert® 2C innovation project is evaluated as 
having large impact on the company. 

 
15.2   Target Outcomes for the Raynger® ST6 Development Process 
 
The target outcomes for the Raynger® ST6 device are set forth in Table 11. Some of these 
outcomes differ from those in Table 10 since the ST6 device was initially regarded to have lower 
innovativeness than the 2C device. As in sub-section 15.1, the following explanations for each 
target outcome have been guided by the recorded evaluations for this device. The ordering is 
according to the comparable outcomes in Table 10 so that referencing will be easier in 
subsequent section of this study. 
 
Meeting Customers Needs – 
Customer needs are usually met by improving product functions. For evaluation purposes the 
needs and product functions are separated into two related outcomes. The ST6 device provides 
laser sighting for close spaced temperature measurement at a reasonably low price. This had not 
been achieved before the completion of this NPD process. The 1998 upgraded version of this 
device also has a dual display function that permits the current observed temperature to be 
compared to other measures that have been taken during the same measuring session. These 
functions resulted in unit sales/year increases over the initially planned 5000/year that were 
judged to be sufficient to support the conclusion that this product is meeting customer needs in 
the expected manner. A highly weighted is given to both outcomes for the duration of the PLC 
and hence these two taken together have a large impact at level 4.  
 
Unit Profitability Of the ST6 -  
The profitability was acceptable from the release point forward, partial due to the engineering 
refinements achieved during the NPD process that lowered the per unit cost. The company’s 
internal pricing target at the time of these assessments was that materials cost must be not higher 
than 25% of the selling price, labor should not exceed 5%, and that a margin of at least 45% was 
maintained. This is a highly important outcome that is judged to be operative over the PLC 
duration and hence to have a large impact. 
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Table 11 - Raynger® ST6 Device Development Process Target Outcomes  
 
Target Outcome Type 
 
 
 

Relative 
Importance 
Weighting 
for Outcome,
 1 to 10 
  

Likely Time Span of 
Outcome 
            Duration of        
< PLC    PLC     > 
PLC 

Impact 
Level 

Meeting customer needs 
Improving product functions  

       10          
         8 

    x 
   x 

     
 

    
   4 

Unit profitability*        10     x        4 
New product platform(s) created        10      x    5 
New customer segments accessed          8     x         4 
Patent applications filed          6      x    3 
Sales to existing customers        10     x         4 
Maintaining a leading innovation 
position 

 
         7 

   
   x 

 
     

 
   4 

Product utility gain**           7         x     4 
Product success targets met          1     x      1 
*   Unit profitability is reported from the re-design point forward after development problems  
     were solved. 
** This gain is reported from a marketing point of view. 
 
New Product Platform Created - 
The Raynger® ST6 device is based on the new compact PCB product platform that supported the 
laser sighting function. This required a new EEPROM programmable firmware chip to be 
selected and once accomplished this combination became the basic platform for other laser 
sighting products in the ST line. This new electronic control chip also permitted cost reductions.  
It provides increased accuracy of readings and gives the users increased confidence during 
temperature checking activities. The combination of the highest importance weighting and 
longest duration period gives this outcome a large impact at level 5. 
 
New Customer Segments Accessed - 
Obtaining new customer segment(s) was also a highly weighted target outcome during the NPD 
process, 8 out of 10 according to Appendix A, Table A2. Sales to the automotive repair market 
users increased with the release of the ST6. Some of these were new customers. Also a contract 
was negotiated for manufacturing in China. In summary this outcome is evaluated at a high 
weighting of 8 over the duration of the PLC for a level 4 impact. 
 
Patent Applications Filed – 
Strategies for the protection of intellectual property were changing within the company during the 
NPD process timeframe, but did not result in any patent application filings for the ST6 device. 
The importance of these strategies, however, grew over the subsequent years and a greater level 
of attention would have been focused on such possibilities when viewed in hindsight. This is 
reflected by the evaluation of medium level evaluation of 6 over the >PLC time frame and hence 
a mid-level impact. 
 
Sales To Existing Customers - 
Retaining present customers was a highly weighted target outcome by the end of the NPD 
process according to Table A2 in Appendix A, with a value of 8 on a 10-point scale for 
distributors. The slightly different measure here taken at the final evaluation time point is higher, 
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at 10 so sales to existing customers has remained a highly weighted outcome extending over the 
duration of the PLC to give a large expected impact. 
 
Maintaining a leading innovation position – 
The original ST2 and ST4 units were sighted by eye and had no laser. The addition of laser 
sighting while maintaining the same hand-held casing size and a reasonably low price permitted 
the company to secure its leading position in this market segment. A high evaluation importance 
is given for this outcome over the PLC time frame and hence this outcome is given a large level 4 
impact . 
 
Product Utility Gain -   
The main utility gain was providing laser sighting in a hand-held unit at a reasonably low price.  
 
Another way to illustrate the product utility gain is to calculate and plot price indices against 
product utility index values for the years 1996 and 1998. Price indices and product utility indices 
and given in Appendix C, Table C3. This graph is shown in Figure 8.  
 
        
       2.5            ST6      
Price                ST8 
Indices             
       2.0                ST6 
 
          ST4  1998 
           1996 
        ST3          
        
        1.0 ST2 
             
        0.8  ST2 
 
    5  10  15  20  
     Product Utility Value 
 
Figure 8 -  Product Utility Trajectory for the ST product line 
  
Thus it can be concluded that the product utility trajectory is moving in a downward-to-the-right 
direction (shown by the solid arrow for 1998) that gives decreased prices at higher customer 
index values based on product performance. This of course involves the use of new technological 
know-how just as in the 2C case, but the primary trajectory seems to be somewhat better captured 
by the above price centered approach. 
 
The above product utility trajectories could be improved in precision by recognizing that different 
features have different importance to the customers. For example, the customer index value for 
laser sighting should likely be greater than for the other features and not limited to a 5 point scale 
because it seems to be the most highly valued product attribute. The importance weighting of 7 
for the duration of the PLC gives this a large impact level 4. 
 
Product Success Targets Met –    
Success targets were set up for the entire ST line and separate evaluations were not possible for 
the ST6 device so the usefulness of this outcome is greatly reduced. The earlier ST2 unit had 
encountered $30 to $40/unit cost overruns in this ST6 NPD process time frame and this problem 
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was still being dealt with at the time of market release.  Due to the high cost levels the success 
targets for the product line were not met even though good sales volumes of ten to twenty 
thousand Raynger® ST6 units per month were seen. These results are not directly connected to 
the Raynger® ST6 device, however. Because of these complications this outcome has not been 
retained for comparison in Table 15, below, but is useful for other analyses. The low importance 
weighting and of course the shortest time span together give this outcome the smallest impact. 
 
Assessment of Target Outcomes for the Raynger® ST6 Over the Development Process – 
Eight of the ten outcomes show large impact levels, however only one is at level 5. This means 
that all of these outcomes except for the creation of a new product platform are expected to 
remain operative through the PLC. This shorter duration of the impacts distinguishes the ST6 
outcomes from those flowing from the 2C innovation process. More comparisons are made in 
section 16. 

 
15.3  Peripheral Outcomes of Thermalert® 2C Development Process 
 
The outcomes understood to be peripheral for the Thermalert® 2C device are set forth in Table 
12 according to the same two dimensions that were used in Table 10 for the target outcomes. 
Most of these peripheral outcomes are evaluated to be operative beyond the PLC time frame and 
the first three have impact levels of 5 so knowledge gained for future use is judged to have large 
impact. 
 
Knowledge Gained For Future Use     
Technical systems - The development of a two-color device could have been a much simpler 
technical process than occurred here. The main reasons for the additional complexity that gave 
the gain of knowledge were the additional development of a software controlling and recording 
system that were new to the company. A second reason was that the integration of the 
optical/mechanical parts with the software/computer sub-system created a complex total system 
that presented new internal coordination challenges. 

 
New product line extensions - The later developed MX infrared imaging unit referred to in Figure 
2 was developed based on knowledge gained through the Thermalert® 2C development process. 
 
Marketing – The lack of a warning signal controlled by the computer showed that customer needs 
must be known in great detail before setting up the product innovation program. This eventually 
led to more detailed market research being carried out on new products that were targeted to new 
customer segments. Also the market demonstration session that was compromised due to a virus 
problem in the software resulted in much more attention being focused on testing and debugging 
of all firmware and software used in later developed products.  
 
Organization and Internal Product Development – In addition to NPD changes to accommodate 
the above types of knowledge the NPD process was expanded to include assuring that all parts 
and software were ready at the same time for market release of new products. This outcome has a 
mid-level impact of 3.  
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Table 12 - Thermalert® 2C  Development Process Peripheral Outcomes 
 
Peripheral Outcome Types Relative 

Importance 
Weighting 
for 
Outcome, 
 1 to 10 

Likely Time Span of 
Outcome 
                 Duration of 
 < PLC     PLC    > PLC 

Impact 
Level 

Knowledge gained for future 
use in  
 

     

    Technical systems           9      x      5    
    New product line extensions           8      x      5 
    Marketing            7      x      5 
    Organizational and internal    
        product innovation  system  
        development 

          
          5 

   
   x 

 
     3 

      
Strengthening of  linkages to 
 

     

    Customers            6       x     3       
    Cooperation partner(s)            1               x     2 
    Other suppliers            1       x     2    
Other outcomes 
 

     

    Gain of new manufacturing  
    competencies and paradigms 

 
           1 

   
    x 

    
    2       

    Increased competence to   
    overcome      
    technical/marketing risks  

 
           4 

 
 

  
    x 

 
    3     

    Confirmed existing product  
     development system 

     
           6 

          
    x 

    
    3   

    Direct competition for  
    Thermalert® 2C unit  
     encountered 

           
          (6) 

 
        

 
    x 

 
        

 
   (2) 

 
 
Another way to show the increase in technical and marketing knowledge for the 2C device 
process is by plotting the changed customer utility values against the types of knowledge 
generated in the innovation process. Customer utility values for the new Marathon® product line 
have been estimated as set forth in Appendix C, Tables C1 –C2. The resulting graphic plot is 
shown in Figure 9.  
 
The customer utility values shown in Tables C1 and C2 are plotted on the y-axis  in Figure 9 for 
the start situation and for products 1, 2 and 3. The x-axis is a nonquantitative representation of the 
increased technical and marketing knowledge gained for the company’s IR thermometry and 
marketing know-how. 
 
  
 
 



 

 

 
 

62

   
    Online Control and Data Management 
      New product designs 
         
        20_         
     Two-color     2 & 3      Software 
     detection       Package 
         
Customer    15 _           1. (2C) SMT for       
Utility        electronic 
Values        components     
  
                   10 _  one-color detection 
   START 
          5 _ display only   
              data output 
 
    IR Thermometer Technical Knowledge 
 
Figure 9 -  Product Development Trajectory of the 2C unit 
 
In reading this Figure 9 it is important to keep in mind that the gain in customer utility values 
are wide-spread as shown in Appendix C, Table C2. The 2-color detection gives greater 
accuracy by overcoming the effects of certain air-borne obstructions.  The data management 
functions provide a two-way communication link to a control room computer.  
 
Strengthening of Linkages to Customers - 
Customers were involved in several phases of the NPD process.  The first was that information 
on problems and limitations of existing products was obtained from the customers and this was 
then used in planning steps that have been described in Section 8. Later demonstrations were 
conducted in the plants of potential customers under actual use conditions. New customers are 
also involved during the purchase process due to demonstrations and customizing of the units 
for specific conditions. This outcome is evaluated as having the mid-level impact of 3.  
  
Linkages to cooperation partner(s) and other suppliers - The software system development was 
done internally so no cooperation partners were involved during the NPD process excepted for 
solving an electromagnetic interference problem in Phase 3, Design. While this may seem strange 
for a company that had not developed a similarly complex system the project team considered 
that they knew the infrared temperature measurement technology much better than any outside 
experts. However, during and beyond the PLC various partners and vendors are slightly involved 
with on-going matters. These two outcomes are also evaluated as having mid-level impact.  
 
Other Outcomes 
The last four ‘other outcomes’ all have low mid-level impacts. 
 
Gain of new manufacturing competencies and paradigms – As a result of the Thermalert® 2C 
innovation process the company gained some competencies needed to innovate more complex 
temperature measuring and recording systems for the high temperature industrial segment.  
 
Increased competence to overcome technical/marketing risks – The company learned that special 
care has to be taken when developing a product for a new market segment. Detailed customer 
research and planning discussions are a necessary part of the NPD process. The original product 
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concept was to build in many technical variations to provide greater degrees of freedom for the 
customers. During the selling in efforts it was discovered that customers were more willing to 
purchase devices that could just be plugged in and would then work without adjustments. This 
meant that some product changes had to be made after market release. 
 
Also pertinent to overcoming development risks is the following. At an early stage in data 
collection two measures were taken on a 10-point scale as to the estimated initial technical and 
market risks associated with this project at the start of the NPD process. The project manager 
estimated the technical risk was 7 and the market risk was 2 at the kickoff point. There was a 
lowering of the technical risk during the NPD process whereby the relatively high technical risk 
was reduced to 4 by the time of the Preliminary Design Review since the product had been 
reasonably well characterized by that point. However, the low level of market risk turned out to 
be overly optimistic.  
 
Confirming existing product development system – The NPD regime that had been set in place 
just prior to the start of this Thermalert 2C effort was tested out and found to work well overall 
although some specific adjustments had to be made for dealing with a new more complex system 
development process.   
 
Direct competition for 2C device encountered - The Thermalert® 2C was not the first into the 
market, but rather a product developed to enter a new segment for the company. There were 
already closely conforming competitive products available from Land, Omega and Ercon that 
gave negative impact, but these did not have all the features that were available in the 2C 
device.47 
  
15.4  Peripheral Outcomes for Raynger® ST6 Development Process 
 
The peripheral outcomes for the Raynger® ST6 device are set forth in Table 13, below. Here 
also, most of these have durations over the longest >PLC time frame. Each of the knowledge 
gained group show large impact levels of 4 or 5. 
 
Knowledge Gained For Future Use     
Technical systems – Creating a new product platform necessarily involves gaining knowledge 
about new technical possibilities. The development of the new compact PCB containing the 
EEPROM programmable firmware chip was the basis for a new product platform that gave this 
type of knowledge gain. 
 
New product line extensions – It later became possible to use the new ST6 firmware chip 
platform in other products.  
 
 
 
 
 
 
 
 
 
 

                                                 
47 Interview of former Executive Vice President. 
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Table 13 - Raynger® ST6 Development Process Peripheral Outcomes 
 
Peripheral Outcome Types Relative 

Importance 
Weighting  
  for 
Outcome, 
 1 to 10 

Likely Time Span of 
Outcome 
 
 
           Duration of    
 < PLC    PLC      > PLC 

Impact 
Level 

Knowledge gained for 
future use in  
 

     

    Technical systems            8       x      4 
    New product line extensions            9         x     5 
    Marketing             8         x     5 
    Organizational and internal  
        product innovation   
        system development 

 
           7 

   
      x 

 
    5 

      
Strengthening of  linkages 
to  
 

     

         
        Customers 

 
            6 

  
       

    
     x 

 
    3 

        Cooperation partners             5        x     3 
        Other suppliers             5        x     3 
      
Other outcomes 
 

     

    Gain of new manufacturing  
         competencies and  
         paradigms 

 
            3 

  
      x 

 
      

 
    1 

    Increased competence to  
         overcome            
         technical/marketing risks  

 
            6 

 
 

  
     x 

 
    3 

    Confirmed use of the  
         existing product  
         development system 

 
            6 

 
       

  
     x 

 
    3 

    Direct competition for new  
          device encountered 

 
           (2) 

            
      x 

  
   (1) 

 
Marketing – Gains in marketing knowledge were those expected within the hand-held product 
line that the company sees as one of its principal strengths. These gains are considered important 
for the continuation of a profitable line. The ST6 development project created new competitive 
knowledge that has also been assessed as target outcome No. 8 in Tables A2 in Appendix A, but 
at a lower importance level of 5. The evaluation of 8 in Table 13, above, indicates that this 
knowledge has increased in importance over the PLC period and is expected to continue to have 
an impact in the future..      
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Knowledge as to organizational and internal product innovation system development was more in 
the nature of a reaffirmation that the company pricing rules should be maintained. 
 
Strengthening of Linkages to Customers -  
This second group shows only mid-level impacts of 3. 
 
Customers in the after-automotive and plastics manufacturing markets gave some helpful 
suggestions at early development stages. The ST6 device also permitted better linkages to the 
automotive repair market users. Particular attention is given to new customers so as to better 
understand their use of the device so the linkages are of long duration.  
 
Cooperation partners and other suppliers – Linkages to these sources during the NPD process 
were only the usual ones since the company believed that it had very detailed knowledge of all 
relevant factors. However, during and beyond the PLC various partners and vendors are closely  
involved with on-going production and marketing. 
 
Other outcomes – 
This last group shows a mixture of mid-level and small impact levels. 
 
Gain of new manufacturing competencies and paradigms – There was some gain in the 
company’s abilities to create other products based on the specific new compact PCB product 
platform. Also the NPD team gave close attention to assembly issues and designed the ST6 so 
that parts common to other products could be used in manufacturing. 
 
Increased competence to overcome marketing risks – At an early stage in data collection two 
measures were taken on a 10 point scale as to the estimated initial technical and market risks 
associated with this ST6 project at the start of the development process. The project manager 
estimated the technical risk was 4 and the market risk was 1. The technical risk was reduced to 2 
by the time of the Final Design Review since the product had been reasonably well characterized 
by that point.  
 
Confirming use of the existing product development system - The NPD regime that had been set 
in place just prior to the start of this ST6 NPD process was tested out and found to work well 
overall.  This was additive to the confirmation provided by the Thermalert 2C NPD process.  
 
Direct competition for ST6 device encountered - Competitors have competing units, but these 
have not greatly injured the sales growth since new users continue to evolve, however, this is a 
negative outcome.  
 
15.5 Comparison of Outcomes for the 2C and ST6 Processes –  
The long-term impact level evaluations in Tables 10-13 have been averaged by the categories 
shown in Table 14 to show comparative differences. For these evaluations the peripheral 
outcomes of direct competition encountered for each device are omitted because these are 
negative outcomes for the respective devices. Greater degrees of competition are expected to 
negatively affect the overall outcomes for the company. By focusing on the positive outcomes a 
cumulative pattern for the impact of the outcomes can better be seen. 
 
The last outcome category for each of the devices focuses on knowledge gained as a result of 
each of the NPD processes. This final category measure consists of the average of the impact 
levels for the following set of eight outcomes: 
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  Tables 10-11 - 
  New product platform(s) created 
  Patent applications filed 
 

Tables 12 and 13 - 
  Knowledge gained for future use (set of 4 outcomes)  
  Gain of new manufacturing competencies and paradigms 
  Increased competence to overcome technical/marketing risks 
 
Table 14 Relative Impact Level Averages for Thermalert® 2C and Raynger® ST6 Process 
Outcomes  
Outcome type Case IIA  Thermalert® 

2C 
Case IIB  Raynger® 
ST6 

Differences 
of 2C – ST6 

 
All target outcomes  

         
        3.00 

      
     3.67 

 
   - 0.67 

Those @ impact 3-5         4.29      4.00      0.29 
 >PLC         4.33       4.00*      0.33 
   PLC or less 
 

        1.67      3.57    - 1.90 

All positive peripheral 
outcomes 

         
        3.30 

      
     3.50 

 
    - 0.20 

Those @ impact 3-5         3.86      3.78       0.08 
 >PLC         3.30      3.75     - 0.45 
   PLC or less 
 

        2.00**      2.50*     - 0.50    

All positive outcomes          3.14      3.58     - 0.44 
Those @ impact 3-5         4.07      3.88       0.19 
 >PLC         3.69      3.80     - 0.11 
   PLC or less         1.71      3.33     - 1.62 
Knowledge gained 
(set of 8 outcomes) 

 
        4.13 

 
     3.88 

 
      0.25 

*   based on only two outcome measures 
** based on only one outcome measure for this figure 
 
Target Outcomes 
 
The average value for the all target outcomes category is higher for ST6 than for the 2C due 
mostly to the higher importance weightings given to the outcomes of maintaining a leading 
innovation position and product utility gain since these outcomes were evaluated with an 
operative duration of PLC for both devices. Another reason for the lower average for the 2C 
device is that the new manufacturing technique and being first into the market outcomes received 
the lowest impact levels. These were outcomes that were originally hypothesized to be important 
for a NPD process that had a high innovation standing, but the outcome analyses indicate that this 
high standing has not survived well over the longer time frame. Outcomes tend to change over 
longer time frames. 
 
There are other indications that the 2C device innovation process is having a more significant 
impact than the broadest impact averages show. Also the knowledge gained according to the set 
of 8 outcomes taken as a knowledge construct is higher for the 2C. While both products show 



 

 

 
 

67

good impact levels the longer time frame of the >PLC and the knowledge gains favour the 2C in 
comparison to the ST6 device. 
 
Differences in Target Outcomes Averages with Impact Levels of 3-5 – 
The 2C device has a higher impact level average than the ST6 device when comparing only the 
highest impact levels of 3-5. Partly this is due to the finding of more evaluations at level 5 (4 vs. 
1) and all of those at this 5 level are operative for the longest duration of >PLC. The higher 
impact level outcomes are frequently the ones with the longest expected duration.   
 
Differences in Target Outcomes with Impact Levels Beyond the PLC Time Frame – 
The >PLC category average impact level for the 2C device is also larger than that for the ST6 
device. This is partially due to the placement of more outcomes for the 2C in the >PLC duration 
category than for the ST6 (6 vs. 2).  
 
There were only two outcomes that were found to be in the beyond PLC time frame for the ST6, 
the new product platform(s) created and patent application filed. While no application was 
actually filed it later was later considered to have been of interest to have done so. The 2C device, 
however, has four other target outcomes assigned to this long-term frame: solving customer 
problems, sales to existing customers, new customer segments accessed, and the evolution of an 
industry standard. These outcomes with an average impact level of 4.00 will likely continue to 
return value to the company long into the future according to this judgment evaluation. So the 2C 
may eventually have a more interesting long-range outcome for the company than the ST6. This 
long-range possibility is also supported by the bottom row of Table 14. The higher knowledge 
gain impact level average should have import for the future of the company. 
 
Further, comparison of the evaluations in Table 10 and 11 show that 50% of the target outcomes 
for the 2C device are expected to have impacts for a period greater than the PLC, whereas only 
20% of the ST6 target outcomes show this longer term expectation. The 2C device is 
distinguished in that the four target outcomes mentioned in the previous paragraph were seen as 
being operative over the longest time frame. 
 
This analysis suggests that NPD process outcomes should be evaluated over a time frame 
extending beyond the PLC to be able to better judge the impact on the company development. 
 
Peripheral Outcomes 
 
Differences in Peripheral Outcomes with Impact Levels Beyond the PLC Time Frame – 
The ST6 device average is 0.45 greater than for the 2C device. This is due to lower importance 
weightings for the outcomes: organizational and internal product innovation system development, 
linkages to both partners and other suppliers, and gain of new manufacturing competencies and 
paradigms. This pattern is consistent with a new product innovated within an existing, well-
developed product line that has existing customer, partner and supplier base. 
 
Differences in Knowledge Gained – 
The 2C device shows slightly larger gains based on analysis of impact levels due mainly to higher 
levels for the outcomes of patent applications filed, and gain of new manufacturing competencies. 
The latter higher impact level is influenced by the longer duration of >PLC for the 2C device. 
 
Innovativeness and Impact Levels 
 
The averaged innovativeness index values for the 2C and the ST6 devices are shown in Tables 5 
and 7 as 8.66 and 9.66, respectively. The difference between these two values is small ( a value of 
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1 in a range of 9), but it is nevertheless of interest to compare these innovativeness values with 
the averaged values of the all impact levels in Table 14. This has been done in Figure 10 by 
plotting the all outcomes and knowledge gain outcomes versus the innovativeness index values to 
get a visual image of the differences of these values in Table 14. The dotted line shows the 
difference between the two devices for the all outcome averages and the solid line shows the 
knowledge gained set of outcomes. The upwardly narrowing pattern shown by the two lines 
indicates that while the ST6 device has a larger all outcome average than the 2C device the 
knowledge gain outcome is evaluated to be larger for this latter device.   
 
 
Innovativeness 
index values 
 
        10 
                      All   o       x     ST6 device 

         9            outcomes 
       o     x   2C device 
          8              
           knowledge gain outcome 
          7 
 
          6 
 
  2  3  4  5  
   Impact Levels 
 
Figure 10  Outcomes averages and innovativeness index values for 2C and ST6 devices 
 
The expectation is that the graph should show positive slopes for both lines because larger all 
impact levels and greater knowledge gain outcomes should occur in the process with the higher 
innovativeness index value. The Figure 10 graph departs from this expectation, however, in that 
the knowledge gain (solid) line shows a negative slope. This is caused by the greater knowledge 
gain for in 2C device. The comparatively larger average for the 2C is traced back to the above-
mentioned higher estimates for the outcomes of patent applications filed and gains in new 
manufacturing competencies and paradigms. Thus the departure from expectations is 
understandable. Another note is that the difference in innovativeness index values is not large and 
in such a narrow comparison the expected positive slopes might well change to zero or negative 
for particular reasons such as found here.  
 
It should be noted that the impact of the 2C device for knowledge gained as shown here could 
eventually become even greater due to the above-mentioned set of four longest-term outcomes of 
solving customer problems, sales to existing customers, new customer segments accessed, and 
the evolution of an industry standard.  
 
16.  Analysis of Target Outcomes 
 
The comparable target outcomes shown in Tables 10 and 11 are analyzed in Table 15. The 
information presented in sub-sections 15.1 and 15.2 as well as from some of the earlier sections is 
used for the comparisons. Data as to the outcomes of evolution of an industry standard and being 
first entrant into the market have not been gathered for the ST6 device since it had a lower 
innovation standing in the company. Some of the direct comparisons of the outcomes for product 
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Table 15  Analysis of Target Outcomes 
 
Target Outcome Type 

       A.  Thermaler 2C process                      B. ST6 process 

Comparisons Between Processes 
used for the two projects 

Comparative Impact of 
Outcome  

    
1. Solving customer problems   Meeting customer needs and 

Improving product functions 
After initial start-up difficulties 
Product A provided customers with 
improved functions for production 
line temperature monitoring and 
control. The product B permitted 
laser sighting at a reasonably low 
price, a much appreciated function.

The improved functions are judged 
to have a larger impact for product 
A since it is expected to be 
operative over the >PLC time 
frame. 

2. Unit profitability  Unit profitability  This outcome is of slightly less 
importance for Product A than for 
Product B.  

Both outcomes are at the same 
impact level. 

3. New product platform(s) created New product platform(s) created  Product A added a second color 
wavelength (2C) and measured and 
controlled temperature parameters 
by using new software and 
computer read-out.  Product B was 
based on a newly created compact 
PCB that permitted the standard 
sized casings to be used.   

Both produces showed useful new 
platform features that are judged to 
have impact beyond the PLC time 
frame and hence are found to be 
equivalent. 

4. New customer segments accessed New customer segments accessed Accessing new customer segments 
via Product A presented a set of 
initial difficulties that were slowly 
overcome. Some new customers 
were obtained in the targeted 
segment. Product B showed a 
similar pattern over the shorter 
PLC term. 

Operativeness over the longer 
>PLC term results in a slightly 
larger impact for product A. 

5. Patent applications filed Patent applications filed Six patent applications were filed The patent filing outcome impact 
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for Product A. None were filed for 
Product B.  

level is greater for product A 
reflecting that applications were 
actually filed. 

6. Sales to existing customers Sales to existing customers There were no significant prior 
sales to the high temperature 
industrial segment that was the 
focus of Product A. Retaining 
present customers (both 
distributors and end users) was a 
highly weighted outcome for 
Product B.   

The Product B relative importance 
weighting for this measure was 
twice as much as for Product A, 
but operative duration was in the 
shorter PLC frame. Product B is 
evaluated as having the larger  
impact.   

7. Maintaining leading innovation 
position 

Maintaining leading innovation 
position 

Both products helped to maintain a 
leading innovation position. 

Product B is found to have a larger 
impact due to a level of 4 versus 
only 2 for Product A.. 

8. Product utility gain Product utility gain The product utility index increased 
66% from the start position while 
optical resolution increased 4 times 
for Product A.  The product utility 
gain for Product B more than 
doubled from the ST2 unit while 
the price decreased about 20%.  
 
 

The impact of the utility gains 
outcome favor product B.  

9. New manufacturing technique Peripheral outcome of gain in new 
manufacturing competencies and 
paradigms 

The product A process aided 
internal software development and 
manufacturing capability. This 
increased technical know-how was 
later of use to other product lines. 
For Product B there was a gain in 
the company’s abilities to create 
other products based on the 
specific new compact PCB product 
platform. Also both project teams 

Both outcomes show the lowest 
level impact and are therefore 
equivalent. 
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designed the respective products to 
be easier to assembly and to use 
parts common to other products. 
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success targets are not possible due to the financial data that covered the entire ST line rather than 
separate products as mentioned above. 
 
It is also possible to compare the outcome of new manufacturing technique in Table 10 to a close 
outcome in the peripheral outcome set: gain of new manufacturing competencies and paradigms. 
 
In summary, Table 15 shows stronger target outcomes for 3 out of the 10 compared outcomes for 
both products. On the basis of impact levels Product A is found to have comparatively greater 
outcomes for solving customer problems, new customer segments accessed, and patent 
applications filed. This pattern is consistent with the original objects of creating a new IR device 
for a market segment that was new to the company.   
 
The comparatively greater outcomes for Product B were for sales to existing customers, 
maintaining a leading position, and product utility gain. The greater comparative outcome for 
Product B is surprising from the perspective that the Product A project was carried out to 
convince prospective high temperature customers the company was in a leading technical 
position. Of course Product B also increased the company’s leading position reputation and this 
outcome was much more widely spread n the markets in which the company competes. This 
pattern of outcomes is consistent with earlier observations that the customers for the ST line of 
hand-held IR devices showed large appreciation for the new ST6 unit via their purchases.  
 
Three of the outcomes are found to be approximately equivalent on the basis of impact levels: 
profitability, new platform(s) created, and new manufacturing technique. 
 
17.  Analysis of Peripheral Outcomes 
 
The peripheral outcomes detailed in sub-sections 15.3 and 15.4 for both the 2C and ST6 devices 
have been analyzed and compared in Table 16, below.   
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Table 16 Analysis of Peripheral Outcomes  
 
 Peripheral Outcome Types 

        A.  Thermalert 2C project                B. Raynger ST6 project

Comparisons Between Processes 
used for the two projects 

Comparative Strength of 
Outcome 

Knowledge gained for future use 
in  
 

Knowledge gained for future use 
in  
 

  

   1. Technical systems      Technical systems Product A required the 
development of a software 
controlling and recording system 
that were new to the company. 
Also the integration of the 
optical/mechanical parts with the 
software/computer sub-system 
created a complex total system. 
Product B resulted in a new 
compact PCB platform that 
supports laser sighting. 

The product A gains are slightly 
greater as to technical knowledge 
for beyond the PLC period. Both 
impact levels are large and hence 
nearly equivalent.. 

    2. New product line extensions      New product line extensions Product A led to the later MX 
unit. Product B led to the later 
ST8 unit.  

The two products show similar 
knowledge gains for product line 
extensions and the same impact 
level. 

    3. Marketing       Marketing  Product A resulted in greater 
attention being given to market 
research for products targeted to 
new segments. For Product B 
gains were those expected for the 
continuation of a profitable line.  
 

The marketing knowledge gain 
outcome is nearly equivalent. 

    4. Organizational and internal  
        product innovation  system  
        development 

    Organizational and internal  
       product innovation  system  
       development 

Project A resulted in the NPD 
process being expanded to include 
assurance that all parts and 

Both products were used for later 
internal NPD projects, but the 
effective outcome is slightly 
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software were ready at the same 
time for market release of new 
products. Product B impact was 
important in reaffirming the use of 
internal pricing rules. 

greater for product B. 

    
Strengthening of linkages to 
 

Strengthening of  linkages to 
 

  

5. Customers    Customers Linkages to some customers were 
improved by both products.   

The impact of this outcome is 
found to be equivalent. 

6. Cooperation partner(s)    Cooperation partner(s) All NPD work was done inside 
company for Product A, but beta 
testing strengthened a few 
linkages. Normal linkages were 
used for Product B and these 
strengthened over time. 

The linkage strengthening 
outcome is, nevertheless found to 
be greater for product B due to its 
greater impact level. 

7. Other suppliers No other suppliers As above, all NPD work was done 
inside company for Product A. 
Normal linkages were used for 
Product B, however the volumes 
of outside supplies has increased.. 

This outcome impact is slightly 
larger for product B due to its 
greater impact level. 

Other peripheral outcomes 
 

Other peripheral outcomes 
 

  

8. Gain of new manufacturing 
competencies and paradigms  

  Gain of new manufacturing 
competencies and paradigms  

Product A aided competencies 
needed to innovate more complex 
temperature measuring and 
recording systems for the high 
temperature industrial segment. 
Product B added to the abilities to 
create other products based on the 
specific new compact PCB 
product platform. 

This technical competence 
gaining outcome for product A  is 
one level above that for product B 
and has a longer duration. While 
close, this outcome is found to be 
slightly larger for product A..   

9. Increased competence to    Increased competence to  Product A re-enforced the This outcome shows equivalent 
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overcome technical/marketing 
risks 

overcome marketing risks   perception that detailed customer 
research is necessary when 
entering a new market segment. 
Product B increased competencies 
in a very cost efficient manner.  

impact levels for the two 
products. 

10. Confirmed existing product 
development system 

Confirmed existing product 
development system 

Both products aided this 
confirmation. 

The impact combination is 
identical. 

11. Direct competition for  
         product encountered 

    Direct competition for product  
          encountered 

Both products entered competitive 
markets. Product A was a late 
entrant while Product B was an 
expected entrant.   

The outcome for encountering 
direct competition is slightly 
larger for Product A, but this is a 
negative effect. 
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Overall Table 16 shows approximately equivalent peripheral outcomes impact levels for 6 of the 
11 outcomes so this is the main finding for the peripheral outcomes. These are outcomes 1, 2. 3,  
5, 9, and 10. On the basis of impact levels Product B is evaluated as having comparatively larger 
peripheral outcomes for organizational and internal product innovation system development, and 
cooperation partner(s) and other suppliers linkage strengthening. So the gain in strengthening 
linkages to suppliers has given product B more impact in this second peripheral outcome group. 
Product A has larger outcomes for outcomes 8. (gain of new manufacturing competencies and 
paradigms), and 11. (direct competition for product encountered), but this last outcome is a 
negative impact because it means that a more competition has been encountered.  
 
It is also of note that the first three knowledge related outcomes are evaluated to have close to the 
same impact levels so that both permitted the company to gain these three important categories of 
knowledge to about the same extent.  
 
These findings supports a pattern of two NPD processes that have close impact patterns with 
Product A having a loner lasting manufacturing impact while Product B shows greater gains for 
the organizational and internal innovation system development and strengthening of linkages to 
the outside partners and suppliers. 
 
18. Analysis of Selected Outcomes 
 
It is also of interest to compare not the impact levels, but rather the importance weightings of 
selected short-term outcomes from Appendix A to equivalent longer-term outcomes in Tables 10-
13 in section 15. For this purpose longer-term (L-T) outcomes are taken as those having operative 
spans of at least the product life cycles (PLC). The compared importance weightings from 
Appendix A and those for the equivalent outcomes are shown in Table 17. The two purposes for 
this analysis are: 1. to investigate a longer time span starting with the NPD processes themselves 
and 2. to provide a check on the results obtained with the impact levels analyses in the previous 
sections. For use of this data notice must be taken consider that the weightings for the NPD 
process times have been assigned by the respective project managers and the L-T ones by the 
former executive vice president. 
 
The equivalent long-term measures used according to the listed outcome designations are: 

a. sales to existing customers 
b. new customer segments accessed 
c. profitability 
d. patent applications filed 
e. the average for eight knowledge gained outcomes [new product platform(s) created   

and patent applications filed from Tables 10-11; group of four knowledge gains + gain 
of new manufacturing competencies and paradigms + increased competence to 
overcome technical/marketing risks from Tables 12 and 13]. 
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Table 17  Short-term and Long-term Outcomes 
 
Outcome 
type per 
App. A 

Thermalert® 2C Raynger® ST6 

 NPD 
process 
start 

NPD 
process 
end 

L-T per 
Tables 10 
&12 

NPD 
process 
start 

NPD 
process 
end 

L-T per 
Tables 11 
&13 

a. Retaining 
present 
customers* 

 
   1 

 
   1 

 
   5 

 
   3.75 

 
   6 
 

 
   10 

b. Obtaining 
new 
customers 

 
   9 

 
   9 

 
    7 

 
    8 

 
   8 

 
      8 

c. Improving 
per unit 
profit 

 
   n/a 

 
    5 

 
    8 

 
    3.5 

 
   8 

 
     10 

d. Obtaining 
patent 
protection 

 
     0 

 
    10 

 
    7 

 
     n/a 

 
   n/a 
 

 
       6 

e. Creating 
new  
competitive 
knowledge 

 
 
   10 

 
 
    10 

 
 
    6.13 

 
    
       1 

 
 
     5 

 
 
      7.13 

*  For short-term ST6 measures the two reported sums shown in Table A2 have been averaged. 
 
It became necessary to use some greater license for comparisons since the issues in the cases 
became more finely divided over the course of the case study, particularly as to creating and 
gaining competitive knowledge. 
 
As shown in Table 17 under the NPD process start and end columns the importance of retaining 
present customers, outcome a., was not a targeted outcome for the 2C device because sales to 
high temperature processing firms such as steel and glass producers were not large at the start of 
the NPD process or during that development process. By the time of the long-term assessment 
some 90 months after the completion of both compared NPD processes some of these producers 
could be seen as customers and the new 2C device was important for their retention, hence the 
importance weighting of 5. The ST6 device was always seen as being of importance for retaining 
present customers, but the importance of the outcome increased due to the new product’s market 
success. The laser feature at a low price in this hand-held unit increased demand from the 
automobile, regulatory compliance and frozen foods markets. The users of the hand-held 
thermometers began demanding the ST6 due to its laser capability. This outcome has continued 
to grow over the longer term. 
 
Obtaining new customers, outcome b., was the major point for the 2C device, but the actual 
capture of new customers has not been as great as originally hoped for, hence the slightly lower 
value of 7 in the L-T column. As implied in the last paragraph the ST6 success did bring in new 
customers as well as fostering additional sales to present customers. 
 
Both units show reasonably good improvement in unit profitability, however, the ST6 device has 
shown slightly better results in the long-term than the 2C. 
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Obtaining patent protection, outcome d., was not a targeted outcome for either NPD process at 
the start points. The desire to obtain patent protection for the 2C evolved during the NPD process, 
in part, because of the innovative features that were created during the process. This led to 
seeking patent protection for the R&D investment. The developments in the ST6 process were 
not judged to be as new so no patent application was filed, but having protection for the technical 
features is seen in the longer term as having greater importance than at the start. 
 
Creating new competitive knowledge, outcome e., was seen as having great importance during 
the NPD process time frame for the 2C device. A major objective for the project was to propel  
the company into the high temperature producers market and that would help to create new 
competitive knowledge. Over the longer term the knowledge gained was not as great as originally 
hoped for, hence the medium averaged value of 6.13. The objective of knowledge gain at the start 
of the ST6 process was low. However, the engineering advances made with the EEPROM chip 
and surface-mounting technology together with marketing information gained resulted in 
increasing competitive knowledge gains over the longer term. This higher importance weighting 
average of 7.13 for the ST6 is an opposite result from that shown in Table 14 where the average 
for the eight knowledge outcomes construct on the basis of impact levels was higher for the 2C 
device. An examination of the base data shows that this difference in results is due mainly to the 
placement of the outcomes for both knowledge gained in technical systems and gain of new 
manufacturing competencies and paradigms of the ST6 device in the PLC duration column 
whereby the impact level was decreased by one level. If these two would have been at the >PLC 
level the averages shown in the last row of Table 14 would show a difference of only 0.13 (4.13 – 
4.00).  This means that the 2C knowledge gains are likely to survive longer into the future since 
they are exposed better with the one level impact difference for the duration of PLC vs. >PLC 
used for Tables 10-14. 
 
19. Conclusions 
 
Similarities and differences in context, conditions, events and outcomes found for the period of 
the two NPD processes per se will be initially summarized, followed by the longer-time frames 
comparative outcomes for a duration beyond the PLCs. 
 
19.1 Summary of NPD Processes 
 
Thermalert® 2C (Product A) – 
This process was focussed on creating an IR thermometer device that would help the company to 
increase its technical reputation for a new segment of high temperature industrial customers. The 
initial request from the Marketing Department was to innovate a two-color unit that would 
operate at a fixed position in a customer’s factory. During the process new features were added 
that enabled controlling and recording of the new thermometer from a remote computer terminal 
located in a process control room. The device was also made more compact in size than 
competing ones partly due to a new printed circuit board that used surface mounting technology 
so as to pack more electronics into a small space. Error and warning signals were provided for 
also. 
 
Direct contact was taken with potential customers at an early stage and most of the new features 
were guided by the comments obtained, however, no formal marketing research was conducted. 
Some product acceptance problems nevertheless did occur, but were overcome through product 
adjustments. Eventually the device was well received in the market. 
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Twelve (12) target outcomes and eleven (11) peripheral outcomes were evaluated over three 
cumulated time periods. One-half of the target outcomes are expected to have impacts into the 
longest time period of beyond the PLC. The new features enabled knowledge to be gained for 
future use in several areas that are also found to have long-term impacts on the company. Thus 
this 2C process gained important outcomes and knowledge for long-term use by the company. 
 
Raynger® ST6 (Product B) – 
This process was focussed on creating a low priced hand-held IR thermometer device that would 
have laser sighting. The Marketing Department believed that customers wanted such a product 
and would buy large quantities if priced low enough. During the process new techniques were 
used to reduce the size of the internal PCB so that the regular sized housing could continue to be 
used. This was important because by using the same housing size for the entire ST product line 
additional economies of scale could be obtained. Within a couple of years the new PCB 
techniques and other manufacturing knowledge gained through the ST6 process were used to 
renew the entire ST product line so very valuable outcomes have been achieved. 
 
Ten (10) target outcomes and eleven (11) peripheral outcomes were evaluated over three 
cumulated time periods. Only twenty percent of the target outcomes are expected to have impacts 
into the longest time period of beyond the PLC.  
 
Comparisons of the two NPD processes – 
 
According to the impact level analysis methodology employed for this study the 2C process 
shows impact level averages on a 5-point scale of 3.14 for all of the evaluated target and 
peripheral outcomes, 4.13 for a set of eight knowledge related outcomes together with an 
innovativeness index value of 8.66 on a 10-point scale. 
 
By the used of the same impact level analysis methodology the ST6 process shows impact level 
averages on a 5-point scale of 3.58 for all of the evaluated target and peripheral outcomes, 3.88 
for the set of eight knowledge related outcomes together with an innovativeness index value of 
9.66 on a 10-point scale. Thus while the innovativeness is evaluated to have been very high the 
knowledge related outcomes are somewhat lower for the company’s future use. 
 
19.2  NPD processes per se 
 
Similarities –  
 
1. The development context was identical in that both processes occurred within the same 
company over approximately the same time frame. The top management personnel were largely 
unchanged as well. 
 
2. Both development processes followed the formal product development process regime 
described in section 7. The actual processes were quite close to the formal regime except for the 
preparation of business plans and are described in sections 8 and 9. 
 
3. Both processes started at Phase 1 of the formal regime, that is, neither used a truncated regime. 
 
4. A common set of project requirements was to foresee the complete manufacturing process for 
the innovated device and to cost out the manufacturing tasks.   
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5. Both processes encountered slow-downs due to lack of cooperation from other departments 
within the company. This constrained access to needed resources such as test equipment.  
 
6. Both project managers noted that there was a misalignment of rewards to risks for the team 
members. The positive career effect for a successful project was not balancing the negative effect 
of a failed or low success project.  
 
7. Both projects were completed close to the planned time schedule. Also both project managers 
and the Vice President of Engineering commented on the need for more testing procedures during 
NPD projects. 
 
8. Both processes created new product platforms that were used for later products in the 
respective product lines. The 2C device started a new product line and the ST6 device strongly 
influenced the entire product line of ST units.   
 
9. Important technological know-how was created during each of the projects within the 
respective product lines. 
 
Differences – 
 
1. The 2C project did not have a business plan or initial prepared in Phase 1 as specified in the 
formal product development process regime, but did have one prepared in Phase 2. the ST6 
project produced a business plan in Phase 1 or at the kickoff point. This difference did not seem 
to make any difference for the successful operation of the 2C project. 
 
2. The 2C project stopped at the first management review for lack of financial viability, but the 
Chairman overruled this decision and the project was successfully completed. (see section 8, 
Management Review 1) The ST6 project passed all management reviews as scheduled.  
 
3. The 2C was about 5 times as large in terms of project costs and required over twice the 
development time frame. It also required an increase of some 82% in investment funding, 
whereas the ST6 was finished close to planned budget. 
 
4. The 2C project appeared to have greater design freedom as is normal for a NPD process 
targeted to a market segment that is new to the company. This project was for the first two-color 
laser device and as completed also contained digital control and recording from a remote 
computer. The data management know-how generated in the 2C project migrated into another 
product line, the MX line, and was thus not confined to use within the two-color line. The ST6 
project had less design freedom and was constrained by the requirements from other products in 
the same product line. 
 
5. More external linkages were used for the 2C project than for the ST6 that used only contacts 
with vendors. The types of innovations being made in this latter project were more well known 
within the company. 
 
6.  The 2C project pushed the envelope that was conceived at the idea stage to a considerable 
extent mainly by creating a two-way data management and control system for the new unit.   This 
meant that new technological knowledge was created. The ST6 created a new product that was 
close to the product concept at the idea stage. 
 
7. The cost/unit of the 2C device was revised upward during the NPD project whereas the 
cost/unit for the ST6 device was revised downward during that project. This difference reflects 
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the overall objectives for the two devices. This difference also reflects the greater amount of 
project time needed in Phase 3 to reduce the technical risks for the 2C (at 7 on a 10-scale) versus 
those for the ST6 that were lower (4 on the same scale). 
 
8. Phase 5 documentation was completed for the 2C project but not for the ST6 project. 
 
19.3 Comparative outcomes -  
  
Similarities – 
 
1. Both projects produced successful products that contained new platforms that were used in 
subsequent developed products and for the ST6 even caused changes in the prior products in the 
ST line. 
 
2. On the basis of impact levels three of the target outcomes are found to be approximately 
equivalent: profitability, new product platform(s) created, and new manufacturing technique. On 
the same basis six of the peripheral outcomes are found to be nearly equivalent: knowledge 
gained in technical systems, new product line extensions, and marketing; linkages to customers; 
increased competence to overcome technical/marketing risks; and confirmation of the existing 
product development system. 
 
3. Both processes produced knowledge gains of large impact for the company. These are long- 
term impacts of at least the PLC and for most outcomes beyond the PLC. The gains are in the 
categories of: technical systems, new product line extensions, marketing, and organizational and 
internal product innovation system development. 
 
4. Both projects encountered operational problems with the new products after the prototypes 
were thought to be in final form. This provides an indication that science-based products contain 
complexities that are nearly impossible to control until some period of use under different 
conditions has occurred.   
 
Differences – 
 
1. Fifty percent (50%) of the target outcomes for the 2C are expected to have an operative 
duration longer than the PLC, whereas the comparable percent for the ST6 device is 20%. This 
indicates that the impacts for one-half of target outcomes are expected to be longer lasting.  
 
2. On the basis of impact levels the following target outcome differences were found:  Product A 
has comparatively greater outcomes for solving customer problems, new customer segments 
accessed, and patent applications filed; and Product B has comparatively greater outcomes for 
sales to existing customers, maintaining a leading position, and product utility gain. 
 
3. Also on the basis of impact levels Product B is evaluated as having comparatively larger 
peripheral outcomes for organizational and internal product innovation system development, and 
cooperation partner(s) and other suppliers linkage strengthening. Product A has larger outcomes 
for the peripheral outcomes 8. gain of new manufacturing competencies and paradigms, and 11. 
direct competition for product encountered although this last one has a negative implication for 
gaining competitive advantage.  
 
4. The all impact level average and the innovativeness index value for the ST6 process are higher 
than for the 2C device.  However, the impact level averages for the 2C device with respect to the  
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>PLC duration time frame and for the outcomes rated as 3-5 (on a scale of 5) are both higher than 
for the ST6 unit.  
 
5. The knowledge gained on the basis of impact level analyses using an 8 outcome construct 
group is slightly higher for the 2C than for the ST6. However, an opposite finding appeared when 
only the importance weightings were employed for nearly the same analysis. This difference 
accentuates the strong effect of the longest duration of beyond the PLC that is accorded to many 
of the outcomes for the 2C device. 
 
6. Table 17 reporting on the basis of outcome importance weightings shows different patterns of 
outcome change over time for the two processes. Two of the four comparable outcomes increased 
from the time frame of the 2C process to the final review point some 90 months later. These were 
the outcomes of retaining present customers and improving per unit profit. The other two 
outcomes, obtaining new customers and creating new competitive knowledge decreased in 
importance weight when viewed from the L-T perspective. By contrast increases in the outcome 
importance weightings for the ST6 process were found for three outcomes: retaining present 
customers, improving per unit profit, and creating competitive knowledge. The outcome of 
obtaining new customers remained the same when evaluated from a L-T perspective. This pattern 
difference indicates that the L-T outcomes changed in a more positive direction for the ST6 than 
for the 2C process. 
 
7. The 2C project appears to have been the more technically diversified of the two projects and 
this may provide a partial explanation why it is evaluated to have larger impact level outcomes.  
This is understandable because the technical and marketing knowledge and competencies gained 
continue to have impacts upon the firm beyond the PLC of the focal products.  It can also be said 
that the shorter-term outcomes, i.e., those that are within the time span of the PLC tend to be of 
shorter duration. Those are also more closely aligned with the direct objectives in undertaking the 
product development work in the first place.  That is, to produce a product that will profitably 
meet customer needs as the ST6 has shown. 
 
__________________________________________________________  
 
 
 
Appendix A   Initial Target Outcomes Assessed During Development Process Time Frame  
 
PART 1 - Thermalert® 2C  NPD Process 
 
To better investigate the initial target outcomes for this process measures of the values of various 
outcomes associated with the initial decision to pursue these two NPD projects were taken on 10 
point scales and compared to measures of those same outcomes evaluated near the end of the 
projects. The responses were given by the project manager. This was consider to be a reliable 
procedure because the 2C product was released to marketing in May 1996 and the measures were 
collected through interviews in July only two months after the product market release. The 
comparisons of these before-and-after measures sheds some light on how this NPD process 
changed business practices within Raytek. These are set forth in Table A1, below, wherein the 
outcomes that require special comments have been highlighted in bold. 
 
It is of course recognized that others working on these projects would likely have different 
evaluations, but these give some indications as to reasons supporting the innovation efforts.  
Factors with the largest shifts are highlighted in bold. 



 

 

 
 

83

 
Table A1 – Initial Target Outcome Weights for the Thermalert® 2C  NPD Process 
 
Outcome    Value at Beginning __ Value at End 
 
Retaining present customers   1    1 
 
Obtaining new customer segment(s)  9    9 
 
Being first into market   2    9 
 
Improving product’s unit profit  N/A    5 
     
Obtaining patent protection   0    10 
 
Increasing company sales    9    9 
 
Increasing company profits   9    9 
 
Creating new competitive knowledge  10    10 
 
Gaining market knowledge   9    9 
 
Learning surface mount manufacturing  
technology     8    8 
 
Designing mechanical parts so as to be 
the same as those used in other products  
(to lower unit costs)    10    10 
 
 
The most consistently important target outcomes during the NPD process time frame according to 
Table A1 were: obtaining new customer segment(s), increasing company sales and profits, 
creating new competitive knowledge, gaining market knowledge, learning surface mount 
manufacturing technology, and designing mechanical parts so as to be the same as those used in 
other products. The last two of these require additional comment. The internal electronic controls 
were designed to include circuitry components that were surfaced mounted on a mother board 
using techniques that were new to the company.  The mechanical parts were designed so that 
existing parts used in other products could be employed to achieve cost savings.     

 
While retaining present customers was not in the decision frame for this Thermalert® 2C  device, 
an important target outcome was that a product with good market potential for new customers 
was created and this second outcome was highly weighted during at both the start and end of the 
NPD process. 

  
Two of the outcomes believed to be of low importance at the start assumed large importance as 
the process occurred. The first of these, being first into the market, became more important than 
originally foreseen because the feature set of the 2C showed that this technically advanced 
product would help secure the company’s reputation for leading edge technical work. The 
outcome of being first into the market with a technically new product was reaffirmed even though 
for this product the company was not first into the market and hence is highlighted. 
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Another outcome of increasing weighting is that 6 patent applications were based on this work 
that reflects the innovativeness that was achieved for the new product. The innovations made 
during the process were not expected at the beginning. All that the Marketing Department had 
asked for was another two-color product to help penetrate the resistant high temperature market 
segment. It had not requested a product with such a new set of features that included remote 
control software and  a computer terminal. This outcome changed greatly over the course of the 
NPD process and helped to focus the company more on product innovation as a corporate 
strategy through which sustainable competitive advantage could be achieved. Collaterally, the 
NPD regime that had been set in place just before the start of this product development effort was 
tested out and found to work well overall.    

 
The importance of the ‘obtaining patents’ factor also signals a shift in the business strategy of the 
company to pursue intellectual property protection more vigorously, although the reason for this 
change in strategy goes beyond this particular NPD case. It is safe to conclude; however, that the 
numerous innovations made here helped to define this relatively new strategy. 
 
Two other gains were mentioned during the collection of data for the above outcomes. The 
package of recognitions and incentives that were structured for the engineers working on the 
demanding product development teams was better tailored to their contributions. Another gain 
was that the problems encountered in moving the 2C product into regular production resulted in 
that aspect of the process coming under increased attention so that easier transitions from the 
pilot phase to manufacturing can be made in the future for other newly developed products.   
 
In summary, it can be said that the company’s competitive competence was developed through 
this 2C innovation process.   
 
PART 2 -  Raynger® ST6  NPD Process 
 
Measures of the significance of various target outcomes associated with the initial decision to 
pursue this NPD project were also estimated for the ST6 project on a 10 point scale and 
compared to measures of those same outcomes evaluated near the end of the development 
process. The responses were given by the project manager. This was a reliable procedure because 
the ST6 product was released to marketing in February 1996 and the measures were collected 
through interviews in July only five months after the product market release. The comparisons of 
these before and after measures sheds some light on how this NPD process changed business 
practices within Raytek. These are set forth in Table A2 below wherein the outcomes that require 
special comments have been highlighted in bold. 
 
The first several outcomes are related in that a product with good market potential was created for 
both present and new customers at a unit cost lower than believed possible at the outset. In a 
highly competitive product market it is very important to be able to compete from the lowest unit 
cost position. Competitors entered this portable device segment with laser aiming features during 
the time period in which the development process was carried out. This meant that the value of 
the two-part outcome ‘retaining present customers’ increased for both the distributors and end 
users during the development process time frame. Eventual loss of some of the distributors could 
have occurred without this product development.   
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Table A2 - Initial Target Outcome Weights for the Raynger® ST6  NPD Process 
 
Outcomes    Value at Beginning __ Value at End 
 
Retaining present customers        
 Distributors    6    8 
 End users               1.5    4 
 
Obtaining new customer segment(s)  8    8 
 
Being first into market   8    8 
 
Improving product’s unit profit  3.5    8 
     
Obtaining patent protection   N/A    N/A 
 
Increasing company sales    8    9 
 
Increasing company profits   5.5    8.5 
 
Creating new competitive knowledge  1    5 
 
Creating a cost barrier    9    9 
 
Providing for re-introduction of 
the product line    9    9 
 
 
  
The outcomes ‘improving product’s unit profit’ and ‘increasing company profits’ increased 
because of the lower unit costs that were achieved and this, in turn, gave increased margin 
flexibility. Company sales were also increased due to new customers coming in. 
 
The high values recorded for the last outcome providing for re-introduction of the product line, 
reflects the result that the rate of sales for the ST line increased by a factor of two after the ST6 
unit had been on sale for several months. So the original view that this was a very important 
target outcome that supported the decision to proceed on this product development process was 
proven correct.   
 
It can also be stated that the NPD regime that had been set in place just before the start of this 
product development effort was tested and found to work well overall. Thus the company’s 
competitive position was strengthen through this ST6 innovation process due to innovations that 
could be spread across the ST product line. 
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Appendix B – Impact Level Scale for Outcomes 
 
To aid outcome analysis the following scale of impact levels is setup wherein the importance 
weightings for the various outcomes and the operative time frame are combined. This has 
permitted the outcomes from the two cases to be more closely compared in order to better 
understand cross-case differences and similarities. The levels 5 and 4 are likely to have the largest 
impact on the company over longer time frames so each has been assigned a single set of the two 
data measures.  
 
Impact level  Outcome Importance  Operative Impact name 
   Weighting range           Duration        
 
    5   7 – 10    >PLC  large 
 
    4   7 – 10         PLC  large 
 
    3   4 – 6.9     >PLC  mid-level 
   7 – 10     <PLC  mid-level 
    
    2   4 – 6.9           PLC  mid-level 
   1 – 3.9        >PLC  mid-level 
 
    1   1 – 6.9         <PLC  small 
   1 – 3.9             PLC  small 
 
 
The impact names are also used to permit more convenient and simplified analysis comments. 
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Appendix C – Customer Utility Values for Raytek Devices 
 
To gain understanding into the utility of the devices to customers measures for a group of 
performance features were collected for both the Thermalert 2C and the Raynger ST6 devices.  
These permitted the construction of the comparison curves in Figures 7, 8 and 9,  section 15 to 
show the changes in utilities for these devices. It was also possible to collect the same type of  
data for later devices in the same product lines.  
 
It is necessary to choose start points for the curves. In the 2C case the situation existing for the 
customers using single color online units with no data management functions is taken as the 
beginning for the trajectory. In the case of the ST6 case the situation existing for the customers 
using the ST2 and ST4 portable units is taken as the start. 
 
Thermalert® 2C  Utilities - A customer value index was set up using the features shown in Table 
C1 for start situation described above and the data presented initially in Table 6 in section 9.  
These features overlap with those that were set forth in that Table 6 for the 2C and later products 
in the Marathon® line. 
 
Table C1  Start Situation Customer Utility Values for the 2C Unit 
      
Start features    Number or  Customer         Assigned Customer 
     Measure  Value range  Value  
 
  Colors detected        1          1 to 5   2 
 
  Data control and 
  recording        no       1 to 5   1 
 
   
  Response time, sec.        10       1 to 5   2 
 
  Fiber optics             no       1 to 5   1 
 
  Optical resolution     30:1           1 to 5            _3_ 
            Total             9   
 
The customer utility values sum over the five features is thus 9 and this will be taken as an utility 
index value for the start position of the trajectory of the 2C development process. Applying this 
same evaluation system to the products of Table 6 in section 9 produces the index values shown 
in Table C2, below for which the customer utility values were vetted by the former Exec. Vice 
President. 
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TABLE C2 - Marathon® Product Line Customer Index Values 
 

Product 
 

Number or  
measure 

Assigned Customer 
Utility value 

Index value  
for product 

1.   2C/MR1S  
    
  Colors detected 
  Data control and 
    recording 
    Response time, sec 
  Fiber optics 
  Optical resolution 
 

 
 
      2 
 
      yes 
        10 
       no 
  35:1 to 130:1 
 

 
 
         5 
 
         4 
         2 
         1 
         3 
 

 
 
 
 
 
 
 
 
         15 

2.   MA1S/MA2S  
    
  Colors detected 
  Data control and 
    recording 
    Response time, sec 
  Fiber optics 
  Optical resolution 

 
 
       2 
 
      yes 
   1 or  10 
       no 
     300:1 
 
 

 
 
         5 
 
         4 
         4 
         1 
         5 
 

 
 
 
 
 
 
 
 
         19 

3.   MR1F  
    
  Colors detected 
  Data control and 
    recording 
  Response time, sec 
  Fiber optics 
  Optical resolution 

 
 
       2 
 
      yes 
      10 
      yes 
    >60:1 
 
 

 
 
          5 
 
          4 
          2 
          5 
          4 
 

 
 
 
 
 
 
 
 
          20 

 
A first use of this data is to show the relationship of the 2C product utility indices versus optical 
resolution. The results are shown in the case report, Figure 7. Another use of the data is to 
indicate the gain in knowledge that occurred during the 2C process. To do this the product index 
values shown in Tables C1 and C2 are plotted on the y-axis in Section 15, Figure 9 for the start 
situation and for products 1, 2 and 3 from Table C2. The x-axis is a nonquantitative 
representation of the increased technical knowledge developed for the company’s IR 
thermometry know-how. 

 
Raynger® ST6 Utilities -   
 
A similar evaluation system has been applied to this second NPD case except that it is necessary 
to recognize that one of the main characteristics of this line of development has been to reduce 
unit prices. For this reason the price index values shown in Table 8 of section 11 have been added 
into the data Table C3, below. The customer utility value indices for each of the products 
available in 1996 and 1998 were vetted by the former Exec. V.P. 
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The average of the price index values for 1996 is 1.75 and the average for 1998 is 1.58.  This is a 
9% overall price reduction in the ST line. For the ST6 the percentage in price reduction is about 
20% and the 1998 product has an enhanced display in the bargain.  
  
Table C3  ST Product Line Trajectory Evaluations 
 

1996 Products Number or 
measure 

Value  
assigned 

Product Customer 
Utility Index Value 

Price Index Value 
 (from Table 6) 

   ST2 
 Adjustment for 
   emissivity 
 Enhanced display 
 Reading recall 
 Alarms 
 Laser sighting 

  
    
     no 
     no 
     no 
     no 
     no 

 
 
      1 
      1 
      1 
      1 
      1 

 
 
 
 
 
 
 
          5 

 
 
 
 
 
 
 
            1 

ST4 
 Adjustment for 
   emissivity 
 Enhanced display 
 Reading recall 
 Alarms 
 Laser sighting 

 
 
     yes 
     no 
     yes 
     yes 
     no 

 
 
     3 
     1 
     3 
     5 
     1 

 
 
 
 
 
 
 
           13 

 
 
 
 
 
 
 
         1.73 

ST6 
 Adjustment for 
   emissivity 
 Enhanced display 
 Reading recall 
 Alarms 
 Laser sighting 

 
 
    yes 
     no 
     yes 
     yes 
     yes 

 
 
     3 
     1 
     3 
     3 
     5 

 
 
 
 
 
 
            15 

 
 
 
 
 
 
           2.51 

1998 Products 
 
ST2 
 Adjustment for 
   emissivity 
 Enhanced display 
 Reading recall 
 Alarms 
 Laser sighting 

 
 
 
 
     no 
     yes 
     no 
     no 
     no 

 
 
 
 
      1 
      3 
      1 
      1 
      1 

 
 
 
 
 
 
 
 
 
              7 

 
 
 
 
 
 
 
 
 
              0.8 

ST3 
 Adjustment for 
   emissivity 
 Enhanced display 
 Reading recall 
 Alarms 
 Laser sighting 

 
 
     no 
     yes 
     no 
     no 
     yes 

 
 
      1 
      3 
      1 
      1 
      5 
 

 
 
 
 
 
 
 
              11 

 
 
 
 
 
 
 
              1.25 
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ST6 
 Adjustment for 
   emissivity 
 Enhanced display 
 Reading recall 
 Alarms 
 Laser sighting 

 
 
     yes 
     yes 
     yes 
     yes 
     yes 

 
 
   3 
   3 
   3 
   3 
   5 

 
 
 
 
 
 
 
           17 

 
 
 
 
 
 
 
           2.01 

ST8 
 Adjustment for 
   emissivity 
 Enhanced display 
 Reading recall 
 Alarms 
 Laser sighting 

 
 
     yes 
     yes 
     yes 
     yes 
     yes 
 

 
 
   3 
   3 
   3 
   3 
   5 
 

 
 
 
 
 
 
 
             17 
 

 
 
 
 
 
 
 
            2.26 
 

   
The index values from Table C3 are plotted in Figure 8 in Section 15 with the 1998 points shown 
in bold. The price declines are shown by the shifted arrows. The 1998 points are in a generally 
lower position than are the 1996 ones and are positioned to the right along the customer index 
dimension meaning that the price to performance mix has moved in a favorable direction for the 
customers. 
 
 

 
 



 
 
 
 
 
 

 


