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Abstract:

Firms increasingly compete on their ability to develop high quality products at lowest cost possible and
introduce them into the market in the shortest possible time. Much has therefore been written about
new product development (NPD) practices, but few researchers have attempted to highlight NPD issues
related to electronic industries even though they are one of the major drivers of the US economy. Also
few have investigated the role of test equipment in NPD, though it plays a crucial role in assessing
design performance.

This thesis attempts to study NPD in electronic industries, especially understand the role of electronic
measurement systems1 (EMS) in NPD. A qualitative research approach, namely grounded theory, was
adopted to guide data collection and analysis. Four sites were chosen for collecting data, which were
then analyzed using data coding techniques.

Rigorous data analysis uncovered two major themes, the Hardware-Firmware-Test integration triad and
information transformation. The Hardware-Firmware-Test integration triad results from the common
practice of breaking down the development effort into separate hardware and firmware development
cycles that must then be integrated, often with great difficulty. This integration problem gets
compounded because these two groups must also simultaneously develop EMS to test their designs.

Information transformation, the process by which test data is transformed into useable design
knowledge, results from a complex interaction between the human design engineer and other
participants in the development process. Information transformation activities consume 70% of testing
time.

This thesis investigates these two deeply rooted issues that all electronics manufacturers face, and
proposes alternative approaches. The new models hold significant potential to improve product
development effectiveness by simplifying the integration problem and speeding up the transformation
processes.

1EMS: system consisting of data acquisition, analysis, presentation and related tools.
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ABSTRACT

Firms increasingly compete on their ability to develop high quality products at
lowest cost possible and introduce them into the market in the shortest possible time.
Much has therefore been written about new product development (NPD) practices, but
few researchers have attempted to highlight NPD issues related to electronic industries
even though they are one of the major drivers of the US economy. Also few have
investigated the role of test equipment in NPD, though it plays a crucial role in assessing
design performance.

This thesis attempts to study NPD 1 m electronic industries, especially understand
the role of electronic measurement systems’ (EMS) in NPD. A qualitative research
approach, namely grounded theory, was adopted to guide data collection and analysis.
Four sites were chosen for collecting data, which were then analyzed using data coding
techniques.

Rigorous data analysis uncovered two major themes, the Hardware-Firmware-
Test integration triad and information transformation. The Hardware-Firmware-Test
integration triad results from the common practice of breaking down the development
effort into separate hardware and firmware development cycles that must then be
integrated, often with great difficulty. This integration problem gets compounded because
these two groups must also simultaneously develop EMS to test their designs.
Information transformation, the process by which test data is transformed into useable

- design knowledge, results from a complex interaction between the human design
. engineer and other participants in the development process. Information transformation
activities consume 70% of testing time.

This thesis investigates these two deeply rooted issues that all electronics
manufacturers face, and proposes alternative approaches. The new models hold
significant potential to improve product development effectiveness by simplifying the
integration problem and speeding up the transformation processes.

U EMS: system consisting of data acquisition, analysis, presentation and related tools.




CHAPTER 1

INTRODUCTION

New Product Development (NPD) activities, which involve conceiving new ideas,
designing and testing them, then creating a manufacturing system to produce them are
viewed as a major strategic competitive weapon (Wheelwright and Clark, 1992). Firms
increasingly compete on their ability to develop new products faster and cheaper; Studies.
have shown that firms who are successful in NPD, irrespective of the industry type, set
similar strategic goals: develop high quality products at lowest cost possible and
introduce them into the market in the shortest possible time. The ulth*;late goal of this
thesis is to help firms develop ‘better product development (PD) systems and processes to
meet these quality, cost and ﬁme (QCT) goals, as they are commoniy referred to.

To hel;; industries develop better PD systems and processes, numerous studies
have been carried out and multiple streams of research have developed. But few
researchers have viewed PD as a system and most of the studies tend to prescribe tools or
techniques to improve some aspect of PD. Few studies provide a combinations of tools,
techniques and processes that will optimize the PD system as a whole.

This research therefore takes a holistic view of the PD process and attempts to
first understand NPD systéms and processes at electronics industries. It then attempts to
highlight issues related to design-test and manufaptliring of electronic components in
light of PD systems and processes. Understanding proéesses and frying to.improve them

is important, as Deming said, process control not product control. On a similar note the
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basic premise of this thesis is to attempt to improve NPD processes so that the products
therefore will be that much better, be made on time, involve minimal waste and

ultimately be more profitable.

Why study NPD at electronic industries?

Much of the literature on PD has been born from case studies from automotive
and software industries. Few researchers have attempted to address NPD issues related to
electronics industries. Another reason for choosing this industry was many components in
automobiles, airplanes, consumer electronics; PC’s are electromechanical devices. The
industry as a whole has also grown tremendously and is one of the major drivers of the
US economy. Just like other industries it faces competition from firms from EU and Asia.
Firms from all over compete on their ability to develop innovative products. -
Improvements in NPD systems and processes will potentially offer huge gains to these

firms. Thus much could be gained from the study of NPD at electronic industries.

Contribution to recent NPD literature

Design, build and test (D-B-T) cycles have been given considerable importance in
PD literature and some recent studies have also shed light on them (Loch, Terwiesch and
Thomke, 2001; Thomke, 2001). But almost no one has attempted to look at the role that
test equipment plays in the PD process. Studying this role is important because in a
typical D-B-T cycle a desigh engineer designs .the part, prototypes it and then tests it
using test equipment, which then enables evaluation of the design performance against

product requirements. Once a proper determination is made the design engineer can
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improve the design and attempt to meet customer needs effectively. Carrying out such
tests and making a determination of the design performance consumes a n’iaj or part of the
development time and engineering effort and therefore making this task simpler or faster

could make the overall PD procesé faster.

Research questions

One of the major goals of this research is therefore to understand the role of
electronic measuremeﬁt systems® (EMS) in NPD. The questions addressed by this
research are:

0 What is the role of EMS in PD processes especially D-B-T cycles?
o What are the data usage patterns? |
o What is the relationship between the data geﬂerators and users?
o What is the role of software used in testing? and
o Whatis role of EMS in experimental strategies?
o What is the role of EMS in maﬁagement of engineering information at these
firms? |
These findings will help to prescribe in a limited way what new capabilities should be

and how EMS could help these firms improve their PD systems and processes.

The scope of this thesis was to understand the role of EMS in NPD, therefore data
collection concentrated on understanding when and how the EMS are designed and used.

This included understanding of how EMS are used to generate test data, aralyze it, store

2 EMS: system consisting of data acquisition, analysis, presentation and related tools.
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it and transfer it. Also data about all engi‘neering activities leading to and resulting from
the use of EMS Waé also collected. |

But to understand this data, contextual information was needed. Therefore data
~ collection was broadened to include product development ofganizations and processes.
This included information about the role of management, structure and comﬁunication
within teams, PD phases, activities performed within the phases, milestones, and detailed

information on D-B-T cycles. -

Thesis overview

The backbone of this thesis is data collected about PD systems and processes
from four firms involved in development and manufacturiné of electronics. The first is a
large corporation developing electronic test systems. Two of the firms are mid-size
corporations, involved in maanacturhg hybrid chips and fiber optics respectively. The
fourth firm is a small coﬁpany making dynamometers. - |

These four firms are diverse 1n terms of tfleir products, size and competencies.
Consequently the PD organization and processes they have in place fo desi gﬁ, test and
manufacture new products were also slightly different. But. this diversity Was
advantageous because it made it possible to generalize across the firms and investigate
PD issues that were common‘across all four firms. The themes that emerged and
discussed in this thesis are grounded in PD issues common across all four firms.

Chapter 2 reviews PD literature, which serves two purposes. The first is to enable
us to understand and appreciate current PD practices, including PD organizations,

processes and strategies. The second purpose of réviewing current NPD literature was to
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understand world-class PD practices pertaining to the goals of this research such as
flexible PD systems, information and knowledge management strategies, Concurrent
Engineering and Set-Based practices.

Chapter 3 describes the research methodology adopted to guide data collection
and analysis. It justifies the choice of qualitative research methods over quantitative
methods and describes the qualitative methods adopted, mainly grounded theory. It
explains in depth how this research was carried out, including choice of sites, data
collection through semi-structured interviews, and data analysis using various types of
data coding.

Chapter 4 describes the four cases from a standpoint of PD organization,
processes and experimental strategieé adopted by these firms including and the use of
EMS in D-B-T cycles. This chapter not only explains the subtle differences in the PD
processes followed By these four firms, but also generalizes across the sample and
highlights PD issues common across these firms. This chapter also provides the reader
contextual information for understanding the two themes described in chapters 5 and 6.

Chapter 5 describes a major integration issue faced by management at these four

firms. The Hardware- Firmware-Test integration problem occurs because these firms

‘choose to break down the PD effort into hardware and firmware development groups and

then have to integrate the efforts of these two groups. This problem gets further
precipitated because these two groups have to develop EMS to test their designs and also

coordinate development activities with manufacturing engineering. To resolve this issue
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set-based concurren;c engineering pracﬁce has been prescribed instead of the point based
concurrent engineering apprb'ac‘h.
Cﬁapter 6 describes issues related to information transformation that occurs after

testing a protofype. The most critical aspect of any design, build and test cycle is the

transformation of test data into useful information so that design performance can be

evaluated. This chapter explains the infonnation_transtrmation.process, and shows how
it consumes a significant amount of PD time. To improve the information transformation

process a new information management system is proposed that supports NPD.

This thesis is a result of intensive data collection and rigorous data analysis but

- yet should be treated as a preliminary investigation into the research questions. There are: . '

still many issues to be investigated and many other themes might emerge if more data is

collected from many more firms.




CHAPTER 2

LITERATURE REVIEW

Literature on new product development (NPD) is extensivé, fragmented and ever
growing. Several researchers have attempted to classify NPD literature into different
streams. Brown and Eisenhardt (1995), for example, have classified literature into three
streams: PD as a rational plan, communication web and disciplined problem solving. But
in view of understanding the role of Electronic Measurement System (EMS) in NPD, no
one stream of NPD literature was pursued, rather literature prescribing best practices in
NPD was reviewed. As the grounded theory study progressed certain issues of NPD
became more relevant to th_e research problems and so literature relatiﬁg to information
and knowledge management, new PD practices and experimental strategies Wés also
reviewéd. |

Rather than presenting a comprehensive review of thé literature tﬁis chapter
highlights important issues and concepts considered for this research. The first section of
this chapter establishes the need for NPD and outlines measures of successful NPD. The
second section explains how these success factors contribute towards establishing world-
class PD systems. The third section outlines how this research contributes the current

body of knowledge on effective NPD practice.




Need and measures for successful NPD -

The current electronics environmént is perhaps best described as ‘turbulent’, very
’i‘nte'nse and dynamic. The major factors or forces causing this are (Wheelwright and .
Clark, 1992):

o Intense competition: Just like in all other businesses the numbers of competitors
that are capable of comp‘eting on a world class level in electronics and hi-tech
have increased multifold. The list of a firm’s toughest competitors now includes
firms from Europe and Aéia‘ thus makirig the competition‘is more intense and
less forgiving.

o Fragmented and demanding markets: The target markets for electronics are not
limited to developed nations but also developing naﬁons, which have. nowh
become more accessible and hold huge potential. Firms now have to serve
customers with diverse expectations who ‘ne.ed quick and easy solutions to their .

" problems. |

a Diverse and rapidly changihg technology: Rapidly developing and chaﬁging
technology also creates options to meet .the.needs of the changing markets. The
challenge lies not only in the development of these technologies but also in being
able to commercially harness them.

To survive and grow in this turbulent envifonmgnt ﬁms compete on their ability
to meet cusfomer needs faster apd':efﬂciently.lNPD has therefore become a focal point of

competition and a potential source of competitive advantage (Clark and Fujimoto, 1991,
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as quoted in Brown and Eisenhardt, 1995; Anderson, Tushman and Reilly, 1991). '
Designing, developing and marketing a new product involves an integrated effort from all
functions within the firm and also its custoﬁlers and suppliers. Management_‘al'so has to
radically fethink the ﬂrm;s systems, structures and values aﬁd establish NPD systems and

processes that can help meet customer needs effectively and efficiently (Wheelwright and

Clark, 1992).

Measures of successful NPD

Success in the market is judged by how well ‘a’new product meété cost, quality
and time (CQT) goals. Quality refers to total product quality encompassing reliability,
functionality and customer satisfaction. Developmental processes have a great bearing on
the budget needed for developing the product which taken together with cost of
manufacturing the product makes up the total cost of the product. The total cost of the
product should be competitive with that offergd by other firms. Consideration of time to
market is crucial to the success of the product because theré is always a window of
opportunity within which the market needs can be fulfilled profitability. The time span
from product concept to market should therefore be as short as possible to enable a firm
to take advantage of the opportunity.

Conventional thinking would call for tradeoffs between the three imperatives, but
that is no longer feasible in the current environment. All three mmperatives need to be

optimized to succeed in NPD and ultimately in the marketplace.
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Organizational structure and leadership

The organizational structure for NPD commonly consists of top management
providing the vision and resources and middle management directing and coordinating
the activities of a cross-functional team that carries out tﬁe design and development
activities.

Top management: Top management plays the primary role in the development of

organizations and has a similar role to play in the NPD effort. If any ﬁrm has to position
itself in a way that it is capable of designing and developing products that meet QCT
goals consistently, then the change should happen first at the organizational level. This
organizational redesign has to be led and managed by top management (Nadler and
Tushman, 19975.

New role of top management: Literature in NPD directs top management towards

two crucial tasks in organizing for NPD. They are defining a clear vision and
communicating that vision through the organization.

a Clear vision and charter: Every effort needs a clear vision and the best way to

capture the mission precisely is to have an explicit and measurable project
charter. This charter should set broad performance based goals and a timeline for
these goals (Clark and Wheelwright, 1992). Every function or development team
should be able to translate the overall goals into targets, work plans and set their
own evaluation criteria.

o Communication of the vision: Communication of the vision to each individual in

the firm (or development team) is important and this should be done through
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multiple media, and should be thought of as both a telling and selling activity.
The vision should be communicated as real, visible and concrete lc;ng—term goals
and not as the program of the month. This provides leverage points for changing
individual behavior. The communication should not be a one-time event but
should occur repeatedly to prove the commitment of top management towards

the set goals.

Role of Middle management: The role of middle management also chdnges with
the change in the organization structure. From being heads of functional groups in the
past, middle level managers faces new challenges as team and project leaders.

o Link between customer and team: The team leader should be the direct link

between the market/customer and the development organization. This involves
knowing the market well, studying market data and being a multilingual
translator (Fleischer and Liker, 1997). Multilingual translator means being able
to translate the market data to information understood by all functions involved
in development effort.

o Project mahagement: The team leader should be able to translate the overall

goals into team goals and accordingly initiate, direct and coordinate team
activities, and maintain schedules.

o Concept champion: Success stories at many leading firms have highlighted a

new role for project managers; that of a concept champion. Team leaders have

been found to be most effective when they were working engineers and
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guardians of the new idea or concept under development (Clark and
Wheelwright, 1992). They should ensure that decisions' made are consistent and
harmonious with the con.cept goals and themselves act like mentoré to the other
engineers involved in the development effort. This requires team leaders to have
a blend of leadership, engineering and mentoring skills, which not only ensure

that the goals are met but also that the other engineers grow in experience.

The new roles of top and middle management discussed above are consistent with
anew concept ;:alled ‘compressive management’ (Nonaka, 1988). In compfessive
management, top management is responsible for determining the overall direction of the
firm, establishing the vision and setting time limits. They also select the middle managers
to head the projects and lay the foundation for the lower organizational structure (teams).
The middle management organizes the project team, breaks the overall goalé mto team
goals and sets a timeline. The team is given autonqmy in its working while being.
constrained by targets and a timeline (Nonaka, 1988). The team organization, working,
tools used and the process of design and development is explained in detail in the

following sections.

Team organization: Most engineering organizations can be classified into several

types of structures:

o Functional organization: Management organizes the employees according to the

functions that they serve in the organization. The functional departments for
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Cross-functional PD teams: Described above are some of the common types of

organizational structures, but responsibility for compléting PD projects and meeting CQT

goals lies with PD teams. Such PD teams commonly consist of people drawn from

different functions for the period of the project and headed by a project manager / team

leader who is responsible for the final outcome of the project. The team members use

their individual expertise to aid development of the product and dedicate their time to

single or multiple proj' ects. The rationale for cross-functional teams is explained below

(Nonaka, 1990):

a

A cross-functional group can produce more product design ideas than a single
person.

Common goals can be set, with collective responsibility for product success.
Functional expertise brought together paves way for better coordination and
appreciation for other functions.

Problem solving, which is key to product development becomes easier because
functional barriers are broken down easily resulting in better relationships and
compromise rather than confrontation.

Performance evaluation is simpler because it can be linked easily to the
performance of the project.

Activities can be run in parallel rather than sequentially and this supports the
principles of concurrent engineering. (The relevance of concurrent engineering

(CE) has been addresses later in this chapter).
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Two of the most distinct structures commonly observed in NPD are heavyweight

and lightweight team structures.

o Heavy weight team structure: A senior manager who has expertise and

experience beyond that of functional managers heads a heavy weight PD team.
The team consists of people drawn from functional groups, dedicated full-time to
the project and co-located for the duration of the project (see Figure 2.5). Such a
team identifies itself with the product and a we-spirit exists that drives them to
do what it takes to ensure the success of the project. This structure represents a
system solution to product development wherein the team members try to ensure
that support activities are made available, schedules are adhered to and quality
standards are met. The effect of such teams is not always positive on the
organization. Sometimes the members tend to get over involved in their own
project and do not look at the broader causing possible priorities clashes.
Functional expertise usually suffers because very little time is spenf within their
functional departments and there is little knowledge amplification beyond the

scope of the project.
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are not equally effective (Galbraith, 1973 as quoted in Sobek, 1997). In other words
contingency theory says that organizing is based on a number of contingency factors such
as uncertainty and diversity of the environment, task characteristics and organization site.

Contingency theory is relevant to PD because it considers organizations as system
consisting of many parts and these parts must fit well for the system to work effectively.
In the same way product development systems may also have many interrelated parts and
care must be taken to. ensure that the parts fit well together. On such means of integratiﬁg

is effective communication.

Communication: Communication, both within the team and with management is

important to the success of the project. Perhaps the most common mode of
communication in PD is a meeting. Meetings range from e);ecutive briefings to team .
meetings aimed at cost, schedules, technology issues resolution.

Some of the other forms of communication found to be highly effective through
numerous studies are personal face-to-face communication and written communication
(Court, 1997; Lynn, et al., 2000)

o Face to face communication: In the experiences of many leading firms face-to-

face interaction is the richest and most effective form of communication (Court,
Culley and Mcmohan, 1997). This form of communication is appropriate for PD
and one of the main reasons for collocating team members is to .ensure greater

ease and frequency of this form of communication. Face-to-face communication
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allows for good interaction between team members and does away with
ambiguity.

o Written communication: Scheduling a meeting to hammer out each and every

issﬁe is neither feasible nor practical. Written communication therefore is
equally essential and complimentary to face-to-face communication. Whenever
an issue requires cross-functional coordinatipn an alternative strategy to face-to
face communication is to write a rebort ﬁresentiﬂg the diagnosis of the problem,
key information and recommendations theit is then distributed to all concerned
(Sobek, Ward and Liker, 1998). The recipients can then offer feedback on the
.report via another report and any disagreements can then be then hammered out
in a meeting. For written communication to work effecﬁvely 'the'syﬂrstem needs to
| be designed such that key infomiation is transmitted efﬁcieptly. Stahdardizatiéri
the format of Wﬁtten communication can help ensure efficiency. Such methods

can be taught and mastered over time.

For any PD system to.be éffective it must émphgsize both face-.t'q-facey‘aﬁd written
. communication. IT offérs new avenues fér commﬁnication such as e-mail and
networking and both of these have proven to be very convenient (Court, et al., 1997).

- Communication is also an integral part of information management and is dealf in détail

in following sections.
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Suppliers

Suppliers play an important role in ensuring an efficient PD process. The
supplier’s role can extend from suﬁplying raw material to designing and developing sub-
systems of the product. Literature suggests suppliers are extensions of the PD team since
firms who have fonnulat_ed such strategies have benefited immensely in terms of NPD
performance (Brown and Eisenhardt, 1995). So any strategy for the team should include
one for the suppliers also. Some issues related to supplier management are highlighted
below:

o Long-term commitment: If the firm has to demand a bigger role from the

suppliers then it has to ensure that suppliers are also satisfied. This involves
ensuring long-term business based on performance. Commitment should be
visible, i.e., the engine_ers from the firm should help the supplier in improving its
systems, which may involve giving technical help or educating them about the
latest tools and techniques. This helps to bring the level of the suppliers closer to
the customer firm in termé of technology, knowledge and quality.

o Early involvement in NPD process: Active supplier involvement in the PD

process has been stressed in all recent NPD literature. To benefit from the

supplier capabilities the supplier should be involved in the NPD process right

from concept devélopment (Clark and Fujimoto, 1991 as quoted in Likér,

Kamat, Wasti and Nagamachi, 1995). Im}olvement should include educating the
| supplier about the NPD process, defining his role clearly and spelling out the

performance parameters. A policy of ‘target costing’ could then be adopted, i.e.,
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working back from the cost of the vehicle and what the cost of the sub-system
can be (Liker et. al., 1995). This is the target cost given to the supplier and the
purchasing engineer and the supplier therefore knows the cost restrictions. Any
cost savings on behalf of the supplier are then treated as a bonus and are shared
by both.

Black box sourcing: First tier suppliers should be given total responsibility for

the supplying the sub-systeﬁis and meeting the C-Q-T targets for that sub-
system. The parent firm should enhance design and development capability so
that the supplier can design the sub-system from the overall system requirement
given to him. This is known as ‘black-box’ sourcing wherein the system
requirement, space, performance measures, and interface requirements are
defined and the supplier is responsible to design, develop and test the sub-system
to meet those requirements (Liker et. al, 1995). The design requirements are
articulated precisely but the design is left up to the supplier. The supplier is also
responsible for the second tier suppliers and all the procurement and quality
issues. The PD team should also ensure that the supplier knows the NPD process
and the deadlines for the project, which helps the supplier understand his role
more clearly.

Information management: Information sharing is encouraged in such close firm

—supplier partnerships. Relevant information is passed onto the supplier during
development, the supplier is encouraged to share the unique findings during

developinent, and document lessons learned. Real time electronic information
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sharing is stressed and found beneficial from success stories of many firms
(Court, et al., 1997). The supplier should grow with the firm in terms of design
and development capability and this can help to improve the relationship

between the two even more.

Manufacturing capability

The ability to make things rapidly and efficiently and transform materials into
components and assemblies is a major source of competitive advantage. it has been
highlighted in numerous studies that manufacturing remains an integral part of the PD
process (Clark and Fujimoto, 1991; Cusuinano, 88). Manufacturing plays two major roles
in the NPD process. First, it is responsible for the prototyping and secondly for ramping
up for pilot and final production. Traditionally firms follow ‘serial engineeﬂng’ in which
manufacturing is not considered integral part of PD, and the PD team Hands over
documentation and brings them up to speed once the development activities have ceded
and the design is frozen. This ‘over the wall’ approach leads to numerous problems, two
such common problems are:

a Waste of time and effort' in handing over the design and bringing manufacturing
up to speed.

0 Design For Manufacturing (DFM) principles are not applied during Sesign and
development and consequently manufacturing problem get highlighted during

pilot production.
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Consequently the costs and effort involved in desi gn changes at this late hour ;dre
considerable.

Serial engine.ering is a now considered the old way of developi-hg products, while
concurrent engineering (C.E.) is the dominant model. To cut development time and cost,
CE prescribes manufacturing activities to run in parallel with design activiﬁes rather than
sequentially. Phasing of the manufacturing activities should be such that they run in
parallel with the activities of designers. This helps early problem solving and knowledge
sharing and learning while the development is in progress. (CE and overlapping of
éctiviti'es will be dealt in-depth in thé next ;ection). Communication both downstream
and upstream is important to the development-process. The designer should actively
communicate to manufacturing while the design activity is pro gressing to help
?nanufacturing gain an early start on developing tools and processes. Communication
between manufacturing and designers is important during prototype building and testing,
so that manufacturing can a}so start developing test systems for testing piiot and
prodﬁction parts.
| Recent literature (Thomke and Bell, 2001; Thomke, Loch and Terwiesch, 2001)
also recommends using early prototypes as learning and problem-solving tools. The
earlier the .prototypes are built and tested, earlier the problems in the design will be-
highlighted and consequently lesser will be the problems downstream in the PD process.

Since manufacturing has to finally manufacture the product they should take the

lead along with design engineers in developing processes that enable early prototyping.

Manufacturing working in parallel with design and test engineers could also make use of
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finite element analysis and simulation tools to judge design performance and highlight
manufacturing issues early on. Learning from the prototypes and using then to solve
manufacturing problems could help shorten the pilot product stage and lessen time to
market. |
Manufacturing capabilities are crucial to the entire PD process. The success of
product development is affected by how fast prototypes are built and how fast the final
product is manufactures and shipped out. Therefore the PD process should focus on faster
prototype development, integrated problem solving with manufacturing and faster
learning. This can be achieved by adopting the following strategies:
a Early énd active involvement in the designing process. |
a Stress continual ma.nufacturihg process improvements rather than radical
changes ‘in manufacturing technology. Continuous process improvements should
be aimed at making manufacturing processes more efficient and with lesser
variability. This runs in parallel with the teachings of JIT and TQM.
0 Since suppliers also play a critical role in prototyping and production,

* developing stronger supplier relations and involving them in the process helps
shorten development timé. Direct and early interaction between manufacturing
and suppliers to ensure common understanding of the product and also to ensure
that p;oblems pertaining to both the product and logistics are solved sooner

rather than later.
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Technology

Te;:hnolo gy is the fifth and one of most important inputs to the development
process. Technology is a generic term to describe the tools, software and information,
technology systems used by the PD team to carry out their engineering activities.
Information and knowledge management are important considerations because they have
been highlighted in many studies as key factors contributing to competitive advantage in

NPD.

Data, information and knowledge and their management: These terms tend to be

used rather synonymously, but they are different. Data are raw numbers or facts that have
not been organized or interpreted (Coﬁrt, 1997). Information is data with meaning
éttached to it so that it can be interpreted. Knowledge is the state of knowing. Knowlédge
is conmected to the mental activity of recoding and understanding data and information
and applying it to useful tasks (Court, 1997). |

Knowlédge as an organizational capability has been recognized only recently
(Quinn, Anderson, and Finkelstien, 19§7; Nonaka, 1990). This organizational capability
is firm specific and grows within the firm through the process of learning that takes place
through everyday engineering activitiés. Knowledge has the potential to become a major
source of competitive advantage if harnessed properly. This implies that knowledge
needs to be developed and applied effectively in NPD to effectively meet the QCT goals.

To be able to apply knowledge the first thing to do is to understand conceptually

how knowledge is an organizational capability. Figure 2.7 displays knowledge as an
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organizational capability consisting of multiple layers (Kusunoki, Nonaka and Nagata,

1998). These three iayers are:

o Knowledge base: This layer consists of functional knowledge, which lies in
individuals, groups, technologies, databases etc. This is the local knowledge

residing within all the elements of the firm.

o Knowledge frame: This layer captures the structures and frameworks that bind
the individual knowledge bases together. It consists ‘of stable organizational
structures and patterns in within which knowledge is transmitted and received.
e.g., the project team. It is related to the formal and informal links existing
within the organization e.g: techrﬁcian reporting to. an engineer.

o Knowledge dynamics: This layer captures the dynamics of the interaction that

takes place both between individual knowledge bases and frames. It involves the
coordination and communication and so is related to the process of design and

development.
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members, understanding of others function etc. These knowledge dynamics have the
greatest effect on the performance of PD. Removing barriers to communication and
having a system for communication and coordination can potentially enhance these -

capabilities.

Information management and information technology: Two aspects of
information are important to PD, the access of information and transmission of
information. The ease and effectiveness of this information flow determines the
performance of the development activities in the design team. Flow of information takes
place within the team and to the external environment. Infonnation is also generated thru
the interaction with the different design and development tools that are commonly used in
the PD environment. The most commonly used tools are:

a0 CAD/CAM/CAE: computer aided design/ manufacturing/ engineering.
o CIM: computer aided manufacturing. |

0 MRP: Material reqmr"ements.plannjng.

o EDM/PDM: electronic data management / Product data management.’
0 FEA: finite element analysis.

These systems are designed with the purpose of helping the PD engineers to do
their jobs more efficiently and improve the use, flow and quality of information. These
systems are all linked via the network to PC’s on workstations; this helps access, storage
and retrieval of information. These tools linked to the system are supposed to reduce lead

times, help get designs right the first time, reduce overall cost of design and development,
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better use of information and aid communication. Information technology (IT) is one
means of effectively combining these systems so that they effectively help engineers do’
their jobs better and faster. IT helps integrate some of these tools to facilitate day-to-day
activities and ensure availability of relevant information.

Though these systems do achieve what the-y are designed to do as recent studies
prove that they are not completely effective in aiding information management
(McDermott, 1999). Many issues need to be addressed before information technology
(IT) systems can be designed to manage information. These issues are briefly explained
below:

o Capture soft information: A good information management tool should be

capable of capturing soft information Whigh consists of data and knowledge that
lies in the minds of engineers and on notes, comments etc that are never formally
put on paper. This information is related to problem solving and decision-
making that is built through experience and interpersonal interaction during
design and development. This type of information should be channeled into the
PD system; otherwise it resides with the person and will néver enrich the
organization (Court, 1997).

0 Aid interpersonal communication: Interpersonal communication has been

1dentified as one driver of knowledge dynamics (Kusunoki, et al., 1998) and
should therefore be encouraged by the information management system. Both

face—to-face and written communication is important to PD and any information
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management tool or system should aid the interplay between these two types of
communication and lessen ambiguity (Court, 1997).

Accuracy and completeness of information: Information is most important for

decision-making that occurs repeatedly during NPD. Studiés have shown that
structured decisions are taken based on experience, knowledge and information
(Couﬁ, Culley and Mcmohan, 1997). Most importantly good decisions are taken
when the information provided is accurate and complete in all aspects. When the
search for information decreases then decisions are made faster énd better. The
IT system should therefore be capable of providing accurate and complete
information.

Timeliness of information: Engineers are always under pressure to complete

tasks on schedule; therefore engineering hours should be utilized wisely. Studieé
have shown that engineers spend‘ majority of their time either waiting for or
searching for information (Court, et al., 1997). If information can be made easily
accessible and available in a timely féshion then most engineering activities will
become efficient (Court, et al., 1997). Databases are good means of providing
information, but for them to be effective, the latest updated ‘inform'ation must be
made available easily.

Presentation media and format of information: Information gets processed during

each engineering activity and so engineers must be provided with a wide range
of presentation media. Engineers should also be trained about the

appropriateness of each media and how best to use it. Studies have shown that
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The symbiotic network is a tailored cooperative working environment, which
supports the members in sharing information, exchméng ideas, and presenting and
solving problems. How this interpretation is to be done is important and the interpreter
can show his/ her interest directly to the expresser. The information created during real
time could then be refined by the initiator and stored in thé Knowledge base. Since
knowledge is difficult to formalize and interpret by a third person, the people with
knowledge are the direct integrators in the system. Middle management helps tailor this
working environment to suit the needs of the people involved to meet the goals éet by top
management.

Expressible knowledge is stored in the knowledge base. This knowledge base is
composed of engineering information server, a dataBase server and a WWW server.
These are linked to the symbiotic server. The database server helps manage the product
data, process data and organizational data. The WWW server enables the users to access
the web for external data.

The communication basis is the internet based communication channel, which
provides communication services for all the information flow. The Internet has a big role
to play in this model and remains the base for the entire network. Its role is both internal
as well as external in this model and is one of the enabling technologies for this rhodel.

Once such a system is put into place it will potentially make information and
knowledge management more effective and the top management will be able to

communicate to engineers using the middle managers as agents. Thus the system could
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A typical PD process has a number of phases consisting of specific development
activities.

0 Planning: In this phase management identifies a certain need from marketing or
other sources and propdses development of a new product. Management then
assigns a project manager/leader to the product who is then responsiblé for the
project from concept development to product launch. They commonly decide the
budget and launch dates.

a Concept development: The project manager puts cross-functional team together
and outlines the project plans and schedules. The PD team then develops a
concept of the new product and test it for economic and technical feasibility.
Some preliminary designing and definition of product architech;.re may also take
place. Once the concept is proved, detail work plans made.

0 Designing: The designers in the team start designing the product and make
blueprints and bills of mateﬁals. The prototyping and testing activities are also
initiated and the design is reviewed and finalized. The design files are then sent
out to a vendor or to in-house manufacturing for prototyping.

0 Testing and refinement: The prototype is then tested for functionality and
performance and the design is refined beised on the results. Many such design-
build and test cycles take place until the design is proven for all the performance
parameters. Then the design is frozen and all the designs, activities and results

are documented.
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O Pre-production: The development organization then hands over the

documentation over to manufacturing who then start developing their tools and-
processes for pilot production. The development team helps manufacturing in
problem solving, while the pilot product is planned. The product is tested and
refined if necessary for aiding manufacturing. The development activities are
then signed off and the product is ready for launch.

Gates are management reviews after every phase where the findings and results of

that phase are presented to management. Management reevaluates the feasibility of the

project and decides whether to proceed into the next phase or not.

New strategies for PD process

There are however several inherent problems in the phase-gate PD process. The

phase —gate process consists of gates that serially follow the previous and the process is

somewhat similar to serial engineering. It also propagates structured development

activities with little flexibility. The current markets however are volatile and dynamic as

explained in chapterl. This requires a PD process that is flexible, fast and more effective

than the phase-gate PD process. Researchers have therefore investigated newer strategies,

such as:

Q

Overlapping stages and flexible NPD process

Frequent and early experimentation

Quick turnaround on prototypes

Testing strategy consisting of mix of sequential and parallel testing.

Use of set-based C.E.
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0 Design standards and engineering checklists.
o Flexible work standards
The new étrategies have varying effects on PD performance and have been
discussed in-depth in PD literature. The following discussion focuses on the aspects of

these strategies with strong relevance to the research questions.

Qverlapping of stages and flexible PD process: The traditional model of
development, which consists of structured development stages ;'md sequential phases, is
- obsoletein a turbulept market environment. The traditional phase- gate process was
sequential, in which the concept would be aecided, drawings made and the concept
frozen, before it went into prototyping and testing (See part (a) of Figure 2.10). But this
sequential process is inadequate in a turbulent environment where markets change rapidly ‘ | 1
an(i new technology cycles are emerging rapidly. If the process is frigid and structured
then it will not be' able to respond to the new information and will lead to obsolete
product (Iansiti and McCormack, 1997). .

The PD teams can no longer focus just on trying to finish every stage as fast as
possible to ensure speed of implementation (lansiti, 1995). Time To Markét (TTM) still
remains the top priority of the development process and effortsneed to be made to reduce
total lead-time, but speed becomes a subtler concept. This is because total lead-time
consists of two elements: concept lead-time and development lead-time. The concept
lead-time is the window of opportunity within which new ideés, concepts can be
incorporated, and so this window of opportunity must be left open as far as possible to

absorb emerging information (Iansiti, 1995). The developr_neht lead-time is the time in
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overall TTM is reduced. The flexible process accepts the cross-functional team approach
but goes beyond this and suggesté the simultaneous implementation of conceptualization
and development. Concurrent engineering also prescribes a phase gate PD p.rocess in
which the phases are separated distinctly (Iansiti, 1995), ‘the flexible process goes one
step ahead and calls for overlapping of the phases. A flexible PD process requires better
managerial skills, frequent design iterations, information absorption and a system-
focused approach to the development process.

| But overlapping of phases is not suited to all PD project and management needs to
decide first whether to overlap PD stages at all. If they do de;:ide to adopt a flexible PD
process then they need to determine the amount of overlap before the project can
progress. Overlapping is justified if the surrounding system consisting of the
development team, design-build-test (D-B-T) strateglles and information management
system support it. Another factor to be resolved is design uncertainty and if the PD
process does not have a strategy for uncertainty resolution then the cost and effort of
rework may outweigh the benefits of overlap. Also overlapping works best if the system
supports early experimentation and information assimilation that allows for designs to be
changed earlier in the process and less frequently later on. If uncertainty can be reduced

faster then more overlap can occur and the product can be developed even faster.

Frequent and early experimentation: Recent studies have also highlighted that

frequent and early experimentation and subsequent learning could contribute significantly

to effectively meeting the QCT targets set for NPD. Experimentation involves building
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the prototypes, developing the test system, testing the prototype and analyzing the results
of the test data. If g.ll these acti_vities cén be reorganizéd and reciesigned SO tha"c they are
accomplished faster the process of experimentation could occur faster, thereby reducing

development time.

Prototyping: Using a combination of new technology and proven te‘chno‘logy,
new prototypes can be made faster (Thomke, 2001). New technology includes the use of
rapid prototyping and unconventional manufacturing techﬁques. Sub-system prototypes
should be made early on in the process so that they caﬁ be used as learning, tools.
Prototypes must n01; I;e, made for killer” tests but for z;. gradual procéss of learning and
redesigning. Frequent in-house prototypiné also enables manufacturing problems to be
highlighted early on in the process rather than have to bear the cost of expensive design
changes later on (Loch, Terwiesch and Thomke, 2001). One study showed that early

prototyping and testing increased PD performance up to 40 %.

Testing: Testing involves two major activities, testing the prototypes or
controlled‘experimentatibn and analysis of the test data. Thomke and Bell (2000) have
defined three types of ‘vtests, completely overlapping, partially oVerlapping and

independent tests, as seen in Figure 2.11.
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Parallel testing on the other hand speeds up the development process and also
allows for multiple solutions to be tried out for solving the same design problem. Parallel
testing more closely supports the flexible PD process by allowing more opportunity to
test different solutions and learn more before a certain design is selected and frozen
(Loch et al., 2001). Uncertainty resolution early on is important to maintain a flexible PD
process and parallel testing helps reduce uncertainty to a great degree.

Parallel testing increases complexity in the design process because it requires
design activities to be carried out in parallel and is best applied when the design is
modular. Costs associated with parallel testing are also considerably more as compared to
sequential testing and parallel testing also puts a greater strain on human and testing |
resources for its successful implementation.

So the best strategy for management is to balance the costs of the test with the
value of the new and early information. Cost of building a prototype depends on the’
technology and resources available, degree of accuracy of the prototype needed and the
fidelity of the test. Learning incorporated after every test depends on the skill and
knowledge of the desig11er, quélity and timing of feedback, and solution landscape (Bell
and Thomke, 2001). Considering these and other factors certain guidelines have emerged
regarding the choice of strategy:

0 When design is modular then conduct parallel testing, if not modular then test
sequentially.
o If development lead-time needs to be reduced, test in parallel.

0 When tests are expensive, test sequentially.
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o Sequential design takes too long: Carrying out engineering activities that are not
dependent on each other in parallei is obviously faster than doing them éeﬁélly.
Engineers don’t have to wait for a task'to be completed before starting his/her
own. Shorter feedback loops allow tasks to be adjusted rather than having to wait
till the task is completed before adjusting your own.

0 Product design cannot be finalized until its manufacturihg is defined: If
manufacturing engineers are not part of the PD team then manufécturing issues
will not get highli-ghted before detail design or design completion. Consequently
changes in the design late in the developmen;c procesé will incur cqnsiderable
cost and effort. |

o Sequential procesé commonly results in poor design: In a sequential process the
design will undergo numerous changes when problems are identified when the
design moves from one function fo the other. When the formal deadline for
release is reached the design will still be flawed and customers will therefore be
left unsatisfied.

These are other disad\{antage.s of serial engineeriﬁg are well understood by all the
firms and so they choose to adopt C.E. But the C.E. adopted by these firms was justa

refinement of the point-based approach (illustrated in Figure 2.12).

Point-based concurrent engineering: Sobek, et al., have pointed out that at most

American firms one function designs the product (e.g. styling engineering) (1999: 69).

They decide and freeze the concept early on from their perspective, which-meant that the
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entire design space was never mapped. They then test the design and seek input from
other functions on the team during data analysis. Eveﬁ though a team jointly designs the
product, in reality only one function creates the conceptual design. This process therefore
does not differ very much from the point-based apbroach for two reasons. First, the team
is focusing on one solution and iterating on one design only. Secondly, each function is
offering inputs, which may or may not be compatible to each other or even detrimental to
system performance and so there is no theoretical guarantee that the process will ever ~
converge on an optimal design. Rather the PD team has set timeliﬁes for the developmen;f
activities even before the first D-B-T cycle takes place and therefore chooses a quick
solution that satisfies everybody, which may not be the optimal solution. In contrast
Toyota’s SBCE system in follows C.E. in the truest sense. At Toyota different functions
create and test different concepts concurrently, contihuously interact with each other so
that they gradually converge onto one optimal design.

But the proc;:ss of point-based C.E. is not corﬁpletely detrimental to firms
developing new products. A recent study in this area (a study conducted by Terwiesch et
al. 'as quoted in Sobek, Ward and Liker, 1999) has shown that iterative strategies are well
suited when the design iterations are fast, the cost of rework is low and the quality of the

initial starting point (i.e., how close they are to the solution at the first try) is high.

Toyota’s Set-Based Concurrent Engineering process: In Toyota’s SBCE process

the design participants reason about, develop and communicate sets of solutions in

parallel and relatively independently (Sobek, Ward and Liker, 1999). As the PD process
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determine the primary constraints on their system, what can or cannot be achieved or
what should or shouldn’t be achieved based on experience, experimentation; testing and
analysis or through external sources like lead users (customers) or suppliers. To help
decide among these alternatives they explore tradeoffs by designing, prototyping, or
simulating alternative systems. Then these sets of ideas are communicated to the other
functions. This process emphasizes on learning rather than on arriving on a design
solution

Principle 2: Integrate by intersection: As these functions begin to understand and

appreciate the consideration from their own and others perspective they attempt to
integrate systems by idenﬁfying solutions workable for all. Teams try to look for
intersections where the feasible region of their solution sets overlap. But then, rather than
taking key decisions that most American companies do to simplify the interéctions,
Toyota im;;oses just the minimum constraints needed at that time. This sustains flexibility
in the process for further exploration of ideas, imprlovements and adjustments as and
when they are ﬁeeded. This reflects the different approaches taken by American firms and
Toyota. Most American firms believe in making decision early on so that confusion is
avoided, on the contrary Toyota believes in making decisions in its time, thus leaving the
design open to changes and tradeoffs from the new information generated Via continuous
experimentation and interaction between team members or from external sources. (e.g.,
the market or technology might change over the period of development and so if some
level of change can be incorporated in the design then market risk is reduced). Pioneer

researchers in the field of SBCE have also argued that PD teams have less chance of
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getting locked into a sub optimal solution if they impose just enough constraint to
function properly while allowing enough room to adjust and optimize (Sobek, et al.,
1999) |
Principle 3: Establish feasit)ili‘g[ before commitment: Sobek, et al., also view
Toyota’s entire SBCE as a system to fulfill this third principle, i.e., to ensure that designs
are feasible before committing to them (1999: 74). Some of the ways in which Toyota
ensures feasibility are by gradually narrowing the sets of solutions while increasing
detail. The process not only involves generation and communication of ideas but also a
decision process that gradually eliminates possibilities until the final solution remains. As
these sets of solutions become narrower the ideas within the sets grow sharper and
“detailed designing and prototyping is undertaken. This process of narrowing solution sets
through experimentation runs in parallel and communication goes back and forth unﬁl

each function converges on a solution that integrates with the overall system.

But this process cannét go on forever because every project has a time constraint.
So the PD team stays within this narrowing funnel and attempts to make the design more
robust. To any outsider the PD system at Toyota will be viewed as a system that has
uncertainty and ambiguity. But Toyota adopts a u-nique technique to control the process
by managing this uncertainty at the process gates. Rather than viewing the PD process as |
a network of tasks and timing the information flow between tasks, Toyota views it as a
continuous process where structured information is transferred as and when needed. The

PD gates are not merely used for review of the project progress but rather for integrating
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the ideas from the different groups, reducing uncertainty and converging on a detail
design. |
Even though SBCE is not a recipe to overcome the shortcomings of current C.E.
practices it does contribute to effective PD practice. The discussion of point based CE :

‘and the improvement offered by SBCE is discussed further in chapter 5.

Engineering checklists and design standards: Information is the output of all

these tests and information needs to be leveraged in order to support decision-making and
problem solving. Data generated from these tests needs to be analyz‘ed:and not only
stored but also converted into useful information to be used later or for other subsequent
‘projects. One major gain is that if this information is modeled properly can become a
living design standard. These design standards can then be used as checklists for all
products and also a good focal poin;c for design reviews. .

Detailed checklists guide design engineers throughout the designing process and
most impértantly are useful for design reviews. If these standards are updated and well
put together then if the new part meets these standards then its ﬁnctionality,
manufacturability, quality and reliability are assured to a certain degree. These checklists
also facilitate organizational learning across different NPD teams within the firm. When
new knowledge is encountered it is aiosorbed into the. cilecklist and applied across the
firm and becomes the new design standard (Liker, Sobek and Ward, 1998). To make this
system work effectively, the responsibility of maintaining the checklists is the

responsibility of the NPD team and the information i$ only ironed out by the central
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organization. This takes care of the bureaucratic procedures that always hamper

information flow.

Flexible work standards: Another important factor that contributes to the flexible
PD process is flexible work standards (Sobek, et al., 1998). Traditionally work standards
were specified and detail work processes defined in the project plan. Every activity was
decided before hand and coordination was defined. But this process designed was
designed by the centrél organization and was toy be followed by all development teams.
This means that the processes were never representative of the actual work that happened
in every project that was unique to it. Rigid processes and systems also curtail innovation
and creativity within the team and the ownership liés with the central organization and
not the team, which is more important. |

A more suitable approach to aiding the flexible development process is to define
the system requirements and design gﬁidelines and leave it to the development team to
adopt their own procedures that best suit the project. The development team is provided
with a broad understanding of the requirements and deadlines through simple plans that
encourage flexibility in the actual development process. The engineers and project
manager then devise their own plans and strive for continuous improvement. Team
members should define and redefine their own processes until they arrive on an optimal
strategy for the project at hand. These strategies should then become standard operating
procedupes for the team throughout the development pro‘ce‘ss until something better is

proven and adopted. These strategies are not adopted based on people’s whims but rather
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need to be proven by scientific methods to be significant in shortening the development
time and effort.
Also since the team makes their own standards they are more likely to follow
them and improve them for the teams benefit. Thus dev'eloping the product and also the

development processes remain the forte of'the development team.

Current PD literature and research guestions

The product development literature presented above covers a broad range of
issues such as PD processes, management and technology issues. But most of this
literature has been born from studying automotive, aerospace and software industries.
Few researchers have documented PD practice at electronic industries, even though
electronic industries are one of the major dﬁvers of the US economy (Industry Week,
1998). Studying electronic industries is strategically impoﬂént because this sector
consumes 18 % of total US R&D expenditure (Science and engineering indicators, 1998) |
(see Figure 2.14). They are also the fastest growing industries (barring the recent
downturn in hi-tech) and most components in consumer electronics, airplanes and even

automobiles are electro-mechanical parts.
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A second reason is that; while many studies have highlighted PD issues and
prescribed good pfactices (IT, supply chain management, CAE, FEA etc), few studies
have looked at PD from a detailed process standpoint. We hope to study PD as. a system
and through this research hopefully contribute towards improving the system
performance as a whole rather than prescribing a way to improve any one aspect of PD

During the course of this research we studied PD systems at 4 diverse electronic
firms and found that their overall PD practices were similar to the ones followéd by
aerospace or automobile inausnies. But closer inspection of the PD systems revealed that
the issues within PD were uniqﬁe to this industry type and so world-class PD practices

prescribed primarily for automobile/aerospace industries may or may not work here. PD

issues relevant to this industry need further investigation to make any such determination.

Recent PD literature has acknowl‘edéed that D-B-T cycles are important but no
one has investigated the role of test equipment in these D-B-T cycles. On careful
investigation of the role of test equipment, we found that just making these tools faster
cannot enhance their role. In this research we will also show that these tools (EMS) play
a key role in the information transformation process and to improve PD performance the
information transformation needs. to .be made faster and more effective.i,

Numerous research_ers have talked about data and informatiqn and how best ;co _
manage it, but few have investigated the process by which, data gets transformed into
useful information. This study will reveal the interaction between éngineer, EMS and
information and the role each element has to play in the information transformatio;a

process. This could potentially help companies redefine the role of the tools (such as
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EMS) and make them better so that they support a world class PD process. But this study
does not ‘attémpt to investigate everything about the information transformation process
but rather open avenues for further research.

Organization theory prescribes many ways and means of Integrating different
functions to effectively carry out NPD. During the course of this research however, we
unearthed a complex integration problem inherent to PD in electronic industries. This
integration problem was a result of the fundamentally different hardware and firmware
development cycles that these firms adopted. In the course of this thesis we call this
integration problem as the hardware-firmware-test triad (H-F-T triad). The fact that the
firms choose to adopt point based C.E. precipitates this H-F-T triad. We have
investigated the possibility of adopting set-based C.E instead of point-based C.E and
opened new avenues for further research.

By studying PD systems at diverse electronics industries we hope not only to
answer the research questions but also contribute to better overall uﬁderstandiﬁg of PD

practice.

Summary

In this chapter a strong case has been established for understanding NPD systems
and processes and need to highlight major aspects related to it. Different types of
organizational and team structures were explored and their relative advantages and
disadvantages were also discussed. In this chapter it was established that effective

communication, both face-to-face and written was necessary to ensure effective working
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of PD teams. A new more active role for suppliers and ,ménufaqturing engineers in the PD
process was also stre;sed along with more direct interaction between the two. This
chapter also highlighted the ]'mportancé of infc‘)rma'ti;)n and knowiedgé and need to |
manage them better. To accomplishing this a new model of information management
system was a_tlso presented. - |

In a later section it was explained how most firms commonl:}; adopt sequential
engineering and use a phase-gate PD process as opposed to SBCE and a ﬂexible PD

process. The last section of this chapter showed how this research potentially contnbutes

to current stream of world-class PD practlce
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CHAPTER 3

RESEARCH METHODOLGY

The major goal of this project was to investigate the role of EMS in NPD and
attempt to understand the role it has to play in D-B-T cycles and managing enginéeriné
information. This research was carried out ﬁsing qualitative research methods instead of
the more conventional quantitative methods. The pufpose of this Qhapter is to justify the
choice qualitative methods and to explain the principles and methodology adopted to
carry out this project.

The chapter is divided into three sections. The first section explains the qualitative
research approach and its suitability for this research. The second section eprore‘s
grounded theory and explains why it was adopted. The third section explains the research

design.

Quantitative vs. qualitative research

Research is systematié inquiry, objective analysis and recording of observations
which lead to the development of generalizations, principles or theories finally leading to
the prediction and possible control of events (Best and Kahn, 1998). The two broad
approaches to research are quantitative and qualitative methods. These two methods are

defined and contrasted in Table 3.1.
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Figure 3.1: Differences between quantitative and qualitative research (Borland 2001;

Creswell, 1998.

and use of controlled
parameters.

Quantitative Qualitative
Purpose | To explain, predict or control | To explain gain insight and
phenomenon. ) ' understand phenomenon.
Approach | Deductive, focused and Inductive, holistic and process
outcome oriented. oriented.
Hypothesis | Specific, testable and stated Tentative, evolving and estabhshed
prior to conducting study. at the end of the study.
Research '~ Controlled Naturalistic
environment | .
Design of study | Structure defined from the start | Flexible, specified only in general

 terms initially and the structure

evolves, nonintervention.

Data collection

Observations, structured
interviews and questionnaires.
Raw data is numbers

Document study, open-ended
interviews, and extensive field
observation. Raw data is words.

| Data analysis

| Prescribed procedures,

mathematical and statistical

General guidelines for data coding, |
analysis methods evolve ‘

| analysis. continuously.
Strengths o Larger sample size o Causal relationships can be
o More generalization established
o Objective o More context
o Inferences can be made
~o Difficult to establish o Smaller sample size

Weaknesses

causal relationship
o Less context
o Difficult to draw
inferences

o Subjective and less
generalization

Quantitative research is the more commonly adopted method for researching in

the engineering domain. The purpose of quantitative research is to explain, predict and or

control phenomena by collecting and analyzing numerical data. Quantitative research is

most applicable when the problem or phenomenen is fairly well-understood and a
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hypothesié or hypotheses can be stated with some'ceﬁainty. The hypothesis can then be
tested by.collecting and analyzing numerical data.

Quantitative research follows the scientific method that involves the following
steps: state a testable hypothesis, collect data from controlled variables, analyze the data
using widely accepted mathematical methods, then accept or reject the hypothesis. Data
collection typically occurs .in a controlled environment with measﬁres stated prior to the
study. Conclusions are strictly based on the outcomes of the statistical or mathematical
ar;alysis. This method of conducting research is effective and commonly us‘.ed formény -
reasons. Quantitative studies commonly involve large and statistically si‘gniﬁc'ant
samples, which aid mathematical analysis. The mathematical or statistical analysis then
in turn enables generalizations to the larger population. . (

But quantitative methods have their limitations. They are most commonly used
when the phenomenon has been fairly well-understood. A testable hypothesis must be
clearly stated at the beginning of the study and the measures must be quantifiable. The
data collection is restricted to éontrolled variables and so typically little contextual |
1'nforinatio¥1 is collected in the process (Creswell, 1998). Statistics can attach significance
levels to correlations among data, but establishing causality is difficult without sufficient
contextual information. Qualitative studies on the other hand involve collecting
contextual information and therefore help add interpretative value to the numerical data.

Qualitative research methods are usually empioyed when the problem or
phenomenon itself is not understood well enough to state propositions or hypotheses with

well-defined variables and measurables. Qualitative research is a method of gaining
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insights and understanding phenomenon by collecting and analyzing narrative data. Since
the phenomenon is being studied for the first time, prior assumptions and specific
hypotheses are avoided before the problem study is under way. It is only after probing the
problem through careful and systematic data collection and analysis that some
preliminary hypotheses are stated. These hypotheses are then tested conceptually as the
study progresses and more data is collected.

The reseafch design; unlike the seriél process in quantitative methods, follows a
more iterative process. A qualitative study starts with a few preliminary propositions
based on a relevant alnd extensive literature review, and then narrative data is collected
and analyzed. As themes emerge from the data the preliminary propositions are refined
and some hypotheses stated. More data collection and analysis again is carried out to test
these hypotheses. This cycle is continued using a syétematic, consistent research design
until a state of saturation is reached. Saturation is a stage where all new data substantia"ces
the propositi§ns and no new significant themes emerge from the data (Denzin and
Lincoln, 1998).

Qualitative studies help investigate phenomena is their natural environxhents, and
holistically, i.e., an attempt is made to capture all relevant contextual information.

_ Contextual information lends credibility and interpretative value to the data and helps
establish concrete causal relationships.

The qualitative approach however, suffers from two maj or drawb acks, a smaller
sample size and greater subjectivity as compared td quantitative research. These

drawbacks are reduced by more intensive data collection, being consistent with the
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research design and adopting a rigorous and systematic data collection and analysis
methods. | |
If applied systematically and rigorously both quantitative and quaiitative methods
‘are effective in increasing knowledge and undefstanding, but are suitable for different .
situations and for answering very different research quesﬁons. The next sec-tion explains

the suitability of qualitative methods for investigating the research questions.

Suitabilitv of gualitative research to current problem

In researching the role of EMS* in NPD® our understanding of the problem is
limited because there is llttle evidence that suggest that similar research has been carned
out. This author has found no other study that has mvestlgated the role EMS plays in the
experimental strategies of NPD and the related data management, communication and
interaction within functions. The currently avaﬂéble PD literature offers little guidance
"~ into the question at hand, little data available that could be built upon or tested, and there
is little basis for developing testéble hypotheses; Thus, an in-depth qualitative study
would be useful to develop a better understandﬁag of the issues and relationships
regarding relationship between EMS and NPD processes. Doing so will lay the
groundwork for quant_itative studies that will further aeveiop and sﬁengtheﬁ our

understanding of this important element of electronics design.

4 Electronic measurement systems
* New product development
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Research approach selection

Qualifative studies can be conducted in a numb‘er of ways. Some of the options
available for data collection are questionnaires, observations and interviews.

Questionnaires could potentially be sent out a large number of participants and
this would aid in establishing concrete conclusions. But this method suffers from two
major drawbacks. First, it is difficult to determine the right questions to be asked, since
there is no means of trying and teStiné out questions ‘ﬁrst. Secondly there is little
interaction between the informant and the researcher, this lack of direct interaction means
that contextual information may be lost and no follow-up questions can be directed
interactively based on the response of the informants.

Directly observing engineers involved in their daily work is a second approach.
The researcher would shadow the engineer for an extended period of time as he or she
went about their daily tasks. This could ensure that detailed observations were made but
could not guarantee that all the necessary information could be made, i.e., not all aspects
of their work could be captured in a short time. It is also logistically difficult to observe
every aspect of their job in the givén time restrictions. Observing engineérs would also
require relocation to the customer site for extended periods of time, which would be
costly and would also involve confidentiality issues.

Given the severe drawbacks of questionnaires and direct observations, interviews
seemed the best method to collect data. In this approach the researcher interviews
participants in their work environments by asking them questions that would probe the

role of EMS in new product development. The one-on-one interaction would work
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favorably in collecting contextually rich data and also facilitate follow-up questions
based on the responseé. Interviews could enable a balance between eliciting the right kind
of information and maintaining flexibility (Hunkins, 1972). A similar set of questions
could be used for all the informants to maintain comparability, but the questions could be
open-ended giving the informant some latitude for response. Follow up questions could
be used to probe for more information or attempt to understand some new information
that emerged in the response.

"lI‘he next step is to cﬁoose a methodology that guides data analysis and validation
of the data collected through semi-structured interviews. A widely accepted and

commonly used methodology is ‘Grounded theory”.

Grounded theory

Grounded theory is a systematic, rigorous and widely accepted methodolo gy
within qualitative research. The intent of grounded theory is to extract and develop a
theory or an abstract analytical schema from the phenomenon (Creswell, 1998). It is
applicable to sLituations Whére individuals interact, take actions, or engage in a process in
response to a phenomenon. Groundgd theory is ‘grounded’ in that no presumptions or
hypothesis are made before the study is conducted and that only through careful data
collection and analysis does theory emerge. The theory must have direct correlation to the
raw data and is only true in the context of phenomenon.

Development of theory is crucial to the current ;research since current

understanding is very limited. “Theory” in this context means developing a picture or
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‘schema of all that is happening in relation to the phenomeﬁon in that particular
environment considering all the elements that are involved. Grounded theory uses a
systematic research design called the constant comparative method. The constant
comparative method consists of an iterative cycle. Data is first collected, analyzed and
preliminary hypotheses are stated. Then more data is célleéted, analyéed .ah’d‘.compared
to the first data. Hypotheses are then either accepted, built upon or refited and newer
ones stated. Then more data is collected, analyzed and so on. This process runs in a pycle
until such a time that concrete theory has been generated and any further replications
serve to substantiate the same theory.

Grounded theory also has systematic procedures that guide theoretical sampling,
data collection and analyses. Theoretical s‘anipling, as opbdsed to random éampling, is
choosing sites and informants based on requirements of tﬁe research and certain
principles of grounded theory. Groundéd theory also has procedures to guide analyses
strategies. Data codiné is the most commonly ﬁsed technique for analyzing the data. The
research design for fhis project is based on grounded theory approach and is explained in

the next section.
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Extensive literature review was carried out to build a strong theoretical
background for the study. Chapter 2 highlights the results, explaining relevant issues such
as documented PD practices, knowledge management, and organizational theory 1n
detail. Next, based on discussions with Tektronix and study of current issues, the problem -
purpose and research questions were formulated and later refined as new data came to
light. These are explained in Chapter 1. |

Grounded theory suggests collecting data from small samples spread across many
categories within the scope of the project. Therefore data was collected through multiple
sets of interviews and observations at 4 companies that develop and manufacture
electronic products and using EMS extensively in their PD process. The various activities

involved in collecting data are explained below:

Site selection: Grounded theory calls for studying multiple informants who are
part of the central phenomenon or problem under investigation. Following this principle
several criteria were adopted to choose the sites for our study.

0 Established in the market place and growing steadily.

a Reputaﬁon for a sound technological base gmd good R&D and frequently
introducing new products in the fnarket.

0 Having project teams of 5-15 people.

0 Having midrange projécts of duration of 12-24 months.
Formal channels were used to gain access to the sites and interviews with project

teams and lab visits were planned.
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Theoretical sampling: The selection of the informants is a key decision in

qualitative study and clear criteria are needed to determine the nature aﬁd number of
informants. Grounded theory éalls for “theoretical sampling’, i.e. choosing a homogeﬁous
group of individuals who have experienced céllectively or individually experienced some
aspect of the phenomenon. Using this and current understanding of the I.n‘akeup of project
teams as a guideline the following criteria were ﬁnaliz'éd.

O At least 5-6 informants from each project team.

Q Informants should represent different functions project managerﬁent, design

engineering, hardware and software engineering and test engineering.
0 They should experienced engﬁee:s with at least 5 to 10 years in similar

capacities.

Collecting data: Two sets of interview questions were formulated. for two levels of

inquiry within NPD. The first sets of questions were directed towards the senior
managers and proj ecf leaders to underétand the overall organization, the PD process, team
makeup and functioning and some understanding of D-B-T cycles. The second set of
questions was directed towards hardware, test, ﬁrmwa:ré and. manufactuﬁng‘enginee'ré to’
understand design, testing and data rhanagement activities. These questions:sought il
depth information about how EMS were designed’ and used, how tests were carried out,
data collected and analyzed in context of fcﬁe PD i)rocess. (See Appendix for liét of

questions).
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The interviews were of 1 hour each held in natural setting at the customer site,
either in a conference room on at the workplace of the informant. The list of questions
was given to the réspondents prior to the interview for their review. Questions were asked
and the responses written down with also some contextual comments. Depending on the
response to a certain question follow-up questions were asked if the responses were
incomplete or unclear.

Field notes were taken by hand during the interview and interviews were also
audiotaped with the permission of the informaht. Interviews were scheduled such that
there was some time in between interviews to review the field ﬁotes and fill in the gaps of

information.

Follow-up interviews: After conducting the first set of interviews detailed notes

were made from the field notes and the audiotapes. This data was then organized in a way
that reflected the flow of the PD process and use of EMS in it. Reviewing the results of
the preliminary analysis of the data and related literature a list of desired outcomes for the
interviews was made (see Appendix). This working document would serve as a-
benchmark against ‘which the data froni the interviews would be compared and follow-up
questions formulated based on the gaps in the data. This step is also a part of analysis
since grounded theory calls for member checks, i.e., taking the collected information to
the informants and checking for its authenticity and factual error. Presenting this
document to the informants during the follow-up interview so that they could review the

information and correct any errors or add new information helped reduce facﬁ;al eITors.
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At the end of data collection, our sample consisted of 6 project managers, 10
hardware and firmware engineers and 3 lab managers adding up to 35 hours of

interviews.

Data Analysis

Data analysis immediately follows data collection. Tt consists of preliminary
* analysis, followed by formulation of follow up questions and then carrying out in-depth
analysis. The steps followed for analyzing the data are e%plained below:

Q Organize the data: The tfanscripts from the initial interviews and the follow-up
interviews were coupled for the same respondent. All the transcripts from one ‘
case were studied at one time.‘

O Read through the notes and summarize every important response: The notes
were read at least twice and then common responses were understood and notes
made and also some rough figures drawn. Some preliminary categories were
identified made and also sub-categories found. This was a part of ﬁle open
coding process.

a Peerreview: Groﬁnded theory recommends reducing the interpretation error; this
was accomplished by a peer review of these transcripts and notes.

a Eﬁgage in data coding

o Open coding: Open coding helps organize the data and facilitat;a the

emergence of theory. Some preliminary categories that best represented
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the reéearch questions were identified, and then codes ﬁere assigned to
them. Reading through the notes and assigning the codes to the raw data
accomplished oiaen coding. The codes were then refined so that there was
minimum overlap in the data assigne(i to écertai-n code. (See Appendix A
for the list of open codes)

o Axial coding: In this coding method, a few important phenomenon were
ideﬁtiﬁed and all relevaJ:*lt infoﬁnatio'n about these phenomenon was
assembled together and fixed categories formed. Relationships were
explored with the conditions present and also the outcomes were studied
and documented.

o Selective coding / conditional matrix: The coding done before was
streamlined with respect to either a time line or chronology of events and

" a summary was made. Various visuél representations such as matrices
and flow charts. \.zvere used to represent the results of the analysis (some of
the flowcharts and matrices are seen in chapters 4,5 and 6).
Q@ Discuss findings: Two main themes, H-F-T triad and Information
transformétion, emerged after axial coding of the data and are discussed at length

in chapter 5 and 6 respectively.
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Summary
Adopting quahtative research methods proved to be extremiely beneficial because
we were able to collect in-depth data about PD systems and processes at four electronic
industries. Through about 35 hours of semi-structured interviews and observations we
were able to collect substantial data that was then analyzed using grounded theory Two

major themes emerged after multiple attempts of open and ax1a1 coding that are discussed

in chapter 5 and 6. We were also able to gain a broad understanding of the NPD practices

carried out at electronic industries, which is explained in chapter 4. -
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CHAPTER 4

CASE DESCRIPTIONS

In an attempt to address the issues set at the onset on this research; PD° practices
at four firms’ were studied. Understanding PD practices m'eant,stud”ying PD
organizations, processes, experiﬁ'lental strategies and information management at these
four firms, which was done through semi-structured interviews and onsite observations.
The purpose of this chapter is two-fold. First it prov1des the reader w1th a comparatlve
description of the product development organization and processes adopted at these four
firms. Secondly it lays the groundwork for d1scussmns to follow in chapters 5 and 6

Though all four firms'design and develop of electro-mechanical devices, they are
diverse with respect to -sizé and product line. Figure 4.1 is a comﬁa;ati@ chért shovﬁng
the proﬁle of these four firms. The names used in Figure 4.1 are however fictitious to

preserve confidentiality.

¢ Product development (also used mterchangeably with new product development)
7 Testtek, Techcon; Unolaser and DC systems
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TESTEK TECHCON UNOLASER DC Systems®
| Products Oscilloscopes, Develops hybrid Fiber optic test Automotive,
logic analyzers, and multi-chip systems, laser motorcycle
optical test | modules and current sources and | -dynamometers
| equipment and | encapsulation. | temperature | » power
signal sources - controllers commanders®.
Business($) | 1.2 Billion (‘2000) | 3.5 Million (2000) | 2.5 Million (‘2000) | 1 Million
Employees | 4500 worldwide 250-300 175 { 100-150
Customers | Provides products Custom builds Provides products 1 Provides
| to large products for other | to large electronic./ | products to the -
electronics/PC mfg. | electronics mfg. laser device open market,
firms and the open | firms. { manufacturers.
market.
Prototype | Prototyping | Prototyping sub- | Prototyping sub- Prototypﬁ1g
and test subcontracted and | contracted, | contracted, and
labs also done in-house. | manufactured in- manufacturing in- | manufacturing |
Test labs shared by | house. Test labs house. done mostly
all projects. shared by all in-house
projects.
Figure 4.1 Comparison of company profiles
Testtek

Founded in 1946, Testtek is one of the world’s leading companies that provides

measurement solutions to customers in many industries including computers,

communications, and semiconductor industries. It designs, develops and markets a range

of products including, oscilloscopes; logic analyzers; communications test equipment,

including products for network monitoring and protocel test, optical transmission test and

mobile production test; video test equipment; services and accessories. Its headquarteré

are in Beaverton, Oregon, and has operations in 25 countries worldwide. Testtek’s large

workforce and in-house test labs and manufacturing facilities enable them to brovide

¥ The names provided to all four firms are fictitious to preserve confidentiality.
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products are slightly different. But this diversity works in our favor because we are able
to generalize across the firms and investigate PD issues that were common across all four
firms. The themeés that emeérged and discussed in chapter 5 and 6 are grounded in PD

issues common across all four firms.

PD organization

The PD organizational structure provides the backbone for the PD, because
people make things work. We documented the overall orga:niéation structure of these four
firms but focused more on understanding the structure, composition, sﬁenéth and
functioning of the cross functional teams that constituted the PD organizaﬁpri.

The PD organization structures at Testtek, Techcon and Unolaser are consistent
with current practices of adopting cross-functional teams for the product deveiopment
effort. (The lack of cross-functional effort of the 4™ sample can be attributed to its size;
-engineering coﬁsists of only 10--12 engineers). Figure 4.6 illustrates the PD organization
structures adopted at the four firms.

The PD structure a"c Testtek consists of a core team of 5-8 functional managers

and a program manager. The core team leads the overall PD effoﬁ and their main
functions include cohcept planning, coordinating téam members and reporting status to
top management. The program manager heads a cross functional team consisting of 10-
20 engineers who carry out the design and development activities; While the core team
manages more than one proj‘ec;,t at a time the PD team members are dedicated full‘ time to

one project and mostly collocated. The PD team structure at Testtek resembles a heavy
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