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Abstract

Purpose — A large amount of research deals with the identification of management practices
related to new product development (NPD) success. To this purpose, assessment tools capable of
helping enterprises to set up improvement processes are of extreme importance. The aim of this
paper is to build a product development assessment model based upon a normative-contingent
approach.

Design/methodology/approach — First, a literature review of the main approaches and models
used in NPD assessment was carried out. Second, the tool was tested in five firms. The case studies
allowed the authors to test the tool in its prototypal phase in order to assess both its limits and
potential and also to highlight possible improvements.

Findings — The assessment tool developed yields a clear understanding of the current state of
product development process in an organization in order to facilitate a shared understanding of the
weakness and deficiencies, to enable effective process management, to develop implementation plan to
support change initiatives and to support process improvement using metrics.

Originality/value — The product development assessment model is based upon a normative-
contingent approach meaning that the prescriptive requirements are defined according to the logic of
coherence: requirements vary in relation to contextual conditions. In particular, there are two
important context factors which are considered to have a significant influence on NPD process: the
complexity of the product-market interface and the enterprise’s NPD strategic orientations.

Keywords Product design, Critical success factors, Organizational performance, New products,
Product development

Paper type Research paper

1. The role of assessment in supporting the evolution of new product
development process

The product development activities from idea generation to market launch greatly
influence the enterprise’s innovative performances (Clark and Fujimoto, 1991; Griffin,
1997). The design of new product development (NPD) process has strongly evolved
and, throughout the years, various models have gradually emerged.

The first generation of these models, which prevailed up to the 1980s, are the
so-called sequential models in which the various process phases are conducted in a
strictly sequential discipline in order to simplify and rationalize a basically complex
activity such as product innovation.

In the attempt to overcome certain limits set by sequential models, especially those
connected to the sequential order of phases, during the first half of the 1990s, on the
wave of the experience gained by Japanese enterprises, the concurrent engineering (CE)
approach was proposed. With this approach, the process is considered as a series
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of phases carried out in parallel, that is with more or less-overlapping tasks, or in more
radical cases, carried out simultaneously.

Both approaches present a common trait: they are characterized by the management
of single development processes, 1.e. the potentially existing relations among on-going
projects are not explicitly considered. However, the need to reformulate project portfolio
strategies has arisen owing to the increasing levels of complexity which characterized
the competitive scenario. In particular, high-variety production like mass customization
requires that what were once considered as autonomous and independent projects,
competing for the attainment of resources, now belong to a technological trajectory that
enhances interdependence bonds and relations according to a multi-project perspective.

This evolution of the NPD process means that manufacturing firms are facing up to
the challenge of implementing new approaches and working methods. As a result, the
challenges and demands on the NPD process is under-renewed pressure to deliver
product efficiently in faster time-scales and at higher launch quality levels.

There is a considerable body of literature which seeks to identify the ingredients for
successful NPD and various methods have been developed in order to improve process
efficiency and overall NPD effectiveness (Booz et al., 1982; Link, 1987; Cooper, 1990; Griffin
and Page, 1993; Pittiglio and McGrath, 1995; Griffin, 1997). Assessment tools have proven
to be effective in providing organizations with a systematic and regular measurement
system ensuring that any approaches incorporate high levels of quality practice aimed at
achieving excellence (Rosenthal, 1991; Page, 1993; CERC, 1993; De Graaf, 1996). These
studies belong to a wider literature that has drawn enterprises’ attention to the key role of
organizational assessment as an important tool for continuous improvement.

However, current research and literature on assessment tools within NPD present one
drawback: the majority of the studies have developed tools which adopt “excellence
models” as evaluation frameworks for assessment process. This has contributed to
the spread of a specific form of assessment logic which is basically a complex search
for conformity (with reference to clearly defined judgement dimensions) to a set of
non-prescriptive requirements which reflect leading-edge practices (deemed to be
universally valid) for achieving performance excellence.

While the search for conformity is the dominant evaluation logic in these tools, the
opinion of the author is that an assessment tool for NPD process should be based on a
normative-situational or normative-contingent approach. In other words, the prescriptive
requirements must be defined according to a contingency approach based upon the logic
of coherence: requirements vary in relation to contextual conditions. As we will highlight
in the following sections, this approach practically does not appear in the models and tools
available today. Notwithstanding, several NPD success factor studies conclude that
success 1s contingent on the creation of superior, clearly differentiated, unique, and
“well-designed” products (Cooper, 1994; Page, 1993; Ernst, 2002).

The objective of this paper is to illustrate the development of a prototype assessment
tool that yields a clear understanding of the current state of product development process
in an organization in order to facilitate a shared understanding of the weakness and
deficiencies, to enable effective process management, to develop implementation plan to
support change initiatives and to support process improvement using metrics.

The rest of the paper is organized as follows. In Section 2, we will analyse and
classify the main approaches used in NPD assessment and the main assessment
models currently available. Section 3 describes the general architecture of the proposed



assessment tool, while a detailed description of the tool is reported in Section 4.
In Section 5, various distinguishing features of the proposed model implementation,
which emerged during the model testing, are illustrated.

2. Approaches to NPD assessment: a classification

There is a large amount of research identifying management practices related to NPD
success (Adams-Bigelow, 2004; Cooper et al., 2004a, b, c; for a synthesis, see Griffin,
1997). Kahn et al. (2006), in the introduction to the dialogue on best practices that
appeared in the Journal of Product Innovation Management, point out the prime
importance played by audit tools that help enterprises identify the level of complexity
of adopted practices, compare themselves with other enterprises and/or with currently
identified best practices and set up improvement plans.

It is no surprise, therefore, if in the past years a large number of assessment models
for product innovation management (PIM) have been proposed and if renowned
academic reviews have appreciated studies dedicated to audit tools (Chiesa et al., 1996).

A strict analysis of the various models and tools available points out how the
majority of these methods are not really capable of effectively supporting company
assessment needs since they do not envisage clear mechanisms for stimulating critical
considerations on current management practices and for sustaining improvement
planning. In order to understand the fundamental features of the various assessment
models proposed in the literature and to highlight the main differences, it is useful to
take advantage of the matrix shown in Figure 1, which represents a refinement of the
framework initially developed by one of the authors (Biazzo and Bernardi, 2003) for
analysing the different perspectives on organizational self-assessment coming from
quality awards models and the organizational studies tradition.

The matrix differentiates the assessment methods on the basis of two fundamental
dimensions:

(1) A first dimension regarding the logic of assessment adopted: conformity
(assessment of adherence to a set of requirements); coherence (assessment of
practices alignment with respect to the application context); causality (the use of
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diagnostic schemes that impose and support explicit modelling of cause-effect
relations between ineffectiveness and inefficiency symptoms observed in the
system and factors generating these symptoms). It is the case to point out that
the causality hypothesis also exists in the logic of conformity and of coherence,
although implicitly: conformity implicitly assumes a positive relation between
adherence to a model and “good performances”; coherence implicitly assumes a
positive relation between practice-context alignment and “good organizational
performances”. What distinguishes the causal approach is the search for an
explicit modelling of the cause-effect relation.

(2) A second dimension focusing attention on the nature of the tools used with
reference to the level of incorporation of diagnostic expertise. The tools feature
high levels of abstraction when they provide guidelines and general principles
that, although orienting and supporting assessment, are not able to fully
substitute the judgment skills of single evaluators; in the case of low levels of
abstraction, instead, the tools contain operational and detailed indications that
reduce assessment subjectivity.

By intersecting the two dimensions, five different diagnostic approaches may be
identified; Cell VIis conceptually empty as it represents a diagnostic approach based on
tools that should contain a codified body of knowledge concerning the aetiology of
organizational problems, and hence enable analysts to quickly identify the sources of the
ineffectiveness underneath observed problems. Developing these tools is hindered by
the enormous complexity and chaotic nature of human systems (Thiétart and Forgues,
1995) — which has led many scholars to highlight the severe limitations of establishing
invariant laws for social phenomena (Numagami, 1998) — and by the non-cumulative
nature of organizational studies, which is tied to the incommensurability of the different
ontological, epistemological and methodological assumptions that underpin research
practice (Astley, 1985; Burrell and Morgan, 1979; Jackson and Carter, 1991).

In the paradigmatic approach (Cell I), assessment is guided by a model which requires
compliance with a set of non-prescriptive requirements; this approach is called
“paradigmatic” because this kind of model can be conceptualised as a “paradigm”, i.e. “a
management system that is not a collection of techniques, methods and approaches, but
rather a coherent body of inter-dependent criteria and logic in the spheres of organization,
management, decision making and motivation”. The search for compliance with the
criteria of excellence models — such as the European Foundation for Quality Management
Excellence Model or the Malcolm Baldrige Criteria for Performance Excellence
Framework — is the most known and diffused paradigmatic approach to assessment.

In the normative approach (Cell IV), assessment is based upon the determination of the
level of adherence to a set of prescriptive requirements which, on the whole, delineate a
non-situational operational model. The International Quality Rating System, which was
developed by Det Norske Veritas, is an enlightening example. Quality management
requirements have been translated into a complex questionnaire with 810 items “IQRS is
designed as an objective tool for measuring Quality Management performance [...].
There are very few items requiring ‘professional judgement’ by the auditors . . .]. Indeed,
there is only one standard interpretation for the requirements laid out in the IQRS
questions”. This tool contains clear judgement criteria because the self-assessment
questionnaire is almost completely made up of highly detailed yes/no questions.



In the normative-contingent approach (Cell V), prescriptive requirements are
situation-specific and they are inserted in assessment tools. Burton and Obel’s (1998)
OrgCon® expert system for organizational structure design is an example of this
diagnostic approach. OrgCon® (Organizational Consultant) is a “decision-making
support tool that can help managers, scholars and consultants to assess organisational
problems and to recommend changes” (Burton and Obel, 1998, p. 11). The knowledge
base of this tool consist of a hefty set of “if-then” organizational design rules (i.e. “if A is
a fact, then do D”), which is the result of a complex combination of the different
contingency theories developed within organization theory literature.

Cell II contains the contingent approach to assessment, which is based on
frameworks that act as guidelines for analysing relations between contingency factors
and organizational attributes, but do not contain detailed judgement criteria. In the
field of organizational analysis, examples may be found in the famous 7-S model
(Bradach, 1996) or in Galbraith’s “star model” (2002). Finally, the open approaches
(Cell III) use tools that frame the analysis of cause-effect relationships, such as Porras’
(1987) “stream organizational model”: this model requires the construction of a
diagram (stream diagnostic chart) that traces the connections between ineffectiveness
symptoms and problems underpinning such symptoms.

Mapping the most relevant NPD assessment tools onto the matrix of Figure 1 allows
the creation of the classification diagram shown in Figure 2.

Capability Maturity Model Integration (Software Engineering Institute, 2001) models
are well representative of the paradigmatic approach to NPD assessment: they prescribe
a set of objectives that the organization must pursue in order to excel in product
development and they describe the management practices typically associated to the
achievement of objectives, without, however, requiring implementation as described in
the model: each enterprise is invited to adopt the solutions best responding to the specific
context it is operating in. Opinions on the quality of the practices adopted, that is,
adherence to the reference paradigm, are formulated (as in excellence models of quality
awards) by expert assessors. The methodologies proposed by Tennant and Roberts
(2003) — new product introduction self-assessment — by Cormican and O’Sullivan
(2004) — PIM scorecard and by Van Landegem and De Wilde (1994) — simultaneous
engineering gap analysis (SEGAPAN) also follow a paradigmatic approach.
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An example of normative audit is provided by the innovation scorecard of Chiesa et al.
(1996). The audit is structured in 23 assessment practices: a scale (called “maturity
grid”) has been developed for each practice describing four distinct levels of
complexity (from elementary to best practices); a similar approach was taken up by
Kahn et al. (2006) when creating the “NPD Best Practice Framework”.

An interesting attempt to offer an assessment tool that is close to the
normative-contingent approach cell is represented by the product development best
practices and assessment (PDA) of DRM Associates (2001). The PDA is made up of
269 “best practice” descriptions grouped into 28 categories. For each best practice filling
inthe PDA, it is necessary to make a double assessment: on the one hand, to establish the
importance of the single practice for the enterprise and, on the other, the level at which it
is implemented. Furthermore, the enterprise needs to assign an importance score to each
category. The tool, therefore, tends to give a “personalised” assessment of practices with
respect to the context in which the enterprise operates. The PDA, however, is only
partially normative-contingent because the “personalization” of the ideal profile
(through the assignment of importance given to both single best practices and to
categories) is left to the evaluator’s subjective judgement: no knowledge related to
relationships of coherence between practices and firm’s situation is included in the
proposed tool. A similar “subjective” personalisation of the expected maturity levels of
product development practices distinguishes the design audit tool by Moultrie et al.
(2007), the CE assessment of Carter and Baker (1992), the readiness assessment for CE
(RACE IL; De Graaf, 1996), the practical approach to CE developed within a Brite project
funded by the European Union (Pawar and Thoben, 1995) and, finally, the extended
RACE tool elaborated by the Swedish Institute for Systems Development.

Finally, an example of causal approach in the assessment of product development
effectiveness conditions may be found in the NPD self-assessment methodology
by McQuater et al (1998): the authors suggest that the self-assessment process
should start by identifying the symptoms revealing the ineffectiveness of product
development activity and should then individuate the causes by creating classic
cause-effect diagrams supported by a generic model summarizing the possible areas of
inquiry.

3. A normative-contingent NPD approach

The study of the main approaches and models used in NPD assessment has revealed
the lack of a tool featuring a real contingency approach based upon the logic of
coherence, namely, where requirements vary in relation to the contextual conditions
that are internal and external to the organization. Since the purpose of this work is to
identify the fundamental features of an appropriate assessment methodology for
supporting NPD in manufacturing enterprises, it is advisable to critically consider the
various approaches that could be employed.

Assessment inspired by a paradigmatic approach presents aspects of undoubted
interest and value; this diagnostic procedure, based upon formal rationalization,
represents an important chance to generate an interaction context among users who
may share and articulate their knowledge through dialogue and reflection. Since no
assessment parameters have been included in the supporting tools, it is evident that
the assessment quality strongly depends on the evaluators’ experience and skills; this
aspect considerably limits the use of the paradigmatic approach and this is particularly



true in small and medium enterprises (SMEs), due to the “marginalization of good
design practices” that characterize many small companies (Moultrie et al., 2007).

In the open and contingent approach, the problem related to the analysts’ level of
experience and expertise is even more critical since the tools are realized with general
analysis diagrams which do not include coherence assessment criteria and which, in
the case of the open approach, do not offer hypothetical “knowledge archives” for
reconstructing the links between the perceived symptoms of ineffectiveness and the
underlying causes.

The normative approach instead, in terms of level of dependence from the
evaluators’ skills, appears to be particularly suitable for organizations. This approach,
however, could present some limitations: the normative specification of “excellent”
practices establishes a non-situational operational model as a reference scheme and
risks promoting organizational and management solutions that might not be suitable
to the “situation” or to the context in which they are used.

These considerations lead to believe that the normative-contingent approach could
offer a correct and appropriate orientation towards the definition of assessment methods
and tools for enterprises. The general architecture of the proposed normative-contingent
NPD assessment tool is shown in Figure 3. A detailed description of the tool is given in
the following section, however, for a better understanding of the tool itself, the following
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(1) Product development process assessment is performed by evaluating company
according to 19 assessment dimensions; the dimensions describe the set of
“best practices” that characterise the process in terms of methodologies,
techniques, tools, and organizational choices.

(2) The tool elaborates two profiles called desired state (TO-BE) and current state
(AS-IS) and emphasizes any existing gap for which suitable improvement
programmes are envisaged.

(3) The desired state is identified in Phase I (Figure 3) following a contingent
approach: in order to identify the ideal positioning, the tool evaluates the
alignment of practices with respect to the product-market complexity (defined
through the Questionnaire A).

(4) The current state is elaborated in Phase II (Figure 3). In this phase, the gap
analysis between the two profiles is also carried out. The current state is defined
by examining the practices actually carried out in the enterprise compared to
those envisaged by the 19 assessment dimensions for the product development
process.

(5) The proposed tool also presents a second moment of contingency, precisely in
Phase III (Figure 3), when a level of importance is assigned to each of the
19 assessment best practices depending on the coherence displayed by the
practice to sustain the enterprise’s innovative strategic orientations. In other
words, the enterprise’s NPD strategic orientations are considered important
context factors capable of strongly conditioning the level of adoption and
implementation of different practices, and also their importance. A detailed
description of the assessment tool is given in the following section.

4. The product development process assessment tool

In order to build a tool for the assessment of the product development process, the
elements or dimensions distinguishing such process needed to be firstly defined, in
other words, we had to identify exactly what the tool had to measure. To this end,
a literature review was conducted using a systematic approach (Tranfield et al., 2003)
to establish the current knowledge influencing the NPD assessment. In order to
identify the relevant papers specific management databases, such as Business Source
Premier, Web of Knowledge, Emerald Insight, Management and Organization Studies,
ABI Inform, and Science Direct, were searched. Relevant papers were identified after a
review of abstracts followed by full text reviews. The selected papers were analysed
and integrated with key books on the areas of interest. To recognize the key NPD best
practices an initial starting point that was of great help, was the comparative analysis
of the previously mentioned main assessment models of product innovation practices
(Figure 4). All these models were built after an in-depth literature review or/and
empirical investigations, consequently, they still incorporate and synthesized the
knowledge available about NPD best practices of assessment tools.

As shown in Figure 4, the NPD assessment model proposed in the literature are
generally organized on a two-level architecture: at the first level, we find the so-called
major dimensions while the key factors (or best practices) constituting these dimensions
are positioned on the second level.
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In order to complete the investigation, we conducted a second analysis of the studies
identifying managerial practices connected to NPD success to identify specific
strategy, organizational, process, methodology, and technology issues to address as
part of a high performance NPD process.

In addition to the studies carried out by Adams-Bigelow (2004), Cooper et al. (2004a,
b, ¢) and Griffin (1997), research conducted by Arthur D. Little (1991), Kuczmarski &
Associates (1994), Montoya-Weiss and Calantone (1994), Pittiglio and McGrath (1995),
Eisenhardt and Tabrizi (1995) was of precious aid.

Three goals characterising a high performance NPD process were identified. First of
all, in order to be successful the NPD process must be strongly oriented to the market.
It is important to clear understand customer requirements which must guide all the
development activities according to a perspective of effectiveness. At the same time,
the NPD process uses resources to transform inputs into outputs and it is of paramount
importance to manage such a process in a cost efficient way. Third, it is widely known
that a high level of integration and collaboration between NPD and manufacturing is
critical for success (this partnership must involved the suppliers too).

Merging the main dimensions of the NPD assessment tools with the managerial
practices connected to NPD success investigated by literature, we identified 19 best
practices as fundamental in NPD management. These practices are critical in
supporting the attainment of the three above-mentioned goals so as to operate with a
high performance NPD process.

A total of six practices are investigated to assess if the product development process
is customer-driven “market orientation”:

(1) a clear and shared definition of company strategy and NPD;
(

)
&)
(4) the use of appropriate methods for correctly elaborating customer needs in
order to achieve precise product specifications;

(5) a new product launch and commercialization process coordinated with all
different relevant company functional areas; and

o

adequate planning and control of product range plan;
the use of appropriate methods for understanding customer needs;

(6) attention towards environmental problems.

The ability to operate with a product development process that is strongly integrated
with industrialization activities and more in general with production activities
“production integration” — the latter to be considered in terms of a system extended to
suppliers — is measured through the following seven key points:

(1) The degree of production personnel involvement in the project team.

(2) The capability to accurately define cost and investment objectives.

(3) The use of design for manufacturing (DFM) and design for assembly (DFA)
methods.

(4) The level of integration of suppliers/sub-suppliers in product development
activities.

(5) The adoption of structured methodologies aiming at ensuring robust product
design.
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The presence of formal plans and schedules developed for transitioning new
products into production and ramping up production.

The employment of computer-based tools to support an integrated management
of design and manufacturing data.

Finally, working in an organized manner with a rational and efficient use of resources
is assessed by examining the following six factors “process management”:

@

The presence of an “environment” orientating and stimulating personnel
towards continuous improvement and favouring creativity.

The role of management in supporting NPD activities recognized as being
crucial for the enterprise’s competitive success.

The use of project management methodologies for planning and organizing
work.

The existence of an NPD procedure that clearly defines tasks, responsibilities,
activities to be performed, information flows, and performances.

The regular use of project teams with definition of roles, responsibilities and
relations between team and company organization structure.

The use of computer-based tools supporting designers’ activities and for
technical product data management.

The resulting architecture of the NPD assessment tool proposed is shown in Figure 5.

For each of the 19 best practices, a four-level maturity scale or “maturity grid” has
been developed: the scale aims at identifying four distinct levels of complexity from
elementary to an integrated and complete approach. In Table I, an example of scale
used in the tool is reported.
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— Product planning
Market — Understanding customer needs
orientation — Definition of product specifications
— New product launch and commercialization
— Design for environment

— Involving manufacturing personnel in the design phase

High performances
of the NPD process

— Determining cost and investment objectives
— Design for manufacturing and assembly
— Involving suppliersin the design phase

— Robust design

Production
integration

require

— Production ramp-up
— Integrated management of product/process technical data

— Continuous improvement
— Leadership
Process — Project management methodologies
management | — Product development procedure
— Product development team
— Design automation
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Figure 5.
NPD best practices
of our assessment tool
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Table 1.
An example of scale used
by the assessment tool

Level Level description

1 We work with many suppliers which compete against each other and with which we have
conflictual relationships. They are not involved in the development process

2 A number of suppliers have been identified with which we exchange information during the
development process in order to identify in advance product constraints and improvement
opportunities

3 We have set up a supply reduction and selection policy in order to establish more collaborative

long-lasting relationships. Starting from the early development process phases, we involve
critical suppliers/sub- suppliers and we highly consider their suggestions and considerations

4 We work with a restricted number of suppliers, which are strictly selected, continuously
assessed and totally integrated. We regularly provide them with training and technical
assistance services. They are highly committed to our product development activities, they
take part in project group activities and have qualified project abilities which enable them to
give important contributions in terms of material selection, prototype development components
reduction and standardization, etc. These relationships strongly influence our ability to contain
quality problems and production costs and to shorten time-to-market

Note: Production integration; practice: involving suppliers in the design phase

After having described the structure of the tool, we turn now our attention to the
assessment logic. The discussion will be carried out examining separately the three
main phases.

Phase I — elaboration of the desired state

As previously stated, the assessment tool makes a double assessment: on the one hand,
to establish the importance of the single practice for the enterprise and, on the other,
the level at which it is implemented. In doing this, two distinct profiles are elaborated
called, respectively, desired state and current state. They are subsequently compared
in order to determine gaps or critical areas which require the setting up of appropriate
intervention actions.

The problem at this point is how to individuate the desired state, in other words, how
to determine the optimum positioning level for each 19 best practices. The optimum
positioning is of a contingent nature and we think that it depends on product-market
complexity. In this sense, an interesting diagram that analyses the level of
product-market complexity was developed by Clark and Fujimoto (1991) who
distinguish between complexity of product (internal) structure and complexity of
market interface. Internal structure complexity refers to the number of components and
production phases needed for their realization, to the number of different component
interfaces, to technological complexity, to the need to involve suppliers in the
development process, etc. Market interface complexity refers to the number of
performance criteria that should be evaluated for choosing the product, to the importance
of ambiguous and subjective assessment dimensions with respect to the measurable and
objective dimensions, to the variety of markets catered for, etc.

In addition to the already mentioned diagram of Clark and Fujimoto, the Market
Turbulence Map Instrument developed by Pine (1992) was of particular help.

Product-market complexity is measured through Questionnaire A; the questionnaire
1s made up of 32 statements and an evaluation for each statement is requested.



The degree of agreement or disagreement with the sentence is expressed with a mark
from 1 to 10, where one indicates maximum disagreement and ten maximum agreement
(see Table II where a part of Questionnaire A is reported).

By using a matrix similar to the relationship matrix of the house of quality of the
quality function deployment (QFD) methodology (Akao, 1990), the answers to the
32 questions of Questionnaire A are crossed with the previously mentioned 19 practices in
order to assign each of the latter with an optimum level (on a one to four scale) and identify,
therefore, the desired state. More specifically, in order to identify the desired state profile, a
32 X 19 matrix was built assigning a correlation coefficient (0, 1, 3, 9) at each row-column
intersection. A high coefficient value underlines the importance of the practice of the ith
column in relation to the content of the question of the jth row: for example, with reference
to the “use of appropriate methods for understanding client needs” practice, this coefficient
will have a higher value in correspondence with the statement of questionnaire A “Our
clients are distributed over various geographical areas featuring different needs/demands
to be met, regulations to be respected, cultural and social values, finishing levels
requested”. In order to calculate, for each practice, the optimum level upon which one
should be positioned, we employed the so-called independent scoring method (Cohen,
1995): the row value assigned at the questionnaire A statement is multiplied by the
corresponding column correlation coefficient and the 32 resulting values are therefore
added up and normalized in the one to four interval, thus obtaining the level sought for.

The optimum level (L) of each practice is calculated using the following formula:

L= Zzith*dm

i dan
where:
i=1,...,19;
h=1,...,32;

Mark with a score from 1 to 10 how much you agree with the following statements
1. Our product range has been continuously expanding over the past years
2. We are well aware of customer needs during new product development
We are not well aware of the features/functions of technologies employed during new product
3. development
Our customers are located in various geographical areas featuring different needs/demands,
4. regulations to be respected , cultural and social values, finishing levels required
5. Our products satisfy many different customer needs
Our products are purchased by industrial customers who use them in their production
6. processes
Our products are made of many components/modules that are interconnected by a large
7. number of different interfaces
8. Our products feature a clear modular architecture
The finishing and precision level required (tolerances, assembly, material quality, etc) when
9. developing our products is high
10. Our sector features a large number of competitors presenting strong product differentiation
Competition in our sector is particularly harsh and is based on performances such as product
11. innovation and services

Notes: 1 — completely disagree; 10 — completely agree

New product
development
assessment

185

Table II.
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for evaluating
product-market
complexity
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Figure 6.
Desire state vs current
state: an example

L; = optimum level for each practice %,
R, = score of the Questionnaire A; and
d;, = correlation factors.

It should be noted that unlike many models found in literature which individuate just
one expected complexity level for all product development practices, in this tool it is
possible to define the relative ideal level for each single practice and, therefore, to have
greater analysis sensitivity.

Phase II — elaboration of the current state

In this phase of the assessment process, the current state is elaborated by providing the
working group with Questionnaire B, composed of 19 best practices and the related
four-level maturity scales. To establish the level at which each single practice is
implemented, it is necessary to choose the level whose description better describe what
1s actually performed in the enterprise. It is important to be as objective as possible, to
work carefully and scrupulously and to try not to overestimate or underestimate
company activities. By comparing the desired state with the current state, the
previously mentioned gaps arise (Figure 6).

Phase III — assessment of strategic orientations and priovity map creation

The gap analysis between desired state and current state points out improvement areas.
However, the issue of which sequences of improvement initiatives, the company must
undertake to improve its performances within NPD still needs to be defined. As made by
various models presented in literature, practices presenting a larger gap could be

@ Desired state  mm@mmw  Current state

New product
development strategy
Product planning

Market
Product development Understanding integration

procedu customer needs
Process Project Definition of product
[paegement ’ specifications
Product development New product launch and
team A commercialization
PN
Management '% \‘ ‘.’4 Design for the environment
leadership / | e
XK '
Continuous , ’/ ( Involving manufacturing personnel
improvement " ‘k ‘ \ inthe design phase
Integrated management of » v Determining cost and investment objectives
product/pr technlca! deta Design for the manufacturing and assembly
Production ramp up

Robust design Integration with suppliers

Production
integration



tackled first. Our tool works in a different way since it introduces here a second level of
contingency. As already underlined, we believe that the strategic choices that guide
product development activities are key situational factors capable of deeply influencing
the relevance of various product development practices. As a result, four strategic
orientations were firstly individuated and may be summarized as follows (Ho, 1993):

(1) Time to market. In this case, the speed with which new products are introduced
on the market, compared to competitors, is privileged.

(2) Product cost. The aim here is to develop low cost product according to a cost
leadership strategy (Porter, 1980).

(3) Performance/technology. The focus is on maximizing product performances
through the continuous use of innovative technologies.

(4) Quality/reliability. Close attention is paid to offer solid and consistently good in
quality products.

In order to understand the choices made by a firm in terms of innovation strategy, the
well-known multi-criteria decision-making method called Analytic Hierarchy Process
proposed by Saaty (1980) was employed. Using this method, it is possible to suitably
rank the different strategic orientations.

A second relationship matrix is then used with rows containing the four strategic
orientations and relative degree of importance coming from the previous analytical
hierarchy process matrix, and with columns coinciding with the usual 19 best
practices. In this case, the correlation coefficient means how much a specific practice is
coherent with a certain strategic orientation (for example, the “robust design” practice
plays a vital role when the enterprise intends competing by leveraging high
quality/reliable products). By carrying out a procedure similar to the one previously
mentioned, the importance of each single practice is individuated according to the
importance taken on by the four strategic orientations.

The last step of the assessment process regards the construction of the priority map.
Having defined first the gap between the desired state and current state of each best
practice and then the importance of each practice in relation to the strategic orientations
expressed by the enterprise, a two-dimensional mapping of the practices may be performed
on the gap size — importance Cartesian plan. The practices contained in the upper right area
of the graph feature both a large-sized gap and strong importance; they present the highest
level of criticality and therefore are the first that must be addressed (Figure 7).

5. Concluding remarks

The present study proposes an NPD process assessment method employing a
normative-contingent approach, based upon the logic of coherence. The proposed
method is suitable for effectively supporting assessment needs thanks to the presence
of mechanisms capable of stimulating critical thinking towards current and best
management practices; these mechanisms support the definition of priority maps and
guide suitable improvement interventions.

The prototype tool has been tested in five enterprises:

(1) Alfa. A small-sized manufacturer of bread-making equipment.

(2) Beta. A medium-large sized enterprise producing cooking equipment for the
catering industry.
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Figure 7.
An example of priority
map

4
Robust design Product development
3 team
Understanding New product Design for manufacturing
customer needs  development strategy and assembly
2 L eadership Project Product planning
new product launch management
1 and commercialization methodologies
D - di biecti Definition of product Production ramp-up
N etermining cost and investment objectives specifications
5 0 InvoIving manufar_:turing personnel Integrated management Continuous improvement
in the design phase of product/process technical data
-1
Product development procedure Design automation Design for environment
-2
Involving suppliersin the design phase
-3
-4

0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%  11% 12%
Importance

(3) Gamma. A medium-sized enterprise which design and produce payment
systems for the automatic distribution industry.

(4) Delta. A medium-sized manufacturer of wood and panel processing machines.

(b) Sigma. A small-sized enterprise operating in the leather-finishing machines
industry.

The case studies carried out allowed us to test the tool in its prototypal phase in order
to assess both its limits and potential and also to highlight possible improvements.
Empirical evidence regarding tool adoption, implementation and results achieved are
summarized in Table IIL.

As emphasized by literature, tool testing confirms the key role of management in
promoting internal assessment and the need to use appropriate tools supporting the
assessment activities. In all five enterprises considered, the main source of tool
attractiveness was represented by its complete and rapid assessment capabilities. The tool
was considered as being easy to understand and to use, and any obstacles during its
introduction were attributed to the lack of an internal sponsor, the presence of conflicts
between involved managers, resistance to change by management or cultural barriers.

Tool implementation requires the involvement of persons belonging to various
company areas (mainly, engineering design, production, purchasing, commercial-
marketing) and is usually conducted with a group of four to eight people who are
engaged in around five to seven meetings in relation to the participating enterprise’s size
and complexity. The difficulties that arose during tool implementation were not
connected to intrinsic tool features but to organizational and cultural aspects; four
enterprises out of five pointed out the difficulty in managing conflicts between members
and/or had to solve problems connected to scarce motivation by participants or general
management.
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According to the management of the companies participating, the use of the tool
pointed out important critical areas in four companies out of five; a partial incoherence
between the aspects stressed by the tool and those perceived by the management was
detected only in Beta. Owing to the evidence highlighted by the tool, three companies
decided to set up further projects: Beta started up an organizational structure review,
Gamma started up a QFD and Delta started up a DFM/DFA project. As to the two
remaining companies, in one case strong company organization changes hindered
continuation of the assessment phase and, therefore, the definition of suitable
improvement programmes. In the other case, reasons for the lack of initiatives
following the assessment activities are probably due to the fact that the tool detected
critical areas that were not considered by management as being of priority concern.

The testing activities showed that there was room for improvement for the tool; in
particular the terminology used to describe some best practices were considered as not
being very clear, so it was necessary to revise the phrases used in the maturity scales:
we have simplified descriptions and added clarifications of key concepts in order to be
as clear and unambiguous as possible.

Furthermore, difficulties in recognizing strategic orientation priorities or in
understanding how the relationship matrix worked were pointed out; difficulties also
arose when applying some questions belonging to Questionnaire A. Following the
testing activities, the research group introduced suitable modifications to the tool and
to its implementation methodology in order to improve tool understanding and
coherence with various application contexts. However, before carrying out these
modifications, the opinions collected during the implementation phase and after
termination of the analysis activities, confirmed the tool’s ability to provide a clear and
coherent representation of related company situations. The individuals involved
considered the tool to be easy to understand and to use although they recognized the
importance of implementing it with the support of an external consultant capable of
handling the entire process.

References

Adams-Bigelow, M. (2004), “First results from the 2003 comparative performance assessment
study”, in Kahn, K.B. (Ed.), The PDMA Handbook of New Product Development, 2nd ed.,
Wiley, New York, NY.

Akao, Y. (1990), Quality Function Deployment, QFD, Integrating Customer Requirement into
Product Design, Japan Standards Association, Tokyo.

Arthur D. Little (1991), The Arthur D. Little Survey on the Product Innovation Process, Arthur
D. Little, Cambridge, MA.

Astley, W.G. (1985), “Administrative science as socially constructed truth”, Administrative
Science Quarterly, Vol. 30, pp. 497-513.

Biazzo, S. and Bernardi, G. (2003), “Organisational self-assessment options. A classification and
a conceptual map for SMESs”, International Journal of Quality & Reliability Management,
Vol. 20 No. 8, pp. 881-900.

Booz, E., Allen, J. and Hamilton, J. (1982), New Products Management for the 1980s, Booz, Allen
and Hamilton, New York, NY.

Bradach, J. (1996), “Organizational alignment. The 7-S model”, Harvard Business School
Teaching Note No. 9-497-045, pp. 1-11, available at: http://cb.hbsp.harvard.edu/cb/product/
497045-PDF-ENG

New product
development
assessment

191




BIJ
17,2

192

Burrell, G. and Morgan, G. (1979), Sociological Paradigms and Organizational Analysis, Arena,
Aldershot.

Burton, RM. and Obel, B. (1998), Strategic Organizational Diagnosis and Design, Kluwer
Academic, London.

Carter, D.E. and Baker, B.S. (1992), Concurrent Engineering. The Product Development
Environment for the 1990s, Addison-Wesley, Reading, MA.

CERC (1993), Final Report on Readiness Assessment for Concurrent Engineering (RACE) for
DICE, CERC Technical Report CERC-TR-RN-93-075, Concurrent Engineering Research
Center, West Virginia University, Morgantown, WV.

Chiesa, V., Coughlan, P. and Voss, C.A. (1996), “Development of a technical innovation audit”,
Journal of Product Innovation Management, Vol. 13 No. 2, pp. 105-36.

Clark, K.B. and Fujimoto, T. (1991), Product Development Performance, Harvard Business School
Press, Boston, MA.

Cohen, L. (1995), Quality Function Deployment: How to Make QFD Work for You,
Addison-Wesley, Reading, MA.

Cooper, R.G. (1990), “New products: what distinguishes the winners”, Research and Technology
Management, November/December, pp. 27-31.

Cooper, R.G. (1994), “How new product strategies impact on performance”, Journal of Production.
Innovation Management, Vol. 1 No. 1, pp. 5-18.

Cooper, R.G., Edgett, S.E. and Kleinschmidt, E.J. (2004a), “Benchmarking best NPD practices — I,
Research-Technology Management, Vol. 47 No. 1, pp. 31-43.

Cooper, R.G., Edgett, S.E. and Kleinschmidt, E.J. (2004b), “Benchmarking best NPD practices —II”,
Research-Technology Management, Vol. 47 No. 3, pp. 50-9.

Cooper, R.G., Edgett, SE. and Kleinschmidt, E.J. (2004c), “Benchmarking best NPD
practices — III”, Research-Technology Management, Vol. 47 No. 6, pp. 43-55.

Cormican, K. and O’Sullivan, D. (2004), “Auditing best practice for effective product innovation
management”, Technovation, Vol. 24 No. 10, pp. 819-29.

De Graaf, R. (1996), “Assessing product development. Visualizing process and technology
performance with RACE”, PhD thesis, Technical University of Eindhoven, Eindhoven.

DRM Associates (2001), Product Development Best Practices and Assessment (PDA), available at:
www.npd-solutions.com

Eisenhardt, K.M. and Tabrizi, B.N. (1995), “Accelerating adaptive processes: product innovation
in the global computer industry”, Administrative Science Quarterly, Vol. 40 No. 1,
pp. 84-110.

Ernst, H. (2002), “Success factors of new product development: a review of the empirical
literature”, International Journal of Management Review, Vol. 4 No. 1, pp. 1-40.

Galbraith, J.R. (2002), Designing Organizations: An Executive Guide to Strategy, Structure, and
Process, Jossey-Bass, San Francisco, CA.

Griffin, A. (1997), “PDMA research on new product development practices: updating trends and
benchmarking best practices”, Journal of Product Innovation Management, Vol. 14 No. 6,
pp. 429-58.

Griffin, A. and Page, A.L. (1993), “An interim report on measuring product development success
and factors”, Journal of Product Innovation Management, Vol. 10 No. 3, pp. 291-308.

Ho, T.H. (1993), “Product design strategy analysis. The marketing-manufacturing interface”,
PhD dissertation, University of Pennsylvania, Philadelphia, PA.



Jackson, N. and Carter, P. (1991), “In defence of paradigm incommensurability”, Organization
Studies, Vol. 12 No. 1, pp. 109-27.

Kahn, K.B., Barczak, G. and Moss, R. (2006), “Establishing an NPD best practice framework”,
Journal of Product Innovation Management, Vol. 23 No. 2, pp. 106-16.

Kuczmarski & Associates (1994), Winning New Product and Service Practices for the 1990s,
Kuczmarski & Associates, Chicago, IL.

Link, P.L. (1987), “Keys to new product success and failure”, Industrial Marketing Management,
Vol. 16, pp. 109-18.

McQuater, R.E., Peters, AJ., Dale, B.G., Spring, M., Rogerson, J.H. and Rooney, EM. (1998),
“The management and organizational context of new product development: diagnosis and
self-assessment”, International Journal of Production Economics, Vol. 55 No. 2, pp. 121-31.

Montoya-Weiss, M.M. and Calantone, R.J. (1994), “Determinants of new product performance.
A review and meta-analysis”, Journal of Product Innovation Management, Vol. 11 No. 5,
pp. 397-417.

Moultrie, J., Clarkson, P.J. and Probert, D. (2007), “Development of a design audit tool for SMEs”,
Journal of Product Innovation Management, Vol. 24 No. 4, pp. 335-68.

Numagami, T. (1998), “The infeasibility of invariant laws in management studies: a reflective
dialogue in defence of case studies”, Organization Science, Vol. 9 No. 1, pp. 9-15.

Page, A.L. (1993), “Assessing new product development practices and performance: establishing
crucial norms”, Journal of Product Innovation Management, Vol. 10 No. 4, p. 273.

Pawar, K.S. and Thoben, K.D. (1995), “The development of a conceptual model and a knowledge
platform for concurrent engineering”, in Paul, A.]. and Sobolewski, M. (Eds), Proceedings
Concurrent Engineering Conference, Johnstown, PA, USA.

Pine, J.B. (1992), Mass Customization: The New Frontier in Business Competition, Harvard
Business School Press, Boston, MA.

Pittiglio, R.T. and McGrath, MLE. (1995), Product Development Leadership for Technology-based
Companies: Measurement and Management — A Prelude to Action, Pittiglio Rabin Todd
and McGrath, Weston, MA.

Porras, ].I. (1987), Stream Analysis, Addison-Wesley, Reading, MA.

Porter, M.E. (1980), Competitive Strategy, The Free Press, New York, NY.

Rosenthal, C.W. (1991), “A structured method for assessing the maturity of an electronic design
process”, Proceedings of the IEEE Engineering Management Society, International
Conference on Management of Engineering and Technology, Portland, OR.

Saaty, T.L. (1980), The Analytic Hierarchy Process, McGraw-Hill, New York, NY.

Software Engineering Institute (2001), Capability Maturity Model Integration Version 1.1,
Carnegie Mellon, Pittsburgh, PA, available at: www.sei.cmu.edu/cmmi

Tennant, C. and Roberts, P. (2003), “The creation and application of a self-assessment process for
new product introduction”, International Journal of Project Management, Vol. 21 No. 2,
pp. 77-87.

Thiétart, R.A. and Forgues, B. (1995), “Chaos theory and organization”, Organization Science,
Vol. 6 No. 1, pp. 19-31.

Tranfield, D., Denyer, D. and Smart, P. (2003), “Towards a methodology for developing
evidence-informed management knowledge by means of systematic review”, British Journal
of Management, Vol. 14, pp. 207-22.

Van Landegem, R. and De Wilde, H. (1994), “A simultaneous engineering ‘benchmarking’ tool”,
internal report, University of Ghent, Gent.

New product
development
assessment

193




BIJ
17,2

194

About the authors

Roberto Panizzolo is currently an Associate Professor of Operations and Supply Chain
Management in the Dipartimento di Innovazione Meccanica e Gestionale, University of Padova.
He holds an MSc degree in Electronic Engineering and a PhD in Industrial Engineering from the
University of Padua. He is member of the European Operations Management Association
(EurOma) and of Production and Operations Management Society (POMS). His research interests
and teaching include manufacturing operations management, supply chain management,
product data management. Roberto Panizzolo is the corresponding author and can be contacted
at: roberto.panizzolo@unipd.it

Stefano Biazzo is a Professor of Management and Business Economics in the Dipartimento di
Innovazione Meccanica e Gestionale, University of Padova. His research interests include
product development management, performance measurement systems, and business process
management. His work has appeared in a number of books and international journals such as the
International Journal of Operations & Production Management, International Journal of
Management Reviews, Integrated Manufacturing Systems, and International Journal of Quality &
Reliability Management.

Patrizia Garengo is a Post Doctoral Research Fellow at Department of Industrial Innovation
and Management (DIMEG) and an Adjunct Professor at the Faculty of Engineering at the
University of Padua (Italy). She holds a degree in Business Economics from Ca’ Foscari
University in Venice and a PhD in Industrial Engineering from the University of Padua.
Patrizia’s research is focused on the development of scientifically grounded, but practical,
management models, and tools to support manage processes and performance management.
To do this, she is involved in national and international research projects and she actively
collaborates with manufacturing companies in a variety of sectors.

To purchase reprints of this article please e-mail: reprints@emeraldinsight.com
Or visit our web site for further details: www.emeraldinsight.com/reprints



