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ABSTRACT: This paper aims to identify and analyze recent trajectories followed by two engine
assembly plants set up in Brazil (one mature company and one newcomer), regarding operations
and technology strategies undertaken by them. In short, the mature company has made efforts to
increase quality and flexibility, while the newcomer has prioritized cost reduction and quality en-
hancements, besides taken action to increase its product nationalization. The main findings indicate
that (1) competitive priorities seem to “pull” the trajectories, translating market needs into specific
tasks that must be fulfilled by each strategy, while the advances made in each step may “push” the
trajectories, setting the basis for new strategies and making them capable of moving further; (2) al-
though advances along trajectories are intended and planned, they cannot be foreseen and alternate
decisions may be necessary and (3) secondary factors like the degree of autonomy assigned to firms
and accumulated knowledge also influence trajectories.
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1. INTRODUCTION evant to the operations inside Brazilian automotive
industry, once that this component: (1) represents
a meaningful portion of production costs, (2) has
been impacted by important technological innova-
tions, for example more powerful low-displacement
engines, bi-fuelled engines, etc. and (3) is composed

During the 90’s, several changes have been imple-
mented along Brazilian automotive chains, a fact
that has meaningfully impacted on the local patterns
of interfirm relationship. One of such changes has
been the choice made by large automakers to focus ) )
on specialized issues regarding their products, pri- of a lalige numb‘er' of p'arts, supplied by companies
oritizing activities and competencies related to the ~ Pelonging to d?Stht industry segments (Maia &
creation of an “identity” for their products in the — Cerra, 2008; Maia, Cerra & Alves Filho, 2005).
marketplace. As a consequence of such specializa-
tion, first-tier suppliers have become responsible for
technological improvements in the various systems
that make up the vehicles (Pereira & Geiger, 2005).

Although the engine manufacturers have outsourced
a meaningful amount of their activities (mainly Prod-
uct Development ones) to their suppliers, the control
of interfaces and the knowledge of how to put togeth-
In the context of such strategic transformation, the  er the several parts in order to create a unique prod-
production of automotive engines is extremely rel-  uct with integrated functionality still belongs to the

98



Maia, J. L., Cerra, A. L., Filho, A. G. A.: Operations and Technology Strategy Trajectories followed by automotive engine manufacturers set up in Brazil

Journal of Operations and Supply Chain Management 3 (1), pp 98 - 113

99

engine manufacturers. The ownership of such knowl-
edge suggests that innovative capability in the Bra-
zilian automotive market is, to some extent, still con-
trolled by the engine manufacturers (Cerra, 2007).

Also relevant to the contextual understanding of lo-
cal industry, the set up of Brazilian automotive sec-
tor took place in two distinct periods of time: the au-
tomakers that started their productive activities at
the beginning of Brazilian Automotive Industry (be-
fore 1980) are called “mature companies” by Con-
soni (2004), whereas the automakers that set up their
plants in Brazil after 1995 are called “newcomers”
by the same author. According to studies conducted
by Alves Filho et al (2006) and Maia, Cerra e Alves
Filho (2010), there are considerable strategic similari-
ties considering companies inside each group, while
there are relevant differences when companies from
different groups are compared.

Meanwhile, during the last decades, a new set of
ideas has been developed in the field of strategic
management, which became known as the “Re-
source-based View” (RBV). According to Fleury &
Oliveira Jr (2001), the main contribution brought in
by RBV is to emphasize the competitive relevance of
a resource which is costly to imitate, transfer, buy,
sell or substitute, and which has a systemic integra-
tion with the other company’ resources.

With its “inside” focus on companies, the RBV draws
on the “path dependence” concept developed by
other fields of study (mainly innovation economics)
and applies it to the study of strategic decisions. This
way, companies are believed to proceed along com-
petence-developing trajectories, with every decision
being part of such trajectory and thus having impacts
not only on the present, but also on the possibilities
the company is able to consider in the future.

Taking into consideration (1) the changes that the
automotive industry has experienced in Brazil, and
also the different points in time at which Brazilian
automotive industry was set up, (2) the relevance of
the engine segment, (3) the importance of issues con-
cerning operations and technology inside the men-
tioned context, and (4) the relevance of strategy tra-
jectories, mainly emphasized by the resource-based
view of strategies, two research questions emerge:
Considering the engine manufacturers set up in Bra-
zil, how can their trajectories of strategy develop-
ment be described? Are there differences among the
trajectory followed by the mature company and the
one performed by the newcomer?

In such context, the objectives of this paper can be
defined as to identify and analyze recent trajectories
followed by two engine assembly plants set up in
Brazil (one mature company and one newcomer),
regarding the operations and technology strategies
undertaken by them.

The next sections present a literature review on Re-
source Based View (RBV), Technology Strategies,
Operations Strategies and the combination of such
concepts in studies on automotive industry. Then,
the research method is presented, along with the
two cases here studied. Concluding the paper, some
final remarks are made, and possibilities for further
research are indicated.

2. RESOURCE BASED VIEW (RBV)

The group of theories known as the “Resource Based
View” (RBV) or “Resource Based Theory” (RBT)
started to emerge during the 80’s, with the central te-
net that resources owned or controlled by the firms
are the real sources of their competitive advantage.
Such theories, according to Barney (1999), emerge as
a possibility to overcome the shortcomings of stra-
tegic planning (the predominant school of thought,
so far) in explaining how firms, operating into the
same competitive environments, could present dif-
ferent performance levels.

Firm resources comprise all the inputs that make
companies able to formulate and implement their
strategies (Olavarrieta & Ellinger, 1997), and can be
defined as “assets that exist in the firm during cer-
tain period of time (Wernerfelt, 1984, p.173)”, being
either tangible or intangible (Hall, 1992 as cited in
Olavarrieta & Ellinger, 1997) and having been either
developed inside the firm or externally acquired
(Schroeder, Bates & Junttila, 2002).

Barney (1991) argues that two tenets are central to
RBV: a) resources are heterogeneously distributed
among firms, and b) productive resources are costly
to transfer among firms. Based on such ideas, the au-
thor puts forward two propositions: a) valuable and
rare resources can lead to competitive advantage
and b) when these resources are also costly to imi-
tate, non-substitutable, and non-transferable, they
will lead to competitive advantage.

Based on the information about RBV presented so
far, organizational competence can be defined as a
set of coordinated resources which add value to the
organization, are costly to imitate, can be applied to
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other organizational areas, products or services, and
impact (during a certain period of time) on the per-
formance achieved by a firm. (Fernandes, Fleury &
Mills, 2006).

According to Teece, Pisano and Shuen (2000), man-
aging competence dynamics is also a relevant issue
when discussing resources and competences, once
that resources should not be treated essentially as
static and stockable variables. In such context, the
authors coined the term “dynamic capabilities”, so
that the word “dynamic” concerns the ability a firm
has to renew its competences, in accordance with
market changes.

Thus, “dynamic capabilities” consist of the firm abil-
ity to reconfigurate, redirect, transform, adequately
shape and integrate existing “core competences” with
external strategic resources, in order to adapt them-
selves to the changes occurring in the marketplace
(Teece et al, 2000; Bowman & Ambrosini, 2003).

With its “inside” focus on the companies, the RBV
draws on the “path dependence” concept developed
by other fields of study (mainly innovation econom-
ics - Puffert, 1999; Scarborough, 1998) and applies it
to the study of strategic decisions. This way, com-
panies are believed to proceed along competence-
developing trajectories, with every decision being
part of such trajectory and thus having impacts not
only on the present, but also on the possibilities the
company is able to consider in the future.

As Teece et al, (2000, p.515 as cited in Dannels, 2002)
argue, “choices over a competence spectrum are in-
fluenced by previous choices. In a given period of
time, firms must proceed along a competence devel-
opment trajectory. This trajectory defines not only
which choices are possible for the firm today, but
also set limits to its internal repertory and its suit-
ability for the future. Thus, firms in the long-term
make almost irreversible trade-offs for certain com-
petence spectra”.

Although exogenous factors have played a second-
ary role in the literature on RBV, some authors con-
sider them to be an alignment point between RBV
and Strategic Planning. For Spanos & Lioukas,
(2001), both the internal and external approaches are
complementary: while the former emphasizes the
development and combination of resources in order
to realize competitive advantage, the importance of
the environmental effects emphasized by the latter
must also be taken into consideration.

Technology Strategy (TS)

According to Dodgson (1989), Burgelman, Maid-
ique & Wheelwright (1998), and Zahra, Sisodia &
Das(1994), the literature indicates the need for com-
panies to strategically deploy technology, aligning it
to the competitive strategy undertaken by the com-
pany, thus ensuring that technology and strategy
support one another. The nature of such linkage is
usually dealt with by the Technology Strategy (TS)
of the firm.

For Ford & Thomas (1997), the firm can alter its
technological resources by different means: a) it can
improve its resource base by acquisition, including
external P&D, mergers and acquisition, licenses,
etc., b) it can be engaged in exploring its technolo-
gies (deploying them to produce its own products or
production methods), or by means of licensing and
joint ventures with other companies, c) internally
managing these technologies in order to optimize its
use and to establish a process for technology deci-
sion-making. The following figure illustrates the TS
elements for these authors:

Exploration

Figure 1: Elements of the Technology Strategy (Ford &
Thomas, 1997).

For Dodgson (1989), the strategic management of
technology involves the development of new com-
petences and abilities, including, besides technologi-
cal assessment, the setting up of collaborative rela-
tionships with other companies and the integration
of them with internal expertise. Therefore, a key fac-
tor of TS concerns evaluating the importance that a
variety of technologies (internal and external) may
have (Ford & Thomas, 1997; Zahra, 1996). This way,
the position of the firm inside the chain is defined by
the other actors’ role and comparative importance,
the resources they control and the activities they
carry out.

There is still much debate on the definition of Tech-
nology Strategy (Clarke et al, 1995), and a well-estab-
lished and widely accepted TS concept has not been
reached yet. Examples of definitions may be found
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in Gibbons and O'Conner (2003), Solomon (2001) as
cited in Davenport, Campbell-Hunt and Solomon
(2003), and Alves Filho (1991).

According to Davenport et al (2003), the concept of
Technology Strategy has been part of the literature
on Technology Management since the late 70s (Adler,
1989), but it has not become a distinct area of academic
and managerial interest until the 80’s (Dodgson, 1991;
Drejer, 1996; Jones & Smith, 1997; Pavitt, 1990).

Inside the field of Strategic Management, the grow-
ing interest in the Resource Based View of strategy
(RBV) has led to renewed attention to technology as
a key resource of firms. In this sense, Smith and Rog-
ers (2004) indicate the growth of TS literature as an
adequate alternative for firms to deploy their tech-
nological resources in the long term.

In this paper, we consider Technology Strategy as
a set of efforts made by a company in order to im-
prove its technological capabilities and implement
changes, either in productive systems, or in prod-
ucts and processes. Thus, “Technology Strategy con-
cerns a set of efforts and actions aiming at improving
company’s technological capability, in the context
of P&D activities and other organizational areas,
in order to implement technological changes. Such
changes encompass the creation of new techniques
and adaptations in the existing ones that compose
and characterize a production system, both from
company’s point of view exclusively or broadly from
an international perspective” (Alves Filho, 1991).

Regarding technological capabilities, Bell and Pavitt
(1993) define them as “resources needed to generate
and manage technological changes, including skills,
frameworks, knowledge, experience and institu-
tional links”. Technological changes, according to
the same authors, concern all the manners by which
new technology is incorporated inside the produc-
tion capacity of firms and economies.

Dahlman, Ross-Larson and Westphal(1987) and
Westphal, Kim and Dahlman, (1985) as cited in Alves
Filho (1991) suggest three sorts of TS capabilities:

¢ Innovation capability: to create new technologies,
develop new products and services. It concerns
the ability to introduce technological changes (ei-
ther incremental or breakthrough);

¢ Investment capability: in order to acquire technol-
ogy to substitute, upgrade and deploy facilities
according to investment conditions;

* Production and adaptation capability: to operate
productive facilities with maximum efficiency. It
encompasses, besides productive technology it-
self, the possible technology adaptations.

Ford (1989) suggests a fourth capability, the Technol-
ogy Exploitation and Protection Capability, to sell
products or provide services to the market based
on well-known technologies, and also to implement
measures that avoid the risk of gained knowledge
being copied by competitors.

One should also note that the borders among the
four kinds of technological capabilities are not clear-
ly defined. However, specific investments and efforts
must be made for each kind of capability (Westphal
et al, 1985 as cited in Alves Filho, 1991).

These capabilities are not isolated and there are rele-
vant relations and synergies among them. For Alves
Filho (1991), a) the current stage of capability devel-
opment of a company, b) its goals and strategies and
) the external environment influence Technology
Strategy. Therefore, the detailed formulation pro-
cess, as well as the content of TS related activities,
should vary according to such conditions.

3. OPERATIONS STRATEGY (OS)

Several definitions for the concept of Operations
Strategy can be found in the literature, each one
focusing a particular aspect of Operations Manage-
ment, or a certain school of thought about Strat-
egy. Here we will adopt the definition proposed by
Hayes, Pisano, Upton and Wheelwright (2004, p.
33), for whom “operations strategy is a set of goals,
policies and self-imposed constraints that describe
how an organization proposes to manage and de-
velop the resources invested in operations so as to
best fulfill (and possibly redefine) its mission”.

From the Strategic Planning point of view, Op-
erations Strategy is a functional strategy and, thus,
must support competitive strategy. In this sense,
each type of strategy demands certain tasks from the
manufacturing function and specifies certain objec-
tives, known as “competitive priorities”, which were
initially classified by Skinner (1969) as productivity,
service, quality and return on investment.

In subsequent papers, other authors have presented
different combinations of priorities. The framework
that will be here adopted is the one proposed by
Nair and Boulton (2008), which categorizes priori-
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ties as cost, quality, deliver, flexibility and innovation. In order to make such categorization more complete,
the aspect of “service” will be incorporate, as proposed by Garvin (2003).

Table 1: Operations competitive priorities (Nair & Bulton, 2008 and Garvin, 1993)

Quality
Performance -
Characteristics | —
Dependability
Durability
Service

— Aesthetics
— Perceived
Quality

Delivery
— Production | -
Cost -
— Delivery -
Cost -

Velocity

Sub priority
[

Dependability

Flexibility Innovation Service
—  Supply — Innovation — | — Client
flexibility Breakthrough on | Support

— Process incremental — Sales
flexibility — Effects on | Supports

—  Output systems and | — Problem
flexibility products solving

(mix and | — Innovation to | — Information
volume) actual or new

— markets

Competitive priorities should reflect demands im-
posed by competitive strategy, and set certain goals
that need to be reached by the productive system. In
order to achieve such objectives, we need to operation-
alize plans in specific decision areas. In his seminal pa-
per, Skinner (1969) suggested five decision areas: plant
and equipment, production planning and control,

workforce and management staff, product design/en-
gineering, and organization and management.

Based on Skinner’s proposition, Hayes et al (2004)
proposed a new categorization, with eleven decision
areas grouped under two categories: structural and
infrastructural (Table 2).

Table 2: Operations decision areas (adapted from Hayes et al, 2004)

Structural Decisions
— Capacity
— Supply and Vertical Integration
— Facilities
Process and Information Technology

Decision Areas
|

Infrastructural Decisions
— Human Resources
—  Quality
— Production/Material Planning and Control
— Product and Process Development
— Performance Measurement and Rewards
— Organization

— Resource allocation and Capital Budgeting

Structural decisions in a productive operation are
those that influence mainly design decisions, while
infrastructural decisions are those that affect work-
force, planning, control and improvement activities
(Slack, Chambers & Johnston, 2002).

4. OPERATIONS STRATEGY, TECHNOLOGY
STRATEGY AND RBV: STUDIES IN THE AUTO-
MOTIVE INDUSTRY

This section intends to review recently published
work on Operations Strategy, Technology Strategy
and RBV (mainly competence and capabilities tra-
jectories) in the automotive industry, in order to sup-
port to the discussion presented in this paper.

First, concerning Operations Strategy, as we have al-
ready mentioned, the concept was initially proposed
by Skinner (1969) and further developed mainly by
Robert Hayes and Steven Wheelwright (Hayes et al,
2004, among other publications) based on research
conducted mainly in the automotive industry. The
main question, by that time, was how Japanese com-
petitors could use manufacturing as a competitive
weapon to overcome American firms on almost ev-
ery performance perspective.

Even OS having a seminal connection with automo-
tive industry, nowadays few studies explicitly men-
tion using Operations Strategy as a framework for
research inside this sector. However, this should not
be understood as if Operations Strategy had lost its
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relevance in the automotive industry: First, even
not directly using the name “Operations Strategy”,
research on automotive industry deals with close
related themes. Taylor and Taylor (2008) provide a
review on contemporary research in this industry,
and their findings suggest that most of the work still
deals with issues concerning Japanese Production
System, like lean production concepts, quality man-
agement, integrated production networks and glo-
balization effects. Second, the concept seems to have
spread to other industry segments — for example,
service operations (e.g. Spring & Araujo, 2009 and
Phusavat & Kanchana, 2008), and other manufactur-
ing industries (e.g. Ahn et al, 1999)

Second, and similarly, recent research on automo-
tive industry that explicitly mentions to adopt Tech-
nology Strategy can be considered rare. Much of the
focus tends to rely on technology capabilities — and
that may be the most important confluence point be-
tween Technological Strategy and Resource Based
View in research inside automotive industry.

Of particular interest, in the mentioned context, is
the large number of studies about technology-relat-
ed capabilities in automotive industry from Asian
countries. If Japan and the United States were the
two opposite poles of interest at the beginning of the
studies on the matter, in the late 2000’s Chinese, Ko-
rean and Malaysian industries seem to be in focus.

Zhao, Anand and Mitchell (2005) studied the inter-
organizational transfer of R&D capabilities in inter-
national Joint Ventures in the Chinese automotive
industry. The results indicate a strong flow of both
individually-carried and group-level knowledge be-
tween multinational enterprises and their Joint Ven-
ture partners in the Chinese industry, mainly due to
the movement of skilled individuals from the Chinese
business groups to multiple multinational partners.
Also, knowledge flows between the Joint Ventures
and the Chinese groups, although more individually
carried and with a more limited diffusion.

A similar study was conducted by Sadoi (2008),
comparing Malaysian to Chinese experience with
technology transfer from foreign to local automo-
tive parts in China. According to the author, Chinese
firms were much faster in achieving localization
than Malaysian ones, especially due to government
policy on foreign direct investment.

In a study on Indonesian and Malaysian companies,
Rasiah (2009) compared the automotive industry

from both countries to identify differences in tech-
nological capabilities. The findings suggest that
Indonesian firms enjoyed higher human resource,
process technology, and research and development
(R&D) capabilities than firms in Malaysia. Foreign
ownership, higher in Indonesia given its liberal-
ized trade regime, was one of the causes indicated
by the author.

Oh and Rhee (2008) studied Korean automotive in-
dustry to identify types of manufacturer-supplier
collaboration and how they are impacted by supplier
capabilities. Results indicate that flexibility, depend-
ability, improvement, design and 2-nd tier supplier
development/coordination capabilities have a posi-
tive effect on manufacturer-supplier collaboration.

Finally, and that should reinforce the contribution of
the work presented in this paper, in a survey with
recent literature no specific study on capabilities tra-
jectory inside the automotive industry could be iden-
tified (although a few longitudinal studies exist).

5. RESEARCH METHOD

This piece of research is basically structured around
two main activities: a) review of literature on theo-
retical themes, i.e., Automotive Industry, mainly the
automotive engine segment, Resource Based View,
Technology Strategy and Operations Strategy, and
b) field research.

Field research was conducted by means of case stud-
ies, which were carried out during different periods
of time from 1996 to 2008, what characterizes this
work as longitudinal, qualitative and descriptive (or
exploratory) research.

Alongitudinal study is a research approach that pro-
vides a single scenario with multiple observations
over a long period of time (Yin, 2001). Qualitative
methodologies with longitudinal analysis, accord-
ing to Binder (2006), are indicated when one investi-
gates evolving processes that involve multiple units
and levels of analysis.

In this study we combined two different sources of
information, to mention: previous academic stud-
ies on Brazilian automotive industry conducted by
our research group, interviews and secondary data
(from ANFAVEA, Brazilian Association of Auto-
makers, FENABRAVE, Brazilian Federation of Au-
tomotive Distributors, and the websites from the
studied companies).
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Case studies were carried out in two automotive en-
gine manufacturers, which were intentionally selected
because (1) they belong to different strategy groups
(one is a mature company set up in Brazil since the
50s/60s, while the other is a newcomer set up in the
country in the late 90s); (2) previous investigation
carried out by our research group (Alves Filho et al,
2006) indicated that they keep important similarities
with other companies from their strategic groups, but
also keep important differences between them.

As mentioned, secondary data was used to build a
panorama of the studied companies and their posi-
tion inside the industry. Annual reports and other
statistic data could be gathered from ANFAVEA and
FENABRAVE websites, while specific information
concerning each engine manufacturer (history, re-
cent news, product-related data, etc) was obtained
directly from their websites.

Direct information on strategy trajectories was ob-
tained combining the mentioned previous studies on
Brazilian automotive industry with semi-structured
interviews (about 2-hours each) that were carried out
in the two companies. In average, we've conducted
4 interviews in the mature engine manufacturer in
each one of the study periods (1996-1997, 1998-1999,
2000-2001, 2002-2003, 2004-2005 and 2006-2008),
while in the newcomer we were able to perform in
average 2 interviews in each period.

In the companies, the interviewees were preferably re-
lated to a) product and process technology, b) manufac-
turing processes, ) quality management and d) supply
chain management. We prefer not to disclose their posi-
tions in the companies in order to protect their identities
and also to guarantee impartiality of analyses.

Although we do not intend to present a detailed de-
scription of the research instrument, a general overview
may be relevant. Companies’ operations strategies were
examined based on an investigation of the competi-
tive priorities and the characteristics of the companies’
decision-making areas — both structural and infrastruc-
tural ones (Garvin, 1993; Slack, Chambers & Johnston,
2002). For competitive priorities, a ranking approach
was developed so that the interviewee could prioritize
their performance perspectives according to the set of
competitive goals mentioned in Table 1. Regarding deci-
sion-making areas, a group of questions was developed
inside each one of them, in order to characterize the pat-
tern of decisions undertaken.

Technological strategies were primarily analyzed
based on companies’ current product mix, prod-

uct development projects, engineering department
structure, branch-headquarters relationship and
outsourcing level (Iglecias and Alves Filho, 2000).
These data allows the researchers to build com-
prehension on each of the Technology Capabilities:
people working on P&D as a proxy for Innovation
Capability; search for new technologies as a proxy
for Investment Capabilities; relations between op-
erations and engineering as a proxy for Production
and Adaptation capability. Also, product mix serves
as a proxy for product complexity in each company.

Combining (1) information gathered from distinct inter-
views, (2) documentary evidences shown by the inter-
views, (3) the history brought by our previous studies
on the companies and (4) data from secondary sources,
we were able to accomplish data circularization, as sug-
gested by Yin (2001), seeking information convergence.

Both Operations Strategy and Technology Strategy
data from different sources where then put together
and organized in a chronological order. To facili-
tate analysis, time blocks were created, subdividing
the studied period in intermediate years — such ap-
proach allow a clearer understanding of how actions
put in place during a certain period may change the
context and impact the actions that need/could be
performed the following years.

6. CASE STUDIES

This section will present the case studies accom-
plished in two car engine manufacturers from Bra-
zilian automotive industry. In order to keep im-
partiality in analysis, we prefer not to disclose the
company’ names, and they will be here identified as
“mature company” and “newcomer”.

The “mature” company produces car engines (1000cc to
1600cc), involving a great diversity of products. It works
on a three-shift system, and the third shift produces half
of the production of the others. Each shift has the capac-
ity to produce 600 engines, but ends up producing 550
due to production mix. This way, the plant possesses
production capacity of approximate 450,000 engines per
year, and exports about 40,000 engines / year.

The “newcomer” engine assembler produces 1400cc
and 1600cc gas-fuelled engines in a single plant. Its
installed production capacity corresponds to 335,000
engines per year, if working on a three-shift system.
However, the production is currently working on a
two-shift system, and about 190,000 engines were
produced by the company in 2006.
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Mature engine

assembler

Start-up
1996-1997

Table 3: Data about the mature company

1998- 1999

2002- 2003

2004- 2005

2006-2008

Operations Strategy

Competitive priorities

Quality, cost and flexibility
(mainly production one)

Flexibility (mainly
product and volume
one), Cost and Deliver.

Production capacity

1800 engines/day (600 per
shift)

1800 engines/day (600
per shift). Tends to
increase.

Only the engine block is

Decided to internally
machine and assemble

Workforce

highly educated people,
with age under 30.

staff and 220 third-party
workers)

730 (330  third-party)

Outsourcing produced in-house. The = = = = o .
other parts are outsourced. 30% of eylinder heads
Number of suppliers 60 73 100 130 About 130
During plant startup, the | 658 (380 in manufacturing Sggng::cth:;drepgsgg'
decision was to hire processes, 58 management 800 (350 third party). Y

headcount, due to
process improvements
and automation)

Workforce training

170 h /person for direct
labor and 120h/ person for
indirect labor. Emphasis
on technical training.

150 h /person for direct
labor and 100h/ person for
indirect labor.

Identified gap in
behavioral training.

‘Work organization

Work groups composed by
10 people, with one
monitor. Operators are
being trained in other
positions, in order to
replace absent workers.

Seven work groups,
with 8 to 12 people and
one leader.

Job rotation occurs
inside groups.

Production Planning
and Control / Logistics

Forecast for the next 3
months, and a settled
demand schedule for the
next month.

Minimum stock level is 2
days, but there are efforts to
decrease level without
incurring in stockouts.

Receives monthly
orders, which are daily
reviewed and
confirmed. Also
receives forecast for the
next 3 months.

Minimum stock level is
2 days.

Production Planning
and Control /
Logistics
(Cont’d)

Operates “milk run” with
suppliers

Operates “milk run”
with most of the
suppliers, and a third-
party logistics provider
is responsible for it.

Quality Management

1SO 9001 and ISO 14001
certifications. Quality
Award in 1997 on
headquarters specific
standards.

1SO 9001 e ISO 14001
certifications. Headquarters
specific standards. FMEA,

SPC (Statistical Process
Control), Ishikawa diagram,
and starting to implement a

suggestion program.

1SO 9001, QS 9000,
ISO 14001
certifications.
Headquarters specific
standards. To obtain
ISO TS 16949
certification.

FMEA, PFMEA, SPC,
process checkpoints
and suggestion
program.

Technology Strategy

Product Diversity

One type of engine
(1000cc)

1000cc engines (8 and 16-
valve)

1000cc 16-valve
turbocharged engines
Also ethanol- and gas-
fuelled, 8and 16-valve
engines.

1000cc and 1600cc
“flex fuel” engines.'

1000cc, 1400cc and
1600cc, some for
export (25 engine
models).In 2004, “flex
fuel” technology for
high-displacement
engine.
No longer produces
turbocharged engines.

1000cc, 1400cc and
1600cc (36 engine
models).

Innovation capability —
people working in P&D

180 (number has
decreased in
comparison to the past).
People were relocated
and each project is
assigned a coordinator.

180

Investment capability —
search for new
technologies

International headquarters
and suppliers as source of
technological knowledge.

Autonomy from
headquarters has
increased in the last
years.

! Bi-fuelled engines (called “flex” engines in Brazil), which can operate and keep appropriate performance levels either fuelled by gas, ethanol, or any mixture of both.
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Production and
Adaptation capability —
relations between
engineering and
operations

Projects were
implemented in the plant
by engineers from the
Brazilian R&D.

Set up of an
organizational structure

= in the plant, responsible

for implementing new
projects.

With the creation of the
aforementioned
structure, the plant has
gained autonomy to
plan and deploy process
changes.

Does not apply
technology developed by
other companies.

As a measure to protect = = = = =
knowledge, new products
are kept secret by the
engineering team.

Exploration and
Protection capability

Legend:

e Cells left blank means that we have no data about that aspect in the specified veriod of time

Table 4: Data about the newcomer engine manufacturer

Startup
00- 2001

2002- 2003 2004- 2005 2006-2008

Newcomer engine assembler

Operations Strategy

Competitive priorities Cost and Quality
Production capacity Intends to produce 800 = Production of 450 engines/day Production of 520 engines/day
engines/day
- — - S
Nationalization index’ is about Nationalization index is about 75%.
60%, but there are plans to reach In most of the cases, the engine
o 5
Outsourcing 80% manufacturer uses only one supplier per
Machining is accomplished in- productl(smgle §ourcmg), but has two
. suppliers per item for parts under
house, and foundry is outsourced. nationalization process
Approximately 100, being one
. supplier for each acqulred part. In 92 (it has increased due nationalization
Number of suppliers some cases, the engine assembler 73 strategy)
provided equipment and tools for ey
suppliers
Workforce Plans for h\;/r:;f;lm(m 1000 425 (160 third party workers) 420 (150 third party workers)

Programs for continuous formation and
training, mainly concerning people
management.

Workforce training

4 ly li i . [T
asse!_nb Y lines, organize d Process-oriented layout, with distinct
according to lean production

concents areas for producing blocks, cylinder
Work organization pis. = = heads, crankshafts and connecting rods,
and one area for final assembly.

Inflexible and dedicated Inflexible equipment.

equipment

Production Planning and Control / Accomplishes Production Planning and
Logistics Control by means of an ERP system.

! Ratio of parts produced in Brazil to the number of imported parts.
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Production Planning and Control /
Logistics

(Cont’d)

6-week stock level (for engines) between
the plant and international clients.
Concerning raw materials, minimum
stock coverage is 1,5 days for national
products and 10 for imported ones.

Quality Management

ISO 9001, ISO TS 16949 and ISO 14001
certifications.

Uses SPC (Statistical Process Control),
poka-yoke, Kaizen, FTC (First Time
Through Capability ) and Kamishibai

route.

ISO 9001 and ISO14001
certification

Technology Strategy

Two models of 1600cc 16-valve
engines, all of them turbocharged.
All products made for export.

Product Diversity

1400cc and 1600cc engines — 23 models

All of them for export

Inovation capability — people Develops only processes. Seven

working in P&D developments

people are in charge for such =

Efforts made (jointly with international
= headquarters)
in order to locally develop products.

Dependence on the headquarters
both in R&D and product
development activities. Only
processes are locally developed.

Investment capability — search for
new technologies

With headquarters’ support, is seeking to
achieve Product Development
competences.

Two engineers responsible for the
. . h 1
Production and Adaptation team that develops processes and
launches the new products. Keeps
close relation with the
headquarters, where products are

developed.

engineering and operations

capability — relations between =

Does not apply technology
developed by other companies.
As a measure to protect
knowledge, new products are kept
secret by the engineering team.

Exploration and Protection
capability

Legend:

e  Cells left blank means that we have no data about that aspect in the specified period of time
e Cells filled with “=" means that there was no significant changes from the immediately previous period of time

It is also necessary to highlight that different empha-
ses were given at different moments, mainly as a con-
sequence of the research focus in each one of these
moments, besides the willingness of each company
to take part in the case studies. Information gathered
for the mature company and for the newcomer are
presented in Table 3 and 4, respectively.

7. CASE ANALYSIS

Operations competitive priorities in each period of
time seem to be important manifestation of path
dependence in the studied companies. On the one
hand, their changes over time indicate that certain
aspects of operations that were until then prioritized
have been successfully dealt with by the actions tak-
en in each decision area.

On the other hand, the priorities in a period of time
represent a translation of the “strategic intent”
(Hamel & Prahalad, 1989) to be pursued by the com-
pany in the following periods, acting as a guideline
for the coming trajectory.

For example, the mature engine manufacturer fo-
cused “quality” in the 1998-1999 period. During
this period of time, the company started a process
of adoption and consolidation of several quality
tools, which, associated to the previously obtained
certifications, have allowed the company to reach an

“adequate level of quality”, as one interviewee men-
tioned in 2004. Supporting evidence for such “ad-
equate level” is the fact that, in the 2004-2005 period,
quality was no longer among competitive priorities.

Although production (process) flexibility was one of
the major concerns during the 1998-1999 period, in
the following periods such competitive priority was
not ranked a top concern anymore. Flexibility has
changed from Process to Production Volume/Mix
flexibility, given that once the processes were stabi-
lized, the company sought to accomplish produc-
tion volume ramp-up, and develop new products to
meet the demands of its client (automaker). Exam-
ple of such transition may be evidenced by the in-
crease in the number of suppliers during this period,
mainly due to increase in the number of products
manufactured by the mature company (according to
the interviewees).

Besides, the focus of workforce training changed
from technical to behavioral. Once that the workers
had already developed know-how on how to oper-
ate the processes, the issue of interpersonal relation-
ship got in focus.

Given its policy of keeping two suppliers for each
purchased part, the mature engine assembler made
the decision of starting in-house production of half
of the cylinder heads, which until then were totally
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outsourced to a single supplier. Besides, the men-
tioned supplier had been repeatedly presenting
quality problems in its parts.

Another fact worth mentioning is that, in 1998, the
company evidenced the intention of reducing its
minimum stock levels. However, until 2004, such
reduction has not proven viable, a fact that some-
what suggests that the company has not been able to
evolve along such trajectory and also could account
for, at least partially, the “delivery” priority focused
by the operations.

The mature engine manufacturer has started its prod-
uct engineering activities in Brazil together with the
setting up of its operations in the country and has
accomplished expressive local developments over
time, especially in low-displacement and bi-fuelled
engines. It’'s also worth noting that this company
pioneered the launch of bi-fuelled 1000cc engines in
Brazilian market.

The company presents, therefore, growing technologi-
cal autonomy to locally develop new models of engines
based on existing ones (product Technical Changes)
and to accomplish the corresponding production pro-
cess changes (process Technical Changes).

We could observe that by 2006, the mature assem-
bler was making efforts to increase product-mix and
production-volume flexibility. Seeking to diversify
the engine models, it was making efforts to improve
Innovation Capability and, in order to achieve such
goal, it had undergone a restructuring process in its
Product Development department.

Concerning Investment Capability, besides keeping
its headquarters as an important source of knowl-
edge, the mature company also finds in its supply
chain firms that dominate the technology of impor-
tant engine parts. However, the assembler defines
the approval criteria for each part, and keeps control
over their application in the final product - in other
words, it controls the interfaces and the knowledge
of how to combine the different parts in a product
with integrated functionality (engine assembly).

Also, by 2006 the assembler increased focus on the
Production and Adaptation capability. With the cre-
ation of an organizational structure composed by en-
gineers with close relation to assembly line leaders
and to Product Engineering, the plant has achieved
increased autonomy to plan and implement changes
in production processes. Such structure has helped
the assembler to accomplish the process changes

needed to launch new engine models and, at the
same time, improve production-volume flexibility
and introduce cost-reducing improvements.

Since its operational startup, this company has neither
taken advantage of technologies developed by other
companies (incorporating in its own products and
processes), nor explored (sold) technologies devel-
oped internally. Besides not focusing the exploration
capability, it has not developed a systematic program
in order to protect the accumulated knowledge.

With respect to the newcomer engine assembler, data
concerning the competitive priorities could only be
gathered in the period 2004-2005.

The plant, set up in 2000 with the intent of produc-
ing 800 engines/day, has not seen its initial expecta-
tions met yet. Since 2004, the total production has
averaged 500 engines/day - in other words, almost
40% of idle capacity. This fact has certainly impacted
on the economic viability of the plant, which has
strongly prioritized cost reduction, given that its
planned production level, and consequent revenues,
have not become real.

Also we should add to this fact the (unmet) expec-
tation of increasing product nationalization index,
which was of 60% in 2000 and should quickly reach
to 80%. However, after six years, this goal had not
been reached yet (by that time it averaged 75%).

One of the main difficulties in the nationalization pro-
cess, according to the interviewees, concerns product
quality. This fact has major impacts on the “quality”
competitive priority (emphasized by the newcomer
company) and also on the use and consolidation of
quality tools like SPC (Statistical Process Control),
Kaizen, FTC (First Time Through Capability) and in
obtaining the ISO TS 16949 certification. Besides, the
company has altered its sourcing policies, using two
suppliers for parts under nationalization process, in-
stead of its typical single sourcing strategy.

The newcomer engine assembler differs significantly
from the mature one when it comes to the division
and localization of technological-development and
product-design activities for the Brazilian branch.

In the Brazilian branch of the newcomer, there was
an established department with seven engineers,
which were responsible for the technological activi-
ties. Such activities consist in adapting the existent
production processes to the new engine models de-
veloped by the headquarters
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In 2006, the newcomer company set the goal of cre-
ating a “Product Engineering” department in Bra-
zil. In this context, company’s TS had emphasized
Innovation and Investment capability. The employ-
ees responsible for local technological activities had
intensified contact and knowledge sharing with in-
ternational headquarters. These Brazilian engineers
were often attending courses in the headquarters
and intended to start developing new engine mod-
els, based on the ones that are currently manufac-
tured at the Brazilian plant. However, it is worth
mentioning that this goal has not been reached.

In this sense, product Technical Changes by that time
were still being accomplished at the headquarters.
The Brazilian branch received the product design
and adapted it to the current production processes
(process Technical Changes). Process technological
activities were relatively rare, since the processes
were not flexible and only two models of engines
were produced.

Comparing the mature and the newcomer engine as-
sembler, we can say that different Technology Strat-
egies lead to distinct Technological Change patterns
(directions and pace).

8. CONCLUSIONS AND FINAL REMARKS

The growth of competition in the Brazilian and in-
ternational automotive market has revealed to the
automakers (and their corresponding engine manu-
facturers) urgent demands for quality and produc-
tivity improvements. In the context of automotive
manufacturing, engines can be considered strategic
systems for the automakers’ competitiveness, being
composed of a great number of parts, supplied by
distinct industry segments.

Central to the present analyses is the idea that com-
panies must develop, reconfigure and integrate their
strategic competences, proceeding along compe-
tence trajectories that both leverage their competi-
tive success and constraint their strategic options.

In the introduction of this paper, two research ques-
tions were proposed. The first, “considering the en-
gine manufacturers set up in Brazil, how can their tra-
jectories of strategy development be described?”, has
been explored in the previous section (case analysis).

In short, regarding the mature company, the firm has
made efforts to increase quality and flexibility both in
terms of the production process itself and in terms of

technological capability. The creation of a Process En-
gineering department, diversification of models and
introduction of bi-fuel technology are relevant steps
connected with Innovation and Production/Adapta-
tion capability. Concerning the newcomer, the com-
pany was still facing unmet demand expectations,
while trying to stabilize and improve its operations,
as well as to increase nationalization of its products.

Recalling the second research question proposed, “Are
there differences among the trajectory followed by the
mature company by the newcomer?”, the case analy-
sis has shown important points of distinctiveness.

First of all, it is worth to mention that this paper do
not intend to make generalizations about mature
companies and newcomers in Brazilian automotive
industry. However, its important to mention several
studies by Cerra (2007), Alves Filho et al (2006), Con-
soni (2004), which argue that, regarding operations
and technological strategies in this industry, 1) ma-
ture engine manufacturers keep important similari-
ties among them, 2) newcomers are even more simi-
lar inside their group, and 3) mature companies and
newcomers are different when compared with one
another. This fact suggests that the companies here
studied may bring meaningful information about
the trajectories followed by companies belonging to
Brazilian automotive industry.

Regarding the operations strategies undertaken by
the mature company and the newcomer, there are
substantial differences between both. It was notice-
able that the mature company has focused on priori-
ties such as flexibility (of both products and volume
mixes) during the last years. On the other hand, the
newcomer has focused cost reduction and quality
enhancements among their operations priorities.

Concerning technological strategies, Product Devel-
opment (PD) issues seem to play a key role in the
future competences that companies need in order to
achieve competitive success. The mature company
has taken action to improve its flexibility for launch-
ing new products, and the newcomer has been mak-
ing efforts to increase its product nationalization.

Considering both operations and technological tra-
jectories, it seems that the engine manufacturers are
already following competence trajectories, as pro-
posed by Teece et al, (1997, p. 515) as cited in Dannels
(2002). Those competence trajectories are directly re-
lated to uniqueness and appropriability of interfirm
resources, as originally described by Barney (1991).
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Despite having undertaken a deep outsourcing pro-
cess, these engine manufacturers (mainly the ma-
ture ones) have had a major concern about keeping
in-house property of their core competencies, i.e.,
of technologies regarded as strategic for their prod-
ucts (engine core). The control of interfaces and the
knowledge of how to put together the several parts
in order to create a unique product with integrated
functionality still belong to the engine manufacturer.
The ownership of such knowledge suggests that in-
novative capability in the Brazilian automotive mar-
ket is still in the hands of the engine manufacturers.

Finally, we would like to summarize the main conclu-
sions of this paper. The first point concerns the dis-
tinct forces that “drive” strategy trajectories. As men-
tioned, competitive priorities seem to “pull” the tra-
jectories, translating market needs into specific tasks
that must be fulfilled by each strategy. In this sense,
strategy must make its best efforts, despite how de-
manding they should be, to reach the intended goals.
On the other hand, the advances made in each step
may “push” the trajectory, setting the basis for new
strategies and making them capable (or not) of mov-
ing further. If operations and technology evolve,
reaching its goals inside each strategy, the companies
are able to (or pushed to) cater to new market needs.

In this sense, the studies of strategy trajectories seem
to face a similar dichotomy found in other related ar-
eas, like the Market Pull x Technology Push discussion
presented in the Innovation literature (Martin, 1994),
or the Market Based x Resource Based View debate
found in Strategic Management (Barney, 1991).

The second point is that, although advances along
trajectories are intended and planned, they cannot
be foreseen. If firm succeeds, the advances may
“push” the trajectories, but if strategies partially
fail, companies are compelled to keep insisting on
achieving such progress or even to change plans and
start implementing alternative decisions. The efforts
made by the newcomer to increase nationalization
index are an example of the first alternative, while
the decision of the mature manufacturer to insource
cylinder heads (opposite to its major outsourcing
strategy) illustrates the second one.

The third conclusion points to secondary factors that
may also influence trajectories. First, the degree of au-
tonomy assigned to firms defines what they are actu-
ally allowed to do and, thus, the advances they may
ultimately perform. For example, the mature assem-
bler had the necessary autonomy to restructure its

Product Development department to improve Inno-
vation Capability and product-mix flexibility. Second,
the degree of accumulated knowledge defines what
firms are capable of doing and, hence, the advances
they may obtain. For example, the mature company
keeps control of the knowledge of how combining
several outsourced parts into a fully functional prod-
uct, controlling advances on products/process and
their impacts on technology strategy trajectory.

Compared to other similar studies, the main contri-
butions of this paper can be outlined as: First, we
were not able to find other studies with a longitudi-
nal approach on strategy trajectories in Brazilian au-
tomotive industry. Second, the results here present-
ed seem to be in tune with other studies focusing
on RBV and Operations/Technology strategy in the
automotive sector. Just as Taylor and Taylor (2008)
suggested, themes related to the Japanese Produc-
tion System like inventory reduction, quality man-
agement, etc. were also key concerns of Brazilian
automotive executives. Also, as proposed by Sadoi
(2008), Rasiah (2009) and Zhao, Anand and Mitch-
ell (2005), supply relations are crucial for the de-
velopment and transfer of technology capabilities.
The mature company has outsourced a meaningful
amount of its parts to suppliers that have mastered
the technology of such products, but still controlled
the interfaces and the knowledge of how to combine
the different parts. The newcomer was still strug-
gling to develop a network of local suppliers tech-
nological capable of supplying good-quality parts.

Based on the aspects here investigated, we indicate
some possibilities for further research. Although
we do not aim to provide an exhaustive list, some
themes include: (1) studying other engine manufac-
turers, in order to analyze different trajectories; (2)
analyzing auto suppliers, to identify their trajecto-
ries and the mutual influences between trajectories
followed by engine assemblers and by their suppli-
ers; (3) analyzing the technological trajectories fol-
lowed by Brazilian companies that had been taken
over by multinational corporations and (4) analyz-
ing in greater detail the decisions made in each op-
erations area, the product and process development
process by each company, etc.

9. REFERENCES

Adler, E S. (1989). Technology Strategy: a Guide to the Litera-
tures. Research in Technological Innovation, Management
and Policy, 4, 25-151.



Maia, J. L., Cerra, A. L., Filho, A. G. A.: Operations and Technology Strategy Trajectories followed by automotive engine manufacturers set up in Brazil

Journal of Operations and Supply Chain Management 3 (1), pp 98 - 113

111

Ahn, H.S.; Jung, H. D.; Ahn, B. H.; Rhee, S. K. Supply Chain com-
petitiveness and capabilities of constituent firms: an explor-
atory study of the Korean home appliance industry. Supply
Chain Management: an International Journal, 4 (5), 242-253.

Alves Filho, A.G.; Cerra, A.L.; Nogueira, E.; Maia, J.L.; Martins,
M.F; Bonadio, P.V.G.; Bento, P.E.G.; Martins, R.A; Vanalle,
R.M. (2006). Estratégias de Produgao nas unidades produto-
ras de motores para automoveis. Final Report CNPq process
number 477515/03-7, Brazil.

Alves Filho, A.G. (1991) Estratégia tecnoldgica, desempenho e
mudanga: estudo de caso em empresas da industria de calga-
dos. Doctoral Thesis. Polytechnic School, University of Sao
Paulo, Brazil.

Barney, J. B. (1991). Firm Resources and sustained competitive
advantage. Journal of Management, 17 (1), 99-120.

Barney, ]. B. (1999). How a firm’s capabilities affect boundary de-
cisions. Sloan Management Review. Spring, 137-145.

Barney, J. B. (2001). Is the Resource-based ‘View” a Useful Per-
spective for Strategic Management Research? Yes. Academy
of Management Review, (26), 41-57.

Bell, R. M.; Pavitt, K. (1993). Technological accumulation and in-
dustrial growth: contrasts between developed and develop-
ing countries. Industrial and Corporate Change, 157-210.

Binder, M.P. (2006) Recursos e Competéncias sob turbuléncia:
estudo longitudinal de trés empresas aéreas brasileiras. PhD
Thesis (Business Management). EAESP/Fundacao Getulio
Vargas, Brazil.

Bowman, C. ; Ambrosini, V. (2003) How the Resource-based and
the Dynamic Capability Views of the Firm Inform Corporate-
level Strategy , British Journal of Management, 14 (4), 289-303

Burgelman, R. A.; Maidique, M. A.; Wheelwright, S. C. (1998).
Strategic . management of technology and innovation. 2" edi-
tion, Mc Graw-Hill.

Clarke, K., Ford, D., Saren, M. and Thomas, R. (1995). Technol-
ogy strategy in UK firms. Technology Analysis & Strategic
Management, 7 (2), 169-190.

Cerra, A.L. (2007). Estratégias Tecnoldgicas em trés cadeias de
suprimentos do segmento de motores para automoveis. Re-
search Report, FAPESP process number 05/59798-5. Brazil.

Combs, ].G.; Ketchen Jr, D.J. (1999). Explaining interfirm coopera-
tion and performance: toward a reconciliation of predictions
from the resource-based view and organizational economics.
Strategic Management Journal. 20, 867-888.

Consoni, F.L. (2004). Da tropicalizagao ao projeto de veiculos: um
estudo das competéncias em desenvolvimento de produtos
nas montadoras de automoéveis no Brasil. Doctoral Thesis.
Geosciences Institute , Campinas State University, Brazil.

Conner, K.; Prahalad, C.K. (1996). A resource-based theory of the
firm: knowledge versus opportunism. Organization Science.
7 (5), 477-497.

Dannels, E. (2002). The Dynamics of Product Innovation and
Firm Competences. Strategic Management Journal, 23,
1095-1121.

Davenport, S.; Campbell-Hunt, C.; Solomon, ]J. (2003). The dy-
namics of Technology Strategy: an exploratory study. R&D
Management, 33 (5).

Dodgson, M. (1989). Technology Strategy and the Firm: manage-
ment and public policy. Longman Group UK.

Dodgson, M. (1991). Technology Learning, Technology Strategy
and Competitive Pressures. British Journal of Management,
2 (3), 133-149.

Drejer, A. (1996). Frameworks for the Management of Technol-
ogy : Towards a Contingent Approach. Technology Analysis
& Strategic Management, 8 (1) .

Fernandes, H.R.; Fleury, M.T.; Mills, J. (2006).Construindo o di-
alogo entre competéncia, recursos e desempenho organiza-
cional. RAE - Revista de Administracao de empresas. 46 (4),
48-64.

Fleury, M. T. L.; Oliveira Jr, M. M. (2001) Gestao estratégica do
conhecimento — integrando aprendizagem, conhecimento e
competéncias. Sao Paulo, Atlas.

Ford, D. (1989). Develop your technology strategy. Engineering
Management Review, 17 (3), 16-26.

Ford, D.; Thomas, R. (1997). Technology strategy in networks.
International Journal of Technology Management, 14 (6-7-8),
596-612.

Garvin, D. A. (1993). Manufacturing Strategy Planning. Califor-
nia Management Review, 35 (4), 85-106.

Gibbons, P.T.; O’Connor, T. (2003). Strategic posture, technology
strategy and performance. Journal of Enterprising Culture.
11 (2), 131-146.

Hamel,G.; Prahalad, C. K. (1989). Strategic Intent. Harvard Busi-
ness Review, May/June, 3-27.

Hayes, R. H.; Pisano, G. P; Upton, D. M.; Wheelwright, S. C.
(2004). Operations, Strategy and Technology: Pursuing the
Competitive Edge. John Wiley&Sons

Iglecias, L.; Alves Filho, A.G. (2000). Technological coordination
in the supply chain: case study of an engine plant supply
chain. Proceedings of the Rencontre Internationale Du GER-
PISA, Paris.

Jones, O.; Smith, D. (1997). Strategic Technology Management in
a Mid-corporate Firm: the Case of Otter Controls. Journal of
Management Studies, 34 (4), 511-536.

Lazzarini, S. G. (1997). Estudos de caso: aplicacdes e limites do
método. In: Farina, E. Estudos de caso em agribusiness. Sdo
Paulo: Pioneira, Brazil.

Maia, J. L.; Cerra, A. L. (2008) Relacionamentos entre empresas
na cadeia de suprimentos de uma montadora de motores —
uma discussao a partir dos elementos da Teoria de Custos de
Transagao. Revista Economia, 34 (1), 51-75.

Maia, J.L.; Cerra, A.L. Alves Filho, A.G. (2005). Inter-relacoes
entre Estratégia de Operacdes e Gestao da Cadeia de Supri-
mentos: estudos de caso no segmento de motores para auto-
moveis. Gestdo & Produgao. 12 (3), 377-391.



Maia, J. L., Cerra, A. L., Filho, A. G. A.: Operations and Technology Strategy Trajectories followed by automotive engine manufacturers set up in Brazil

112

Journal of Operations and Supply Chain Management 3 (1), pp 98 - 113

Maia, J.L.; Cerra, A.L. Alves Filho, A.G. (2010). Exploring vari-
ables of transaction costs in Brazilian automotive supply
chains. Industrial Management and Data Systems. 110 (4),
567-590.

Martin, M. J. C. (1994) Managing Innovation and Entrepreneur-
ship in technology-based firms. Willey, IEEE.

Nair, A.; Boulton, W. R. (2008) Innovation-oriented operations
strategy typology and stage-based model. International
Journal of Operations and Production Management, 28 (8),
748-771.

Oh, J. Rhee, S. K. (2008) The influence of supplier capabilities
and technology uncertainty on manufacturer-supplier col-
laboration: A study of the Korean automotive industry. Inter-
national Journal of Operations &Production Management,
28 (6), 490-517.

Olavarrieta, S.; Ellinger, A.E. (1997). Resource-based theory and
strategic logistics research. International Journal of Physical
Distribution & Logistics Management. 27 (9-10), 559-587.

Pavitt, K. (1990). What we know about the Strategic Manage-
ment of Technology. California Management Review,
Spring, 17-26.

Pereira, G.M.; Geiger, A. (2005). Complexidade do produto e
volume de producdo como determinantes da estratégia de
desenvolvimento de fornecedores automotivos. Gestao &
Producgo. 12 (2), 191-201.

Phusavat, K.; Kanchana, R. (2008) Competitive priorities for ser-
vice providers: perspectives from Thailand. Industrial Man-
agement and Data Systems, 108 (1), 5-21.

Priem, R.L. Butler, J.E. (2001). Is the resource-based “view” a use-
ful perspective for strategic management research? Academy
of Management Review. 26 (1), 22-40.

Puffert, D. J. (1999). Path Dependence in Economic History,
Working Paper, Institute for Economic History, University
of Munich.

Rasiah, R. (2009) Technological Capabilities of Automotive Firms
in Indonesia and Malaysia. Asian Economic Papers, 8 (1),
151-169

Sadoi, Y. (2008) Technology Transfer in Automotive Parts Firms
in China. Asia Pacific Business Review, 14 (1) 147-163.

Scarborough, H. (1998) Path(ological) Dependency? Core Com-
petencies from an Organizational Perspective , British Jour-
nal of Management, 9 (3), 219-232

Schroeder, R.G.; Bates, K.A.; Junttila, M.A. (2002). A resource-
based view of manufacturing strategy and the relationship
to manufacturing performance. Strategic Management Jour-
nal. 23, 105-117.

Skinner, W. (1969). Manufacturing — Missing Link in Corporate
Strategy. Harvard Business Review, 47 (3), 136-145.

Smith, D.J.; Rogers, M.F. (2004). Technology Strategy and inno-
vation: the use of derivative strategies in the aerospace in-
dustry. Technology Analysis & Strategic Management. 16 (4),
509-527.

Slack, N., Chambers, S. Johnston, R. (2002). Administracdo da
Producao. Atlas, Second Edition.

Spanos, Y.E.; Lioukas, S. (2001). An examination into the causal
logic of rent generation: contrasting Porter’s competitive
strategy and the resource-based perspective. Strategic Man-
agement Journal, 22, 907-934.

Spring, M.; Araujo, L. (2009) Service, services and products: re-
thinking operations strategy. International journal of Opera-
tions and Production Management, 29 (5), 444-467.

Taylor, M.; Taylor, A. (2008) Operations management research in
the automotive sector: Some contemporary issues and future
directions. International Journal of Operations & Production
Management, 28 (6), 480-489

Teece, D.J.; Pisano, G.; Shuen, A . (2000). Dynamic Capabilities
and Strategic Management. In: Dosi, G.; Nelson, R.R.; Win-
ter, S.G. The nature and dynamics of organizational capabili-
ties. Oxford University Press.

Wernerfelt, B. (1984). A resource-based view of the firm. Strategic
Management Journal 5, 171-180.

Yin, R. (2001) Estudo de Caso: Planejamento e Métodos. Tradugao:
Daniel Grassi. 2 ed. Porto Alegre, Bookman.

Zahra, S.A. (1996). Technology Strategy and financial perfor-
mance: examining the moderating role of the firm’s com-
petitive environment. Journal of Business Venturing. 11, 189-
219.

Zahra, S. A.; Sisodia, R. S. E Das, S. R. (1994). Technological
choices within competitive strategy types: a conceptual in-
tegration. International Journal Technology Management. 9
(2), 172-195.

Zhao, Z.; Anand, ]. and Mitchell, W. A Dual Networks Perspec-
tive on Inter-Organizational Transfer of R&D Capabilities:
International Joint Ventures in the Chinese Automotive In-
dustry. Journal of Management Studies, 42 (1), 127-160



Maia, J. L., Cerra, A. L., Filho, A. G. A.: Operations and Technology Strategy Trajectories followed by automotive engine manufacturers set up in Brazil
Journal of Operations and Supply Chain Management 3 (1), pp 98 - 113 113

Authors’ biography

Jonas Lucio Maia received his PhD (Operations Engineering) from the Federal University of Sao Carlos. His
current research interests involve competitive and operations strategies, resource-based view of competition,
and institutional approaches to interfirm relations.

Aline Lamon Cerra is a post-doctorate student (Operations Engineering) at the Federal University of Sao
Carlos, Brazil. She received her PhD in Operations Engineering from the same university, and was a Visiting
Scholar at the University of Illinois at Urbana-Champaign, USA. Her research currently focuses on technol-
ogy strategy, product development and supply chain management in Brazilian automotive and home-appli-
ance industry.

Alceu Gomes Alves Filho is a professor at the Operations Engineering Department, Federal University of
Sao Carlos, Brazil. He conducted his post-doctoral research at the University of Sussex, England, and received
his PhD in Operations Engineering from the Polytechnic School of the University of Sao Paulo, Brazil. His
current research focuses on operations strategy and organization in supply chains, technology strategy and
supply chain management



