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Abstract

This paper aims to identify the main contributioog international and national studies
investigating the relationship between organizatiopractices for new product development
process (PDP) and the success with innovations. §thidy was made based on papers published
in leading journals. The paper presents and corsfhesbest practices identified.
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Introduction

In the current scenario, innovation and knowledgeolme increasingly important for the
competitiveness and survival of the productive niggtions. The innovation may be related with
technology, product, production process, orgarorati arrangement and further including the
business model.

Specialized companies can lose market and becamerable in a complex environment
with high variability of demand. To increase conifpet advantage, a company depends on
product diversification, even though it may repreéseloss of productive efficiency at first. This
diversification occurs via innovation process, whidepends on the capacity to generate
knowledge by the company.

Mechanisms of destruction of competition througiequal competition or monopolies
achieved through protectionist mechanisms, geneestglts over a period of time, but do not
guarantee the survival of these companies in thg ferm (Penrose 1979).

Competition through innovation replaces traditicisams of competition, a process that
(Schumpeter 1942) called "creative destruction.IsTarm of competition has driven business
growth and economic development in different caestr

(Penrose 1979) has reported that this processreative competition" became dominant
in the behavior of many U.S. industries, ensurhmgrtgrowth.

The important role of innovations for the very\sual of businesses boosted research for
the Product Development Process (PDP), giving tesdlifferent techniques, methods and
organization strategies of the process of new prbdavelopment, aiming to increase efficiency
process, increase skills, reducing development tme product launch in the market, among
other factors.



This paper identifies and analyzes some of thepkagtices of the organization process of
new product development (NPD) and the success \aghiby innovative companies, from
researches and studies in the scientific literature

The paper is organized into 7 sections and iri@et it is made a brief discussion on the
linear and systemic innovation models. In Secticareexposed organizational structures found
in companies committed to innovations. Further,fdmns of the PDP organization are discussed
in section 4. Section 5 discusses the importancenafiagement of new products R&D and
strategies with R&D teams. Section 6 presents tmpetencies required in the generation of
innovation and in section 7 concluding remarksmaagle about the work.

Linear model and systemic model of the innovation process
The linear model of innovation has been widesprgade the end of World War II, among
researchers who sought to explain the processvaflai@ing new products. This model was based
on the ideas contained in the report "Science -Him#less Frontier" by Vannevar Bush, director
of the Office of Scientific Research and Developmesstablished in 1945. Vannevar Bush
defended the premise that new knowledge and inirtmsarose from the basic science and that
only by investing in basic science could achieveht®logical progress. This view of science
resumed the ideas of Francis Bacon in 1635 andgheat influence on science policy for two
decades after the year 1945 (Metcalfe 2003).

This model provides a simpler view of the innowatprocess and states that the process
steps brings distinct and defined stages, and glesisequential order, starting with basic
research, development, production and marketinghaan in Figure 1.
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Figure 1 - The linear model

The linear model is controversial and one of tbatwversies is that the technology
would hierarchically be less important than scieaed, according to this model, the technology
was applied science. Under the assumptions ofntbidel, new scientific knowledge emerges in
proportion to the investment of resources in bessearch (Metcalfe 2003).

The linear model is still widely used in analyarsd discussions, particularly on political
issues. According to (Kline and Rosenberg 1986¢, ainthe flaws of the linear model is that it
does not consider the opinions and expectationsustomers, i.e., it does not consider the
feedback to the sales area, the fundamental asalf/giroduct performance and does not review
the design or design to generate better versions.

The linear innovation model does not consider ithportance of feedbacks from the
market at any stage of the innovation process bhedlifferent sources of innovation, which are
not necessarily related to basic research or sficerd@search.

According to (Kline and Rosenberg 1986), the thésat innovation begins with research
is wrong in most cases. For the authors, the stdgee project or design is considered the initial
step of the innovation process and not science.réthesigns generate innovation and depend in
many cases, of the contribution of other areasnuwkedge. The research may contribute to
generate a solution to a problem that preventsnaoviation from being completed. Much
research into new materials was generated fromlgmmahencountered in the creation of new
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products, such as semiconductors, solar battesieam turbines and others. Thomas Edison to
develop the electric lighting system required thalgsis of a mathematician to solve problems
related to parallel circuit (Kline and Rosenber@ap

Regularly, the linear model was superseded byradtiteractive and systemic models,
considered more suitable for the analysis of th@&owation process of companies.

One of the models with more systemic approach hef ihnovation process is the
interactive model (chain-linked model), proposed(kline and Rosenberg 1986). This model
considers the feedbacks between the various stdglse innovation process. In this model, the
firm is the main source of innovation and not tmevarsity or research institutes. There is also
interaction with other companies and with the soeeand technology environment in which the
company operates. Figure 2 illustrates this interaenodel.
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Figure 2 — The chain-linked model

market

According to the model, the relationship betweea firm and the research can occur at
any stage of the innovation process. The authastiig some possible paths of innovation: a
central path starting at the project of an invemtibrough the other steps until you reach the
market (letter x); a path of feedbacks that caruoet each stage of the process (upstream and
downstream) and from the market (letter y) and th g@arch to be incorporated by firm or
otherwise, from a firm's demand to generate a rese&arch (letter z).

In this model, the early innovation does not alsvagcur from basic research to achieve
technological development, as occurs in the limeadel. In the interactive model the company
builds internal relations, establishes externatdges with other companies and also there are
interactions between science and industry in igmiato develop products, processes or services.
The company seeks opportunities for innovation fthenneeds raised in the market, when using
scientific knowledge already available internally ib necessary, triggers the scientific starting a
new search.

(Schumpeter 1939) highlights that invention d#féom innovation, because just when
an invention is commercially developed and reactimes market, it becomes an innovation
(OECD 1997).The innovation on product or procegkse¢o meet performance levels desirable,



still subject to cost constraints, since the at&si of designing new products are very
sophisticated and very expensive (Nelson and Resgri993).

(Schumpeter 1939) proposed a classification abuartypes of innovations incorporated
in the Oslo Manual, which provides guidelines floe tollection and use of data in research on
technological innovation in industry (OECD 199%). $chumpeter's classification, the types of
innovations are:

* Introduction of a new product or a qualitative opp@imn existing product;
* Process innovation that is new to an industry;

* Opening of a new market;

» Development of new sources of supply of raw maleoaother inputs;

* Changes in industrial organization.

Innovation is also classified according to tha#esin terms of degree of novelty, as
incremental or radical (Tidd et al. 2005). Accoglio (Tidd et al. 2005), incremental innovation
occurs when an existing product or service undexrgogrovements or upgrades, on the other
hand, radical innovation is when an entirely newdpict or service arises market, involving
changes in thinking and use these products orcasvi

(Tidd et al. 2005) presented the model classifiedhe "4Ps" and define innovation in
terms of product, process, position and paradigmsidering also the innovations in services:

1) Product innovation - changes in products orisesvthat an organization provides;

2) Process innovation - changes in the way prodacits services are created and
distributed,;

3) Position innovation - changes in the contextwhich products or services are
introduced and

4) Innovation paradigm - changes mental modelsuhderlie what organizations do.

In evolutionary theory the concept of innovatigrireated comprehensively as "a process
by which firms master and turn in practice, thetpitypes of products and production processes
that are new to them and not necessarily to theeuse or a nation” (Nelson and Rosenberg
1993).

The process of innovation is to be treated ascalsprocess, with the contribution of
different actors and organizations, carriers of\idedlge and skills that complement each other to
generate innovation. This interactive approach @ymhmics of the innovation process is a neo
Schumpeterian approach, which considers betteha@lcomplexity involved in the dynamics of
innovation.

Structural formstaken in product development process

The need to increase the efficiency of the PDRemsing skills, improving project quality and

reducing development time and product launch in riteeket, among other factors, has led

companies to search and development of differeattipes and forms of organization of PDP.
One of the factors that affect the efficiency bé tPDP is the organizational structure

adopted by the company.



Different studies have been conducted to ideritigy types of structures used in various
organizations both in manufacturing and in the ises/sector (Johne and Snelson 1988, Larson
and Gobeli 1988, Mintzberg 1995, Vasconcellos aathsley 1997).

The structural form of an organization can reviegportant aspects of how work is
performed, as well as other aspects of the digtabwf authority, forms of communication rules
and information, coordination of activities, formiscooperation, among others.

The traditional structures are found when acteitiare very repetitive and the
environment is stable. (Vasconcellos and Hemsle§71%ighlight that the main features of
traditional structures are: high level of formatina; control unit; employees highly specialized;
vertical communication; traditional forms of depaentalization.

For complex environments and large changes like th which organizations are
embedded in the present moment, traditional strastare not adequate, resulting in more
flexible or organic arrangements, such as matrixcttires or project oriented. There are different
types of organizational structures adopted by congsainvolved in the development process of
innovations.

(Larson and Gobeli 1988) in a large study analythedtypes of organizational structures
adopted by companies involved in R&D of new produanid identified five types of structures,
taking as reference the work of Galbraith of 19Fle structures related by the authors are: the
functional structure, the functional matrix, baladamatrix, project matrix and project team. A
brief description of those organizational follows:

1) Functional - the project is divided into segnseartd assigned to functional areas,

2) Functional matrix - a project manager with liitauthority coordinates the project
through different functional areas or groups. Fiomatl managers have responsibility and
authority for their areas of expertise in the desig

3) Balanced matrix - a project manager overseegprbject and shares the responsibility
and authority for project completion, with the ftiooal manager. Functional managers
and project run together work areas and make assi

4) Project matrix - a project manager overseesptiogect and has responsibility and
authority for completion. The functional managerasponsible for allocating staff with
technical knowledge,

5) Project team - a project manager is respon$iblthe team, composed of professionals
from different functional areas or groups that apeoutside organizational boundaries to
complete a project. The functional manager hasonodl involvement.

(Vasconcellos and Hemsley 1997) found the maitufea of the innovative structures:

(a) Low level of formalization - because in comp&wironments new problems arise;
(b) Advanced forms of departmentalization - by frafenters or units with great
autonomy, usually in large groups with very diversetivities or products;
departmentalization for projects, highly effectivagainst environmental changes;
departmentalization matrix that simultaneously usego or more types of
departmentalization; structure cell that is fullgxible and structure to "new ventures"”
that separates new activities from routine ac#sitr operations;

(c) Multiplicity of command - when one or more igtated projects involving experts
from various technical areas, generating doublemmitiple subordination of these
specialists to their managers;



(d) High diversification - professionals have dseknowledge in various technical areas;
(e) Horizontal and diagonal communication - in dyim@ environments need to
communicate more often between specialists inrdiffeareas.

One type of structure pointed by many authorsresad the most found in R&D activities
is the structure for projects with greater divecsifion of technicians, which allows further
reduction of the idleness among projects. In tyye tof structure, workers exchange experiences
and cooperate with workers from different areasvking the relations between areas and having
an overview of the project set, which is not polgsivith a functional structure (Larson and
Gobeli 1988, Vasconcellos and Hemsley 1997).

According to (Johne and Snelson 1988), the funatistructure is ideal for activities
more stable and not for activities involving contdus change, as innovative activities.

In the project structure there is a change inctimaposition of teams for each new project,
which allows a greater range of activities and moteraction between different people in related
fields. According to (Vasconcellos and Hemsley 1)98Yese features of the structure for projects
generate greater satisfaction for techniciansdesdboeing an opportunity for improvement.

(Vasconcellos and Hemsley 1997), point that onghef biggest disadvantages of the
functional structure is the separation betweentfanal areas with the expertise of technicians
and so they can’'t work together. In the structurerojects, the team is multidisciplinary and
works in conjunction with high interaction throughahe project execution.

The type of organizational structure adopted loprmpany impacts on some indicators of
efficiency, since some structures generate grdbeibility than others, enabling lower costs,
greater communication between people, greater aaotgrto professionals, agility in making
decisions and solving problems, among others.

There are several studies in the literature onirtigacts of organizational structures in
research and development of innovations and mangetsofocusing on the steps of the
development process. In general, the studies atesénl on the determinant factors of financial
performance and the success of innovations, fogusimimproving aspects of process steps,
reducing costs, improving communication betweemtegembers, mechanisms and strategies for
coordinating activities (Brown and Eisenhardt 1995)

Organization of activitiesin R& D process

The process organization of R&D is seen as a atitiactor to the success of launching an
innovation in several studies analyzed for thigckrtBrown and Eisenhardt 1995, Cooper 1979,
Cooper and Kleinschmidt 1986, Griffin 1997, Kahrakt2006, Takeuchi and Nonaka 1986).

The research of (Cooper 1979) is one of the farstdentify the critical success factors in
developing a new product, in which the author happed the main activities involved in the
PDP process.

(Cooper and Kleinschmidt 1986) based on the woCooper 1979), identified the most
important activities in the development processaafew product, as successful companies use
formal procedures and clear criteria. (Kahn eR806) also highlight the process organization of
R&D, as one of the success factors of innovativeganies.

According to (Cooper and Kleinschmidt 1986), thecess of a new product development
depends on some key activities and how these aetivare well executed and integrated to the
process, i.e., people are the most important destite success of new products. The type of
technology, the nature of the market or the synd@yeen design and business are important,



but not sufficient, because are the people whmparthe activities and contribute strongly to the
success of the project of the new product.

(Cooper and Kleinschmidt 1986) present key adtisjtwhich can lead to a successful
new product, if developed with quality that inclgde

1) Initial selection;

2) Preliminary market assessment;
3) Preliminary technical assessment;
4) Detailed study of the market;

5) Financial/business analysis;

6) Product development;

7) In-house product testing;

8) Product test by the customer;

9) Test market/trial sale;

10) Trial production;

11) Business analysis of pre-marketing;
12) Production start-up;

13) Market launch.

(Cooper and Kleinschmidt 1986) state that the maduct development process is
deficient in many companies. While managers say b@ve a systematic planning process, the
authors identified many gaps and deficiencies. Sontieal activities are omitted and other key
activities are partially developed.

According to (Cooper and Kleinschmidt 1986), aalgsis of the results of what actually
happens in 203 projects surveyed reveals that netiyities or internships accepted or
prescribed in the project, are completely omittedhie actual process. Only 1.9% of the projects
executed all the 13 activities. In the majoritypsbjects studied, less than 9 of the 13 activities
were carried out. In another outstanding work, (@vand Kleinschmidt 1995), suggest that it is
important to focus on pre-development activitiethwemphasis on technical studies, market
analysis and feasibility of the product. (Griffied7) already pointed out that the most important
activities are the generation and analysis of idesfinical development and marketing.

According to (Cooper et al. 2004), all activitiek pre-development, development and
post-development are critical to the success @&va product.

New product development project teams
Several authors emphasize the importance of the Rdfiject teams, to improve process
performance, information exchange, increase skiligl integration of the various activities
involved (Brown and Eisenhardt 1995, Edmondson [dachbhard 2009, Griffin 1997, Kahn et
al. 2006, Takeuchi and Nonaka 1986).

(Brown and Eisenhardt 1995), highlight the impoc& of the project teams for the
performance of R&D, with cross-functional teams,ondre responsible for the development of
all activities of R&D. These are concepts that $farm, vague ideas and product specifications
on new products. According to the authors, comositgroup process and the organization of
work in project teams affect the information, reses, and style of problem solving teams,
which in turn influence the performance of the @sx; i.e. the speed and process productivity.
The composition of the teams, with people of défearqualifications, the figure of a facilitator in



the good teams and the good relationship betwemm#imbers are identified as critical to the
performance of the process (Brown and Eisenhar@ 1@riffin 1997).

(Takeuchi and Nonaka 1986), analyzing the procefssieveloping new products,
highlight the importance of the factors flexibilignd speed for the development of innovations
and claim that some structures and ways of orgagiR&D activities jeopardize the efficiency
of these factors, as the sequential traditional.way

In the traditional approach of product developmanproject has multiple phases with a
group of functional specialists working in eachtbé project phases (concept development,
testing, product design, development, pilot prouceand production for the market). When a
group finishes its step, the job goes to the nekiet continued (Takeuchi and Nonaka 1986).

(Takeuchi and Nonaka 1986), studying companig¢kerinited States and Japan, showed
that these companies have begun to treat the prdduelopment with a holistic approach, which
the authors compare with the “Rugby” in which tearh works together, passing the ball back
and forth according to the chosen tactic and nstages or sequentially. In the method "rugby”,
there is a constant integration and a multidisegrly group and the members work together from
beginning to end and not piecemeal structured agfishet, but overlapping. Thus, a group of
engineers could start the design of the produdgréehe tests were finished. Companies like
Honda, Canon and Fuji Xerox worked with this metiioat seeks to encourage experiment and
error, challenging the status quo. According todb¢hors, this method stimulates new ways of
learning and thinking in companies at differentdisvand functions, and can break the rigidity of
the companies.

(Takeuchi and Nonaka 1986) examined new approachesanaging the process of
product development by companies such as NEC, Hdhgson, Brother, 3M, Xerox and HP.
The authors identified in leading companies, sparabteristics in managing new product
development process: construction of instabilitgif-erganized project teams; overlapping
development phases; multiple learning; subtle cdndrganizational transfer of learning.

Skillsrequired for innovation
In addition to the practices, techniques and wdysrganizing activities related to the R&D of
new products, highlights the importance of skilishee companies involved with innovation.

According to (Munier 2006), the company develogslssto innovate and innovation
itself ends up generating new skills in the compdnigovation generates feedback and involves
internal and external interactions with differenbdes of learning. The author highlights that
skills are important for company adaptation to ¢hgironment for the innovative process. These
skills are related to the production process, ntargehuman resources management, financial,
among others.

(Munier 1999), in his extensive study of companiesovation practices in France,
identified four groups of competences that a comgpahould have to innovate: technical
competences; organizational competences; relatmmpetences and competences of means.

(Francois et al. 1999) consider that the skills lsa complementary and that there may be
a hierarchy of competencies, in which one is morgartant than another. Among the industrial
sectors there are differences about the degreenpbriance of a particular competence to
innovate, i.e. a competency can be critical tocaosevithout significant importance to another.

(Francois et al. 1999) relate and define the caeemmges that can be identified in the
companies through questionnaires and allows asge$se degree to which these skills are
developed and deployed in enterprises. If a compasynot developed quite a skill, it can get in
the external environment through a supplier orisergrovider, for example, the management of
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intellectual property, which is one of the impottakills to innovate. The company can hire a
lawyer with knowledge of patents in the country ahdoad. The competencies identified by the
authors relate to the areas of: management andiaeg@n of human resources and material and
operations management. The competencies idenbfi¢érancois et al. 1999) are grouped into:

» Management and organization of research in intava

* Review the company ability to transform;

* Managing communication between different levélthe structure;

* Identify new needs and opportunities relatedrtmpcts and processes;

* Identification and appropriation of technologiesm the external environment;
* Management of intellectual property;

* Introduction and rapid diffusion of an innovatjon

» Monitoring of updates and developments of conmgepiroducts in the market;
» Commercialization of an innovation;

* Identifying ways of funding and sponsors of anawation.

Conclusion

This article covered the concepts of best orgamizgbractices of the development process of
new product (PDP) and the success with innovatipresenting a summary of some studies and
research that examined the relationship betweeh drgsnization practices of the PDP and

success of innovations.

The survey was done within studies in main jowgndatabases found in the "Web of
Science". The results showed that the main orgaoimd practices of the PDP can generate
successful launch of new products by firms involweéth innovation.

It was noted that this relationship is of fundataénmportance for companies and
researchers involved in the generation of innowatiogiven the return and competitiveness
achieved by the companies surveyed.

As seen in previous sections, one of the factelsted to successful innovation is the
choice of model to be implemented, linear or systemhich has advantages and disadvantages,
depending on the business type and sector of timpaoy. Another factor related to successful
innovation and much investigated by the researcli®ithe choice of how to organize activities
related to the PDP and defining the major stepshases. The organization of teams of R&D of
new products and strategies to manage the teathenses fairly investigated in the academic
literature and, finally, highlights the importancé the skills required in the generation of
innovation, which has been studied in differentaref knowledge, with a lot of publications.

It is hoped that the article can contribute in racical way, supporting researchers
involved with the development process of new préeslu€he authors believe that the present
paper can help companies and incubators improveepses of R&D of new products, following
the best practices of large innovative companies.

Future studies are still needed for the survebest practices of PDP is enhanced. It is
necessary to evaluate the suitability of thesetjmesto small and medium enterprises (SMESs),
because the practical questions were analyzed rige l@ompanies, which have different
characteristics of SMEs and larger structures amaremefficient, which facilitates the
implementation of these practices. This study al&b not address the strategic issue of the
innovation process.
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