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ABSTRACT

A COMPREHENSIVE MODEL FOR TECHNOLOGY PUSH
PRODUCT DEVELOPMENT

Gregory Loren Bishop
Department of Mechanical Engineering
Master of Science

Successful product development has been a fundamental part of many of today’s
companies and their continued prosperity depends on continuing to develop new products
in the future. There are many models of product development. The two most common
classes of development are market pull (MP) and technology push (TP). TP product
development differs from MP in that the development begins with a specified technology
rather than a specified customer. Because TP development is generally considered more
difficult and challenging, most of the product development research has focused on MP
development and many researchers and practitioners favor MP development over TP
development. However, successful TP development has been shown to be a source of
innovation that cannot be realized through MP development and is performed by many
companies.
The research in this thesis focuses on developing a comprehensive TP model to
guide product developers on how to implement TP development successfully. This new TP

model is developed by comparing recently published TP models to published best practices
of TP development and known deficiencies of TP models. The comprehensive TP model
makes improvements to the existing TP models through the addition of processes and tools
that overcome deficiencies and incorporate best practices. The new comprehensive TP
model includes elements of existing generic MP models, a “Technology Application
Selection” (TAS) process and several new processes and tools associated with prototypes
and network groups. Some of the new processes and tools are demonstrated through a case
example.
The comprehensive TP model provides product developers with the necessary stepby-step guide to TP product development. The model effectively deals with deficiencies of
previous TP models, is sufficiently comprehensive and detailed to guide product developers,
is complimentary and consistent to existing design processes and terms, is applicable to most
TP product development projects, and is useful and repeatable in making product
development decisions.
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Chapter 1

IN TRODUCTION

Developing products is a fundamental part of many of today’s successful companies.
In fact, in many cases the level of success realized by the company is directly correlated with
how successfully the company can develop new products. New product development has
been shown to be appealing economically and socially by benefiting the lives of countless
individuals throughout the world.
Successful product development is usually realized through the joint contributions of
several disciplines including engineering, marketing, manufacturing, and industrial design.
However, because engineers perform much of the development and are involved if not
responsible for nearly all product development activities, they commonly drive the product
through its development. Because of this, product developers referred to in this thesis are
considered to be primarily engineers involved in the development.
Because new product development is generally complex and can be extremely risky,
product developers can greatly benefit by a clearly defined and repeatable product
development model. A product development model is a representation of all of the activities
that are to be used by the product developers to accomplish product development. Generally
these models receive inputs from the market and/ or research groups and intend to output a
commercially successful product. These models commonly include the definition and
sequencing of phases or processes of development, the objectives of each of these phases or
1

processes within the model, and methods or tools that developers use to accomplish those
objectives. Intrinsic in these models are how information is transferred throughout the
development project and used by the product developers.

1.1. Background
There are myriad types of new products and situations in which they are developed
and accordingly, there are many different ways to develop those products. Existing literature
has presented many different types of product development and models, though the most
common delineation is made between technology push (TP) product development and
market pull (MP) product development. TP product development is distinguished by starting
with a given technology and then incorporating that technology into products that better
satisfy market needs – thus the technology “pushes” the product development. MP differs
from TP in that the motivation for the product originates from the customer needs. MP uses
technologies to create a new product or enhance an existing product to meet previously
identified customer needs – thus the customer needs “pull” the product development
through to completion.
TP is generally considered to be more difficult and risky than MP for multiple
reasons. The difficulties and sources of risk for TP product development relative to MP
product development can be grouped into three categories:
1.

Inherent Difficulty with Certain Objectives in TP Product

Development: Several of the common objectives necessary to develop products are
particularly difficult and risky using TP product development in comparison to MP
development. One of these objectives, identification of customer needs, is difficult because
customers usually don’t understand their own needs in TP settings. This can be because the

2

customers in a given market have not identified the needs (or at least have not articulated
those needs) or because no market yet exists. Another reason identifying customer needs is
difficult in TP is because the project scope is often changing throughout the development
process making customers and their needs seem to be a moving target. Another objective,
product and market selection, is difficult for two reasons. First, there are an overwhelming
number of possible target products and markets that are each difficult to evaluate or
compare. Secondly, product and market selection often occurs when significant uncertainty
and risk still exists that the technology will be able to be successfully integrated into the
proposed product. Because the market is clearly identified and proven technologies are
generally used in MP projects, these difficulties and sources of risks are significantly lower
than TP projects.
2.

Established TP Models are Unclear and not Comprehensive: Current

TP models are not well defined or sufficiently specific (leaving them unclear to product
developers) and don’t include many of the important activities that product developers
should use during development. Of the TP models that have been published, there has been
little validation by practitioners to allow for the generalization and needed feedback for
improvement to the model. Product development teams implementing TP models are left to
define many of the activities as they go causing additional risk and difficulty.
3.

Lack of Support from Management and Company Culture: Most

company incentives and cultures do not support nor encourage the characteristics common
in TP projects relative to MP projects such as significant product development complexity,
high risk, long product development cycles and/ or high costs. The extent of these negative
characteristics in TP projects are generally unacceptable compared to the MP projects to
which they are commonly compared. This, in combination with the difficulties and sources
3

for risk listed in the previous two categories associated with TP projects have caused product
developers and their managers to generally favor MP product development.
These significant difficulties and sources of risk associated with TP product
development have caused many researchers and practitioners to exclusively advocate an MP
approach to product development. This in turn has caused MP models to be more carefully
inspected and refined. In fact, most of the product development research since the 1960’s
has been focused on performing MP product development1 and, no doubt, this continual
refinement for over 40 years has increased developers’ abilities to produce successful
products consistently. Many articles and texts have been written on MP product
development clearly describing models containing processes, phases and tools to produce
commercially successful products. These models, processes and tools have been published
and proven which has ensued general understanding and acceptance by practitioners and
researchers.
TP product development models have not received the same attention as the MP
models either in published literature or in practice2. TP has thus remained difficult to execute
with each product development team defining unclear portions of the TP product
development model.3 The literature has not yet defined a TP model and set of tools that is
sufficiently comprehensive and detailed to enable successful implementation at the level of
the product developers. Because of this and their familiarity with MP models, researchers
and practitioners commonly use modified MP models for TP product development.
Generally, this modification is intended to convert a TP project into an MP project to utilize
the familiarity and structure provided by the MP models and to ensure that the final product
meets customer’s needs.

4

1.2. Reason for Further Development of TP Models
While the difficulty and risks associated with TP product development are different
than MP product development, so are the potential rewards. When TP product development
is successfully executed, breakthrough products which revolutionize the way customers
behave can result which create completely new markets. There are many successful products
that have been developed from TP projects such as xerography (copy machines),
microprocessors (personal computer), digital readout devices2 (alarm clock displays),
microwaves4, post-it notes, and fiber optic cables5. TP occasionally also produces successful
designs that are more evolutionary in nature such as the use of Pyrex or Teflon in cook
ware2 and Kevlar in bulletproof vests and parachutes2.
Many have suggested that another reason to perform TP product development is
that exclusively using an MP approach will not provide the necessary level of true innovation
for a company to remain competitive.7 The market information learned through TP projects
may be required for a company s future success.7 Because customers are often unable to
identify the need for a new product2,6&7, TP product development can provide a company or
organization with a competitive advantage.
Most companies and organizations have situations where a TP product development
would be beneficial. Some of these situations are:
•

Companies that have proprietary technologies. These companies could identify
further uses for their technology and either develop or license them for
additional gain on previously spent R&D ventures.

•

Small or medium sized companies that rely on specific technologies rather than a
specific market. The future success of these types of companies could be
made surer by leveraging existing competencies in specific technologies of new
products.

•

Schools, universities and R&D labs. These institutions could identify possible
uses for developed technologies to identify possible licensing arrangements or
further research.
5

These situations have existing within companies and organizations for many years
though only recently have some portions of TP product development models been clearly
prescribed and defined8. In contrast with MP, which has a rich set of processes and tools as
part of the models for the actual product developers to use in making decisions9,10, the
literature surrounding TP development has been primarily limited to a general business
nature such as the management or evaluation of projects. This has left product developers
without clearly defined and comprehensive TP models to guide the product development
processes.

1.3. Thesis Objective
The objective of this thesis is to define a TP product development model that is
sufficiently comprehensive to guide product developers through all aspects of TP
development of commercially successful products. Based on existing case studies of TP
development, current TP models will be inspected for deficiencies. Then, additional
processes and tools will be used to define a new comprehensive TP model intended to
overcome the deficiencies of previous TP models. The resulting TP model will be available
to product developers so they can more effectively deal with the challenges and difficulties
associated with TP product development. Because this will help managers and product
developers to better understand TP product development, this thesis will contribute to
building support from management and company culture. Successful TP product
development will result in the development of products that could not otherwise be
developed and provide the necessary economic and social benefits to justify their
development.

6

1.4. Definitions
Authors commonly disagree on the definition of terms used in product
development3 and how they relate specifically to TP. Many of these authors create a working
definition of these terms for their specific work or field of research. In a similar fashion, the
following working definitions will be used in this thesis and are consistent with the
definitions found in the existing literature as much as is possible. Many of the other product
development terms not presented here can be found in product development text books9,10
or on the Product Development Management Association (PDMA) website11.
Technology is a specific set of scientific and engineering knowledge applied to accomplish a
desired function.12
Technology Development is the set of activities beginning with the discovery and
experimentation of the technology and ending with the development of the
technology sufficient for its use in products and application.
Product Development is the set of activities beginning with the perception of a market
opportunity and ending in the production, sale, and delivery of a product. 9 It is
important to note that once a technology has been developed sufficiently to
investigate market opportunities, product development has begun.
Technology Push (TP) Product Development is product development where the realization
of a product through embodying a specific technology in a manner meant to satisfy
customer needs 8 takes place.
Product Development Models are representations of all of the phases, processes and tools
that are used by product developers to accomplish product development. A model
7

generally receives inputs from the market and/ or research groups and intends to
output a commercially successful product. These models are often considered to be
loosely descriptive of the actual method showing general sequences of processes and
phases.
Product Development Processes are portions of the product development model that
accomplish a specific set of objectives (such as identifying customer needs) or a
specific phase (such as project planning). Processes can consist of other processes
and tools and all of the product development processes combined form a product
development model.
Product Development Tools are used in product development processes to aid product
developers in making decisions and/ or development. These tools further define the
model by defining portions of the model on a task by task basis.
Core Competency is a term used to describe the collective learning in the firm, especially
how to coordinate diverse production skills and integrate multiple streams of
technologies.

13

It is the most important capabilities within the company or firm that

enables the products produced by the firm to be competitive.
Disruptive Technologies are technologies that are sufficiently unique that the products they
are incorporated into are radical innovations. Some examples are fiber optics and
DVD technology.
Innovation is an iterative process initiated by the perception of a new market and/ or new
service opportunity for a technology-based invention which leads to development,

8

production, and marketing tasks striving for the commercial success of the
invention.

14

Radical Innovation is an innovation generally containing new technologies, which
significantly changes behaviors and consumption patterns in the marketplace.

11

Many authors treat any TP type of innovation as a radical innovation.
Discontinuous Innovation occurs when previously unknown products establish new patterns
of consumption and/ or behavior by customers and consumers.11 Some examples are
microwave ovens and cellular phones where the cooking and communication
behaviors have drastically changed because of these innovations.
Enabling Technologies are technologies that enable new degrees of freedom in the
development of products that did not previously exist without that technology.
Examples are the Internet which enabled a new level of communication and
automation or, fiber optics which allowed for a higher volume of information
transmission.
Technology Transfer is the process when R&D teams transfer their developed technologies
from technology development to a product development team that is responsible to
take the technology to market in product development.
Market Development in this work is limited to preparing and educating the market for a
specific product and/ or technology including many activities beyond those primarily
used by marketing to create marketing interest

9

1.5. Thesis Outline
This thesis outline provides an explanation and flow of the material contained in this
thesis and presents a global view of the contents of this work. Subsequent to Chapter 1,
literature that has been published by other researchers is examined and the current boundary
of knowledge as it pertains to this thesis topic is identified in Chapter 2. This will introduce
the reader to recent work in the area of TP product development and to point to the areas
wherein additional research could add value.
The research approach including the scope and delimitations of this thesis are
addressed in Chapter 3. A thesis roadmap showing how the thesis objective will be
accomplished relative to the current boundary of knowledge is presented along with a
method for evaluating the thesis results.
In Chapter 4, the best practices of successful TP product development are identified
by grouping previously established characteristics or factors of successful TP product
development into a useful set of categories. This is accomplished by establishing grouping
criteria, grouping the success factors into categories and then relatively ranking the categories
based on their level of importance to success.
The most comprehensive and detailed TP model that has been suggested by the
existing literature is combined into a single model and presented in Chapter 5. Then, the
categories resulting from Chapter 4 will be used to evaluate this combined TP model to
identify deficiencies that need to be addressed. Existing literature that directly addresses
additional deficiencies of the combined TP model will be added to the previous list of
deficiencies. Additionally, the less developed portions of the combined TP model will also
be scrutinized for needed improvements.

10

Chapter 6 presents processes and tools that have been used in similar situations to
TP product development that have been shown to overcome the deficiencies of the
combined TP model. Then, a new comprehensive TP model is described that uses the
processes and tools presented earlier in that chapter. In Chapter 7, the new comprehensive
TP model is further demonstrated and a case example is used to show how portions of the
model are intended to be performed.
Chapter 8 summarizes the new comprehensive TP model focusing on its final state
and evaluation based on the criteria that are presented in Chapter 3. Then, in Chapter 9, the
thesis is summarized, conclusions are drawn and future research and possible areas of
investigation that are related to this thesis are discussed.

11
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Chapter 2

LITERATURE REVIEW

This chapter summarizes the previous research that has been done in the field of TP
product development and is relevant to the thesis objective and then presents conclusions
about the current boundary of knowledge. This literature review is divided into five areas
based on the relationship to TP product development. The areas are (1) evolution of product
development models, (2) deficiencies of current MP models for TP product development,
(3) factors of successful TP product development, (4) classification of product development
types, and (5) characteristics of TP product development projects. The chapter ends with a
summary of the five areas and conclusions based on this review.

2.1. Evolution of Product Development Models
Product development models have been evolving since their inception. This section
presents the existing literature on how product development models have developed in
general and then how TP models have evolved including the existing TP models.
2.1.1. Evolution of General Product Development Models
Rothwell1 discussed how models have been generally evolving since the 1950s.
Rothwell states that up until the 1960s the dominant model of innovation was a linear TP
type as shown in Figure 2.1. This linear TP model started with some basic science or
technology, went through a design and engineering phase and was then produced and sold.
13

As competition increased during the 1960s, emphasis was placed on the role of the
marketplace in development and a linear MP model shown in Figure 2.2 became the
dominant model of innovation. This linear MP model started with a recognized need and
then development occurred where proven or existing technologies were used to meet the
market need. Subsequent to development, the product was made and sold.
At the time when the linear MP model became more dominant than the TP model,
significant literature then began to focus on a debate concerning whether MP or TP was
better for initiating true innovations leading to commercially successful products. Though
this debate is still continuing today, it is not as intense as before the 1990s. In 1994,

Figure 2.1 - Rothwell’s Linear TP Model (1950 - 1960s)

Figure 2.2 - Rothwell’s Linear MP Model (1960s - 1970s)

Chidamber & Kon15 summarized much of the existing literature resulting from this debate,
and then concluded along with Hamel & Prahalad7 that the best development method
should be a combination of MP and TP methods. Rothwell1 and Trott16 explained that the
predominant model in 1994 was a sequential combination of the MP and TP models as
shown in Figure 2.3. This sequential model used both new needs that were recognized in the
market and new technology as sources for product development of successful products.
While this model shows a possible combination of TP and MP, it is not descriptive enough
to allow for implementation by product developers. There are no tools described or steps
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within the phases to enable a more detailed understanding of how to accomplish the phases
of product development. The sequence of the phases and the transfer of information are
somewhat unclear because every arrow in the model is bidirectional. Rothwell and Trott
seem to have based this model on theoretical best practices and not on common practice in
individual companies.
Trott also summarized the evolution of product development models as shown in
Table 2-1. The Interactive Model is the sequential combined model shown in Figure 2.3
while the Coupling Model is a less integrated form of the sequential combined model.

Figure 2.3 - Rothwell’s Sequential Combined TP Model (1970s - 1980s) Showing
the Combination of the TP and MP models

Table 2-1 Chronological Development of Models of Innovation (As Presented by Trott)

Date
1950/ 60s

Model
Technology Push

1970s

Market pull

1980s
1980/ 90s

Coupling Model
Interactive Model

Characteristics
Simple linear sequential process. Emphasis on R&D.
The market is a recipient of the fruits of R&D.
Simple linear sequential process. Emphasis on
marketing. The market is the source of directing R&D.
R&D has a reactive role.
Emphasis on integrating R&D and marketing.
Combinations of push and pull.
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Farrell17 contradicted the notion that the sequential interactive model which
combined MP and TP had been dominant since the 1990s. He suggested that, based on
empirical data, since the shift from a TP to a MP model in 1975, an MP model has remained
predominant up to his publication in 1998. Other literature also supports that MP is
currently the predominantly published model of innovation. Leading product development
textbooks9,18 present a generic development process that is heavily oriented to an MP
approach and PDMA s Handbook of New Product Development no more than references
TP19. Though most of the literature inferred that a combination of TP and MP was the best
product development model, this was not actually being performed in companies doing
product development.
2.1.2. Evolution of TP Product Development Models
Models for a TP approach to product development have been presented by several
authors, though most of these models are described in general terms and lack enough
specificity to enable product developers to actually implement the model. The TP models
that have been prescribed will be presented along with the level of detail and ability for
application.
A broad TP model that is slightly more specific than the linear TP model presented
by Rothwell above is presented by Paul2 as having the phases shown in Figure 2.4. Paul
compared this prescriptive model to a MP model and concluded that there was little
difference between the two processes. Paul doesn t discuss what any of the phases consist of
leaving implementation by product developers undefined. For instance, there is no
discussion of what the objectives of the Do homework phase is, not to mention methods
and tools for accomplishing them. Paul concludes that TP can work and that nearly all
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Figure 2.4 - Paul’s TP Model Showing Six Sequential Phases

failures can be traced to either skipping a particular step in the development or not dealing
with it in a professional manner 2 assuming the steps or phases are clearly defined.
A similar comparison was done by Spivey et al.20 as is shown in Table 2-2 where the
stages of technology movement (or TP model) are related to New Product Development (or
the MP model). The authors determined the TP model descriptively based on the best
practices of 22 unique examples of successful TP product development. According to the
authors, following the Disclosing Technology stage in TP, there are far more similarities
than differences between the TP stages and the MP activities presented by Cooper and
Kleischmidt21. Spivey et al. explain what each of the TP stages are and their objectives but,
because of the lack of detail, implementation is still undefined and difficult to apply. For
instance, the Matching Technology with Functional Needs stage in the Technology
Movement is shown to relate to a Detailed Market Study . However, there are no
explanations on how to accomplish the stage when a market is not yet identified. Though
the authors describe the TP & MP models as though they consist of stages, the authors are
careful to point out the caveat that any product development process cannot be strictly
sequential and that the stages presented should be only general in nature.
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Table 2-2 Technology Movement Related to N ew Product Development Process from Spivey et al.

STAGE
in Technology Movement
Disclosing Technology
Linking Technology With Needs
Assessing Technology
Matching Technology with Functional
Needs
Refining Technology for Specific Needs
Preparing to Launch into the Users’ World

Managing a Technology Over Its Life Cycle,
especially at Introduction

RELATED ACTIVITY
in New Product Development Process
1. Initial Screening
2. Preliminary Market Assessment
3. Preliminary Technical Assessment
4. Detailed Market Study
5. Business/ Financial Analysis
6. Product Development
7. In-house Testing
8. Customer Tests
9. Test Market
10. Trial Production
11. Precommercialization Business Analysis
12. Production Start-up
13. Market Launch

Souder22 identified an eight step descriptive model to TP shown in Figure 2.5 based
on the results of a study of 15 “radical innovations” and an ensuing open-ended discussion
with 21 R&D managers. This model was the first TP model that was significantly different
from the MP model by including steps unique to TP. Souder’s model includes a
characterizing of the technology and then an embodiment into an application. Unique to
Souder’s model is that after this embodiment, other possible applications or uses are
explored through several techniques such as market scanning and broadcasting exercises. All
of these steps occur previous to the selection of target applications of the technology where
one valid option is to ‘shelve’ the technology. The expanded application work step is a repeat
of the first seven steps which is continually iterated. Souder doesn’t discuss when the
product is ready for launch, leaving some ambiguity as to when the product development is
complete and ready for launch. Souder briefly discusses each of the 8 steps and their
objectives, but comes short of identifying actual tools or examples of successful
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Characterization

Embodiment

Peripheral applications and Substitute Uses

Internal Fitting and
Broadcasting Exercises

Technology and Market
Scanning

Trial and Re-trial
Processes

Selection of
Target
Applications

Expanded
Application
Work

Figure 2.5 - Souder’s Eight Step TP Model Showing Significant
Difference from MP Models

implementation from the 15 radical innovations which each followed the model in Figure
2.5.
Ulrich & Eppinger s9 widely referenced book, Product Design and Development,
describes an MP product development model as shown in Figure 2.6 along with the
presentation of many processes and tools for accomplishing product development. The
authors briefly discuss how the generic MP model can be adjusted to be used as a TP
model by an additional step of matching the technology with a specific market in the
planning phase (as shown in Figure 2.6) and then requiring that the technology remain a part

Figure 2.6 - Ulrich & Eppinger’s Generic MP Model
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of the product. Though there is no discussion of how to accomplish this step, the authors
present a clear set of processes and tools for developing products once the market and
application have been clearly identified in the planning phase. The steps of the Planning
and Concept Development phases are shown in Figure 2.7 and Figure 2.8 respectively.
Ulrich & Eppinger present many established processes and tools for the phases of product
development that have been previously published and tested.

Figure 2.7 - Ulrich & Eppinger’s Steps in the Planning Phase and Their Relation to the Generic
MP Model Shown in Figure 2.6

Figure 2.8 - Ulrich & Eppinger’s Steps in the Concept Development Phase of Their Generic MP
Model Shown in Figure 2.6

Larsen8 defined a process for the suggested additional step prescribed by Ulrich &
Eppinger as needed to modify the generic MP model in Figure 2.6 to be a TP model. Larsen
pointed out that though this step, alternatively known as technology transfer , already exists
in many companies, it is not well understood. Larsen s process proposes a way to transfer
technologies to a MP type of product development by the use of a technology integration
step as shown in Figure 2.9.
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Figure 2.9 - Larsen’s Technology Integration Step to be
Performed Previous to (MP) Product Development

Larsen developed a general process for the technology integration step which he
termed Technology Application Selection (TAS). This process has three phases as is shown
in Figure 2.10: Technology Characterization, Application Identification, and Application
Evaluation. The overall objectives of this process contains nearly identical overall objectives
to Souder s model in Figure 2.5. Once the technology is sufficiently mature, it is
characterized and applications are identified and evaluated. Subsequently, an altered MP
approach is prescribed which requires the technology to be included in the product.

Figure 2.10 - Larsen’s Technology Application Selection (TAS) Process Intended to
be Added to a Generic MP Model to Create a Comprehensive TP Model

The Embodiment and Internal Fitting and Broadcasting Exercises steps in
Souder s model (see Figure 2.5) are not included in Larsen process nor is there a discussion
as to the reasoning. Similar to other TP models, the TAS process is defined to the level of
phase objectives, but not sufficient to prescribe actual tools and enable implementation by
product developers. Larsen simply states that the TAS process, in conjunction with a generic
MP model such as presented by Ulrich & Eppinger, could be considered a comprehensive
TP model for the entire product development process.
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Nelson23 increased the detail of the TAS process by providing a step-by-step
process to direct design engineers. He did this by identifying the inputs and outputs of the
three phases in the TAS process shown in Figure 2.11, prescribing steps and tools for
advancing through the phases, and providing an example demonstrating their

Figure 2.11 - N elson’s Flowchart of the TAS Process Intended to Direct
Product Developers Using a Step-by-Step Level of Detail
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implementation. The TAS process presented by Larsen in 2.1.2 is intended to aid product
developers in identifying and selecting an application for a given technology. Nelson23
compares several existing processes and tools that could be used to progress through the
TAS process and then makes recommendations. Nelson advises the use of a certain set of
tools which consist primarily of already tested processes or tools used in MP product
development. In the “Technology Characterization” phase, Nelson introduces a ‘Root
Cause’ process for identifying the functional and situational characteristics of the technology
and compares it to functional mapping as presented by Wood24. The ‘Root Cause’ process
comprises a set of important questions to be answered by the product developers. For
identifying the company’s core competencies, Nelson suggests relying on the processes and
tools previously published by Prahalad & Hamel13. During the “Application Identification”
phase, established brainstorming techniques25 are suggested to produce a list of possible
industries and products within those industries. A screening matrix is used in a similar
fashion to MP to identify the best products within the best industries. The “Application
Evaluation” phase uses another screening matrix to evaluate the best products compared to
functional, situational and strategic criteria developed earlier.
Though Ulrich & Eppinger as well as Larsen suggested that the TAS process would
be a part of the planning phase, Nelson stated that the TAS process overlaps some of the
steps in the Concept Development such as identifying customer needs, and concept
generation & selection. Nelson does not specifically address the details of the transfer to MP
other than stating that subsequent to the TAS process, a traditional MP method could be
followed throughout the remainder of product development.
All steps in the generic MP model are well documented by multiple texts and articles
and include sufficient detail to guide product developers through the entire model. The
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methods in the MP model have been demonstrated and tested by many organizations and
have been shown to be successful. The TAS process also presents sufficient detail to guide
product developers by suggesting specific tools and decision making processes, though the
TAS process has not been demonstrated in practice more than a few times. However, nearly
all of the suggested tools and methods are modifications of previously proven practices in
other areas of product development.

2.2. Deficiencies of Current MP Models for TP Product
Development
In the previous section, several authors have presented the many similarities between
TP and MP; some have stated that TP development could be fit within MP development.
However, other authors have presented TP models that are dissimilar to MP models. Others
have proposed that MP models are deficient when used for TP product development. These
deficiencies can be grouped into four areas: (1) the method of gathering market information,
(2) the use of informal networks, (3) the use and evaluation methods of prototypes, and (4)
the goals and evaluation of projects
2.2.1. The Method of Gathering Market Information
The most cited deficiency in MP models appertains to the method of gathering
market information. When MP methods are used to gather market information for a TP
project, it produces unhelpful or even damaging results.6,26 Some authors have stated that
this disparity is insurmountable because if you are able to gather the market information
using common methods in MP, you are already too late
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to be able to realize the gains

from TP development. Ulrich & Eppinger state that developing an entirely new category of
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product is risky and limit their MP model and tools to situations where the market
requirements can be identified and used to create specifications.
2.2.2. The Use of Informal N etworks
Another deficiency of MP models using TP product development relates to the
involvement of informal networks. These networks are individuals spanning across
industries, companies and functions within companies. Several authors state the critical
importance of using informal networks22,27 to gather and disseminate information while
McDermott & O Connor3 pointed out that this critical issue is not even considered in MP
models.
2.2.3. The Use and Evaluation Methods of Prototypes
Samli & Weber4 illustrated that how developers interact with future customers to get
the right information in TP development is significantly different from MP development.
Specifically, the use, evaluation and feedback methods of prototypes in TP development are
considerably different than in MP development.28,29,30 Prototypes in TP development not
only accomplish the purposes common in MP development but also help prepare the market
for the product/ technology while also generating new concepts. This deficiency of the use
of prototypes in MP development is exemplified by the statement by Ulrich & Eppinger9
that only after prototypes have been evaluated by customers can real customer needs be
identified with confidence. However, methods to develop prototypes without customer
requirements are not presented by them.
2.2.4. The Goals and Evaluation of Projects
Samli & Weber4 along with McDermott & O Connor3 have identified other
significant differences between TP and MP, requiring different management practices and
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decision making criteria. The goals and evaluations of TP product development projects are
notably different than MP projects. Christensen stated that while it is the optimistic goal of
every designer to hit the customer needs right on the head first try, in the event where the
customer isn t even identified yet, it is realistic not to expect success on the first, second or
even the third try.
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Many other characteristics of TP projects lead to the differences in

goals and evaluation and are presented at length in section 2.5.

2.3. Factors of Successful TP Product Development
Many authors have identified characteristics or factors that have been correlated with
successful TP product development. While the body of literature of success factors for all
types of product development is vast, few literary sources are both credible and specific to
TP. Ten literary sources present success factors specific to TP product development and are
summarized in this subsection in descending order of the number of factors they presented.
Each literary source is credible in that it comes from a peer reviewed journals, published
book or from recognized professionals that specialize in TP development. Additionally, each
factor presented here is specifically related to the success of TP developed products and not
just product development in general. The original language used by the authors is used as
much as possible to most accurately represent the author s intended meaning. A more
detailed listing of these success factors is found in Appendix A.
2.3.1. Souder
Souder22 identified 12 success factors based on 15 TP case studies followed by a
discussion with 21 R&D managers. The 15 case studies were highly varied and diverse with
some technologies tracing their origins to the stereotypical lone inventor and others being
by-products of major industrial R&D activities. Some cases had remained little-known
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laboratory curiosities for many years, while others were well-known but largely ignored
because their “usefulness was not obvious.” Some of the technologies had to displace “well
entrenched products and institutionalized practices” while others had “no established
products for them to displace.” The 21 managers represented 21different firms “selected to
represent a cross-section of industries, R&D activities, firm sizes, and R&D budgets.”
From the 15 case studies, key success factors were identified through a content
analysis and then presented to the 21 R&D managers as “stimuli for open-ended discussions
of their experiences with technology push.” The identified success factors were:
•

Product and market develop in parallel

•

"initially targeting minor or peripheral markets"

•

"consortia and collaborations among various parties. Teaming the inventor with
both a commercial entrepreneur and a technical entrepreneur throughout the
development cycle"

•

"adjunct or substitute uses were sought as strategy for market generation"

•

"use of combination of technology push and" some sort of MP method

•

"the developers carefully studied their potential users and their problems"

•

"developers carefully looked at the possible interactions and interrelationships
between their technology and related disciplines"

•

TP is "more easily carried out where there is a synthesis of knowledge about a
need and about the technical means to meet this need." This can be done
through networking inside and outside of the company.

•

"broadcasting a knowledge of the technology, the needs of the users and the
available market opportunities as widely as possible throughout both the
research and user communities." Also "…encourage interactions between the
laboratory scientists, the development personnel, the marketing personnel, and
outside-the-firm users."

•

The developer must "interact with as many users as possible, and experiment
with as many new product prototypes as possible within the user's settings."

•

"Management is willing to use outside organizations (e.g. independent research
institutes and consulting firms)"

•

"Management is willing to be patient" and allow for R&D to "travel frequently to
the field and interact with customers"
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2.3.2. Isaacs & Tang
During an Association for Computing Machinery (ACM) conference in 1995, Isaacs
and Tang32,29 moderated a discussion of 15 professionals in corporate research or advanced
development on the topic of technology transfer. These professionals represented mostly
information technology related firms such as Sun Microsystems, U S West, IBM, Intel, HP
and others. The success factors were identified by the group during the discussion and are
presented in two forms: the extended notes of the meeting32 and in a published article that
summarizes portions of that ACM meeting29. The following factors were identified in the
meeting and the subsequent article:
•

"An organizational model that encourages coordination between research
activities and product projects"

•

"Executive-level commitment to the transfer of ideas from research groups to
development groups"

•

"Geographical and social proximity between research and development groups"

•

"Research projects that are aligned with corporate strategy"

•

"Research projects with people highly motivated to see their research transferred
into products"

•

"A high-level visionary who champions bringing the idea to market"

•

"Readily demonstrable improvements over existing or related products"

•

"Relationships within the company"

•

"Motivated people for technology transfer into products"

•

"Motivating features for technology transfer into products"

•

"Management support"

2.3.3. Branscomb & Auerswald
Branscomb and Auerswald27 presented several key factors in their book which was
based primarily on a report for the Advanced Technology Program (ATP)28 in which
Branscomb was heavily involved. This report focused on the decision-making process
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within firms, and within outside financing sources, as it relates to the funding of early-stage,
high-risk technology projects” and how ATP could better understand this for project
evaluation and selection.28 The identified success factors are the result of two workshops
involving a group of experienced practitioners in several companies and academic experts,
primarily from MIT and Harvard. In the first workshop, “Two detailed case studies of hightech innovation … were evaluated” by the group. At the second workshop, “academic
participants and practitioners presented commissioned papers, which were subsequently
reviewed by the leadership team”. Their resulting success factors were:
•

"A technical team that is sufficiently prepared for the inevitable surprises with
which nature challenges innovators"

•

"depth and breadth of the accessible scientific and technological information,
and the skill to look outside the firm to acquire it"

•

"A champion who not only believes in the idea of the innovation, but can earn
the trust of investors and create an affordable business environment within
which the idea can be nurtured"

•

"A flexible business management, if the innovation is to be pursued in an
existing firm, that sees opportunity in the innovation"

•

"Early and accurate information from the market"

•

"Technical specifications derived from a clearly defined business model"

•

Sufficient funding at early stages ("seed financing")

•

"A network of relationships"

2.3.4. Lynn & Reilly
Lynn & Reilly present 5 keys to success for any product development process and
then discuss how those factors relate specifically to radical innovation which they defined as
an “innovation that uses an untested technology and creates a new market category”5. The
following factors are based on the study of many radical innovations including several
examples from the development of fiber optics:
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•

"Commitment not contribution of senior management"

•

"Clear and stable vision", "the team must shift focus together as the project
shifts"

•

"Improvisation"

•

"Information exchange"

•

"Collaboration under pressure", "excelled at teamwork"

•

"proficient at learning from prototypes"

•

At first the team will be "technical people", then "marketing will join the team"
and finally, "marketing will be steering the ship."

2.3.5. Samli & Weber
Samli & Weber4 looked at 130 companies with 143 different products that were
considered breakthrough in 1986 by Business Week and investigated which of them had lasted
for a decade. The 30 surviving products were considered successful and were used in
gathering information. The authors were able to support 6 of their 8 hypotheses about
characteristics and success factors relative to radical innovation. The hypotheses that could
be interpreted to be factors are:
•

The firm must be "willing to sacrifice major sums and not to question those who
are engaged in developing and marketing the perceived breakthrough"

•

The product must be unique to have longevity of success

•

The firm must have "core-competencies reflected by their technical competency"
that are "keyed to market demand"

•

A corporate "commitment to generating breakthroughs"

•

The company must have some "knowledge of the market" and not be a "totally
internal technology push"

•

"the internal technology push has to meet the external market pull"

2.3.6. Spivey, Munson, N elson, & Dietrich
Spivey et al. gathered the perceptions of employees involved with developing and
refining 22 innovative information technologies.
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The authors focused on issues related to

technology transfer and technology transition as it related to the Department of Defense and
its labs and found the following factors to be correlated with success:
•

"…early, proactive interaction among users and developers"

•

"the management system itself must endorse communication amongst all
players"

•

"customer satisfaction is paramount to achieving either successful transition or
transfer"

•

"the concern is to solve a user's problem"

•

those outside of the research group must be "viewed less as adversaries and more
as prospective partners"

2.3.7. Others
Additional factors for successful TP were identified by Himmelfarb33, Ulrich &
Eppinger9 and Paul2 based on their experiences and contacts in product development and
Lynn et al.26 based on four case studies of radical innovations. Their combined success
factors are:
•

"some type of customer need must be met by the technology"

•

the "price level" must be "within reach of a sizeable market"

•

"It is sometimes important to be sensitive to educating the consumer with regard
to the technology. Some new technology can be frightening."

•

"the assumed technology offers a clear competitive advantage in meeting
customer needs"

•

"suitable alternative technologies are unavailable or very difficult for competitors
to utilize"

•

Developed "products by probing potential markets with early versions of the
products, learning from the probes, and probing again."

2.4. Classification of Product Development Types
Classifying the type of product development is critical to identifying the type of
product development methods and models are most appropriate. Though there is a great
number of articles and books that have addressed ways to classify types of product
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development, this body of literature is extremely inconsistent in two respects. This
inconsistency makes it difficult to compare and contrast different author s results and even
more difficult for product developers to implement those results14.
There are two reasons for the inconsistency in classification of product development
types. First, product development authors commonly disagree on the definitions of terms
used in product development3 and how they relate to TP, as was mentioned in Chapter 1.
Second, differing methodologies are used to classify the types of product development.
Garcia & Calantone14 listed 21 different types of classification schemes that have been used
by authors to classify product development. These schemes ranged from eight-category
classification to the many forms of two-category classification such as TP vs. MP, radical vs.
incremental or revolutionary vs. evolutionary. Garcia & Calantone attribute the variety of
schemes to the liberal choice of criteria that are used to delineate between types of product
development. For instance, in the 21 cases of classification, at least 51 distinct criteria
including product scope, architecture, and technological uncertainty were used to classify
product development. There was further discrepancy between the use of these criteria such
as the identification of high , medium and low .
Garcia & Calantone conclude from the existing research that product development
can be grouped into classifications shown in Table 2-3 based on the existence of technology
and marketing discontinuities at the macro and micro levels. The macro level is where the
concern is measuring how the characteristics of product innovation [are] new to the world,
the market, or an industry whereas the micro level is where the concern is measuring how
new the innovation is to the firm or the customer. Each row in Table 2-3 is an innovation
with a distinct combination of discontinuities where a Y designates that that type of
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discontinuity exists. Not every combination is listed because if the discontinuity exists on a
macro level then it will also exist on a micro level and thus some combinations are infeasible.

Table 2-3 Types of Innovation Depending on Combination of Discontinuities. For each Type of
Innovation, the Combinations of Discontinuity Level & Type are shown by the Black Cells

TYPE OF
INNOVATION
Radical
Really New

Incremental

MACRO LEVEL
MICRO LEVEL
Technology
Marketing
Technology
Marketing
Discontinuity Discontinuity Discontinuity
Discontinuity
Y
Y
Y
Y
N
Y
Y
Y
Y
N
Y
Y
Y
N
Y
N
N
Y
N
Y
N
N
Y
Y
N
N
N
Y
N
N
Y
N

Even though Garcia & Calantone present an extensive review of product
development classification, others have identified alternative criteria and different schemes.
Some of the criteria used include project scope34, competencies in the firm35, level of product
line extension36, project complexity37 and degree of change in the manufacturing process38. In
the case of the dichotomous classification between TP and MP product development, it has
generally been based on what is the driving force that is pushing product development:
market and customer needs or a new technology application.
Ulrich and Eppinger9 present several types of product development including MP
and TP but also other methods such as those shown in Table 2-4. Along with these different
types of product development they explain how the product development process differs
from the generic MP model. Platform Products are in some sense very similar to
technology-push products in that the team begins the development effort with an
assumption that the product concept will embody a particular technology.
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9

As shown in

Table 2-4, the distinctions from the generic MP method are similar to those of the TP
distinctions. Process intensive products and customized products are more similar to MP
however they too have differences from the generic MP methods.

Table 2-4 Types of Product Development (Adapted from Ulrich & Eppinger9)

Examples

Distinctions with respect
to the generic MP process

Product
Development
Description

Generic (MP)
The firm begins
with a market
opportunity, then
finds appropriate
technologies to
meet customer
needs.

Most sporting
goods, furniture,
tools.

TP
The firm begins
with a new
technology then
finds an
appropriate
market.
Planning phase
involves
matching
technology and
market. Concept
development
assumes a given
technology.
Gore-Tex
rainwear, Tyvek
envelopes.

Platform
Products

Process
Intensive

The firm assumes
that the new
product will be
built around an
established
technological
sub-system.
Concept
development
assumes a
technology
platform.

Characteristics of
the product are
highly
constrained by
the production
process.

New products are
slight variations
of existing
configurations.

Both process and
product must be
developed
together from the
very beginning,
or an existing
production
process must be
specified from
the beginning.
Snack foods,
cereal, chemicals,
semiconductors.

Similarity of
projects allows
for a highly
structured
development
process.

Consumer
electronics,
computers,
printers.

Customized

Switches, motors,
batteries,
containers.

Even within TP, there are different types of product development. McDermott &
O Connor3 delineated between TP where a market exists and where a market does not exist.
Hartmann and Myers39 presented a matrix which identifies 4 different types of product
development based on not only whether the technology is new (TP verses MP) but also
whether the market is new. Figure 2.12 shows this matrix of product development types with
profiles of constant risk. The newer the technology or market, the higher the technical or
market risk, respectively. The higher the risk, the less likely commercial success will be
achieved upon product launch. The authors describe each of the quadrants of Figure 2.12 as
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shown in Table 2-5 as a different type of product development. When the technology is new
(as it is in TP), there are 2 types of product development: discontinuity and radical where the
radical type is higher risk because of the market.

Table 2-5 Description of the 4 Quadrants in the Market and Technology Matrix (see Figure 2.12)

QUADRANT
Evolutionary
Leverage Base
Discontinuities















([LVWLQJ

7HFKQRORJ\

1HZ

Radical

DESCRIPTION
Lowest risk, but possibly limited economic potential.
Somewhat higher risk. For a global company, opportunities of
this type tend to be geographical.
Somewhat higher risks. This case refers to technology
substitution, a familiar situation.
Highest risk. If the market is large, this may offer the greatest
opportunity.

Figure 2.12 - Hartmann & Meyer’s Market and Technology
Risk Matrix Showing the Four Types of Development

Some authors have stated that not only do the tools, processes and models differ
between TP & MP, but they also differ between the different types of TP. This is because of
the different requirement and conditions during product development depending on the
newness of the market to the company. While the delineation made in the matrix above was
35

between whether a market exists or not, there is also a difference between whether an
existing market is new to the company or not. In TP for markets that are familiar to the
company, the main challenges are to ensure delivery of a perceptible benefit, manage the
threat of cannibalization of other product lines and overcome the market s resistance to the
new technology. On the other hand, in TP for unfamiliar but existing markets, the main
difficulties are in finding a divisional home within the company and identifying an
appropriate model.3 Though the need for different tools, processes and/ or models for
different types of TP has been identified, the literature does not present what those different
tools might be.
Unger40 points out that the uncertainties associated with product development lead
to different risks of development failure. The purpose of a successful product development
process should be enable the mitigation of risks associated with product development or at
least the management of those risks40. Unger40 groups the product development risks into
four categories: technical, market, schedule and budget as opposed to Hartmann & Meyers 39
two categories of technical and market. Unger states that though there are many other types
of risks, all risk could be categorized into these four risk groups. Similarly, Hartmann &
Myers group many other risks into the technology and market risks.
Different types of product development methods and models deal with the
categories of risks differently. Therefore, some product development methods are more
effective for certain types of risks than others methods40.
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Figure 2.13 - Miller & Morris’ Two Path of Knowledge N ecessary to Reach
Product Development Based on Latent Customer N eeds

Miller and Morris30 presented a similar matrix to Hartmann & Myers , but use it to
demonstrate how through product development, types of knowledge are increased. This
increased knowledge reduces risks that were associated with that type of knowledge. Figure
2.13 shows the two types of knowledge as market and scientific & technical and that the
two groups converge their learning to a single point where innovative and successful product
development is realized.

2.5. Characteristics of TP Product Development Projects
Characteristics associated with TP projects are identified by much of the literature
though they are not presented as necessarily being correlated with success or failure.
However, these characteristics greatly impact the implementation of TP product
development. The characteristics are grouped into the following categories: (1) difficulty of
TP product development, (2) company size & resources and (3) benefits of TP. Each of
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these characteristics is comparative to MP and contributes to the difficulties and challenges
of TP product development stated in Chapter 1.
2.5.1. Difficulty of TP Product Development
The inherent complexity of TP product development has caused it to be viewed as
more difficult to execute and manage than other types of product development. One reason
that TP is more complex than MP is that success in TP requires simultaneous consideration
of the technology, market, product and company.6,41 As in MP, the risks come from several
different sources including technology, market, manufacturing, financial, and more42 but, in
TP those risks are more intertwined than in MP. In stable markets, it may be possible to
separate the technological and market risks but that is not so in an evolving market that
accompanies the introduction of a radical technology.
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Not only are the risks higher in TP,

the risks themselves are more difficult to manage which increases the complexity of
development.
The complexity of TP is additionally increased because of the current structure and
relationship between companies and their customers. Currently everything is set up to look
for exactly what [technologies] you are looking for rather than to assist in the process of
finding crossover, innovative applications.
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It is far easier to gather information about new

and evolving technologies than it is to gather information about new and evolving markets.
This causes the matching of customer needs to the technology capabilities difficult which
translated to a difficulty in identifying product specifications needed for development.39 Not
only are these specifications difficult to determine in the first place, these specifications
continue to creep as more is learned about the market which is not as prevalent or rapid in
MP product development. These characteristics lead to long development times of usually
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over 10 years4 which commonly cost over $100 million26. This significantly increases the
difficulty of developing products with TP methods.
TP has a higher risk of failure than MP with 90% to 99% of all TP product
development failing to produce a successful product.44 Failure can occur in many different
ways45, but even after the technology is relatively proven, the risks are significant.42 Of the
143 breakthrough products presented by Business Week in 1986, in 10 years only 30 had
survived leaving the other 79% to be considered commercial failures.4 All of these products
were expected to be successful and still, most of them failed.
2.5.2. Company Size & Resources
Several pieces of managerial and investment literature address the relationship
between company size or company resources and its ability to develop products using a TP
approach. Generally, the literature concurs that while large companies have the needed
resources to invest in long term TP initiatives, they usually lack the incentive to do so.15,32 TP
nearly always requires a company to alter its business model which is challenging if not
beyond reach for established firms.46 This is because the success of large enterprises is
based on a culture and set of processes which are ill adapted to dealing with rapid and radical
change in technology and opportunity .47 Additionally, it is often difficult to get support for
radical projects in large firms where internal cultures and pressures often push efforts toward
more low risk, immediate reward [and] incremental projects.

3

Related to the size of a company is the aptitude for communication within a
company surrounding TP development. Medium and small companies have the special
advantage of being able to internalize this communication within a single individual.
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has left smaller, more dynamic companies with the highest incentive to develop TP type
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This

products however, because TP product development cycles are so long, expensive and risky,
small companies generally lack the resources to be successful.
2.5.3. Benefits of TP
Though 90% of new products from 1989 to 1993 were MP types of products, they
only constituted 76% of the new product profits with 10% of the products being TP types
and accounting for 24% of the profits.4 Others agree that though TP may have a higher risk,
they also have a higher profit picture 4 which may justify the project despite the additional
risk. Profit can be gained through TP methods either by developing new products or by
identifying potential applications outside of the company s scope and then licensing that
technology.48 However, Clayton Christiansen cautioned that the innovators of the
disruptive technology are the ones that secure the profits of increasing the ability of the
technology, not those that spend money on research.
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Several sources of literature explain that without radical innovation or TP, a
company is not likely to maintain market leadership.7,3 This is because while listening to the
customer is important, the most innovative products (that provide real and sustainable
competitive advantages) come from TP and not MP. Customers can only ask for products
that are ten percent better than what they have because they don t know the possibilities
and won t be able to imagine the revolutionary product. 5 This is supported by empirical
evidence in which the companies that have remained competitive globally are built on a
combination of TP and MP developments.26 Gordon E. Moore, founder of Intel, stated:
People didn t know they wanted a microprocessor until somebody came
around and said, Look what this things can do. And they said, That s neat. I
can use one. Then you have to adjust to what people want after that, and
keep coming up with what they want. But it starts from the technology.
Really new products always do. You can t go out and do a market survey on a
product that doesn t exist. You don t get any useful information at all 49
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2.6. Summary and Conclusions
The evolution of product development models throughout the past 45 years have
been investigated with a focus on TP models. The literature supports that a model
combining TP and MP models is the best method of product development. Though several
TP models and combinations of TP and MP models have been presented, nearly all of them
lack sufficient detail or completeness to aid product developers from start to finish of TP
product development. The combination of the TAS process and a generic MP model such as
presented by Ulrich & Eppinger has been proffer as a comprehensive model. The generic
MP model has been validated through many product development projects and teams while
the TAS process has only been implemented a few times. Transfer between the TAS process
and the MP model is unclear and there are elements of the previous TP models that are not
included in the combination of the TAS process and a generic MP model. Regardless, the
combination of the TAS process and the generic MP model is clearly the most detailed and
the most comprehensive model for entire TP product development.
Implementation of TP product development was examined including identifying 4
deficiencies of MP models when used for TP product development (1) the method of
gathering market information, (2) the involvement of informal networks, (3) the use,
evaluation and feedback methods of prototypes and (4) the goals and evaluation of projects.
Characteristics or factors that have been correlated to successful TP product development
were presented from the literary sources along with literature surrounding the classification
of product development types and characteristics of TP projects.

41

42

Chapter 3

RESEARCH APPROACH

The purpose of this chapter is to present the overall research approach used in this
thesis to accomplish its objectives by showing how the thesis will (1) add to the current
boundary of knowledge, (2) the assumptions and delimitations of the thesis and (3) by what
means the effectiveness of the thesis will be evaluated. Significant items presented in this
chapter will be discussed throughout the thesis as needed and will be used in Chapter 8 to
evaluate the thesis results.

3.1. Adding to the Current Boundary of Knowledge
The roadmap in Figure 3.1 shows the approach that will be used in this thesis to
accomplish its objectives relative to the current boundary of knowledge. This roadmap

Figure 3.1 - Thesis Roadmap Showing the Approach Used to Accomplish the
Thesis Objectives based on the Current Boundary of Knowledge where The
Shaded Elements of the Roadmap Represent Product Development Models
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shows the logical flow from the current boundary of knowledge to the culminating result of
a comprehensive TP model. The shaded elements of the roadmap represent product
development models and the remaining elements represent relevant information associated
with those models. The dashed horizontal line labeled as the Current Boundary of
Knowledge distinguishes the current boundary of knowledge related to TP product
development and TP models. The five boxes that are shown above the Current Boundary
of Knowledge line are elements of the thesis that have been primarily extracted from the
existing literature. The literature review in Chapter 2 presented the TAS Process , the
Generic MP Model , the Deficiencies of MP Models when used for TP product
development and the Success Factors associated with successful TP product development.
The Existing Tools & Processes are presented where they are relevant in Chapters 6 and 7.
The portion of the roadmap below the Current Boundary of Knowledge line
contains the primary contributions made by this thesis that result in the development of a
new comprehensive TP model. The arrows show the operation on and transfer of
information from one or more element(s) to another. The first transfer and operation of
information is the grouping of the Success Factors presented in 2.3 into a more manageable
and consistent set of Categories. Second, the TAS process and a generic MP model both
presented in 2.1.2 will be combined as has been suggested but not performed by previous
literature. This combined TP model will then be compared against both the Success Factor
Categories and a group of deficiencies of MP models for TP development that was
presented in 2.2 resulting in a set of deficiencies of the combined TP model. These
deficiencies will then be used to identify needed improvements for the combined TP model.
Improvements will be made to the combined TP model by incorporating and/ or modifying
existing processes and tools that will be presented in Chapters 6 and 7. This roadmap will be
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presented at the beginning of Chapters 4 through 7 and the portions of the road map that
are dealt with in that chapter will be highlighted.

3.2. Assumptions and Delimitations
This thesis does not focus on duplicating the development of suitable TP design
tools or processes, nor does it attempt to repeat what has successfully been done. Rather the
focus is on the collection of existing processes and tools and the identification and
development of missing processes and tools necessary to successfully design products using
a TP approach.
This thesis focuses on the processes and tools needed for a TP product development
model as opposed to MP development models. However, because MP development is so
predominant in industry and academia, many of the processes and tools will be related to
those used in a MP approach. This is to better ensure that the processes and tools are
complimentary and consistent with existing design processes and terms while also being
simple and intuitive to design engineers.
This thesis focuses on TP product development models and their use by product
developers and not by management. However, there are many instances where the results or
issues related directly to the product developer s actions in a TP project implicate
management practices or issues. For this reason, Chapters 4 through 7 contain a
Management Implications section at the end of the chapter. These sections are intended to
bring to the reader s attention the ancillary connotations of the chapter s subject on the
management of TP product development projects.
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3.3. Evaluating the Thesis Results
This research targets the collection, development and presentation of a new
comprehensive TP model that better enables implementation and success by product
developers. The following list of target characteristics has been developed to evaluate the
thesis results relative to the current boundary of knowledge:
•

Deals with deficiencies of previous models used for TP product development

•

Is detailed to the level of addressing implementation by product developers

•

Uses existing design processes and terms

•

Is generalizable to other TP product development projects

•

Is useful and repeatable in making product development decisions

These characteristics will be considered throughout this study and will be revisited in
Chapter 8 when the new comprehensive TP model that is developed is evaluated. If the
proposed processes and tools meet these target characteristics, then the objective of the
thesis has also been met.

3.4. Chapter Summary
This chapter has presented the research approach that will be used to accomplish the
thesis objectives. In summary, the research approach is:
1. Understand the current boundary of knowledge by thoroughly examining
previously published literature related to TP product development.
2. Add to the current boundary of knowledge relative to TP product development
as shown in Figure 3.1.
3. Evaluate the thesis results based on the target characteristics relative to the
current boundary of knowledge.
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Chapter 4

GROUPIN G OF SUCCESS FACTORS

The purpose of this chapter is to group the 62 Success Factors presented in 2.3 into
a useful set of categories for evaluation of TP models. This will be accomplished by first
establishing grouping criteria, then grouping the success factors into categories and finally
ranking the categories based on their level of importance to success. The thesis road map
originally presented in Figure 3.1 is presented in Figure 4.1 with those areas of the roadmap
that are accomplished in this chapter being highlighted while the rest of the roadmap is
dimmed.
A sufficiently comprehensive and detailed TP model will have the elements of TP
product development that have been shown to be associated with successful products.
Chapter 2 presented 62 of these elements or factors that have already been identified as

Figure 4.1 - The Segments of the Thesis Roadmap (see Figure 3.1) that are
Accomplished in Chapter 4

47

being associated with successful TP product development. However, because the authors
that have established these factors address different audiences and write from various
backgrounds and disciplines, the success factors are difficult to collectively use for evaluating
TP models. The 62 success factors cannot be used in their current dissimilar state to
establish generalized characteristics or factors associated with successful TP product
development
This chapter will present a grouping of these success factors into a meaningful set of
categories that can be used for the evaluation of TP models. Chapter 5 will then use the
categories to evaluate the most comprehensive and detailed TP model that exists in current
literature. Deficiencies between best practices of TP product development and the current
TP model will identify areas of needed improvement. These deficiencies will be combined
with the deficiencies that have been explicitly identified in the literature to identify the
elements of the TP models and/ or tools that are in the most need of improvement. Once
these elements of needed improvements have been identified, the TP models and tools will
be modified to increase their completeness and usefulness.

4.1. Grouping the Success Factors into Categories
The 62 factors of product development that have been shown to be associated with
commercially successful products using TP development were presented in 2.3 as was found
in 10 literary sources. These factors are characteristics or elements that existed during the
product development phases when successful products were developed. Each of these
factors met the criteria of coming from credible literary sources and was associated
exclusively with product development that was of a TP type. The factors were left in the
authors words as much as possible and were augmented only where necessary.
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The 10 literary sources are each written to different audiences ranging from product
development engineers to technology managers and researchers. Additionally, the authors of
these literary sources come from various backgrounds and disciplines including engineering,
marketing, consulting, and R&D management. Because of the diverse audiences and
disciplines of the authors, the success factors are written using terminology that is not
consistent. Additionally the factors may not be generalizable outside of the TP situations that
were studied such as information technology related developments or radical innovations
where the technology and the market are undeveloped.
4.1.1. Process and Criteria for Grouping the Factors
To overcome the problems resulting from the disparate terminology and audiences,
the success factors have been grouped into categories that adequately describe the most
common themes in the factors. It is important that the grouping of categories meet certain
criteria to ensure their usefulness and their fair representation of the success factors. This
grouping was done to meet the following goals and target specifications:
•

The grouping needed to be manageable in size. The target was set to have less
than 10 categories.

•

Each category represented factors from several authors. The target was set to
have each category represent at least 3 different authors.

•

The categories would be sufficiently distinct from one another. The target was
set to have less than 30% of the factors be associated with more than one
category.

•

The categories would be able to provide comprehensive representation of the
factors. The target was set to have 90% of the factors associated with at least
one of the categories.

These categories were developed to meet these criteria by reviewing all of the factors
and then looking for the most common theme to form a category that had factors from at
least 3 different literary sources. Each of the factors associated with that category were
highlighted and then the process was repeated with an emphasis on the factors that had not
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been previously related to a category. This process was continued until 90% of the factors
had been associated with a category and then a comparison was then made to see which
factors were associated with more than one category. The number of factors that were
represented in more than one category was reduced by either combining common categories
or by adjusting the criteria of the existing categories. This was continued until less than 30%
of the factors were represented in two categories.

4.2. Categories of the Success Factors
After following this process, the following eight categories were developed:
•

There is a Focus on Customers/ End Users potential customer or end user
needs were considered during the development of the product.

•

Internal/ External Networks Were Used networks internal and/ or external to
the company were used during product development that were beyond
interacting with customers and end users.

•

There is Management Support there existed support from the management
either directly or through methods that management generally have control
over such as the organization model.

•

The Development Team is Dynamic, Motivated and/ or Talented there was a
high level of expertise, motivation and/ or abilities within the product
development team.

•

A Combination of MP and TP is Used both MP and TP methods were used in
the same product development process beyond only including customer and
end user needs with TP elements.

•

The Market is Developed During or Directly After Product Development the
market was developed, instructed or prepared simultaneous to development of
the product.

•

The Technology Offers a Clear Advantage the product offers a clear advantage
over other, similar products directly because of the technology that was the
basis for the development.

•

Alternatives Were Carefully Examined alternative technologies, products and
markets were carefully examined by the product developers during
development

These categories are discussed individually below by discussing the criteria to be
included in a category along with which of the factors did so. The complete set of these
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factors for each category are repeated in Appendix A including reference to the specific
literary source.
4.2.1. There is a Focus on Customers/ End Users
The most common theme in the TP success factors was that there was a focus on
potential customers or end users. Each factor in this category gave some evidence that
customer or end user needs were considered during the development of the product. Table
4-1 shows the actual factors that were considered to be part of this category.

Table 4-1 Success Factors Related to ’There is a Focus on Customers/ End Users’ Category

There is a Focus on Customers/ End Users
"the developers carefully studied their potential users and their problems"
"broadcasting a knowledge of the technology, the needs of the users and the available market opportunities as
widely as possible throughout both the research and user communities."
"…encourage interactions between the laboratory scientists, the development personnel, the marketing
personnel, and outside-the-firm users."
The developer must "interact with as many users as possible, and experiment with as many new product
prototypes as possible within the user's settings."
"Management is willing to be patient" and allow for R&D to "travel frequently to the field and interact with
customers"
"Early and accurate information from the market"
"Get R&D professionals out into the marketplace so that they can learn firsthand about actual use conditions
and possible alternative uses of their new product"
"Get the product out into test market as early as possible and get feedback from users"
The "end users usually will ... need to be taught and the scientists should be involved in the process of educating
them"
"proficient at learning from prototypes"
The firm must have "core-competencies reflected by their technical competency" that are "keyed to market
demand"
"…early, proactive interaction among users and developers"
"customer satisfaction is paramount to achieving either successful transition or transfer"
"the concern is to solve a user's problem"
"some type of customer need must be met by the technology"
"It is sometimes important to be sensitive to educating the consumer with regard to the technology. Some new
technology can be frightening."
Developed "products by probing potential markets with early versions of the products, learning from the probes,
and probing again."

Terms that seemed to recur in these factors were customer needs , user needs , and
the market . While some of the factors were not descriptive enough to determine how this
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was done, most of the factors suggest direct interaction with customers or end users by using
prototypes.
4.2.2. Internal/ External N etworks Were Used
Factors that referenced networks internal or external to the company during product
development were grouped together as shown in Table 4-2. The networking external to the
company and the networking done internal to the company were combined because whether
the networking was external or internal was highly dependant on what skills and departments
existed in the company and which did not. For instance, in some companies, networking
with the manufacturers is done externally because production is outsourced whereas in
companies where manufacturing is done in-house, the networking is considered internal. In
order for this category to be sufficiently distinct from the previous category, these networks
were above and beyond networking with customers and/ or end users.

Table 4-2 Success Factors Related to ‘Internal/ External N etworks Were Used' Category

Internal/ External Networks Were Used
"consortia and collaborations among various parties. Teaming the inventor with both a commercial entrepreneur
and a technical entrepreneur throughout the development cycle"
"Management is willing to use outside organizations (e.g. independent research institutes and consulting firms)"
"An organizational model that encourages coordination between research activities and product projects"
"Executive-level commitment to the transfer of ideas from research groups to development groups"
"Geographical and social proximity between research and development groups"
"Relationships within the company"
"depth and breadth of the accessible scientific and technological information, and the skill to look outside the
firm to acquire it"
"A network of relationships"
"Make sure R&D works hard to sell the idea for the new product to people within the company, especially those
who are responsible for manufacturing and selling it"
"Get other functional areas represented on the development teams as early as possible"
"Information exchange"
"Collaboration under pressure", "excelled at teamwork"
"the management system itself must endorse communication amongst all players"
those outside of the research group must be "viewed less as adversaries and more as prospective partners"
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Exactly who is included in this category depends on the author and the intended
audience. Several factors point to networking between specific groups such as research
groups and development groups while others describe a network of relationships without
any indication of specific groups. Because it is not clear if the specific groups could be
generalized to all TP product development or not, all networking factors were grouped
together.
4.2.3. There is Management Support
Support from management was a recurring theme throughout the factors as shown
in Table 4-3. These factors all directly addressed the existence of management support or
were associated to things that management commonly has primary control over such as the
organization model or how company departments relate to the product development team.
The term management was interpreted loosely to include management at any level between
the CEO and company executives to the project leaders and managers. Obviously there is a
need for management support in any type of product development. However, because of the
characteristics discussed in 2.5 such as additional uncertainty and longer development cycles,
it is implied that management supports the development project in spite of these differences.
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Table 4-3 Success Factors Related to ’There is Management Support’ Category

There is Management Support
"Management is willing to use outside organizations (e.g. independent research institutes and consulting firms)"
"Management is willing to be patient" and allow for R&D to "travel frequently to the field and interact with
customers"
"An organizational model that encourages coordination between research activities and product projects"
"Executive-level commitment to the transfer of ideas from research groups to development groups"
"A high-level visionary who champions bringing the idea to market"
"Management support"
"A flexible business management, if the innovation is to be pursued in an existing firm, that sees opportunity in
the innovation"
"Make sure senior management is heavily involved in the project"
"Commitment not contribution of senior management"
"Clear and stable vision", "the team must shift focus together as the project shifts"
The firm must be "willing to sacrifice major sums and not to question those who are engaged in developing and
marketing the perceived breakthrough"
A corporate "commitment to generating breakthroughs"
"the management system itself must endorse communication amongst all players"

The term management has been interpreted loosely even though several of the
factors are specific about identifying senior management. The reason for this is because what
is intended by the terms senior management is dependant on the audience and author as it
could reference the CEO of a small company or the VP or Director of a large corporation.
4.2.4. The Development Team is Dynamic, Motivated and/ or Talented
The level of expertise, motivation and/ or abilities of the development team was
commonly referenced by the factors as shown in Table 4-4. This category included the types
of individuals such as champions and visionaries being a part of the team and also the
abilities and skills of the team that is involved in the development. Similar to the previous
category, a dynamic, motivated and/ or talented development team is helpful in any type of
product development. However, emphasis was made in several of these literary sources that
the development was extraordinarily dynamic, motivated and/ or talented and were often the
top performers with a great deal of experience.
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In the case where the skill of the project leader or project manager is noted, the
factor is included in both this and the previous categories. A few of the factors in this
category are also part of the There is Management Support category because the factor
could apply to the management or the development team. For instance, a high-level
visionary who champions bringing the idea to market could be either a manager or a
member of the product development team.

Table 4-4 Success Factors Related to ’The Development Team is Dynamic, Motivated and/ or
Talented’ Category

The Development Team is Dynamic, Motivated and/ or Talented
"Research projects with people highly motivated to see their research transferred into products"
"A high-level visionary who champions bringing the idea to market"
"Motivated people for technology transfer into products"
"A technical team that is sufficiently prepared for the inevitable surprises with which nature challenges
innovators"
"depth and breadth of the accessible scientific and technological information, and the skill to look outside the
firm to acquire it"
"A champion who not only believes in the idea of the innovation, but can earn the trust of investors and create
an affordable business environment within which the idea can be nurtured"
"A flexible business management, if the innovation is to be pursued in an existing firm, that sees opportunity in
the innovation"
"Clear and stable vision", "the team must shift focus together as the project shifts"
"Improvisation"
"Collaboration under pressure", "excelled at teamwork"
"proficient at learning from prototypes"

4.2.5. A Combination of MP and TP is Used
Several of the factors either directly reference using a combined MP and TP
approach or addressed elements found exclusively in each of the approaches to design.
Again, to reduce the redundancy from the There is a Focus on Customer/ End User Needs
category, this combined approach needed to be above and beyond just an inclusion of
customer and/ or end user needs with TP elements. Table 4-5 shows each of the factors that
met this criterion.
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Table 4-5 Success Factors Related to ’A Combination of MP and TP is Used’ Category

A Combination of MP and TP is Used
"use of combination of technology push and" some sort of MP method
TP is "more easily carried out where there is a synthesis of knowledge about a need and about the technical
means to meet this need." This can be done through networking inside and outside of the company.
"Get R&D professionals out into the marketplace so that they can learn firsthand about actual use conditions
and possible alternative uses of their new product"
"Get the product out into test market as early as possible and get feedback from users"
Until "a technology-driven product becomes pulled by the needs of the marketplace, the product is not likely
to be a commercial success. The best situation is where technology push is converted to marketplace pull as
quickly as possible"
At first the team will be "technical people", then "marketing will join the team" and finally, "marketing will be
steering the ship."
The company must have some "knowledge of the market" and not be a "totally internal technology push"
"the internal technology push has to meet the external market pull"

4.2.6. The Market is Developed During or Directly After Product Development
Development of the market was another theme that was mentioned in the literature
as taking place during the product development or directly after the product launch. Some of
the ways that the market was developed included increasing awareness of the technology,
educating the market on the possibilities of the technology and application, and through
preparing the market by causing major shifts in the industry. Most of the factors in this
category imply or state that the development team had a proactive role in impacting the
market s development. The factors associated with market development are shown in Table
4-6.
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Table 4-6 Success Factors Related to ’The Market is Developed During or Directly After Product
Development’ Category

The Market is Developed During or Directly After Product Development
Product and market develop in parallel
"initially targeting minor or peripheral markets"
"broadcasting a knowledge of the technology, the needs of the users and the available market opportunities as
widely as possible throughout both the research and user communities." " encourage interactions between the
laboratory scientists, the development personnel, the marketing personnel, and outside-the-firm users."
The "end users usually will ... need to be taught and the scientists should be involved in the process of educating
them"
" early, proactive interaction among users and developers"
"It is sometimes important to be sensitive to educating the consumer with regard to the technology. Some new
technology can be frightening."

4.2.7. The Technology Offers a Clear Advantage
The importance of the technology offering a clear advantage was only addressed a
few times though it may be an assumed assumption by many of the authors of the literary
sources. The factors grouped into this category are shown in Table 4-7.

Table 4-7 Success Factors Related to ’The Technology Offers a Clear Advantage’ Category

The Technology Offers a Clear Advantage
"Readily demonstrable improvements over existing or related products"
"Motivating features for technology transfer into products"
The product must be unique to have longevity of success
"the assumed technology offers a clear competitive advantage in meeting customer needs"
"suitable alternative technologies are unavailable or very difficult for competitors to utilize"

4.2.8. Alternatives Were Carefully Examined
The last category consisted of the importance of looking for alternate applications,
markets or technologies during the product development. While there were only 4 factors
that specifically addressed this category, several of the examples of successful TP
development demonstrated that alternatives were at least examined. In many of the cases,
these alternatives were not only examined but they became the development focus and
winning product. Table 4-8 shows the factors in this category.
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Table 4-8 Success Factors Related to ’Alternatives Were Carefully Examined’ Category

Alternatives Were Carefully Examined
"adjunct or substitute uses were sought as strategy for market generation"
"developers carefully looked at the possible interactions and interrelationships between their technology and
related disciplines"
"Get R&D professionals out into the marketplace so that they can learn firsthand about actual use conditions
and possible alternative uses of their new product"
"suitable alternative technologies are unavailable or very difficult for competitors to utilize"

4.2.9. Factors N ot Associated with any Category
The 4 factors that did not match well with any of the above categories are listed in
Table 4-9. Most of these factors are somewhat related to one of the categories above but do
not sufficiently meet the specific criterion for any categories.

Table 4-9 Success Factors N ot Associated with any Category

Factors Not Associated with any Category
"Research projects that are aligned with corporate strategy"
"Technical specifications derived from a clearly defined business model"
Sufficient funding at early stages ("seed financing")
the "price level" must be "within reach of a sizeable market"

4.3. The Resulting Categories
The list of categories is shown in Table 4-10 in descending order of the number of
factors. Each black square shows where the literary source at the top contributed at least one
success factor to the category on the left. The first three categories ( There is a Focus on
Customers/ End Users , Internal/ External Networks Were Used and There is
Management Support ) each contain at least 13 factors representing over 20% of the 62 total
factors. Additionally, each of these first three categories is referenced by a majority of all the
literary sources showing more universal acceptance of the categories importance.
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1

1

3

2

4

2

2

2

4

1

1

2

3

4

2

3

The Market is Developed During or
Directly After Product Development

3

1

Alternatives Were
Carefully Examined

16

8

2

14

6

1

13

7

11

3

8

4

6

4

2

5

3

1

4

3

Ulrich & Eppinger

1

4

A Combination of MP and
TP is Used

The Technology Offers
a Clear Advantage

2

N umber of Sources

3

N umber of Factors

1

Lynn et al.

The Development Team is Dynamic,
Motivated and/ or Talented

Paul

2

Spivey et al.

There is Management Support

Samli & Weber

2

Lynn & Reilly

Internal/ External Networks
Were Used

Himmelfarb

4

Branscomb & Auerswald

There is a Focus on
Customers/ End Users

Isaacs & Tang

SUCCESS FACTORS
CATEGORIES

Souder

Table 4-10 Summary of the Categories Listed in Order of the N umber of Factors

2

1

2
1
1

2

1

1

The next three categories ( The Development Team is Dynamic, Motivated and/ or
Talented , A Combination of MP and TP is Used and The Market is Developed During
or Directly After Product Development ) are referenced by between 10% and 20% of the
factors each but are referenced by less than half of the literary sources. The remaining two
categories ( The Technology Offers a Clear Advantage and Alternatives Were Carefully
Examined ) are referenced by less than 10% of the factors and only a few of the literary
sources each.
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4.4. Chapter Summary
This chapter grouped the 62 success factors associated with successful TP product
development that were presented in Chapter 2 into eight categories. This was done to
generalize the success factors and to combine the terminology and ideas into more
manageable number of concepts. These categories were then listed in descending order of
the number of factors as shown in Table 4-10.
These categories will be used in Chapter 5 to evaluate the comprehensiveness and
the level of detail of the currently most complete TP model. From this evaluation, the most
needed improvement to a TP model will be identified and made.

4.5. Management Implications
Two of the success factor categories that were identified in this chapter related
directly to management and their selection of the product development team: There is
Management Support and The Development Team is Dynamic, Motivated and/ or
Talented categories. Both categories had a relatively high number of factors and number of
sources as shown in Table 4-10 showing that this issue was critical with many of the TP
product development projects that were studied. This shows that not only must management
support the initiatives of the TP product developers and the project, but they must be willing
to select dynamic, motivated and/ or talented individuals for the product development team.
Many of the literary sources that supported these two categories also indicated that a
particular person or small group of people were visionaries or proponents for the project
and had the power to keep the project alive regardless of the results being disparate from
those expected of MP projects. The organizational structure along with incentives for these
individuals must allow for the characteristics common in TP product development projects.
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Chapter 5

A COMBIN ED TP MODEL AN D ITS

D EFICIEN CIES

The purpose of this chapter is to identify the deficiencies that most need to be
addressed in current TP models so that a new TP model can be developed. This will be done
by first presenting the most comprehensive TP model currently proposed in the literature
which is a combination of the Technology Application Selection (TAS) process and a generic
MP model. Deficiencies of the combined TP model will then be identified through two
methods: (1) inspecting the combined TP model based on the known deficiencies of MP
models when used for TP development and (2) comparing the combined TP model to
elements that should exist according to the success factor categories established in Chapter
4. All of the identified deficiencies of the combined TP model will then be merged into a

Figure 5.1 - The Segments of the Thesis Roadmap (see Figure 3.1) that are
Accomplished in Chapter 5
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single list. Additional issues only associated with the TAS process are then presented
followed by a chapter summary and conclusions. Figure 5.1 shows the segments of the thesis
roadmap that are accomplished in this chapter.

5.1. A Combined TP Model
Several TP models were presented in 2.1.2 where the most detailed and
comprehensive model is the suggested combination of the TAS process presented by Larsen
and a generic MP model such as that presented by Ulrich & Eppinger. This combination is
shown in Figure 5.2 and is accomplished by the TAS - MP Transfer phase. This phase has
been added to address the conflicting interpretation of how much of the MP model is
replaced by the TAS process (see 2.1.2) and to most accurately represent the proposed
interaction of the model. The TAS process description prescribes that after its
implementation, a generic MP model can simply be followed. The implication is that
transferring from the TAS process to the MP model is as simple as identifying the next step
in the process and then continuing. Transferring from the MP model to the TAS process is

Figure 5.2 - Combined TP Model Created by Combining the TAS Model
with a Generic MP Model
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not specifically addressed by the authors. In both directions of transfer, there are insufficient
or conflicting descriptions of how the TAS process actually integrates with the generic MP
model. All other phases of the combined TP model are described by Larsen8, Nelson23 and
Ulrich & Eppinger9 (see Figure 2.7, Figure 2.8, and Figure 2.11)

5.2. Deficiencies of the Combined TP Model
The combined TP model was compared to the best practices that are associated with
successful TP product development in two ways. First, some of the literature presented in
Chapter 2 directly identifies areas where MP models are insufficient for TP development.
Because the addition of the TAS process doesn t deal with these areas, they remain as
deficiencies in the combined TP model. The second way that the deficiencies were identified
was to compare the categories of success factors presented in Chapter 4 to the combined TP
model and investigate how well each of the categories was addressed in the model. Table 5-1
shows the possible deficiencies of the combined TP model from both methods. The
possible deficiencies are the deficiencies of the MP model presented in 2.2 and the success
factor categories summarized in Table 4-10. These possible deficiencies are compared to the
combined TP model to identify deficiencies. Both methods for identifying deficiencies are
presented below along with their results.
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Table 5-1 Possible Deficiencies of the Combined TP Model and their
Corresponding Method or Source of Identification

Potential Deficiency

The Method of Gathering Marketing Information
The Use of Informal Networks
The Use and Evaluation Methods of Prototypes
The Goals and Evaluation of Projects
There is a Focus on Customers/ End Users
Internal/ External Networks Were Used
There is Management Support
The Development Team is Dynamic, Motivated and/ or Talented
A Combination of MP and TP is Used
The Market is Developed During or Directly After Product Development
The Technology Offers a Clear Advantage
Alternatives Were Carefully Examined

Source of Identification
Direct from Literature

Success Factor Categories

5.2.1. Deficiencies Identified Directly by Published Literature
There is a small body of literature that directly addresses where MP models are
inadequate for TP. Where the deficiencies of MP models remain unresolved by the addition
of the TAS process, the deficiencies were considered to still pertain to the combined TP
model. These deficiencies are shown in the top portion of Table 5-1 as The Method of
Gathering Market Information , The Use of Informal Networks , The Use and
Evaluation of Prototypes , and The Goals and Evaluation of Projects . Each deficiency is
inspected below to identify which of them are not addressed by the addition of the TAS
process and are thus also deficiencies applicable to the combined TP model.
The most prominent deficiency directly identified in the literature concerns The
Method of Gathering Market Information in TP projects, particularly when the market is
not fully developed or identified. The TAS process does not deal with the gathering of
market information other than by identifying the customer needs based on the product
development team s current understanding. Some of the authors state that the TAS process
fits completely within the Planning phase of a generic MP model which would mean that
the gathering of market information falls outside the scope of the TAS process. Either way,
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the TAS process does not address the method of gathering market information and this
deficiency is retained by the combined TP model.
Another deficiency mentioned in the literature is that MP methods don t currently
address The Use of Informal Networks of people in other companies and industries.
These informal networks are stated to be a critical element to successful TP product
development and are not found in the generic MP model and there is no discussion of any
network as a part of the TAS process. Because the addition of the TAS process does not
address this deficiency, it is a deficiency in the combined TP model.
The next deficiency concerns The Use and Evaluation Methods of Prototypes.
Both MP and TP use prototypes to validate concepts, receive additional feedback from
customers and help the product development team learn. While prototypes can be used in a
similar fashion in MP, the literature states that the use and evaluation of prototypes are
different in TP because of their role in educating the market, gathering customer needs and
further concept generation. The TAS process does not add to the use and evaluation
methods of prototypes and thus this deficiency is also retained in the combined TP model.
The final deficiency of MP models when used for TP product development is
concerning The Goals and Evaluation of Projects. The inclusion of this deficiency is likely
to be resolved by management s understanding of TP product development and its role in
the organization s product portfolio. As was stated in 2.2.4, this has more to do with
management practices than it does the combined TP model. However, the product
development team may also benefit in understanding the proper context in which TP
projects should be selected and evaluated. Though the TAS process does not directly address
this deficiency, this deficiency has more to do with the management and company culture
than the step by step execution of the TP model. The processes and tools that most directly
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affect this deficiency are not used by the product developers, but by the management of the
product development and are thus outside the scope of this thesis. Appendix C presents and
discusses processes and tools that can address this deficiency.
5.2.2. Deficiencies Identified from the Success Factors
The other method for identifying deficiencies in the combined TP model was
comparison to the success factor categories from Chapter 4. Because these categories are
based on the best practices for successful TP product development, they represent elements
that should exist in the combined TP model. A deficiency in the combined TP model was
identified when a success factor category was not addressed in any of the phases.
Every phase of the combined TP model was evaluated on how well it matched each
of the success factor categories and was then assigned one of three levels: (1) nonexistent or
mild match, (2) moderate match and (3) excellent match. A nonexistent or mild match was
given when the phase being evaluated did not facilitate the category either directly or
indirectly and there were no tools or decision making processes that dealt with the category.
For the moderate match , the phase did not completely deal with the category though there
was some indication that it was considered. The moderate match level often had tools or
decision making processes that indirectly dealt with the category at least in part. The
excellent match combinations are where the category is explicitly included in the phase of
product development including tools and decision making processes that ensure that the
category is included.
Table 5-2 is a summary of how each phase of the combined TP model in Figure 5.2
was compared with the success factor categories listed in Table 4-10. A more detailed
version of Table 5-2 is found in Appendix B containing comments describing the portions
of each phase that was identified to match or not match each category.
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Table 5-2 Matches between the Phases of the Combined TP Model & the Success Factor Categories

Production Ramp-Up

Detail Design, testing
and Refinement

System-Level Design

Concept Development

Planning

TAS - MP Transfer

Application
Evaluation

Application
Identification

SUCCESS FACTOR
CATEGORIES

Technology
Characterization

PHASES OF THE COMBINED TP MODEL

There is a Focus on
Customers/ End Users
Internal/ External Networks
Were Used
There is Management Support

Does not directly relate to the TP model or its processes

The Development Team is Dynamic,
Motivated and/ or Talented

Does not directly relate to the TP model or its processes

A Combination of MP and
TP is Used
The Market is Developed During or
Directly After Product Development
The Technology Offers
a Clear Advantage
Alternatives Were
Carefully Examined
Key

Nonexistent or mild match
Moderate match
Excellent match

While all of the categories are associated with successful TP product development,
some of the categories did not significantly contribute to the identifying of deficiencies in a
TP model but deal with the product development team ( The Development Team is
Dynamic, Motivated and/ or Talented ) and its management ( There is Management
Support ). These two categories address important issues to TP product development but
are not included in the process of deficiency identification because they do not relate directly
to the model.
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The category of A Combination of MP and TP is Used is moderately matched
with the entire model because the model consists of both approaches. However, there is no
discussion of how well the TAS process and the MP model integrate or transfer from one to
another nor are there examples of this being accomplished. The last three categories contain
one or more phases where there is an excellent match which means that the category is being
directly included in the combined TP model.
From Table 5-2, two success factor categories ( Internal/ External Networks Were
Used and The Market is Developed During or Directly After Product Development ) are
shown to have a nonexistent or mild match with every phase of the combined TP model.
Because no phase in the combined TP model matches with these categories, the categories
identify deficiencies in the combined TP model.
5.2.3. The Combined List of Deficiencies from the Two Methods
The deficiencies that have been identified to exist in the combined TP model from
both methods are shown in Table 5-1. Only one deficiency was found through both
methods which were combined into the single deficiency: The Use of Internal and External
Networks. This combination into a single deficiency retains the original meanings of the
previously separate deficiencies.

Table 5-3 Deficiencies between Best Practices of TP Development and the Combined TP Model

Deficiency

Source of Identification

The Use of Internal and External Networks
The Use and Evaluation Methods of Prototypes
The Method of Gathering Marketing Information
The Goals and Evaluation of Projects
The Market is Developed During or Directly After Product Development
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Direct from Literature &
Success Factor Categories
Direct from Literature

Success Factor Categories

While the deficiencies that have been identified are able to determine, based on best
practices, improvements that should be made to the combined TP model, there is no
indication that this list of deficiencies is comprehensive. However, Table 5-3 contains a
complete list of previously identified and published deficiencies. Addressing these
deficiencies would provide significant improvements to TP models leaving further iterations
of the model to identify and address additional deficiencies.

5.3. Additional Issues Concerning the TAS Process
The TAS process is relatively new and unproven compared to the other elements of
the combined TP model. Nearly all of the literary sources used to identify the deficiencies
were published previous to the description of the TAS process and none include the TAS
process in their research. Because of this and the relatively little feedback and attention that
has been associated with the TAS process, careful inspection of the TAS process and its
steps may provide further direction as to what improvements could be made to the TAS
process portion of the combined TP model.
Though the TAS process as described by Larsen and Nelson provides the muchneeded framework and direction for TP product developers, several issues have yet to be
resolved in the model. These issues can be grouped as (1) the transfer from technology
development to the TAS process, (2) the transfer from the TAS process to the generic MP
model, and (3) the identification of the company s core competencies in the TAS process.
Each of these groups of issues is discussed separately below.
5.3.1. The Transfer from Technology Development to the TAS Process
Larsen explains that there is a transfer from technology development though no
discussion is made concerning how this occurs. Nelson states that the TAS process begins
69

once the technology development is done though many of the successful TP product
development examples show that the technology development and product development
can overlap considerably. Additionally, the transfer from technology development to the
TAS process not been demonstrated and all examples of the TAS process use technology
that has been developed for many years. Use of recently developed or even partially
developed technology is likely in many situations.
5.3.2. The Transfer from the TAS Process to the Generic MP Model
Nelson states that after the best application for a technology has been identified,
The steps of identifying customer needs, product specifications, concept generation, and
concept selection have been completed. The market pull process may then proceed with
concept testing, DFM, prototyping, etc.
The first problem with considering these steps to be complete is that customer needs
probably have not (and almost certainly could not have) been fully identified sufficient to
prescribe product specifications. This is because in many cases, a market does not exist and
if it does, there are reasons that the market will need to have further development. In
addition, many of the steps in the planning phase have not been completed such as Allocate
Resources and Plan Timing and Complete Pre-Project Planning to create a mission
statement.
A second problem is that the TAS process only outputs the best application based
on what has been considered in the TAS process. There is no evaluation to verify that the
best application merits further development and not just the best of a set of bad alternatives.

70

5.3.3. The Identification of the Company’s Core Competencies in the TAS Process
Another issue concerning the TAS process is the identification of core competencies
as a part of the Technology Characterization phase. While the core competencies are
clearly important criteria in project evaluation and selection, identifying the company s core
competencies should be independent of the technology characterization or any part of the
TAS process. While it is recognized that the use of the TAS process may introduce new
opportunities or competencies for the company, these changes to the company s strategy
should not be made as part of the TAS process.
5.3.4. The Level of Detail in the Steps
The final issue in the TAS process concerns the level of detail in the steps within
each of the phases. The steps in the generic MP model include several processes and tools
that can help product developers to accomplish the step. The TAS process on the other
hand describes many of the processes and tools as individual steps. An example of this is
where the first three steps of the Application Identification phase could be combined into
the single step of Identify and Select an Industry . Additionally, many of the processes and
tools that are presented as steps could be considered part of another step in the TAS
process. One example of this is where the Answer Root Cause Questions step could be
considered to be a part of the Gather Technology Information step.

5.4. Chapter Summary
The most detailed and comprehensive TP model available from the current literature
has been presented which is the combination of the TAS process and a generic MP model.
This model is shown in Figure 5.2 with the TAS process and the MP model interfaced by an
additional step called TAS-MP Transfer . This combined TP model was then inspected for
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deficiencies based on currently identified deficiencies for MP models and then the success
factor categories from Chapter 4. These deficiencies were merged into a single list of five
deficiencies as shown in Table 5-3 where the deficiency of The Use of Internal and
External Networks was identified through both methods and has been shown to be the
most recognized deficiency and possibly the most important to overcome.
Several issues concerning the TAS process were also introduced which focused on
the transfer from technology development to the TAS process, the transfer from the TAS
process to the MP model and the identification of the company s core competencies within
the TAS process.

5.5. Management Implications
The two categories of success factors that dealt with the product development team
( The Development Team is Dynamic, Motivated and/ or Talented ) and its management
( There is Management Support ) did not significantly contribute to the identification of
deficiencies of the combined TP model though they were discussed in 4.5 as being important
to successful TP product development. These two categories may actually be more
important than most of the other categories of success since they can affect the other
categories. For instance, the product developers need to have management support despite
the characteristics of TP projects listed in 2.5 which are markedly different than MP product
development such as long development cycles, higher risk of failure and higher product
development costs.
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D EFIN IN G THE N EW
COMPREHEN SIVE TP MODEL

Chapter 6

The purpose of this chapter is to develop a new comprehensive TP model by
addressing the deficiencies identified in Chapter 5 and improving the combined TP model.
These improvements will be made by addressing the deficiencies using existing processes
and tools that were not included in the combined TP model but are intended to significantly
reduce the deficiencies. This chapter first presents beneficial processes and tools for dealing
with each of the deficiencies from Chapter 5 followed by the presentation of the new
comprehensive TP model with a focus on the changes or improvements relative to the
combined TP model. Figure 6.1 shows the segments of the thesis roadmap that are
accomplished in this and the next chapter.

Figure 6.1 - The Segments of the Thesis Roadmap (see Figure 3.1) that are
Addressed in Chapter 6 and Chapter 7
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The comprehensive TP model is first presented as a whole and then is described in
terms of the specific changed from the combined TP model. The changes to the TAS
process are further illustrated in Chapter 7 which includes a case example. This chapter ends
with a summary that identifies the changes that are made from the combined TP model to
the comprehensive TP model and where these changes are discussed.

6.1. Existing Processes and Tools that Deal with the Deficiencies
Each deficiency listed in Table 5-3 can be reduced through the use of existing
processes and tools found in published literature. This section presents these processes and
tools and how they can be used to address each deficiency. Many of these processes and
tools have been specifically used in TP development though they haven t been included in
existing TP models. For some deficiencies, adequate processes and tools were not found
within the product development literature so other fields such as decision management,
operations research and intellectual property were used to identify adequate processes and
tools. For these processes and tools, reasoning is given as to how the tool or process will
deal with the deficiency.
Because of the myriad processes and tools used in product development and
decision making situations that could be included in TP product development, this thesis is
focused on selecting adequate processes and tools rather than comparing all of the possible
processes and tools and then selecting the best processes and tools. Similar to other
presentations of product development models such as Ulrich & Eppinger s , the suggested
processes and tools that are introduced into the product development model are intended to
be a starting point for product developers where they are expected to make changes as
needed.
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Each of the deficiencies listed in Table 5-3 is discussed below along with the
processes and tools that were found that could adequately address the deficiency. These
deficiencies are (1) the use of internal and external networks, (2) the use and evaluation
methods of prototypes, (3) the goals and evaluation of projects, and (4) the market is
developed during or directly after product development. This section ends with a section
summary and a list of processes and tools that are introduced and the deficiencies that they
are intended to deal with.
6.1.1. The Use of Internal and External N etworks
Though this deficiency was clearly identified, specific processes and tools for using
such networks were found not within the product development literature, but in related
fields of research such as intellectual property management and decision science. However,
there are several examples of how networks are used and for what purpose they were used.
In these examples, the networks are used to assist TP product developers in four activities:
(1) identify new applications or opportunities, (2) provide critical feedback for evaluation, (3)
enable a product development team to understand the customers and their needs, and to (4)
build the awareness and support within the company needed for success. These four
activities were used to guide the types of individuals that should be involved in the networks
and to define the objectives and use of the networks.
The processes and tools that were found related to one of 2 aspects concerning
helping product developers use networks in the product development process. The first
concerned building the network by selecting what types of people or organizations should be
included and how they related to the 4 activities of networks listed above. The second
concerned the utilization of the network in the product development process. The processes
and tools are presented below based on how they relate to these two aspects.
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6.1.1.1. Building the Network
An effective method for building a network to be used in TP product development
is presented in several literary sources as a step in identifying licensing opportunities for an
organization s intellectual property (IP). One such article presented by Elton, Shay and
Voyzey48 is particularly similar to the objectives of the Planning phase and the TAS
process. They present how to build an Intellectual-Property Network to increase a
corporation s income through licensing of IP. The Intellectual-Property Network is divided
into several groups of which 2 are relevant for TP product development: broad-based
technologists and industry specialists . These two groups are collectively responsible for
identifying and assessing possible applications of a company s intellectual property and their
potential value.
The broad-based technologists are described as a rare breed of generalists that
conduct fundamental research across a wide range of industries. They are usually
associated with technical societies, universities and research laboratories which are listed in
other IP licensing literature.50 Elton et al. suggest that these network members are not
secured on a full time basis in order to retain their ability to be exposed to cross-industry
knowledge . In most cases, this exposure requires that the network group be primarily
external to the organization that is performing the product development.
The industry specialists are described as experts with the knowledge of applications
in specific markets that are responsible to refine and validate the ideas the technologists
bring to light . The authors state that the industry specialists can be found in the same
organizations as were the broad-based technologists, but could also consist of application
engineers, entrepreneurs and other such professionals. This network group, like the
broad-based technologists, is generally external to the product development organization.
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Because the broad-based technologists provide the information needed to identify
which industry specialists are needed, building these network groups occurs in two stages.
First the broad-based technologists are selected and then used to identify applications and
industries. This produces many possible applications and industries which guides the
selection of the industry specialists. The authors suggest that both the broad-based
technologists and the industry specialists are usually compensated.
Another network group, called the evaluation panelists, is needed to more effectively
deal with the activity of building the awareness and support within the company. The
primary responsibility of this network group is to evaluate the projects. A secondary role is
to develop awareness and support within the company. No formal process or description
was found in the literature to describe who should be a part of this network group beyond
the few examples of the individuals that were helpful. These individuals included various
management individuals from the company, individuals within the company but not on the
product development team, external professionals such as suppliers or partners, or members
of the broad-based technologist and industry specialist groups. A method of more formally
including these types of individuals would be to require this network group to participate in
the project s evaluation and also assist in providing the critical feedback needed for
evaluation. In order to provide proper evaluation, the members of this network group must
understand the company s strategic goals, the core competencies of the company and
perhaps its resources and their limitations. Selection of this network group should be made
by the product development company to include those that can provide necessary feedback
for evaluation.
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Table 6-1 The Level that each of the N etwork Groups will Contribute to the Four N etwork Activities

Network Activities

Broad-Based
Technologists

Industry
Specialists

Evaluation
Panelists

Identify New Applications or
Opportunities

Heavy

Heavy

Little

Provide Critical Feedback for Evaluation

Some

Heavy

Little

Some

Heavy

Some

Little

Some

Heavy

Enable a Product Development Team to
Understand the Customer and their Needs
Build the Awareness and Support Within
the Company Needed for Success

The 4 activities that the network should perform are shown in Table 6-1 along with
the level of contribution each of the above network groups is expected to make. For
instance, the broad-based technologists are expected to make a heavy contribution to the
activity of identifying new applications of opportunities, little contribution to the activity of
building awareness and support within the company and some contribution to the remaining
two activities. For each of the network activities, at least one of the network groups is
expected to contribute at a heavy level showing that this combination of network groups is
expected to provide heavy contribution in all of the 4 activities.
6.1.1.2. Utilization of the Network in the Product Development Process
There are many processes and tools that can be employed to elicit and collect
information from the network. There are several processes and tools for gathering customer
needs that can be used in gathering information from the network individuals including
interviews, focus groups, questionnaires and brainstorming sessions. Each of these tools
and/ or processes are clearly described and discussed in many product development texts and
articles.
Once the information has been gathered, the product developers need processes and
tools for incorporating the information into the product development process. These
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processes and tools must deal with the high uncertainty, high number of alternatives, and the
relatively diverse set of opinions from the network groups. Therefore, the selection of these
decision making processes and tools depends greatly on the context of which network group
is involved and where in the product development process the information is to be included.
Because of this dependency, these new processes and tools that have been selected for
utilizing the network in the product development process are discussed and/ or illustrated in
Chapter 7 after the new comprehensive TP model has been defined and presented.
6.1.2. The Use and Evaluation Methods of Prototypes
There is a significant amount of literature on the use and evaluation methods of
prototypes during general product development. However, prototypes have additional
purposes during TP product development such as (1) gathering customer needs and market
information, (2) educating or preparing the market, (3) identifying alternative applications or
markets, and (4) communicating the technology and possible applications. While the
gathering of customer needs is a function of many prototypes, different methods must be
used when the market is unfamiliar with the technology or the application.
Two different methods have been published that specifically describe the uses of
prototypes and their evaluation methods and seek to accomplish the additional purposes of
prototypes during TP product development. These methods are called expeditionary
marketing

7

and probe and learn 26.

The main idea of expeditionary marketing as presented by Hamel & Prahalad7 is that
in a new market, the best way to accumulate understanding is to have as many low-cost,
fast-paced market incursions as possible. This is done by repeatedly putting prototypes in
front of potential customers and having the product developers be personally involved in
observing the customer s reaction. In expeditionary marketing, the prototypes are used to
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gather customer needs and market information, but also to educate customers as to what is
possible, thus increasing the usefulness of the customer feedback.
The probe and learn process as explained by Lynn, Morone & Paulson26 is a series
of market experiments performed by introducing prototypes into a variety of market
segments primarily for the purpose of learning. They point out that true learning begins
only when a product

imperfect as it may be is launched and customers have a chance to

really try the product making the first few product launches intended to be primarily for
learning. They also explain that receiving feedback from customers that are new to the
product or technology is different than in MP settings and that the product developers need
to learn what to listen to and what to ignore.
6.1.3. The Method of Gathering Market Information
One of the activities of networks was to enable a product development team to
understand customers and their needs . Prototypes in TP settings have the additional
purpose of being a primary method for gathering customer needs . The network groups,
particularly the industry specialists, can estimate customer needs and help the product
development team translate those needs into functional specifications. Additionally, once
those needs can be embodied into a prototype, the prototypes are particularly useful in
refining the product application to further gather customer needs and other market
information. Effectively including networks and prototypes in TP product development can
also deal with this deficiency.
6.1.4. The Goals and Evaluation of Projects
The goals and evaluation of projects are commonly handled by the product
development management so much of this deficiency should be resolved by them and not
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the product developers. However, the product developers must understand the context in
which the project is evaluated and what its goals are. Additionally, product developers need
to understand how these goals are to be accomplished and how to best portray the
accomplishment of them. Another reason that processes and tools for the goals and
evaluation of TP projects are relevant to product developers is because the processes and
tools that were found provide direction and milestones to the product developers.
A common method for evaluating the risks associated with TP projects is presented
by several authors. Each author separates the project risks into two categories which are
basically the risks of the technology not being able to be implemented into the product and
the risks of the product not being able to reach the right market.
The first of three examples of evaluation of TP projects based on risks is presented
by Hartmann & Meyers39 and again by Hartmann & Lakatos.42 This set of processes and
tools is an extension to the matrix Hartmann & Meyers used to classify product
development originally presented in Figure 2.12. The authors divide the technology risk and
the market risk into three elements each and then assigned a probability of success based on
specific accomplishments or levels of development. The authors then use these risks along
with project estimates such as projected cost or market size to create bubble charts as shown
in Figure 6.2.
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Davis, Fusfeld, Scriven & Tritle51 demonstrate a similar method by using anchored
scales to determine the probability of technical success and then the probability of

Figure 6.2 – Hartmann & Meyers’ Market and Technology Risk
Bubble Chart

commercial success. Similar to the previous approach, Davis et al. divide the technical and
commercial probabilities of success into multiple elements or factors. Instead of estimating
the probabilities of success for each element, relative importances are assessed for each of
the factors and then multiple projects are given scores for each factor and compared.
Jarrett52 suggests a similar approach to evaluating high risk projects such as TP
projects through a two part appraisal. First the probability of technical success is assessed
and then the probability of commercial success. Jarrett suggests the same method for
identifying elements of those two probabilities and then uses a linear or weighted
combination of the individual probabilities.
Each of these three examples uses a slightly different method for evaluating the
projects on multiple criteria or factors and provides various criteria that should be
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considered. The criteria that are used are a representation of what criteria will help to identify
the success of TP product development projects and can be used by the product developers
in identifying the priority of activities in the new comprehensive TP model. Another
decision making tool and process that is similar to those used in the three previous examples
is the Analytical Hierarchy Process (AHP). An example of this tool is shown in the Chapter
7 for use in the Select Best Applications step of the Application Evaluation phase of the
TAS process.
6.1.5. The Market is Developed During or Directly After Product Development
The use of prototypes has been found to be helpful to develop the market during
product development as presented in 6.1.2. As each prototype is placed in front of potential
customers, they are further educated as to the uses of the application. Others also assert that
prototypes are an invaluable way to develop the market so that it is properly prepared at
product launch.5
A tool for measuring the development of the market was presented by Theoharakis
& Wong53 where publications, advertisements and other forms of media are combined into a
story structure which is proposed to be a measurement of the market s development. The
causality of whether the stories impact the market or the market impacts the stories is not
discussed. However, the network individuals could play a key role in determining how to
identify the ways in which the market could be developed.
6.1.6. Section Summary
The processes and tools that have been presented in this section can be used by
product developers to adequately deal with the deficiencies of the combined TP model
identified in Chapter 5 as shown in Table 6-2. As shown, the tools associated with the
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prototypes or networks deal with all of the deficiencies and can be considered the most
significant processes and tools.

Table 6-2 Processes and tools and How They Relate to the Deficiencies Identified in Table 5-3

Story Structure Evaluation

Decision Tools (Anchored
Scales, AHP, etc.)

Technological & Market
Risk Analysis

Probe & Learn Process

Expeditionary Marketing

Evaluation Panelists
Network Group

Industry Specialists
Network Group

IDENTIFIED
DEFICIENCIES

Broad-Based Technologists
Network Group

PROCESSES AND TOOLS INTENDED TO
ADDRESS THE IDENTIFIED DEFICIENCIES

The Use of Internal and External
Networks
The Use and Evaluation Methods of
Prototypes
The Method of Gathering Market
Information
The Goals and Evaluation of
Projects
The Market is Developed During or
Directly After Product Development
Key

The process/ tool does not deal with the deficiency
The process/ tool may deal with the deficiency
The process/ tool does deal with the deficiency

6.2. The N ew Comprehensive TP Model
The amalgam of processes and tools presented in the previous section along with the
issues concerning the TAS process presented in section 5.3 were used to make specific
changes to the combined TP model. While many of these changes or additions could be
made directly to the existing model, many required the model itself to be modified by
changes in the process sequencing or objectives. The new comprehensive TP model is
84

shown in Figure 6.3. Following technology development, Technology Characterization
produces technology characteristics medium which is used to begin to Identify
Opportunities. Following the identification of opportunities, the team will then Characterize,
Evaluate and Prioritize Projects and then perform Planning Previous to Product
Development. The projects, based on the characterization done previously, either undergo
an MP Product Development Process resulting in a product launch or they undergo a TP
Product Development Process resulting in a beta prototype evaluation. Alpha and beta
prototypes are developed in the TP product development process and are used as additional
inputs to Identify Opportunities.
This model seeks to incorporate both the TP product development projects and the
MP product development projects though the major focus is on TP development. While
there are many similarities between the new comprehensive TP model and the combined TP
model, this section will present the major differences.
6.2.1. Differences between the Comprehensive TP Model and the Combined TP
Model
The new comprehensive TP model differs from the combined TP model in five
primary ways. These are:
1. The TAS process has been modified and completely integrated into the model
2. Project characterization and selection of product development process has been
added to the model
3. The final step of the TP product development process has been changed to
Produce and Evaluate Beta Prototypes
4.

Develop the Market activities have been added to the TP product
development process
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Figure 6.3 - The N ew Comprehensive TP Model

5. New uses and feedback of prototypes have been included in the model
Each of these changes is individually discussed below.
6.2.1.1. The TAS Process has been Modified and Completely Integrated into the Model
The TAS process has been modified and then integrated into the model based on the
issues concerning the TAS process discussed in section 5.3 as well as the processes and tools
discussed in section 6.1. The most significant changes to the TAS process include the use of
networks groups but the specifics are discussed in Chapter 7 where the first three phases of
the comprehensive TP model that embody the TAS process are illustrated through a case
example. The modified Technology Characterization phase occurs previous to the
Identify Opportunity phase which now embodies the steps from the Application
Identification phase of the TAS process. The Application Selection phase of the TAS
process is now integrated as a part of the Characterize, Evaluate and Prioritize Projects
phase.
6.2.1.2. Project Characterization and Selection of Product Development Process has been
Added to the Model
Characterization of the type of product development project is now included in the
newly named Characterize, Evaluate & Prioritize Projects phase before the Planning
Previous to Product Development phase of the model shown in Figure 6.3.
Characterization is included so that TP and MP projects can be decided upon together and
to be able to allow for the correct product development process to be used for the type of
project. This is commonly done by those that are responsible for product portfolio
management and not the product developers. For this reason, the explanation of how to
characterize product development projects is reserved for the management implications
section in 6.4.
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6.2.1.3. The Final Step of the TP Product Development Process has been changed to
Produce and Evaluate Beta Prototypes
Product development was defined in section 1.4 as the set of activities beginning
with the perception of a market opportunity and ending in the production, sale, and delivery
of a product 9. However, the probe and learn process suggests that product launch is only a
step in a TP product development process. The probe and learn process suggests that the
main purpose of launching a TP development product is to learn about the market, the
product and even the technology. Because the TP product development products that are
launched are intended primarily as a learning tool, they should be classified as prototypes.
Not only does this terminology more accurately describe the intent of the previously termed
product launch, but this is consistent with the goals & evaluation of TP development
products suggested by the existing literature. The use of beta prototypes is common in other
product development models though the amount of needed refining may be far less than in
TP product development.
In general, the steps within the previous Product-Ramp Up phase are still
applicable in the Produce and Evaluate Beta Prototypes step of the TP product
development process with the real change being from that of attaining immediate financial
success to that of maximizing learning. The beta prototype should go through the same steps
required of regular product launches inasmuch as is possible. This allows the product
development team to learn other limitations or issues in the manufacturing and final stages
of product development as well as allow additional feedback from those internal to the
company or suppliers. The required level of quality, cost control and other factors should be
outlined in the product mission statement, which outlines the scope and expectation of the
product, its market and the industry.
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6.2.1.4. Develop the Market Activities have been Added to the TP Product Development
Process
The primary tool in TP settings for developing the market has been demonstrated to
be the use and evaluation methods of prototypes. These prototypes should be constantly
used to communicate the product s potential and to identify what issues need to be
considered in how the product is developed. The product development team should be
aware of the need to develop the market and continually strive to do so through prototypes,
publications, and whatever other opportunities. Some of these opportunities may be high
profile demonstrations of the product where many would be able to see the technology or
application in action. Beyond the use and evaluation methods of prototypes and possible use
of story structures as described in 6.1.5, this thesis proposes no other Develop the Market
activities. These activities commonly fall under the responsibility of the marketing members
of the product development team. Some activities may include trade shows, magazine ads,
etc. Because the general nature of these activities is not as product development based, this
thesis does not further address this deficiency.
6.2.1.5. New Uses and Feedback of Prototypes have been Included in the Model
Subsequent to the development of the beta prototypes and their evaluation by
potential customers, the information is sent back to the beginning of the planning phase.
This feedback is intended to facilitate three of the purposes of prototypes in a TP setting.
First, the prototype is used to gather market information such as customer needs, market
segments, and the development needed within the market. As uncertainties and risks are
reduced through the product development process, more accurate evaluation is possible.
Each prototype should provide the opportunity to find out how the project is coming and if
it is still worth continuing.
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The second purpose of the alpha and beta prototypes is to provide a method for
identifying alternative applications or markets. By creating a feedback loop from the product
development phases into the planning phase, new opportunities can be formally identified
and evaluated. This allows for a more efficient use of the prototypes that are built and allows
knowledge that is learned from the TP settings to possibly benefit other MP product
development projects with similar markets or products.
The third purpose of the feedback of the prototypes is for communicating the
technology and possible applications to those within the company. This is achieved by
allowing feedback from the prototypes to be constantly put before the evaluation panelists
network group which has been built for the purpose of maximizing the exposure of the
project within the company. This exposure can then lead to developing or maintaining the
needed support within the company.
The difference between the alpha prototype feedback and the beta prototype
feedback is primarily the scale of the prototype. The beta prototypes are intended to be the
product development s best efforts at a comprehensive product at that point in time. The
alpha prototypes, however, may be a partial prototype such as a functional prototype that
does not embody the aesthetic characteristics or final size of the product.
Based primarily on the expeditionary marketing process but also on the probe and
learn process, an additional feedback loop is included in the TP product development
process. The possibility of this feedback was already potentially part of the generic MP
model shown by the several return dotted arrows above the steps in Figure 2.8. Each of
these dotted return arrows signifies that the product development process may need to
readdress earlier steps by iterating through the process. However, TP product development
teams need to realize that this is always a feedback loop and that it is performed by
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introducing the alpha prototypes to potential customers. This needed loop is because the
first times that an alpha prototype is defined, most of the customer needs and the
subsequent functional specifications are based off of feedback from the network groups.
Prototypes are a critical method for validating the chosen design decisions and are expected
to help the product developers further understand their customer s needs and the functional
specifications.
One decision that needs to be made by the product development team is when to
advance past the Test Product Concept(s) / Produce and Evaluate Alpha Prototypes step
to the Set Final Specifications step and not produce another Alpha prototype. There are
general discussion on the planning and decision making of the number of prototypes in the
product development literature but are generally not assuming that prototypes may be
limited in their discussion based on the different intended uses of prototypes. One approach
that may be helpful for the product development team in deciding whether to continue in
the process or to make another alpha prototype is to investigate the magnitude of the
changes from the previous understanding of the target specifications. As the product
developers gain clearer and clearer understandings of the customer needs, the target
specification will more accurately reflect those changes. Each alpha prototype is intended to
refine these specifications and will cause the developers to make changes to the target
specifications. Each successive alpha prototype should produce fewer and fewer changes to
the target specifications and thus provide a diminishing return. The product development
team could inspect the magnitude of changes in target specifications as a way to determine if
further alpha prototypes are necessary.
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6.3. Chapter Summary
This chapter has presented many processes and tools that can be used to address
each of the deficiencies of the combined TP model that were presented in Table 5-3.
Processes and tools were presented for each of the deficiencies though a majority of the
deficiencies can be dealt with by the inclusion of networks and the proper use and evaluation
of prototypes. These processes and tools along with the issues concerning the TAS process
presented in section 5.3 have been used to make improvements to the combined TP model
presented in section 5.1. This has resulted in a new model called the comprehensive TP
model which has been presented in Figure 6.3 and then discussed in terms of the changes
from the combined TP model.

6.4. Management Implications
Some of the ancillary insights made from this work concerning the management of
TP product development projects are: (1) management should be willing to consider
shelving the technology for future use, (2) the product development activities can be thought
of as a way to manage and reduce risks, and (3) TP product development requires different
goals and evaluation criteria than is the case for MP product development projects.
Much of this has been stated by Hamel & Prahalad7 who proposed that when TP
projects aimed at new markets go astray, they should be evaluated by asking the following
questions: Did we learn anything that will improve the accuracy of our next attempt? Did
we work hard to minimize the investment risk? Did we have reasonable expectations about
the rate at which the market would develop? Can we quickly recalibrate and try again? Does
the potential size of the opportunity warrant another try? The project is able to be declared
a failure only when the answer to all of these questions is no.
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While this thesis has focused on the company or organization performing the
product development based on a given technology, many alternatives to a company
developing the product exist and should be considered by the management. These
alternatives provide additional return on the R&D performed and may not take a significant
amount of resources from the organization. Once the products and their markets have been
identified, the organization may find that including other organizations is necessary to
capitalize on the opportunity. This could be anything from a pure licensing arrangement all
the way to a joint venture or outsourcing a component of the development.
A new tool that may be useful in making this decision was developed during the
work of this thesis and turned out to be directed at the management of TP product
development projects. This tool is called the technology-product-market (T-P-M) matrix and
is based on the technological & market risk bubble chart in Figure 6.2. Figure 6.4 shows a
specific organization s possible technology-product-market combinations (represented by
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Figure 6.4 - 'Technology to Product’ and 'Product to Market’ Bubble Chart Showing Different
Options for a Company with Capabilities in Reducing the 'Product to Market’ Risk
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the bubbles) evaluated on two types of risks. Each T-P-M combination is a unique
combination of a technology embodied in a specific product for a specific market. The
Technology to Product risk is the combined risk that the technology will not be able to be
implemented successfully into the proposed product whereas the Product to Market risk is
the combination of the risks that the proposed product will not be able to successfully reach
the proposed market. These risks could be combined in a similar manner to those processes
and tools presented in 6.1.4 and combine together any of several methods including the
AHP or anchored scales. The sizes of bubbles could be a relevant project characteristic such
as the natural log of the ratio between the estimated market size and the estimated
development costs.
In addition to showing the possible T-P-M combinations, the T-P-M matrix shown
in Figure 6.4 also shows the alternatives for an organization that is capable of reducing the
Product to Market risks (a horizontal movement from the left to the right) but not capable
of reducing the Technology to Product risks. For this organization, the technologyproduct-market combinations in the bottom right are probably licensing opportunities, the
combinations in the bottom left are probably joint venture or partnership opportunities and
all the rest are probably product development opportunities.
Another useful function of this tool could be product development planning and
tracking as shown in Figure 6.5 where a hypothetical product progresses through the chart.
As the risks are reduced through the activities of the product developers, the location of the
technology-product-market combination will move accordingly. As more information is
gathered and realized on the market size and development costs the size of the bubble will
change. This could provide management with at-a-glance understanding of current projects
and how best to manage them. It should be realized that successful product launches can be
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Figure 6.5 - Plotting a Path of a Specific Product Alternative through the
'Technology to Product' and 'Product to Market’ Bubble Chart

made from any point on the chart but that the risks of failure are higher at some points than
others. The launching of prototypes as suggested in 6.1.2 is in effect realizing that with many
TP projects, the purpose of the launch is to reduce risks and move toward a less risky
situation before a final launch.
Another possible use of this matrix is to determine when the projects become more
MP in nature and can leave the comprehensive TP model and be used appropriately in an
MP model. Because the tool can include both TP and MP projects, path patterns could help
make decisions concerning the types of product development activities that are needed and
whether an MP model or a TP model is most appropriate.
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A CASE E XAMPLE OF PORTION S OF
THE N EW COMPREHEN SIVE TP MODEL

Chapter 7

The purpose of this chapter is to further illustrate portions of the new
comprehensive TP model presented in Figure 6.3 sufficient to show how product developers
could progress through its phases and steps. This chapter accomplishes this objective by
presenting the first three phases of the comprehensive TP model along with discussion and
illustration of a case example. The case example is based on the constant force mechanism
technology that is being developed at Brigham Young University. This chapter focuses on
those elements that have not previously been presented by other authors. Figure 7.1 shows
the portions of the Thesis Roadmap that are further addressed in this chapter.

Figure 7.1 - The Segments of the Thesis Roadmap (see Figure 3.1) that are
Addressed in Chapter 6 and Chapter 7
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7.1. Introduction to the Case Example
The case example that is used in this chapter to illustrate the first few phases of the
comprehensive TP model is based on a technology of constant force mechanisms (CFM)
within the field of compliant mechanisms. Compliant mechanisms are mechanisms where all
or part of their motion is achieved through flexible members. CFMs are a partial set of
compliant mechanisms where the resistive force in a certain direction is nearly constant
through a range of deflection. The CFM was patented on July 22, 1997 (patent number
5649454) and several applications have been explored including electronic connectors, endeffectors and a weight machine. None of these applications have achieved commercial
success, at the time of this thesis.
The organization performing the product development is a Center of Excellence
(COE) funded by the State of Utah at Brigham Young University (BYU) in Provo, Utah.
The COE s main objective is to develop technologies and their applications that will produce
commercially successful products. Additional objectives are to benefit Utah companies,
increase the university s visibility and produce publications. The COE has multiple
technologies and applications in the field of compliant mechanisms including the CFM,
ratcheting systems, several applications in MEMS, and bi-stable switches.
All instances where the new comprehensive TP model is illustrated by this case
example are designated by horizontal lines on the left and right sides of the text. Other
assumptions that are made about the technology or its developments are identified in the
chapter text where appropriate.
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7.2. The First Three Phases of the Comprehensive TP Model
This section presents the first three phases of the comprehensive TP model
presented earlier in Figure 6.3. Where differences from earlier processes or models require
additional explanation or illustration, the case example is used.
7.2.1. Technology Characterization Phase
Other than the Produce Technology Characteristics Medium step in the
Technology Characterization phase of the combined TP model, the actual processes and
tools are as described by Nelson23 though grouped differently. The Root Cause method is
part of the Gather Technology Information step in the wherein Functional Mapping
could be retained as a more rigorous option. The Grouping into Functional and Situational
Characteristics step is the same as prescribed by Nelson.
The addition of the Produce Technology Characteristics Medium step was added
to the Technology Characterization phase in preparation for educating the network groups
about the technology. Possible types of media or articles include all prototypes, test results,
historical timeline of developments, and lists of characteristics. Media that has already been
created during technology development may require further preparation to be ready for use
as an educational tool to the network groups, which is also done in this step. Once the
Produce Technology Characteristics Medium step is complete, development advances to
the Identify Opportunities phase of the comprehensive TP model.
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As an example, the technology characterization medium for the CFM would
include a copy of the patent, as many of the prototypes as were possible, a history of
attempted and successful applications and their results, prototype testing results,
analytical models, and the other information that is extracted during the previous two
steps such as the functional and situational characteristics. Two of the prototypes are
shown in Figure 7.2 and a theoretical model is shown in Figure 7.3 as examples. After
the technology characterization medium has been collected and prepared, the team
should continue to the Identify Opportunities phase.

Figure 7.2 - Constant Force Mechanisms Showing an Earlier
Version (on the right) and a N ewer Version
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Figure 7.3 - Two Dimensional CFM Analytical Prototype

7.2.2. Identify Opportunities
The Identify Opportunities phase is different than the Application Identification
phase of the TAS process primarily as a result of the inclusion of the broad-based
technologists and industry specialists network groups. Inclusion of these network groups
slightly changes the remaining processes and tools that were presented by Nelson for the
Application Identification phase. Each of the steps of the Identify Opportunities phase
is discussed below.
7.2.2.1. Identify and Organize the Broad-Based Technologists Network
Section 6.1.1.1 described the general type of individuals that should be included with
the broad-based technologists network and how they are compensated. Many companies
will have several technologies similar in nature that can be evaluated by the same
technologists. These technologists may be able to provide feedback on a portfolio of
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technologies that have been developed by the company. Additionally, the given technology
may have already advanced to the TP Product Development Process and be revisited by the
alpha and beta prototypes. When the broad-based technologists network has been used
before and is being invited for a subsequent round, the company should use this experience
to identify and organize the network group individuals. The previous broad-based
technologists network group individuals that would still be advantageous are identified and
organized as are those that were unable to attend past events using the network group or
have been recently identified.
For the CFM, individuals would be chosen from a collection of spring design
engineers including coil spring professionals, machine design individuals who deal with
controlled forces and springs, scientists that focus on the modulus of elasticity of
materials, general R&D individuals, compliant mechanism designers and others.
7.2.2.2. Identify Potential Applications/ Industries
This step is nearly identical to that prescribed in the TAS process except that the
broad-based technologists network would be expected to be the major contributing group
and the product development team mostly would manage this step. Many from the company
would also be involved in this process including researchers, product developers, marketing,
and others. The company should carefully plan the time that the network is used in order to
maximize the information for the time that they have and may wish to record audio and/ or
video of the entire session.
One possible outline would be to invite the network for a partial day that is divided
into two sessions. The purpose of the first session would be to educate the network by
helping them to understand the technology characteristics, the design space around the
technology, what the company has tried in the past, where the company currently anticipates
102

future applications, and the new comprehensive TP model. Following introductions, the
network group would be educated by use of the technology characteristics medium created
in the Technology Characterization phase, feedback from alpha and beta prototypes (if
available), and direct interactions with those that developed or intimately understand the
technology. Though this first session is primarily intended to educate the network, possible
industries or applications are likely to come up and should be recorded. This can either be
done by a session moderator or the network individuals could be instructed to keep track of
these ideas themselves.
Once the network adequately understands the technology characteristics, one of
several methods should be used to elicit the network s ideas and possible concepts. Nelson
suggests a method of using a focused brainstorming session to fill out an Industry
Application Identification matrix. Other possible methods include role playing, interviews,
and questionnaires though these should also be modified to fill in the Industry Application
Identification matrix.
Following the completion of the Industry Application Identification matrix, the
discussion should focus on possible applications. Many of these applications have been
identified previously in the discussion and should be entered into the Product Application
Identification matrices presented by Nelson along with another elicitation of ideas for other
applications in each of the industries. In addition to the identification of applications,
information that will be needed to select which industries should be further pursued should
be gathered if possible. This includes market size and growth, industry trends and
characteristics, and expected product differentiation.
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7.2.2.3. Identify and Organize the Industry Specialists Network
The Industry Application Identification matrix created in the previous step is
intended to provide the company with a large set of possible industries and applications.
Previous to identifying the industry specialists individuals that will be used to identify, refine
and validate the applications in the subsequent step, the company must decide which
industries and or applications to further investigate. Three similar tools that can be used for
industry selection by assessing the technological and market risks are presented by multiple
authors in 6.1.4. In particular, the anchored scales approach by Davis et al. allows for quick
assessment of multiple projects for comparison.
For the CFM, one industry and application that has been pursued sufficient to
produce the alpha prototype is shown in Figure 7.4. This prototype was developed
using input from industry professionals at ICON Health & Fitness and their customers
and the model presented earlier in Figure 7.3. Ideally this prototype would have been
developed using the comprehensive TP model presented in 6.2. Particularly, the
industry specialists network group has previously been involved in the Identify,
Refine and Validate the Applications step and also in the Identify Customer Needs
and Establish Target Specifications steps of the Concept Development phase. The
alpha prototype has been placed in front of customers and the feedback has been
collected and analyzed. New individuals for inclusion on the network group have been
identified and added to the group.
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Figure 7.4 - Weight Machine Application of the CFM

7.2.2.4. Identify, Refine and Validate the Applications
This step in the Identify Opportunities phase is intended to more fully define the
applications and gather information about the potential project needed for evaluation and
planning later in the comprehensive TP model. The network group needs to understand the
technology and its history within the company. This should include an educational session
that includes use of the technology characteristics medium, the alpha and beta prototypes
and their feedback, and a history of the technology to date. It is possible that the network
group members have had previous exposure to the technology and/ or the application which
would alter the requirements of this educational session. However, in many of these cases
new members of the network group will require such a session and the remaining members
would benefit from a refresher since they are usually not aware of the day to day activities of
the development team.
The processes and tools that are used in this step need to accomplish the purposes
of eliciting ideas and input from the network group and then documenting those ideas and
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inputs. Beyond this requirement, the specific processes and tools that are used in this step
are highly dependant on the criteria that the company uses for evaluating TP projects, what
information the product development team is in need of, the company s resources, the
individuals on the network group, and the level of uncertainty and inconsistency of opinions
in the group members. Because of these dependencies, the case example shown below may
need to be altered for other product development projects or organizations. The product
development team should carefully consider their specific needs and situation and cater the
processes and tools presented accordingly.
For the CFM case example, the weight machine shown in Figure 7.4 is being
revisited by the industry specialists group. The group has changed in that there are new
members to the team that have only had a brief explanation of the project when invited
to be involved. The network group has been invited on a specific day where the
product developers and other members of the company will be performing the majority
of the Identify, Refine and Validate the Applications step.
Similar to the Identify Potential Applications/ Industries step, the day is
divided into two sessions. Both sessions would be video recorded for further reinspection by the product developers and the evaluation panelists network group. The
first session is an educational session where the product development team and the
company help the industry specialists understand the technology, what the company
has tried before and its results, the relevant strategy and goals of the company, the
company s criteria for evaluating TP projects, and the comprehensive TP model. Then,
the presentation of the Product Application Identification matrix for the weight
machine application of the CFM would help in validating the usefulness of the
application. The target specifications that were established in the TP Product
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Development Process are next presented by the product development team along with
the significant tradeoff decisions that were made. Questions from the network group
are answered by the product development team but it is important to keep the network
individuals from providing input until the next session to maintain flow and focus for
the first session.
The second session would focus on gathering and documenting the network
group s input concerning the industry s applications. Two tools would then be used to
elicit and document the group s input that are used elsewhere in the product
development process.
The first tool is a specifications results list which is based on the target
specifications that were established by the product development team. For each of the
metrics, the marginal value and the ideal value would be listed along with the
prototype s actual value and any feedback from the alpha prototype specific to that
metric. Each of the industry specialists would be given a copy of this specifications
results list and information would be gathered using a brainstorming session to adjust
specifications and the addition or subtraction of metrics. This would be repeated for
each of the applications associated with the same industry that had been identified by
the product development team in the TP Product Development Process. Because of
the limited amount of time, this session would limit the functional specification
discussion to only a couple hours. This could result in many of the specifications to be
opinions or estimations from the network group.
The second tool that would be used is an evaluation tool that will be presented
in the next phase of the new comprehensive TP model. This would be performed to get
not only the estimated evaluation criteria but also the range of estimations within the
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network group. These processes and tools are not described here but are shown in
detail in the Characterize, Evaluate and Prioritize Projects phase.
Following the use of the industry specialists network group, the product
development team and their managers would meet to go over the video of the two
sessions, conglomerate the information into summary reports and then advance to the
Characterize, Evaluate and Prioritize Projects phase.
7.2.3. Characterize, Evaluate and Prioritize Projects
The Characterize, Evaluate and Prioritize Projects phase consists of only the
Characterize Type of Product Development , Identify and Organize the Evaluation
Panelists Network and Evaluate and Prioritize Projects steps. The Identify and
Organize Evaluation Panelists Network step was explained in 6.1.1.1 including who
should be on the network and the secondary purposes of the panelists. The Evaluate and
Prioritize Projects step consists of using the information gathered in the previous steps and
phases of the comprehensive TP model and defining a way to make decisions. Decision
making is particularly difficult at this point in the product development model because of the
uncertainty in the information, the many alternatives, and the multiple individuals
coordinating the final decision.
7.2.3.1. Evaluate and Prioritize Projects
The last step of the TAS process is the Evaluate and Prioritize Projects where the
best TP projects are selected and evaluated along with other projects in the company. In
order to reduce the number of alternatives to a manageable number, the same processes and
tools can be used that were used in selecting which industries to pursue. The top 3 to 10
alternatives are then compared more carefully. This step needs to involve the product
development team but will likely by managed by others in the company or organization.
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In the CFM case example, an AHP tool would be used to facilitate discussion
among the evaluation panelists and provide a method for careful comparison of
possible projects. Table 7-1 shows the results of this AHP tool that was used by the
theoretical evaluation panelists . All of the alternative projects were compared based on
each of the criteria and then a relative project score was assigned based on the sum
product of the criteria weights and the scores for the project for each of the criteria.
The relative project scores were then compared showing that the Weight Machine
project was considered the best possible project by the evaluation panelists without a
close second. Appendix C shows the decision hierarchy, all pair wise comparisons and
the final results for the selection of the Weight Machine project. Once the best
application has been selected, the Weight Machine project would be compared to other
alternatives in the organization.

Alternatives

Table 7-1 Results from AHP Tool Used to Evaluate Alternative Projects Based on Multiple Criteria

Connectors
Lrg Connectors
High Capacity
End Effctr
Weight Machine
Robot End Effctr

Criteria (and their relative weights)
PubliUtah
Market
Tech
cations
Co.
Risk
Risk
(15.1%)
(36.7%)
(28.1%)
(20.1%)
8.6%
23.3%
14.4%
10.8%
11.2%
12.6%
14.4%
12.0%
25.4%
14.4%
16.4%
25.5%
16.5%
17.8%
21.0%
13.5%
28.7%
20.2%
14.3%
28.8%
9.6%
11.8%
19.5%
9.4%

Relative
Project
Score
16.1%
12.8%
18.9%
17.6%
21.6%
13.1%

7.3. Chapter Summary
This chapter has discussed the steps within the first three phases of the
comprehensive TP model sufficient for product developers to be able to understand the
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intended method of implementation. Each of the steps of these phases has been discussed
and how it relates to other steps in the model. The differences and similarities between the
new comprehensive TP model and the process presented by Larsen and Nelson have been
presented along with several case examples.

7.4. Management Implications
The new comprehensive TP model presented in this chapter has shown the several
differences from the TAS process, though the TAS process itself is unfamiliar to most
product developers. It is critical that the new comprehensive TP model is understood by the
product development management in order to make possible its successful implementation.
One issue that is to be resolved by management is who should be involved in the
execution of the phases of the new comprehensive TP model and when they should be
involved. A possible approach would be to cause the first three phases of the comprehensive
TP model to be the process in which information is transferred from the technology
development team to management and if pursued, the product development team. This
could be accomplished by laying the responsibility of the Technology Development phase
in the hands of the technology development team and that the final medium are deliverables
that are given to management and product developers. The product development team
should then be involved in the Identify Opportunities phase because so many of the
customer needs and other relevant information are discovered in this process. Not all
organizations may be willing to have this type of responsibility given to the product
development team for various reasons which may limit the usefulness of the new
comprehensive TP model.
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Another issue that is related to management s decision is the characterization of
product development projects in order to determine the type of product development model
to use. This was discussed in 6.4 in relation to an evaluation tool, but there are a multitude of
other methods for determining if a project is more MP or TP in nature. This must be
decided in the Characterize, Evaluate and Prioritize Projects phase in order to be able to
accomplish the remaining steps previous to the TP Product Development Process. This is
especially important for the project mission statement to convey the proper expectations,
goals and evaluation criteria for a TP project verses an MP project.
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THE FINAL STATE OF THE N EW
COMPREHEN SIVE TP MODEL

Chapter 8

The new comprehensive TP model was presented in Chapter 6 and Chapter 7 with a
major emphasis on the changes that have been made relative to existing models. This
chapter summarizes the comprehensive TP model and then emphasizes the final state of this
model and its implementation by product developers. This chapter begins with a summary
of the new comprehensive TP model followed by an evaluation of that model.

8.1. Summary of the N ew Comprehensive TP Model
The new comprehensive TP model has been grouped into five phases that are
primarily sequential starting with the Technology Characterization phase and then iterating
with beta prototypes until an MP Product Development Process can be used to launch a
final product as shown in Figure 8.1. Each of the phases in Figure 8.1 is briefly described
below.
8.1.1. Technology Characterization
The Technology Characterization phase starts following Technology Development
as and contains three steps before continuing to the Identify Opportunities phase. The
Gather Technology Information , Group Into Functional and Situational Characteristics ,
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Figure 8.1 - The N ew Comprehensive TP Model

and Produce Technology Characteristics Medium steps were described and illustrated by a
case example in 7.2.1.
8.1.2. Identify Opportunities
The characteristics medium prepared in the Technology Characterization phase is
use to begin the Identify Opportunities phase of the comprehensive TP model and
outputs to the Characterize, Evaluate and Prioritize Projects phase as shown in Figure 8.1.
Other inputs to this phase are the alpha and beta prototype feedback loops from the TP
Product Development Process that is presented later in 8.1.5. Each of the four steps of the
Identify Opportunities phase was discussed in 7.2.2 along with an illustration using the
case example.
8.1.3. Characterize, Evaluate and Prioritize Projects
The Characterize, Evaluate and Prioritize Projects phase starts by characterizing
the type of product development which was discussed in section 6.4. Following
characterization, the steps of Identify and Organize the Evaluation Panelists Network
Group and Evaluate and Prioritize Projects were discussed and illustrated in 7.2.3.
8.1.4. Planning Previous to Product Development and the “TP or MP” Decision
The steps within the Planning Previous to Product Development phase are the
same as in the generic MP model presented by Ulrich & Eppinger9 and result in a product
mission statement for each project. The characterization of the project which was
accomplished previously in the Characterize, Evaluate and Prioritize Projects phase is used
to decide whether to continue to an MP product development process resulting in a product
launch as presented by Ulrich & Eppinger or a TP product development process resulting in
a beta prototype.
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8.1.5. TP Product Development Process
The TP Product Development Process consists of seven steps starting with Identify
Customer Needs and then Establish Target Specifications . These steps are to be
accomplished by first using the network groups to identify customer needs and establishing
target specifications and then continue to Generate and Select Product Concepts as
described by Ulrich & Eppinger. The step of Test Product Concepts / Product and
Evaluate Alpha Prototypes is that described by Ulrich & Eppinger but adding the building
of alpha prototypes in order to iterate the customer needs and target specifications. Once the
development is prepared to continue past this iteration loop, the next steps of Set Final
Specifications and System Level Design --- Detail Design, Testing and Refinement are
accomplished as described by Ulrich & Eppinger. Finally, the Produce and Evaluate Beta
Prototypes step is performed where complete products are presented to customers for the
purpose of gathering further information about the market, the product and the technology.
All alpha and beta prototype feedback is input into the Identify Opportunities phase
where additional opportunities can be identified and then they, along with the existing
project can be evaluated again.
During the TP Product Development Process, the activities of Perform Economic
Analysis , Benchmark Competitive Products and Build and Test Models and Prototypes
are performed as described by Ulrich & Eppinger. Additionally, Develop the Market
activities are to be performed which have not been identified beyond the use of alpha and
beta prototypes.
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8.2. Evaluation of the N ew Comprehensive TP Model
Evaluation of the new comprehensive TP model is based on the target characteristics
for the model that were presented in 3.3 and are:
•

Deals with deficiencies of previous models used for TP product development

•

Is detailed to the level of addressing implementation by product developers

•

Uses existing design processes and terms

•

Is generalizable to other TP product development projects

•

Is useful and repeatable in making product development decisions

The comprehensive TP model is discussed based on each of these targets below.
8.2.1. Deals with Deficiencies of Previous Models Used for TP Product Development
The new comprehensive TP model incorporates processes and tools from the
combined TP model as well as processes and tools designed to deal with the major
deficiencies of the combined TP model which were identified in Chapter 5. These
deficiencies are:
•

The use of internal and external networks

•

The use and evaluation methods of prototypes

•

The method of gathering marketing information

•

The goals and evaluation of projects

•

The market is developed during or directly after product development

Other issues with the TAS process were dealt with by modifying and then
incorporating it into the comprehensive TP model. Many of the issues and all of the
identified deficiencies are dealt with in the new comprehensive TP model showing the
accomplishment of this target characteristic.
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8.2.2. Is Detailed to the Level of Addressing Implementation by Product Developers
The new comprehensive TP model begins with the characterization of the
technology and continues through to the development of beta prototypes. The TP product
development continues until the project is terminated or continues to an MP product
development process resulting in a product launch. This comprehensive TP model then
contains all of the TP product development phases and steps needed to guide the product
developers. Processes and tools have been described or prescribed for all of the phases and
steps thereby allowing product developers to be guided through the entire model. A case
example was used to further demonstrate that this target characteristic of the final TP model
was satisfied.
8.2.3. Uses Existing Design Processes and Terms
The processes and tools that are part of the new comprehensive TP model have in
the majority been used by product developers countless times. A few of the processes and
tools that are presented have not gained the similar amount of validation by product
developers but are so similar in nature to the existing processes, tools and their language that
this target characterization is still met.
8.2.4. Is Generalizable to Other TP Product Development Projects
While the entire comprehensive TP model has not been implemented by product
developers, all of the processes and tools have been performed and recorded showing that
the specific step or phase can be accomplished. None of the processes, tools or steps is
specific to a TP project and can be generalized to other TP projects. Because of this, the
comprehensive TP model is generalizable to other design cases though some adjustments
and changes may be required.
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8.2.5. Is Useful and Repeatable in Making Product Development Decisions
New processes and tools have been presented for making product development
decisions that have not been included in previous product development models. The
addition of these processes and tools allow for product developers to be able to repeatable
make decisions. Examples of this are that the use of the AHP in the Characterization,
Evaluation and Prioritization of Projects phase of the new comprehensive TP model allows
for the same criteria to be used to evaluate the several products and the structure of the
AHP allows for the decisions to be made in a similar fashion in the future and thus be
repeatable.

8.3. Chapter Summary
This chapter has summarized the new comprehensive TP model and then shown its
final state relative to the target characteristics for the model presented in Chapter 3. The new
comprehensive TP model has been shown to either have met or there are indications that
they have met these goals.
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Chapter 9

THESIS CON CLUSION S

This chapter presents a summary of the thesis followed by conclusions that can be
drawn from the research. Finally, the chapter concludes with suggestions for future work in
this area of product development.

9.1. Thesis Summary
This thesis has developed a new comprehensive TP model to guide product
developers through a successful TP development project. This new TP model was
developed from the groundwork of the currently most comprehensive TP model which was
determined to be the combination of a generic MP model and the TAS process. This
combined TP model was then compared to three groups of criteria: (1) categories of success
factors that have been associated with successful TP product development, (2) published
deficiencies of MP models when used to accomplish TP product development, and (3) issues
that were identified concerning the TAS process. From these criteria, identification of
deficiencies of the combined TP model directed areas of needed improvement. Processes
and tools were then proposed that deal with these deficiencies of the combined TP model
requiring changes to the model as well as the addition of these processes and tools. The new
comprehensive TP model was then presented showing the differences between the
combined TP model and the new comprehensive TP model. The first three phases of the
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new comprehensive TP model was then discussed in a step-by-step fashion using a case
example for illustration.

9.2. Thesis Conclusions
The new comprehensive TP model developed in this thesis provides product
developers with the necessary step-by-step guide to TP product development from the
starting point of technology development through to the end of product development. The
comprehensive TP model was found to meet the target characteristics of a TP model.
Namely, the comprehensive TP model is one that (1) deals with deficiencies of previous
models used for TP product development, , (2) is detailed to the level of addressing
implementation by product developers, (3) uses existing design processes and terms, (4) is
generalizable to other TP product development projects, and (5) is useful and repeatable in
making product development decisions. Because the comprehensive TP model either meets
or there are indications that it meets these target characteristics, this work has developed an
improved TP model that can be used by product developers.
9.2.1. Management Implications Conclusions
This thesis has focused on TP product development models and their use by product
developers and only provided ancillary comments related to the management of such
projects. The Management Implications sections have exposed many management issues
relevant to the new comprehensive TP model and a tool was presented that may be useful in
several respects of the management of TP product development projects. Product
development management must understand the steps and objectives of the new
comprehensive TP model in order to truly be able to support its use in an organization.
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9.3. Recommendations for Further Research
Further research topics that could be performed based on the research of this thesis
while providing significant benefit have been discovered through the creation of this thesis.
The recommendations for further research are:
1.

Case studies using the new comprehensive TP model in product development
companies to identify additional needed improvements and considerations or
additional tools or processes.

2. Tool and process selection where multiple processes and tools are presented to
accomplish a task (such as using the anchored scales, AHP or weighted matrices).
3. Evaluation criteria and techniques for TP product development projects which
could include:
a. Tradeoffs between risks and rewards for TP projects using the
comprehensive TP model
b. Use of and planning for TP projects as a portion of a product portfolio
4. Further details on how to accomplish concept development when there are no
competitors (i.e. no benchmarking) and/ or no existing market.
5. Processes and tools for the Develop the Market activities.
6. Product development team composition and selection as well as who is
responsible for which steps and phases in the comprehensive TP model (i.e.
when is the Technology Development team no longer involved?).
7. Further research on tools and/ or processes to track the characterization of
projects as the development transforms from a TP project to an MP project.
8. Further investigation on the effects of giving incomplete alpha and beta
prototypes to customers and/ or not ever releasing a final product.
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9. Research into how TP product development relates to MP product development
in terms of the Design Structure Matrix presented in Ulrich & Eppinger s text9.
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SUCCESS FACTOR REFEREN CES
AN D CATEGORIES SPREADSHEET

Appendix A

Appendix A presents the spreadsheets that were used in developing the tables in 4.2
and 4.3 based on the success factors listed in 2.3. Each of the spreadsheets in this appendix
is list the success factors that were grouped together into a given category. The spreadsheet
shows which of the literary sources were used for each success factor by a black square as
well as showing the number of factors per literary source were associated with the category.
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0

Souder
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0

"the developers carefully studied their potential users and their problems"

"broadcasting a knowledge of the technology, the needs of the users and the available market opportunities as widely as possible throughout both the research and user
communities." "…encourage interactions between the laboratory scientists, the development personnel, the marketing personnel, and outside-the-firm users."

The developer must "interact with as many users as possible, and experiment with as many new product prototypes as possible within the user’s settings."

"Management is willing to be patient" and allow for R&D to "travel frequently to the field and interact with customers"

"Early and accurate information from the market"

"Get R&D professionals out into the marketplace so that they can learn firsthand about actual use conditions and possible alternative uses of their new product"

"Get the product out into test market as early as possible and get feedback from users"

The "end users usually will ... need to be taught and the scientists should be involved in the process of educating them"

"proficient at learning from prototypes"

The firm must have "core-competencies reflected by their technical competency" that are "keyed to market demand"

"…early, proactive interaction among users and developers"

"customer satisfaction is paramount to achieving either successful transition or transfer"

"the concern is to solve a user's problem"

"some type of customer need must be met by the technology"

"It is sometimes important to be sensitive to educating the consumer with regard to the technology. Some new technology can be frightening."

Developed "products by probing potential markets with early versions of the products, learning from the probes, and probing again."

0
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0

0
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0
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Number of Factors per Literary Source:

Isaacs & Tang

4

There is a Focus on Customers/ End Users

Success Category:
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Lynn et. al.
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Souder
1
0
0
0
0
0
0
0
0
0
0
0
0

"Management is willing to use outside organizations (e.g. independent research institutes and consulting firms)"

"An organizational model that encourages coordination between research activities and product projects"

"Executive-level commitment to the transfer of ideas from research groups to development groups"

"Geographical and social proximity between research and development groups"

"Relationships within the company"

"depth and breadth of the accessible scientific and technological information, and the skill to look outside the firm to acquire it"

"A network of relationships"

"Make sure R&D works hard to sell the idea for the new product to people within the company, especially those who are responsible for manufacturing and selling it"

"Get other functional areas represented on the development teams as early as possible"

"Information exchange"

"Collaboration under pressure", "excelled at teamwork"

"the management system itself must endorse communication amongst all players"

those outside of the research group must be "viewed less as adversaries and more as prospective partners"

Number of Factors per Literary Source: 2
"Consortia and collaborations among various parties. Teaming the inventor with both a commercial entrepreneur and a technical entrepreneur throughout the development
1
cycle"

Internal/ External N etworks Were Used

Success Category:
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1
0
0
0
0
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0
0
0
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"Management is willing to be patient" and allow for R&D to "travel frequently to the field and interact with customers"

"An organizational model that encourages coordination between research activities and product projects"

"Executive-level commitment to the transfer of ideas from research groups to development groups"

"A high-level visionary who champions bringing the idea to market"

"Management support"

"A flexible business management, if the innovation is to be pursued in an existing firm, that sees opportunity in the innovation"

"Make sure senior management is heavily involved in the project"

"Commitment not contribution of senior management"

"Clear and stable vision", "the team must shift focus together as the project shifts"

The firm must be "willing to sacrifice major sums and not to question those who are engaged in developing and marketing the ’perceived’ breakthrough"

A corporate "commitment to generating breakthroughs"

"the management system itself must endorse communication amongst all players"
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Number of factors per Literary Source:

Souder

"Management is willing to use outside organizations (e.g. independent research institutes and consulting firms)"

There is Management Support
Isaacs & Tang
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"Motivated people for technology transfer into products"

"A technical team that is sufficiently prepared for the inevitable surprises with which nature challenges innovators"

"depth and breadth of the accessible scientific and technological information, and the skill to look outside the firm to acquire it"

"A champion who not only believes in the idea of the innovation, but can earn the trust of investors and create an affordable business environment within which the idea can
be nurtured"

"A flexible business management, if the innovation is to be pursued in an existing firm, that sees opportunity in the innovation"

"Clear and stable vision", "the team must shift focus together as the project shifts"

"Improvisation"

"Collaboration under pressure", "excelled at teamwork"

"proficient at learning from prototypes"
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"A high-level visionary who champions bringing the idea to market"
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0
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"Research projects with people highly motivated to see their research transferred into products"

Number of factors per Literary Source:

The Development Team is Dynamic, Motivated and/ or Talented

Success Category:
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"Get R&D professionals out into the marketplace so that they can learn firsthand about actual use conditions and possible alternative uses of their new product"

"Get the product out into test market as early as possible and get feedback from users"

Until "a technology-driven product becomes pulled by the needs of the marketplace, … the product is not likely to be a commercial success. The best situation is where
technology push is converted to marketplace pull as quickly as possible"

At first the team will be "technical people", then "marketing will join the team" and finally, "marketing will be steering the ship."

The company must have some "knowledge of the market" and not be a "totally internal technology push"

"the internal technology push has to meet the external market pull"

0

0

0

0

0

1

TP is "more easily carried out where there is a synthesis of knowledge about a need and about the technical means to meet this need." This can be done through networking
inside and outside of the company.

0
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Number of factors per Literary Source:

Souder

"use of combination of technology push and" some sort of MP method

A Combination of MP and TP is Used
Isaacs & Tang

Success Category:
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"It is sometimes important to be sensitive to educating the consumer with regard to the technology. Some new technology can be frightening."

0
0
0
0
0

"Readily demonstrable improvements over existing or related products"

"Motivating features for technology transfer into products"

The product must be unique to have longevity of success

"the assumed technology offers a clear competitive advantage in meeting customer needs"

"suitable alternative technologies are unavailable or very difficult for competitors to utilize"

The Technology Offers a Clear Advantage
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"…early, proactive interaction among users and developers"
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2
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The "end users usually will ... need to be taught and the scientists should be involved in the process of educating them"

0
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1

"broadcasting a knowledge of the technology, the needs of the users and the available market opportunities as widely as possible throughout both the research and user
communities." "…encourage interactions between the laboratory scientists, the development personnel, the marketing personnel, and outside-the-firm users."

Number of factors per Literary Source:

1

"initially targeting minor or peripheral markets"

Success Category:

1

0
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Souder

Product and market develop in parallel

Number of factors per Literary Source:

The Market is Developed During or Directly After Product Development
Souder

Success Category:
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Branscomb & Auerswald

Branscomb & Auerswald
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"Research projects that are aligned with corporate strategy"

"Technical specifications derived from a clearly defined business model"

Sufficient funding at early stages ("seed financing")

the "price level" must be "within reach of a sizeable market"
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"suitable alternative technologies are unavailable or very difficult for competitors to utilize"

Number of Factors per Literary Source:

0

"Get R&D professionals out into the marketplace so that they can learn firsthand about actual use conditions and possible alternative uses of their new product"

Factors N ot Associated with any Category

1

"developers carefully looked at the possible interactions and interrelationships between their technology and related disciplines"
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1

Number of factors per Literary Source:

Souder
Isaacs & Tang

"adjunct or substitute uses were sought as strategy for market generation"

Alternatives Were Carefully Examined
Isaacs & Tang
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MATCHES BETWEEN THE TP
MODEL & SUCCESS FACTOR CATEGORIES

Appendix B

Appendix B presents the spreadsheets that were used to identify how well each of
the phases of the combined TP model shown in Figure 5.2 matched with the success factor
categories listed in Table 4-10. Every phase of the combined TP model was evaluated on
how well it matched each of the success factor categories and was then assigned one of three
levels: (1) nonexistent or mild match, (2) moderate match and (3) excellent match which are
each described in 5.2.2. The matches in this appendix are designated by shaded cells
(excellent match), hatched cells (moderate match) and cells that are neither shaded nor
hatched (nonexistent or mild match).
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Success Factor Categories

Alternatives Were Carefully
Examined

The Technology Offers a
Clear Advantage

The Market is Developed
During or Directly After
Product Development

A Combination of MP and
TP is Used

Internal/ External
Networks Were Used

There is a Focus on
Customers/ End Users

TAS - MP Transfer

Nothing significant.

Nothing significant.
In some theoretical ways this exists but
implementation may be difficult. Matching the
technology to the customer needs requires that the
customer needs have been at least somewhat
identified. While the product development team
may focus on this in the TAS model, no customers
have been engaged, customer needs have not been
explicitly recorded or organized. This doesn’t
happen until later regardless of the existence of a
market.

Application Evaluation

Nothing significant
Nothing significant. The input is limited to the
product developers and is not necessarily including
the other departments in the company nor external
networks

Somewhat: the goal of this phase is to match the
characteristics with "industry" customer needs

Application Identification

Alternatives are developed in this step though the Alternatives are examined here thought the level of Nothing significant.
"careful" is dependant on the team’s background
comprehensiveness is not certain. Possible
alternatives are recorded to jumpstart the next step. and diligence.

Nothing significant.

Nothing significant.

The characteristics of the technology are used to The functional characteristics are used first to
identify possible industries and applications. If this evaluate the technology to identify the type of
is successful, the advantages of the technology are advantage that is offered.
kept in application by allowing the advantages
(through the characteristics) lead the identification
of applications and industries.

Nothing significant.

Nothing significant. If the steps are successfully
executed, the potential advantages and qualities of
the technology will be identified. This only
provides the necessary groundwork to identify if
the technology offersa clear advantage (performed
in the next two steps).

Nothing significant.

Nothing significant.

Nothing significant.

The two models are used but not in parallel. This is The two models are used but not in parallel. This is The two models are used but not in parallel. This is This is where the shift is proposed to occur
a TP portion of the process.
a TP portion of the process.
a TP portion of the process.
between TP and MP

Nothing significant.

Nothing significant

Technology Characterization

Phases of the Combined TP Model
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Success Factor Categories

Alternatives Were Carefully
Examined

The Technology Offers a
Clear Advantage

The Market is Developed
During or Directly After
Product Development

A Combination of MP and
TP is Used

Internal/ External
Networks Were Used

There is a Focus on
Customers/ End Users

System-Level Design

Detail Design, Testing and
Refinement

Production Ramp-Up

This step provides a structured approach to looking at alternatives and selecting the best ones. However the alternaitives are Nothing significant.
usually alternative methods for a product with a specific target market and usually do not inlcude the alternatives of other
possible products or market opportutnites.

Nothing significant.

Nothing significant.

At this point, the technology and the product are largely decided and so changes to ensure that the technology offers a clear
If the technology is compared against
other alternatives as suggested by Ulrich advantage have already been made or it is likely to be too late in the model.
and Eppinger, the technology is ensured
to offer a clear advantage. Concept
selection should be based on the
necessecity for this advantage to exist.

Nothing significant.

Nothing significant.

Nothing significant.

Nothing significant.

The two models are used but not in
parallel. This is an MP portion of the
process.

Nothing significant.

The two models are used but not in
parallel. This is an MP portion of the
process.

The two models are used but not in
parallel. This is an MP portion of the
process.

The two models are used but not in
parallel. This is an MP portion of the
process.

Nothing significant. Only if cross-functional teams are used is there an implicit internal network though it may not be as comprehensive as needed. Even so, this type
of network is not built into the model. There is no discussion of using external networks.

Everything is focused on meeting the identified customer’s needs. Many of the texts focus on this as being the single most important criteria for success. There is some
uncertainty of how well this process works when the customer needs are unarticulate, the customer is not identified or if the customer changes during the product
development process.

Concept Development

The two models are used but not in
parallel. This is an MP portion of the
process.

Nothing significant.

Nothing significant.

Planning

Phases of the Combined TP Model
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AHP TOOL U SED FOR
E VALUATION OF THE CASE E XAMPLE

Appendix C

Appendix C shows the analytical hierarchy process (AHP) tool that was introduced
in 7.2.3.1 used for evaluating the constant force mechanism (CFM) technology used as a case
example in Chapter 7. The overall goal for this decision was to select the best possible
alternative project(s) CFM. Because this AHP tool had not been used previously by the
organization, the first step was to identify and articulate the criteria that needed to be used to
evaluate each of the possible product and market combinations. The ‘evaluation panelists’
each contributed to a list that was then condensed to those criteria shown in the decision
hierarchy as the first figure in this appendix and then ranked using the AHP in the ‘Criteria
Worksheet’. The lightly shaded cells are inputs from the ‘evaluation panelists’ and the darker
shaded cells are either intermediate calculations from those inputs or automatic entries.
Each of the alternative projects was then compared based on each of the criteria as
shown below using the same methodology as was used in comparing the criteria. Following
the completion of the comparisons, results were created as shown in the last spreadsheet of
this appendix entitled ‘Project Scores’.
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7%

9%

10.8%

2.6%

0.66

6.06

10%

13%

13%

13%

14%

9%

12.0%

2.0%

0.73

6.08

20%

25%

26%

27%

28%

27%

25.5%

2.9%

1.55

6.08

10%

13%

13%

13%

14%

18%

13.5%

2.7%

0.82

6.09

40%

25%

26%

27%

28%

27%

28.8%

5.6%

1.77

6.13

10%

13%

9%

7%

9%

9%

9.4%

1.9%

0.57

6.08

100%

100%

100%

100%

100%

100%

100%

3%

End Effctr

10%

Connectors

Average

s
nt
ag
e
Pe
rc
e

Connectors
Lrg Connectors
High Capacity
End Effctr
Weight Machine
Robot End Effctr

High Capacity

Lrg Connectors

R
Co at
m io
pa
ris
o

Connectors
Lrg Connectors
High Capacity
End Effctr
Weight Machine
Robot End Effctr

Lrg Connectors

1.00

ns

Connectors

Mkt Risk Worksheet

n
II
RII
CI

6
0.02
1.32
1.3%

Lrg Connectors

High Capacity

End Effctr

Weight Machine

Robot End Effctr

1.00

1.00

0.50

0.50

2.00

1.00

1.00

1.00

0.50

0.50

2.00

1.00

2.00

2.00

1.00

0.50

1.00

0.50

2.00

2.00

2.00

1.00

0.50

1.00

0.50

0.50

1.00

2.00

1.00

0.50

1.00

1.00

2.00

1.00

2.00

1.00

Lrg Connectors

High Capacity

End Effctr

Weight Machine

Robot End Effctr

Average

Standard
Deviation

Average
Weights

Estimated K

13%

13%

7%

9%

24%

20%

14.4%

6.3%

0.96

6.64

13%

13%

7%

9%

24%

20%

14.4%

6.3%

0.96

6.64

27%

27%

14%

9%

12%

10%

16.4%

8.1%

1.09

6.61

27%

27%

29%

18%

6%

20%

21.0%

8.5%

1.38

6.58

7%

7%

14%

36%

12%

10%

14.3%

11.2%

0.97

6.78

13%

13%

29%

18%

24%

20%

19.5%

5.9%

1.31

6.71

100%

100%

100%

100%

100%

100%

100%

8%

Pe
rc
e

nt
ag
e

s

Connectors
Lrg Connectors
High Capacity
End Effctr
Weight Machine
Robot End Effctr

Connectors

R
Co at
m io
pa
ris
o

ns

Connectors

Tech Risk Worksheet

Connectors
Lrg Connectors
High Capacity
End Effctr
Weight Machine
Robot End Effctr
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6
n
II 0.13
RII 1.32
CI 10.0%

Alternatives

Project Scores
Connectors
Lrg Connectors
High Capacity
End Effctr
Weight Machine
Robot End Effctr
Criteria Weights

Publications
8.6%
11.2%
25.4%
16.5%
28.7%
9.6%
15.1%

Criteria
Utah Company
Market Risk
23.3%
14.4%
12.6%
14.4%
14.4%
16.4%
17.8%
21.0%
20.2%
14.3%
11.8%
19.5%
36.7%

149

28.1%

Relative
Technology Risk Project Score
10.8%
16.1%
12.0%
12.8%
25.5%
18.9%
13.5%
17.6%
28.8%
21.6%
9.4%
13.1%
20.1%

