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ABSTRACT

The assignment of plant missions typically includes considerations such as plant size,
technology choice, and plant focus. In the context of global manufacturing, researchers typically
emphasize the importance of location and plant focus in defining the missions of manufacturing
facilities. We propose that a richer understanding of plant missions can be obtained by also
understanding the plant’s manufacturing capabilities. This is consistent with the emergent
resource-based view in strategy, which suggests that the traditional industrial organization
explanation of competitive performance being driven primarily by product-market positions is
inadequate. Our second proposition is that plant missions in global manufacturing networks
should be complementary. We use case and survey data from the global color picture tube
industry to examine both propositions. We find that plant manufacturing capabilities are an
important factor in defining plant missions, along with location criteria and plant focus. We also
find that most business units in our study demonstrate complementarity on geography, product,
and capabilities dimensions, We conclude with a comparison of traditional and resource-based
perspectives on manufacturing strategy and plant missions, managerial implications, and
suggestions for future research.

(Keywords: Global manufacturing; global networks; manufacturing strategy; plant missions;

plant capabilities; resource-based view)



1. Introduction

The global strategy framework of configuration and coordination of physical and
economic resources within multinational corporations (MNCs) has motivated considerable
research relevant to manufacturing operations (Porter, 1986)". Of particular interest to this paper
is the research on plant missions in global manufacturing networks that has in the past focused
largely on the configuration dimension, with an emphasis on location-based criteria (Ferdows,
1997; Vernon, 1966; Ulgado, 1996). Another relevant perspective is the focused factory idea that
suggests that a plant should focus on a limited manufacturing task (Skinner, 1986). We argue that
such location-based and plant focus perspectives are only part of the picture. The purposes of this
paper are to: a) show that deeper insights are possible by examining plant missions through the
lens of the resource-based view of the firm and the related. organizational capabilities paradigm
of the manufacturing strategy literature; b) provide detailed empirical evidence on plant
missions from the global color picture tube industry to illustrate these insights; and, c) explore
how plant missions are managed within the context of global manufacturing networks.

Two examples from the global color picture tube industry highlight the significance of
these issues. In the first case, we observed that Sony has carefully assigned specific strategic
missions to its picture tube factories around the world, and senior management takes this into
consideration when setting performance goals and even deciding on the appropriate management
“style” for that factory. In the second instance, Samsung’s display division was in the process of
evaluating the role that its East Berlin plant would be expected to play in the future to
complement the roles of Samsung’s other display plants (see Appendix 1 for detailed quotes from
both Sony and Samsung managers). These two examples suggest that the assignment of plant
missions — dynamically - based on the capabilities of different subsidiaries, plants, and other
organizational units within an MNC, is an important addition to the location-based perspective of

global manufacturing, and the plant focus concept from manufacturing strategy. Second, the

! Configuration includes the choice of location of various MNC facilities and subsidiaries, while coordination
refers to the integration of the activities of various subsidiaries, plants, and other organizational units.



Samsung example, in particular, points to the need for creating capabilities that are
complementary, i.e., making configuration decisions in the context of the existing (or desired)
network. In other words, manufacturing capabilities at a plant provide leverage if they add to the
competitiveness of the overall business. This means that plant missions both influence, and are
influenced by, the global :‘network of capabilities and resources. In our case studies we observed
that complementarity creates business unit level competitive leverage, and knowledge flows
among plants. This article is organized around two core propositions: First, that a richer
understanding of plant roles is obtained by focusing on plant manufacturing capabilities, rather
than location criteria alone. Second, plant missions in global manufacturing networks should be
complementary (mutually and collectively “consistent”), because complementarity leverages the
overall business. |

The rest of the paper is organized as follows. Section 2 reviews the relevant literature.
Theoretical arguments and propositions are presented in Section 3. Section 4 describes our
research methodology. Research results are presented in Section 5 (case studies) and Section 6
(survey results). In Section 7 we discuss the results from the case studies and survey data
analysis, and use these to evaluate and extend the literature presented in Section 2. We discuss
the managerial implications of our research, and make suggestions for future research in Section

8.

2. How Capabilities Define Plant Missions in Global Manufacturing

Addressing the issues raised above requires carefully constructing consistent and logical
arguments, evaluating these, and understanding the implications. While there is little reséarch
explicitly on these issues, we draw upon several diverse literatures to frame the “problem”, and
develop our arguments.

2.1 Research Foundations

In order to understand how capabilities define plant missions in global manufacturing, we
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need to understand the meaning and interrelationships among “capabilities”, “plant missions”, and



“global manufacturing”. Three streams of literature are relevant: 1) the resource-based view of the
firm and the “organizational capabilities” based paradigm in manufacturing strategy; 2) plant
missions and manufacturing strategy; and, 3) global strategy and manufacturing.

The concept of “capabilities” has its origins in the resource-based view (RBV) of
strategic management. Whereas traditional industrial organization models view the firm as a
collection of input factors seeking various kinds of scale and scope related efficiencies with the
intent of achieving leadership with their products for specific markets (Stigler, 1968; Alchian and
Demsetz, 1972; Porter, ’1980, 1985), the RBV espouses the creation of sustainable competitive
advantage through dynamic organizational capabilities (Prahalad and Hamel, 1990; Bamney,
1991; Conner, 1991; Peteraf, 1993; Collis, 1994)>. From a broader perspective, such
organizational capabilities fit into an ongoing cycle of s}rategy -> competitive priorities —>
organizational practices —> reinforce/ create organizational capabilities and core competencies
(Khurana, Lin, Rosenzweig, and Roth, 1999). Table 1 defines the key elements of this cycle.

In addition to physical resources, capabilities also involve intangible, tacit, and evolving
resources and skills, such as those that serve as the foundation for new products and new markets
(Wemerfelt, 1984)°, Further, these capabilities are related to both functional (and building block)
skills such as logistics, flexible manufacturing systems, or process innovations, as well as trans-
functional processes such as supply chain management, new product development, and integrated
manufacturing (see, e.g., Wheelwright and Clark, 1992; Henderson and Cockburn, 1994; Collis,
1994: 145; Lee and Billington, 1995; Dean and Snell, 1996). For a plant, capabilities refer to

2 The terms “resources”, ‘“‘competencies”, “capabilities” are often used interchangeably in the strategic
management literature (c.f., Collis, 1994: 143). Throughout this paper, we too use these interchangeably. Stalk,
Evans, and Shulman (1992), however, make a distinction by stating that “competencies” are functional and based on
individual/ organizational knowledge, while “capabilities” leverage competencies and are delivered to customers and
other users through business processes.

3 Compared to product ownership and market share, such resources and dynamic organizational capabilities
are valuable, unique, inimitable, and non-substitutable. First, “resources” must be valuable, i.e., they ought to lead to
higher efficiencies or effectiveness, and thus create and exploit new opportunities (or negate environmental threats).
Second, resources must be physically unique, i.e., they are not simultaneously in use by other firms, and are most
valuable in the particular context in which they are used, i.e., asset specificity is key (Teece, 1982; Williamson,
1975). Since they are tacit, and embedded in organizational routines and learning, they cannot be traded, and are
thus, inimitable (Teece, 1982; Barney, 1986; Dierickx and Cool, 1989; Prahalad and Hamel, 1990). This means that
such resources cannot be acquired, for example, by hiring away management. By the same token, a particular
resource is most advantageous if there exist no substitutes for it.



unique skills at the plant, and various activities and practices that serve as the basis for future

distinctive achievements by the plant. In Section 4.3, we build upon this understanding of

capabilities to list and classify plant-level capabilities.

Table 1: Key Terms in the Strategy Process (a Manufacturing Strategy Perspective)

Strategy

Ansoff (1965), Hatten and
Hatten (1988), Stalk et al. (1992)

...combination of core competence and capabilities ......

Different strategies described by overall thrust of strate%ic group. We

adopt Miles, Snow et al. (1978) and Miller and Roth (19

4)’s clusters.

Manufacturing Strategy

Hayes and Wheelwright (1984)

pattern of choices (structural and infrastructural decisions)
statement of “what the manufacturing function must accomplish”
(mfg. Task)

Critical Success Factors/
Competitive Priorities

Hayes and Wheelwright (1984),
Miller and Roth (1994)

factors that enable a business unit to successfully compete in its

primary markets .. o )
a statement of relative importance of key manufacturing

objectives, such as quality, cost, etc.

Organizational Practices

(Miller and Roth, 1994),

Key manufacturin pro%:Iams, described bg “action programs”,
e.g., CAD, zero defects (Miller and Roth, 1994)

Procedures and practices used for key parts of manufacturing,
generally described by “best practices”

Organizational Capabilities &
Core Competencies

Prahalad and Hamel (1990),
Collis (1994), Khurana and
Talbot (1999)

Operational strengths that are sustainable and defensible. These
shape future strategic choices, and at the same time, result from
the strategic “intent”

Include both organizational end objectives, e.g., delivery speed
and quality, as well as organizational processes, e.g., supply chain
and new product development process.

The second definition is that of plant missions®, Skinner defines mission as a “description

of the manufacturing task(s)” to be undertaken (by the plant). Some relevant considerations for

defining plant mission include competitive priorities, plant size, technology choice, and plant

focus (Skinner, 1986: Ch. 6). Taking a somewhat different view, Schmenner defines plant

“charters” as the assignment of products, processes, markets, and customers to each facility,

which, in turn, define the plant’s role in the multi-plant strategy (Schmenner, 1982). For this

paper, we adopt Skinner’s definition, though we use the plant charter and plant focus ideas to

¢ As we mention in section 8, the notion of a plant mission may be somewhat inadequate. Today, it is often
more appropriate to think of a facility mission, which includes the linkages a plant may have with a R&D lab,
distribution center, or components supplier (see Bartmess and Cerny, 1993, for a description of the importance of
integration of plant-level activities with key functions and activities of the firm).




help define the possible types of complementarity (see Section 3.2)°. Thus, a plant’s mission —
typically assigned by senior management - is a strategic choice that determines the kinds of
competitive priorities the plant emphasizes®. A multi-plant business unit may assign different
missions to each of its plants. For example, in a 1994 presentation, a senior manager of the
Copeland Corporation, the company known for the celebrated businesé case on focused factories
(see Garvin and March, 1989), highlighted the differences among some of the plants in his
business unit (all plants belong to the compressor industry segment, but make a range of different
products). These plant missions included (one of these missions per plant): quality and cost
leadership in a standardized product; quality and cost leadership in a differentiated product;
encourage product differentiation; low volume specials; prolong life of current products;
accelerate learning; and, manage decline of current product iine (Ruwe, 1994).

The third set of definitions relate to global manufacturing, and its influence on plant
missions. For the MNC, corporate strategy is in part a question of geographical scope:
configuration (Porter, 1986: 23, 56), i.e., where and how to compete so as to achieve global
efficiencies and operating flexibility (Kogut, 1985a,b; Bartlett and Ghoshal, 1989); and,
coordination, i.e., how to link globally dispersed resources and activities (Flaherty, 1986; Bartlett
and Ghoshal, 1989; Galbraith, 1990; Flaherty, 1996). Configuration options range from

concentrated to dispersed, and determine the location, size, and responsibilities of various MNC

5 We do this for two key reasons. First, plant charters typically focus on structural (and more visible and
apparent) characteristics, while more tacit and intangible capabilities are emerging as more critical. Recent surveys
indicate that different plant charters show no significant and consistent differences on structural or strategic
dimensions (Schmenner, 1982; Vokurka, 1998). Second, plant charters are not positioned to explain much variance,
since the dominant plant charter is still the “product plant strategy” (almost unanimously so in the industry for which
we have the data, i.e., the picture tube industry), i.e., assigning each plant a specific set of products (Vokurka, 1998).
Nevertheless, the question of having a “process plant strategy” is also an important one, especially in the context of
vertical integration, i.e., the plant is a stage of a disaggregated vertical value chain (Chandler, 1962; Porter, 1986).
For example, should an automobile assembly plant also be responsible for engine assembly? Should wafer
fabrication be done in a facility separate from the plant that does wafer cutting? Answers to such questions generally
depend on industry parameters such as process technology and logistics costs, although sometimes individual firms
consciously make choices different from the rest of the industry.

6 Note that we define mission (and manufacturing task) in terms of the competitive priorities, and not the
capabilities. This is a clearer definition than prior research in manufacturing strategy - e.g., Miller and Roth, 1994,
page 285, 286 - where competitive capabilities and priorities have been used interchangeably. Also see Table 1.
Note that while plant mission and plant focus (Skinner, 1974) may overlap, they are not identical. A plant mission is
a broader description of the manufacturing task for a plant; plant focus describes how a plant may simplify this
manufacturing task by re-aligning its resources.



subsidiaries and facilities’. Coordination choices range from full autonomy to very tight
coordination through varying degrees of standardization, rigid management control systems, and
centralization of decision-making®’.

Figure 1: Generic Roles of International Factories

EXTENT OF High Source Lead Contributor
TECHNICAL
ACTIVITIES
AT THE SITE Low Oft-Shore Outpost Server
Access to Low Use of Local Proximity to
Cost Production Technological Market
Input Factors Resources

PRIMARY STRATEGIC REASON FOR THE SITE
(Source : Ferdows, 1989, 1997)

What does the configuration-coordination framework mean for manufacturing strategy
and plant missions? Wﬁile several implications emerge, one that is relevant for this article is how
configuration affects plant missions. Ferdows’ (1997) description of “international factory
networks” focuses mainly on the configuration dimension, and proposes that the strategic
missions of international factories can be defined on the basis of two dimensions: location

rationale (why locate at a particular foreign site) and the extent of technical activities at the site

! The extreme form of concentration is a single location that serves the world, e.g., an Intel Pentium-II chip
manufacturing plant in Arizona, a single distribution warehouse for HP laser printers in Scotland, or a central R&D
lab in Osaka serving the technology needs of Matsushita. In a dispersed configuration, an activity may be performed
in many countries. Typical manufacturing configuration decisions include the location and size of suppliers, and of
production and distribution facilities for components and end products. Traditional factors in making such decisions
including logistics and production costs, exchange rate uncertainty, and trade liberalization, are well known, and
strategic and mathematical models based on location theory and logistics management exist for formulating ard
solving many such problems (Kogut, 1985b; Hodder and Dincer, 1986; Porter, 1986: 29; Cohen and Lee, 1989;
Huchzermeier and Cohen, 1996).

8 As an example, key manufacturing coordination tasks include manufacturing-marketing coordination of
global demand, production coordination of dispersed facilities, global sourcing, exchange rate hedging via
production coordination, and the transfer of process technology and production know-how among plants
(Mascarenhas, 1984; Flaherty, 1986; Cohen and Lee, 1989; Galbraith, 1990; Flaherty, 1996).

’ Traditionally, both operations management and international business researchers have primarily addressed
the global manufacturing configuration question from a location theory standpoint. The operations management
perspective, reflecting a problem-solving and optimization approach, includes exploring different strategic criteria
for choosing a global location, as well as the set of factors described in the preceding two footnotes. The
international business view has evolved more dramatically, going from the international product life cycle (Vernon,
1966, 1979) to a more elaborate framework that includes market, resource, and efficiency seeking modes of
international production (Dunning, 1988: 13). Dunning suggests that MNCs locate overseas if they can leverage
existing resources, achieve greater operating efficiencies, or expand the size of their market.



(Figure 1). Technical activities include process engineering, product modifications, equipment
design, etc. Ferdows also suggests that over time, there is an evolution of plant roles, such that
with increasing technical activities at a plant, plants aspire to play a “higher” role, such that
ultimately every factory aspires to be a lead factory.

As with operatiéns strategy itself, the assignment of plant missions involves both
“content” and “process” issues (Leong et al., 1990). Having discussed the “content” issues
related to global strategy and plant missions, we turn to understanding the “process” of assigning
plant missions in global manufacturing. Both the manufacturing strategy and international
business literatures prescribe a hierarchical decision-making process. First, global strategy
formulation enables MNCs to assign specific roles to their subsidiaries. A subsidiary’s role
influences its organizational design, the degree of power aﬁd autonomy assigned to it, and the
functional compétence and managerial expertise resident within the subsidiary (Egelhoff, 1988;
Doz and Prahalad, 1988; Bartlett and Ghoshal, 1989; Jarillo and Martinez, 1990). It also
determines functional strategies, including manufacturing missions (see Leong et al., 1990 for a
discussion of manufacturing strategy “process”). Plant missions, in turn, are derived from these
functional strategies and the subsidiary’s role (Pycke and DeMeyer, 1997).

2.2 Framing the Problem

As the above literature review suggests, plant missions in global manufacturing are
currently shaped by two perspectives: a) the concepts of plant focus and explicit plant missions;
b) the global strategy framework of configuration-coordination and location rationale. Skinner’s
focused factory notion has been a central theme in manufacturing strategy. The simple idea that a
factory ought to focus on a single manufacturing task is a compelling argument. Yet, it has some
shortcomings. First, while one can design the architecture for a factory based on a specific kind
of “focus”, it is also a fact that a focused factory may find it difficult to respond to the dynamics
of changing competition (see, e.g., Mukherjee, 1997). “Focus” itself can become a detriment, just
as “core capabilities” can become “core rigidities” (Leonard-Barton, 1992b). Second, the typical

manner in which plant focus is defined reflects the “top-down” sentiment inherent in traditional



manufacturing strategy, that a plant’s strategy is determined by the business strategy. The

emergent resource-based view better captures the interaction between business strategy and

functional capabilities (see Figure 2).
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Figure 2: Globali‘Manufacturing Strategy, Plant Missions, and Plant Capabilities

Ferdows’ model is a useful starting framework for thinking about plant missions in global
manufacturing from a location rationale/ configuration perspective, and it suggests several ways
for developing an improved model. First, as Ferdows acknowledges, the location rationale itself
is likely to change over time: a company locating a plant in Hong Kong twenty years ago to
access low cost labor, might not do that today (see MacCormack, Newman, Rosenfeld, 1994;
Magretta, 1998)". McDonald suggests that many MNCs of the future will no longer consider
their facilities as inert fixed assets, but rather “floating factories” that can be expanded,
disassembled, or relocated as the competitive situation demands (McDonald, 1986). Second, a

mission defined on the basis of the location rationale does not necessarily provide guidelines as

0 In a previous cross-sectional study, we found that plant location criteria appeared to have dramatically
changed —~ from the time the plant was built - for a substantial majority of the nearly 200 plants we surveyed

(Karnani, Talbot et al., 1992).



to what the plant can or should do in the future. It is not merely the initial location decision, or
the inclusion of plant (technical and other) capabilities, but the ongoing interplay of firm
economics, competitive dynamics, organizational capabilities, and inter-functional politics that
largely shape the evolving set of objectives and associated activities at a plant. Third, given the
existence of global “networks” of facilities and other organizational resources, a plant’s mission
ought to be related in some way with the missions and capabilities of other facilities in the
network (Starr, 1984; Porter, 1986; Flaherty, 1986; Flaherty, 1996).

We use the above observations about Ferdows’ model and the focused factory to re-
evaluate the definition and assignment of plant missions in global manufacturing. We argue that
plant missions are influenced - in addition to the location (geography) and focus (product,
process) drivers - by the plant’s (changing) capabilities. Fﬁﬁher, plant missions also need to fit
into the context of the global network, and are thus influenced by the missions of other plants in
the network. While these two arguments do not fill all the gaps in the multiple literature streams
discussed above, they provide starting evidence and a framework for future research on global
manufacturing strategy.

Table 2: Definitions Used in this Article

Concept/ Definition Perspectives from Prior Research

Plant mission “ .. choices made with respect to four competitive priorities: cost,
(based on “... the kinds of competitive quality, delivery, and flexibility. ” (Leong, Snyder, Ward, 1990: 113)
priorities the plant emphasizes”) “ ... manufacturing task ... " which the plant must excel at in order to
be competitive (Skinner, 1985: Ch. 6, 7)

“ ... what companies expect from their factories ...” (Ferdows, 1997)

“ ... plant charters ...” based on physical characteristics of plant
(Schemenner, 1982) .
Competitive Priorities * demands and constraints on manufacturing " (Skinner, 1985: Ch. 7)

(strategic goals emphasized by operations  those that the manufacturing unit must have to * .. compete given its
strategy at the business unit/ plant level, ~ overall business and marketing strategy " , and support the

mistakenly called manufacturing task (Miller and Roth, 1994: 285)

competitive capabilities” by some) “ .. consistent set of goals ... .. ” (Leong, Snyder, Ward, 1990: 114)
Plant capabilities o * .. organization (plant) with superior resources - technology,
(those that can provide a distinctive production system, knowledge, management, human skills, and finances
advantage, i.e., activities and practices o " (Skinner, 1985: Ch. 13)

that matter; Details in Section 4.3)




3. Research Arguments and Propositions

3.1 Plant Missions, Capabilities

Our central argument is that product-market position, location rationale, or a static plant
focus dimension, are not enough to explain the business/ manufacturing strategy and the plant’s
mission. Firm and plant capabilities also contribute to the plant’s mission, i.e., these are the
building blocks of firm or plant-level competence (Wernerfelt, 1984; Ferdows and DeMeyer,
1990; Hamel and Prahalad, 1990; Collis, 1991). More formally, we evaluate the following

proposition on the basis of our case and survey data (also see Figure 2):

Proposition 1: Plant missions in global manufacturing are influenced by plant capabilities
as well as location and plant focus criteria.

' 3.2 Plant Missions in a Global Manufacturing Network

Global organizations exist because they can generate competitive advantages from the
ownership and leveraging of their global assets (Hymer, 1976; Dunning, 1988). Further,
multinationals face numerous and complex demands with regards to resources, market demands,
government and legal pressures, and internal organizational pressures such as competing
functional and subsidiary interests (Stopford and Wells, 1972: 18-19; Ghoshal and Nohria, 1989;
Nohria and Ghoshal, 1994) ", Organization theory suggests that differentiation of organizational
subunits — on the dimensions that describe the diverse set of pressures - is a logical system
response (Lawrence and Lorsch, 1967: 8-13; Pfeffer, 1978: 6-7; Ghoshal and Nohria, 1989). For
a manufacturing organization, this suggests that MNCs can be expected to have globally
dispersed plants with differentiated roles or missions that are collectively expected to be
consistent with, and support the overall manufacturing and business unit strategy. This is also
consistent with Skinner’s (1985) argument that plants in a multi-plant business unit can
specialize in different tasks, and thus become more focused. That is, we may have one plant that

plays the lead in product development, a second that focuses on process development, while a

i Martinez and Jarillo suggest that MNCs have evolved from being “multidomestic” (in the 1920-1950
period) to “global” (1950-1980) and now to “transnational integrated networks” (Bartlett and Ghoshal, 1989;
Martinez and Jarillo, 1989: 504-505).

10



third focuses on quality improvement (also see Garvin and March, 1989). Further, the existence,
or absence, of a network itself may affect how these plant missions are assigned. This leads to

our second proposition:

Proposition 2: A""plant’s mission within a multi-plant MNC business unit is influenced by
the missions of other plants within the business unit, in addition to the
manufacturing strategy of the business unit.

Differentiation of organizational subunits typically requires coordination and integration
(Lawrence and Lorsch, 1967; Ghoshal and Nohria, 1989)'2. However, the manufacturing strategy
literature, as well as the realization that plant missions are likely to be inter-related suggest an
intermediate global network design choice, which we call “complementarity”. This form of
configuration emerges from the notion of “fit” as complementarity in the strategy and operations
strategy literatures (Venkatraman, 1989: 430; Hayes and Wheelwright, 1984). Ferdows also
refers to the need to have diverse, inter-related “specialist factories”, though his definition of the
six strategic roles for global factories (Figure 1) does not recognize the possibility of such
complementarity (Ferdows, 1997: 76). For our research, we define “complementarity” as the
extent of “fit” - on a m;meer of dimensions discussed below - among plants in a multi-plant
MNC, such that they also collectively support the overall business unit strategy. It is important to
point out that such complementarity is likely to be more relevant for differentiation as opposed to
cost-focused business strategies (Porter, 1980). Further, if organizational subunits have
differentiated goals that “fit” with each other and with the business unit strategy, the network

should be better able to meet overall organizational objectives. Thus:

Proposition 2': Plants within an MNC business unit will have “complementary” missions
(which in turn support the overall business strategy).

Our review of prior research revealed little on the issue of definition or dimensions of

complementarity. Since this part of the research is exploratory, we venture to describe some

1 We suggest that in the global organization, differentiation and integration translate to configuration and
coordination (Porter, 1986).

We speculate that even if there is no interdependence among plants, such as interplant material flows,
complementarity can act as a facilitator (forces plants to coordinate), or even a driver for tight coordination.

11



relevant dimensions of complementarity (applicable to plants in a manufacturing network),
recognizing that these will not necessarily capture all types of complementarity (Table 3).

We start with Skinner’s “focused factory” notion, and supplement it with the definition of
“responsiveness” from international business, and Ferdows’ suggestion to use location rationale
as the basis for plant roles, and thus, for complementarity. First, Skinner argues that instead of
trying to do everything, a plant should be designed to focus on a coherent “manufacturing task”,
typically determined by products, markets, technologies, and volumes (Skinner, 1985: 72)". This
means: having a narrow product mix, focusing on a consistent set of market demands, limiting
the number of new and varied technologies being used, and limiting the variability of production
volumes to be produced. Second, international business researchers suggest that plants in a global
| manufacturing network can be differentiated on the basis of global specialization or localization
(Ghoshal and Bartlett, 1990: 611). For example, Electrolux’s washing machine factory in France
produces top-loading washers for all of Europe, while its factory in Italy produces front-loading
washers to meet Europe-wide demand. In contrast, Philips’ five European factories — focusing on
regional responsiveness — produce near-identical television sets, each for a local market. Thus,
while Electrolux’s manufacturing network emphasizes product-based complementarity, Philips’
is dominated by market or geographic complementarity.

The discussion of plant “focus” and plant roles in Table 3 suggests that there are several
different ways to interpret complementarity in a multi-plant network. The underlying thesis,
however, is that it is desirable to have a multi-plant network with plants complementing each
others’ capabilities and missions so as to support the overall business/ manufacturing strategy".
In order to make this notion of complementarity more explicit and measurable, we will later

interpret the above discussion in the context of the global picture tube industry (Section 4).

14 While this is not an exhaustive list of dimensions for “focus”, it does capture the most common dimensions.
Skinner (1974) suggests that the key is to identify a dimension that provides the greatest internal consistency for the
plant.

5 During informal discussions, we have found support from MNC managers for the complementarity idea,
though some managers and academics are concerned about the negative implications of a possible breakdown of
inter-plant cooperation when a plant is completely dependent on another (complementary) plant for some of its
activities.

12



However, to complete the set of definitions given in Table 2, we propose the following definition

for plant complementarity:

Having plants in a business unit with different plant focus or
manufacturing capabilities, such that they collectively add to the
competitiveness of the overall business while being consistent with the
business strategy. ‘

Table 3: Types of Complementarity

Compleme;ntarity Pressures that Drive

How Complementarity is Implemented

Source

Dimension Complementarity Dimension
Product Many products, scale economies Different plants make different product groups Skinner, Bartlett
50 as to meet strategic objectives of having a full  and Ghoshal
product line
Market/ Different regional needs, logistics Plants focus on different markets/ customers Skinner, IB
geography costs ' literature
Process/ Multiple generations of Different plants focus on different types of Skinner, vertical
technology technologies, scale economies for technology, or on different stages of the process  integration
different production stages. literature
Volume Production system faces different Different plants achieve expertise on different Skinner,
pressures for different volume product ranges so that customer orders can be flexibility -
demands allocated on this basis literature
Lopation Plants can be located on the basis Plant location criteria vary (complementarity Ferdows
rationale of a variety of reasons. idea not explored by Ferdows)
Capabilities Plants play different roles in a Plants have complementary capabilities that THIS PAPER

network

collectively relate to the business strategy

As we argue in Section 3.2, differentiation, and thus, complementarity, should be influenced by those
dimensions that face diverse pressures and are forced to make tradeoffs, e.g., the need for scale economies
motivates the need for product-based complementarity, the fact that a plant cannot be “good at everything”
drives capabilities-based complementarity, and so on.

4. Research Methods

Our data come from a larger study of industry practices and competitiveness in the global
color picture tube industry (details are given in Appendix 2) (Khurana, 1994). This industry was
chosen because it is an important, mature global industry facing major competitive a.nd
technological challenges. We focused on a single industry instead of conducting a cross-industry
study because we are convinced that plant missions are best understood within the context of a

single industry'. Further, this is the best manner in which we can understand complementary

16 While several researchers have hinted at the fact that organizational roles or “missions” may be influenced
by industry type (see e.g., Vernon, 1966; Miller and Roth, 1994), almost all prior research on strategic archetypes
and manufacturing strategy taxonomies has been cross-industry. We subscribe to the hypothesis that strategic

13



plant missions within a business unit. However, our research is limited by the fact that we have
studied in detail only the picture tube segment of the television manufacturing industry. This
broader industry has four major segments: glass manufacturing (funnels and panels), tube
manufacturing (which we studied), TV set assembly (assembly of tubes and electronics into
cabinets), and TV set distribution. Ideally, to better understand plant missions and global
manufacturing, we would have liked to study the entire television manufacturing and distribution
industry. However, such a massive study was well beyond our resources.

4.1 Research Design

The overall research was conducted in three phases: 1) a single-plant study (1992); 2)
exploratory field-based case studies at 16 plants from 8 companies (11 plants in N. America,
Europe, and Japan during 1992-93; 6 plants in E. Europe, China, and India in 1994); and, 3)
during 1993-95, data collection on strategic and manufacturing issues in the industry using four
detailed mail questionnaires (for the plant, production, quality, and engineering manager at each
plant). Forty eight of 53 plants in the non-communist countries responded to the questionnaires
during 1993-94, giving a 91% population response, thus making it a near-census of the industry.
Subsequently, during 1994-95, we obtained data from another six color picture tube factories in
Eastern Europe, China, and the ex-USSR. Thus, we now have data frqm 54 factories worldwide
(of a total of 63 color picture tube factories known to exist in 1994)". This article was partly
motivated by discussions with several strategic planning managers during the field study phase,
and uses both the case study data (1992-94), and the survey data (1993-95) for the analysis.

4.1.1 Analysis of Case Data

Data from only eleven of the sixteen case study sites are relevant for this article; the
remaining five picture tube plants belong to single-factory firms. The initial case data collection

followed the guidelines suggested by Glaser and Strauss, and Eisenhardt (Glaser and Strauss,

archetypes and plant missions, and organizational capabilities are influenced by industry, because strategy is shaped
in the context of the current set of competitive and other pressures (also see Collis, 1994: 150).

1 7 new color picture tube factories have been planned or established since this study was conducted, while 2
of the plants in our study have been shut down,

3
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1967; Eisenhardt, 19893. A semi-structured interview protocol was used to elicit responses,
among other issues, on location rationale, plant mission, current and future competitive priorities
and activities at the plant, relations with headquarters and other plants (see Khurana, 1994: 132-
137). These data were recorded in the authors’ field notes from the interviews, and later tabulated
using categories to help group similar concepts. The results from the analysis of case data were
used to formulate the items for the survey questionnaire.

4.1.2 Analysis of Survey Data

We analyze the survey data in three steps. First, we empirically define plant missions
based on a cluster analysis of the competitive priorities described by the plants. The cluster
analysis derived plant missions are cross-validated with our case studies results. Second, to
understand the implications of proposition 1, we analyze if these plant missions are correlated
with region of location, with product (e.g., tube size), or with manufacturing capabilities (also see
Section 4.3, for a discussion of how the theoretical concepts fit in with the industry context).
Third, using these results, we clarify the concept of complementarity of plant missions, and show
that it exists for each multi-plant MNC in our population.

4.2 Respondents

We adopted the expert-respondent approach, i.e., we obtained relevant information from
plant, production, quality, and engineering managers. All but nine of the 63 picture tube factories
worldwide responded to the mail survey. Three of the nine non-responding factories are located
in China, one in Russia, two in Europe and three in Asia. The lack of response from the four
factories in China and Russia was either due to the fact that the factory had been shut down for
several months (as in the case of the Russian factory), or because managers were unwilling or
unable to seek permission for participation from government officials. The five non-responding
factories in Europe and Asia belong to two Japanese companies and one European company. For
these five factories, secondary data on plant size, company size, ownership, location, and product
mix for these factories and companies did not reveal any systematic bias, either at the company

level, or at the plant level (chi-square test was not significant).
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4.3 QOperationalization and Empirical Tests

To facilitate the translation from theoretical concepts to measurable variables, we first
provide a background for the industry as it pertains to the key concepts, and follow this with an
explanation of how we operationalized these concepts. There are some differences in the way in
which we operationalize the key concepts for the case studies and the survey, given the
differences in the “bandwidth” of the data available from these two data sources.

The first concept of interest is plant mission. For the case studies, we asked managers
what their plant’s mission and strategy were, and how management expected these to be
achieved. In contrast to these detailed descriptions of plant strategy and mission, we adopted a
more parsimonious definition of plant missions for the survey data, since it was difficult to
measure “plant mission” using a questionnaire. In the questionnaires, we operationalize plant
missions based on the competitive priorities emphasized by the plant (see Stobaugh and Telesio,
1983; Miller and Roth, 1994)'®, Of the various competitive priorities used in manufacturing
strategy research, we use low cost, quality (conformance + after-sales service), flexibility
(volume + breadth), development speed, and innovation (these five dimensions encompass seven
of the eleven capabilities described by Miller and Roth, 1994). A description of the scales used
for these selected priorities is given in Appendix 2 (all five were recoded into 1-5 scales for the
cluster analysis). The remaining four were either not greatly relevant for the picture tube segment
of the industry, e.g., advertising, or were largely outside the scope of the plants’ activities, e.g.,
dependability, speed, and distribution (though these are important priorities for TV assembly
plants). Data for these were not obtained as part of the surveys.

Proposition 1 suggests that the three drivers of plant mission are location rationale, plant
focus, and plant capabilities. The location criteria are easy to define for the case studies, since we
asked plant managers explicitly during our interviews. We were able to map managers’ responses

into the three key location criteria suggested by Ferdows. In addition, we capture Skinner’s

- Leong, Snyder, and Ward (1990) define manufacturing strategy “mission” in terms of the competitive
priorities emphasized by the business unit. Researchers have also used a similar definition in empirical work on
strategic archetypes and manufacturing strategy taxonomies (e.g., Miller and Roth, 1994).
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“focus” dimensions by gathering data on tube sizes produced, and markets served. Process
technology and volume based “focus” were found to be fairly homogeneous for the global picture
tube industry. The surveys, however, had mixed success. Given the difficulty and complexity of
interpreting the location rationale for an established plant, and the fact that these rationale may
change frequently, we did not measure location intent in our survey questionnaires'’. However,
we do have survey data on product and market/ region dimensions of “focus”.

Plant capabilities are operationalized for the case studies in terms of the kinds of
capability-building activities the plant undertakes, and how these have evolved. For the survey
data, the operationalization is both more difficult and fuzzier. Prior researchers have measured
capabilities in two ways, First, some operations strategy researchers define and measure
capabilities as “strengths” on specific competitive priorities such as quality, innovation, delivery,
etc. (Kim and Arnold, 1992; Vickery et al., 1993). The problem with this approach is twofold —
(i) one can expect extreme response-response bias because the same respondent evaluates the
importance and strength of these priorities while also providing data for performance; (ii) this
approach is results oriented and provides no insights into how organizations acquire these
strengths. The second approach, which we adopt for this paper, attempts to first identify and then
measure underlying capabilities that matter (see Table 1). Examples of capabilities defined
include advanced manufacturing technologies (Clark, 1996), organizational practices such as
team skills and empowerment (Dean and Snell, 1992; Black and Boal, 1994), TQM (total quality
management) practices (Hayes and Pisano, 1996), and technical/ engineering skills (Dean and
Snell, 1992; Ettlie, 1995; Roth and Jackson, 1995). Roth and Jackson (1995) suggest five
dimensions of capabilities for services that can be interpreted as capabilities on business
processes, human resources, technological skills, market awareness and customer focus, and
production efficiency. Based on this assessment of dimensions of capabilities, we identify the

following six dimensions (not an exhaustive list) that are relevant for the picture tube industry at

v In our previous cross-sectional study, not only did we find that the plant location criteria appeared to have
changed dramatically from the time the plant was built, managers also told us that multiple plant location criteria
were simultaneously important'(Karnani, Talbot et al., 1992).
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the plant level. Capabilities such as business process and market awareness were dropped
because these are not within the general purview of the plants. To the extent possible, we
obtained data on specific practices related to these capabilities, rather than seek managers’

assessments about their “strengths” on these capabilities (Table 8).

Technical/ engineering skills and capabilities
Design and innovation capabilities
Advanced manufacturing technologies
Manufacturing process capabilities

Human resource capabilities

Quality management practices

® © & & o o

Proposition 2 introduces the concept of plant complementarity. This is a difficult concept
to operationalize. For the case studies, we asked managers about the key activities at their own
plant, what their plant’s “strategy” was, and how other plants in the BU fit into the network
(Table 4). We then spent several days interpreting the interview notes and obtained clarifications
from the interviewees. For the survey data, we needed to be more precise while seeking data on
measures related to complementarity. While in Section 3.2, we identified several dimensions of
complementarity — product, market/ region, technology, volume, location rationale, and mission
— a thorough understanding of the industry context is important to understand the appropriate
dimensions of complementarity (Appendix 1). For the global CPT industry, the typical business
strategy requires a balance between quality, innovation, and cost. Thus, most cdmpctitors find it
advantageous to have a range of products, and compete in multiple regions. However, since the
manufacturing process is scale intensive, process technology and volume-based complementarity
do not provide any advantage. Thus, for the survey data, we define three complementarity
dimensions. One is “geographic complementarity”, which is based on the number of world
regions (e.g., America, Europe, Asia) where the BU has plants (score of 1 if plants in a single
region, 2 if in two regions, etc.; Max = 4). Another is “product complementarity”, which is based
on the variety of product Hsizes — very small, small, medium, large - collectively produced by the

BU, as a proportion of the variety dictated by the business unit strategy (score 0-1). The third is
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complementarity of ‘“capabilities”, which is measured by the number of context-specific
capabilities that the BU is collectively “good” at (score 0-6).

A number of performance measures were included (see Table 7). “End-outcomes” include
measures such as customer rejects (parts-per-million; CUSTOMER REJECTS), yield (measured
as material consumption per 1000 tubes; MAT-QUAL), productivity (tubes per pérson-hour,
uncorrected for automation level; PRODUCTIVITY), and tube durability (hours of tube life;
DURABILITY). “Intermediate outcomes” provide another indication of performance that can be
useful in assessing plant capabilities and key performance differences; examples include work-
in-process (hours of inventory; W-I-P), throughput time (hours; THROUGHPUT TIME), and
equipment maintenance performance (number of weekly breakdowns; e.g., SCREENING EQPT.
DOWN). Another “intermediate” measure we used to evalﬁate plant complementarity was inter-
plant learning (% of iml;rovement ideas from other business unit plants - %IDEA). Finally, we
have limited data on “bottom-line” measures such as % return on sales (ROS).

To test Proposition 1, we will show using our case studies and survey data that plant
missions differ not only on the location and plant focus dimensions, but also on plant capabilities
at a plant. The test for Proposition 2 is based on showing that, given a business strategy that is
not too narrow, MNCs in the picture tube industry attempt to create complementarity on the
dimensions of geography, product, and capabilities, and, as a result also on missions.

5. Plant Missions in Practice: Five Company Examples

The eleven selected case study plants belonged to multi-plant business units in five
MNCs (see Section 4.1.1). Detailed case stu\‘dies were written for each of these plants (Khurana,
1994). In this section, we first summarize the data for the eleven case study factories and then
discuss the results. We return to the case studies again in Section 7, where the theoretical
implications of both the case study and survey results are presented.

5.1 Case Data
The data for our case studies come mainly from our field interviews, and are

supplemented wherever necessary with secondary data from the industry. These data on issues
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such as initial location intent, definition of plant missions, current and future competitive
priorities and activities at the plant are summarized in Tables 4a and 4b. In Table 4a, we
describe key characteristics for each plant. Due to confidentiality agreements we are unable to
provide plant and company names. Most of the data are self-explanatory, but the last two
columns require some explanation. The ninth column (second from the last) provides one
measure of vertical integration by indicatiﬁg the % of tube production shipped to external
(competitor) TV assembly plants. The last column states the reason for locating the plant in that
country or region. Managers from some of the plants indicated that they either did not know why
the plant was located where it was because it had been built so long ago, or that the situation had
changed dramatically since the plant was originally built. Others gave a combination of reasons —
market access, technology capabilities, low cost production, and government-driven need for
local content.

In Table 4b, we describe the explicit or implicit plant mission, and elaborate on the
strategy adopted by each of the plants, and how this plant-level strategy fits with the rest of the
plants in the business unit. We distinguish between plant mission and plant strategy as follows:
plant mission describes the longer term expectations that the company has of that plant, while the
plant strategy outlines the activities that managers at the business unit/ plant plan to undertake to
achieve these goals. This reflects the traditional hierarchical model of strategy as “fit” between
different levels of strategy, i.e., corporate, business unit, functional (manufacturing), and plant.
Our interviews revealed that while some plants had an explicit (E) plant mission, others did not.
In case the mission was not clearly stated, we interpreted the implicit (I} plant mission based on
our interviews with the plant manager and other senior managers. The data on plant-level strategy
come from our interviews with the plant and functional managers, and indicate the steps they
were taking to achieve the plant mission expectations. These plant-level strategic activities are
also interpreted in the context of the activities undertaken by other plants in the BU (last

column).
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5.2 Discussion of Case Data

Our case data confirm the industry characterization presented in Appendix 2. All but one
of the eleven tube plants is located close to an internally owned TV assembly plant. In contrast,
few of the tube plants have glass plants nearby. These facts, coupled with the large percentage of
tubes that are sold to competitor TV assembly plants, reinforce two key observations about the
tradeoffs between scale and logistics costs: | First, logistics costs for tubes appear to dominate
plant scale economies (tube plants are close to TV assembly plants), possibly because the relative
ease of availability of tubes from competitors mitigates the disadvantages that arise from having
limited product variety Rather than require a proximate tube plant to produce all tube sizes, or
have another company-owned tube plant ship tubes a large distance, TV assembly plants prefer to
" purchase tubes from competitor tube plants, to the extent that these plants can make tubes to their
designs. At the same time, capacity availability, quality, cost, innovations, and compatibility of
standards are important issues that motivate these MNCs to establish their own tube plants rather
than source from competitor plants. Second, since picture tube plants are rarely in close
proximity to glass factories, it appears that scale economies for glass manufacturing dominate the
logistics costs of shipping funnels and panels. This holds true even if one considers the location
of independent global glass manufacturers such as Corning and Asahi.

The case studies suggest that plant missions are based on the particular tube sizes
produced at that plant (product), the geographic region (market) served by the plant (Table 4a), as
well as the plant’s capabilities (Table 4b). The relationship between plant mission and tube size
is driven by the fact that the picture tube industry uses fairly dedicated production equipment,
such that the choice of equipment at a plant limits the variety of tube sizes that can be
manufactured. The proximity of tube plants to TV assembly suggests that mission — driven by
logistics costs - is also defined by the geographic region served by the plant. These two
determinants of plant mission are consistent with the location rationale, as well as the traditional

view of plant focus: manufacture a limited range of products or serve a well defined market,
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with emphasis on achieving scale economies and low logistics costs (Skinner, 1974; Hayes and
Wheelwright, 1984: 91)%,

Following our definition of plant mission in section 2.2, we suggest that another
interpretation of plant missions is based on the plant’s capabilities and criticai activities. The case
studies demonstrate a range of plant missions on these dimensions. We classify the plant
activities and capabilities described in the columns for “Plant-level Strategy” and “Plant Strategic

Activities” in Table 4b into four groups:

e Plants Asia-1-Japan, Europe-1-Europe-B, and Europe-2-USA are technologically
sophisticated and are leaders on product and process innovation, while Europe-1-Europe-A
and Asia-3-USA are gradually moving to such a position.

o Plant Asia-1-USA focuses on process control and conformance, and emphasizes customer

service. -
o Plants Europe-1-USA and Europe-1-Europe-C are cost-focused, though Europe-1-USA is

gradually moving to being quality-focused as Asia-1-USA.

o Finally, plants Europe-1-China, Europe-2-Europe, and Asia-2-Europe appear to follow a
traditional definition of plant mission based on location rationale: that is market access and
low cost orientation (Ferdows, 1997). Interestingly, all three plants are either new, or have
been newly acquired by the MNC. Thus, with the exception of Asia-1-USA, all new or newly
acquired plants appear to fall into this category.

The above summary of plant capabilities and mission statements highlights the fact that
there are distinct plant capability clusters that differ on key operating parameters. This suggests
the existence of a third dimension for plant missions in this industry - plant capabilities. Thus,
three dimensions - tube. size (product), regional distribution (market/ geography), and plant
activities (capabilities) - appear to be important in defining plant missions for picture tube
business units. This provides qualitative support for Proposition 1. .

Table 4b describes how the consideration of the missions of other plants in the BU relate
to the mission for a particular plant. In almost all cases, we find that the plant either manufactures

a tube size that other BU plants do not, or it has an emphasis different from the other plants.

Thus, Proposition 2 is also qualitatively supported, i.e., plant missions in MNCs are

» The operations literature offers several approaches to model and solve the plant location problem based on
an assessment of demand, capacity, scale advantages, and logistics costs (see, e.g., Cohen and Lee, 1989).
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complementary. For example, in the case of MNC Europe-1 (the only MNC for which we have
extensive case data on a majority of the BU plants), Europe-1-USA and Europe-1-China are
plants with a clear mission pertaining to their geographical location. In addition, Europe-1-USA
has the added responsibility of supporting technical and engineering activities for Europe-1-
America, a picture tube plant in North America. Europe-1-China has been asked to improve its
quality so it can supply tubes to Europe-1-Asia (TV assembly plant), and, at some point, supply
17" color monitor tubes. Europe-1-Europe-A, Europe-1-Europe-B, and Europe-1-Europe-C,
along with two other Europe-based plants in the BU, have different missions, although there are
similarities in the tubes they produce. Europe-1-Europe-B is a product innovator and almost a
test or learning lab (Leonard-Barton, 1991a), while Europe-1-Europe-A is quality and customer
focused, with intentions of becoming an innovator plant. The other plants are content to better
meet customer and quality needs (Europe-1-Europe-C), or be very cost-focused. The other two
Europe-1 plants in Europe which we did not visit for the case are very cost-focused (as revealed
by some of the managers we interviewed, and confirmed by the survey data). A similar pattern is
repeated for the other MNCs whose plants we visited?'

Our case studies also point to the impact that proximity to corporate or BU HQ has on
plant mission. For example, Asia-1-Japan, Europe-1-USA, Europe-1-Europe-B, and Europe-2-
USA are all located near the worldwide HQ or country BU HQ, and all are currently involved in
leading the technical and strategic direction of their BU, or have a strong intent to do so. In
general, proximity to some center of power appears to influence the plant mission. This is
consistent with the international business notion that subsidiary missions, including subsidiary
autonomy, are influenced by the nature of the parent-subsidiary relationship (Ghoshal, 1986;

Birkenshaw, Hood, and Jonsson, 1996).

A The relative missions for “home” and “away" plants is another possible operationalization for

complementarity. However, although it does exist, our case analyses do not suggest a significant difference between
“home” and “away” plants. In contrast, the literature on MNC HQ-subsidiary relationships has frequently highlighted

}hc non-s%lgr?’rg)ctry in that dyadic relationship (Ghoshal, 1986; Ghoshal and Nohria, 1989; Birkenshaw, Hood, and
onsson, .
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6. Results of Survey Data Analysis

6.1 Defining Plant Missions

Using the K-means cluster analysis method and measures of the five competitive
priorities described in Section 4.3, we obtain a 3-cluster solution (SPSS for Windows, 1994; also
see Miller and Roth, 1994). This three-cluster solution is found to be acceptable, since it lends
itself to interpretability, and is consistent with prior efforts at using cluster analysis to create
strategic groups (Hambrick, 1983; Miller and Roth, 1994). However, as we discuss in Appendix
4, the cluster of plants that we call multi-focused actually belong to two groups, laggards, and
truly multi-focused. Thus, we identify four plant mission clusters, which are described in Table 5,
in terms of their respective group centroid (mean) scores. Four of the 54 plants could not be
assigned a cluster because of missing data. We define thesé four clusters as "innovators" (34%),
"improvers" (34%), “laggards” (10%) and "truly multi-focused" (22%). Innovators emphasize
development speed for new products and processes, future leadership in innovation, and
flexibility, while paying reasonable attention to quality and low cost. Improvers focus on quality,
while lagging on both development speed and flexibility. Laggards are similar to Miles and
Snow’s “defenders” in }hat they lag on most factory performance and management practice
dimensions. Finally, multi-focused facilities are either new factories, or are going through a
transition, and hence, are trying to focus on more than one competitive priority. These plants
have a surprisingly high emphasis on low cost, while they lag on quality and have average scores
on flexibility and innovation. As Skinner (1974) argues, the attempt to balance multiple
competitive priorities itself causes poor performance due to lack of “focus”.

The foregoing empirical interpretation of plant missions is generally consistent with

previous taxonomies developed by Miles and Snow (1978) and Miller and Roth (1994)>. Our

2 In a previous cross-sectional study, managers told us that multiple plant location criteria were
simultaneously important. More importantly, the plant location criteria appeared to have dramatically changed —
fr[on; 9tlgli:?)time the plant was built - for a substantial majority of the nearly 200 plants we surveyed (Karnani, Talbot et
al., .

B It is important to note that our empirically derived clusters may be different for other industries, though the
similarity with the Miles and Snow and Miller and Roth taxonomies suggests that these clusters might be
generalizable across industries. Further, our classification scheme applies to plants, while those for Miles and Snow,
and Miller and Roth referred to strategic business units and manufacturing business units, respectively.
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innovators are not very different from Miller and Roth's innovators, or from Miles and Snow's
prospectors. Our improvers are similar to Miller and Roth's marketers. Our laggards are like
Miller and Roth's caretakers and Miles and Snow's defenders. Finally, the cluster of plants we
call truly multi-focused do not represent a distinct member of the Miles and Snow taxonomy, and
are more like plants in transition.

Table 5: Observed Competitive Priorities by Group: Results of Cluster Analysis

Observed Competitive Strategic Plant Mission _Cluster Probability
Priority Innovator Improver Truly Multi- Laggards of F-ratio
focused
[N=17] [N=17] [N=11] [N=5]
QUALITY (1-5 scale) 3.5(2.34) 4.1(1,34) 1.8(1,2) 1.4(1,2) 0.01
FLEXIBILITY (1-5 scale) 3.9(234) 175 (1) 2.5(1) 1.6 (1) 0.01
LOW COST (1-5 scale) 3.0 27 33 24 ns
| DEV. SPEED (1-5 scale) . 333(2,34) 2.15 (1) 221(1) 173 (1) 0.01
INNOVATION (0-1 scale)* 0.41 0.29 0.39 0.20 ns

Notes: Numbers in parentheses indicate cluster numbers from which cluster is significantly different at p=0.05

(Scheffe pairwise test).
ns means not significant. Bold numbers indicate highest score for cluster on that particular priority.
*  Was recoded to a 5-point scale (Cronbach alpha of 0.72) for the cluster analysis

Table 6: Group Prediction for 16 Field Study Plants

Plant Name Survey Based Plant Cluster Cluster Based on Field Visits Agretz./l })(isagree
Asia-1-Japan Innovator Innovator 1
Asia-1 -USA Improver Improver 1
Asia-2 -Europe Multi-focused Multi-focused 1
Asia-3 -USA Improver Improver->Innovator? 1
Asia-4-China Improver Multi-focused 0
Europe-1-Europe-A Improver Improver->Innovator? 1
Europe-1 -Europe-C Multi-focused Multi-focused->Improver? 1
Europe-1-USA Improver Multi-focused->Improver? 0
Europe-1-Other Laggard Laggard 1
Europe-1 —China Laggard Laggard 1
Europe-2 -USA Innovator Innovator 1
Europe-2 —Europe Multi-focused Multi-focused 1
Non-MNC-1 Multi-focused Multi-focused 1
Non-MNC-2 Multi-focused Multi-focused 1
Non-MNC-3 Multi-focused Multi-focused 1
Non-MNC-4 Improver Multi-focused 0

Agree on 13 0f 16

In order to understand and verify the logic behind the cluster classification of plants, we

conduct both statistical and qualitative analyses. First, we carry out a canonical discriminant
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function analysis (the details can be obtained from the first author). Two canonical functions
emerge - "quality improvement" and "innovation and customer scope" — and these correctly
predict more than 85% of the cluster membership.

Second, we use the cluster profiles and the loadings for the two canonical funcﬁons to
independently rate each of the sixteen plants that we visited during our fie:ld interviews. Of these
16 plants, our own grouping and the statistical cluster analysis agree on 13, giving a prediction
accuracy of 82% (Table 6; also see Tables 4a and 4b).

A comparison of performance measures across the four cluster groups confirms the
profiles that one would expect based on Table 5 (remember that the clusters were formed on the
basis of stated emphasis on competitive priorities). Innovators perform well on most operational
measures: best on design (tube durability), productivity (tui)es/ man-hour), internal quality (# of
components used to make 1000 good tubes), and throughput time (hours), and a close second on
customer quality (Table 7). They also have the lowest equipment downtimes (# times/ week).
Improvers do consistently well on all quality-related dimensions (like Miller and Roth’s
marketers). In fact, they have the best customer quality performance (rejects in ppm), though they
lag on productivity. This possibly reflects a distinct focus on quality where no compromises are
made, and it is possibly an intermediate phase in a transition towards plants that can
simultaneously achieve high quality and productivity (c.f., the sandcone model of Ferdows and
DeMeyer (1990)*. The truly multi-focused plants do not display any systematic pattern of
performance, as might be expected based on the fact that they are generally in transition to a
different mission. Finally, laggard plants lag on almost every dimension.

The comparison of factory capabilities by cluster group supports Proposition I (Table 8).
The four clusters differ significantly on four of six dimensions of “plant capabilities” identified
in section 4.3. For example, there are significant differences on some of the structural elements

of plant capabilities (refer to Hayes and Wheelwright, 1984 for a discussion of structure and

u The sandcone model suggests that manufacturing capabilities are acquired in @ cumulative fashion, starting
with quality, and then gradually adding on other capabilities until the business has other capabilities as well, such as
delivery, flexibility, and low cost (Ferdows and DeMeyer, 1990).
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infrastructure manufacturing strategy decision categories). Innovators produce the greatest
variety of large s{ize tubes, introduce new designs every year, and have the highest level of
automation. Improver factories are typically highly automated, but focus on a limited set of
customers and tube types. Many of them are new plants. The truly multi-focused are clearly
aspirants, making fairly large tubes, with moderate variety, serving a reasonably large number of
customers, and with a reasonable level of automation. Finally, the laggards manufacture a
narrower product mix, have a lower technical emphasis (fewer new designs), and have a lower

level of process automation.

Table 7: Factory Performance by Cluster Group

Strategic Plant Mission __Cluster
1 2 3 4 o
Performance Measure Innovator Improver Truly Multi- Laggards Prog??;:;;y of
focused
[17] an 11 {51
END-OUTCOMES
CUSTOMER REJECTS (ppm) 3930 (4) 2924 (3, 4) 4454 (1,2) 57591, 2) o 0.04
TUBE DURABILITY (hours of tube life) | 24,689 (3) 19,588 17,125 (1) | 14,4006 (1) 0.10
PRODUCTIVITY (Tubes/man-hr) 1.65 (4) 1.07 14 - 0.57(1) - 010
MAT-QUAL (#/ 1000 tubes) 1058 (3) 1094 1095 1129 (1) 0.10
INTERMEDIATE OUTCOMES
W-I-P (hours) 33 43 36 34 ns
THROUGHPUT TIME (hours) 18.8 26.7 21.0 23.0 ns
NUMBER OF NEW TUBE DESIGNS/YR | 9.2(2,3,4) 23() 1.7(1) LO(1) 0.0007
SCREENING EQPT. DOWN (# / week) 2.0(34) 3753.4) 7.2(D) 72 0.007
EXHAUST EQPT. DOWN (# / week) 0.7 1.5 1.6 2.0 ns
BOTTOM-LINE
ROS (%) 7.6 2.5 4.0 5.65 ns
CAP-UTIL. (%) 83.6 87.0 88.0 71.5 ns

Notes: The number of plants within each cluster are given in brackets. Numbers in parentheses indicate cluster
numbers from which the cluster is different (Scheffe pairwise test). #s means not significant. Bold numbers
indicate best performing cluster on that particular performance measure.

A similar pattern is repeated for the infrastructural dimensions, i.e., there are significant
differences in capabilities across the four clusters (Hayes and Wheelwright, 1984). Overall,
innovators are leaders on technological issues and technical skills, while improvers are strong on
workforce and quality management capabilities. Both truly multifocused and laggard factories
have “poorer” capabilities/ practices compared to innovators or improvers. The fact that the six
dimensions of capabilities differ across plant mission clusters suggests that these are distinct

capability clusters. Plant capabilities are indeed an important component in defining a plant’s
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mission, thus providing support for the capabilities-based definition of plant missions in

Proposition 1.

Table 8: Factory Capabilities by Cluster Group

Factory Capability Dimensigns and Strategic Plant Mission Cluster Probability
Associated Practices 1 2 3 4 of F-ratio
Innovator Improver Truly Multi- Laggard
: focused
[17] [17] (11} (5]
TECHNICAL/ ENGINEERING CAPABILITIES
No. of production engineers in manufacturing 71(34) 31 11(1) 13 (1) 0.05
No. of production engineers in engineering 48 31 23 17 ns
% production engineers rotated among depts. 16 12 30 10 0.10
OVERALL SCORE (1.5 scale) 2.51 2.38 2.33 1.9 ns
DESIGN AND INNOVATION CAPABILITIES
Product design changes/ year 24.8 (2,4) 3.8(1) 7.7 1.3 (1) 0.03
Process design changes/ year 13.5 6.1 5.6 1.8 ns
Number of new tube designs/ year 9.2(2,3,4) 23() 1.7(1) 1.0(1) 0.0007
No. design engineers 48 22 33 7 0.10
Commn. bet. design & prodn./quality (1-5 scale) 4.6 4.1 38 4.0 0.10
Use of design tools (1-5 scale) 3.2 2.6 3.0 2.8 ns
OVERALL SCORE (1-5 scale) 3.3(2,3,4 2.6 (1) 2.6(1) 22 () 0.003
ADVANCED MANUFACTURING TECHNOLOGIES .
Automation Level - 1 to 5 scale 354) 34 3.0 2.1(1) 0.05
Programmable machines (% machines) 35.1 371 30.2 28.0 ns
Equipment accuracy - l-i icalc 3,55(33.4) 3.5(34 2.8(1,2) 2.8(1,2) 0.02
OVERALL SCORE (1-5 scale) 3.45 3.46 2.9 2.65 0.006
MANUFACTURING PROCESS CAPABILITIES
Average Size - cm. ] 53 47.8 49.9 49 0.05
Tube Variety - no. of models 4.1(2,3,4) 1.8 (1) 26(1) 1.6 (1) 0.00001
Process “capability” (can meet customer 34 3.5 32 32 ns
specs.)
Weekly changeovers (#/ week) 0.80 0.98 0.80 0.60 ns
Process design capability (% dcii§n in-house) 33.7 333 342 23.7 ns
OVERALL SCORE (1-5 scale) 3.09 3.35 3.13 3.1 ns
HUMAN RESOURCE CAPABILITIES
Worker training (hours) 50 75 56 40 ns
High school education (%) 73 64 41 46 0.10
Recruitment based on education (llus scale) 4.35 4.0 33 4.2 0.06
OVERALL SCORE (1-5 scale) 3.71 3.54 2.97 3.0 0.098
QUALITY MANAGEMENT PRACTICES/ CAPABILITIES
Preventive Maintenance by workers (% of time) 47 46 40 11 0.10
Setups by workers (%of time) 56 45 20 48 " ns
Multiskilled workers (%of time) 45 44 39 17 ns
% production employees in teams" 62 70 37 50 0.010
OVERALL SCORE (1-5 scale) 3.31 3.26 2.36 2.5 0.018

Notes: Numbers in parentheses indicate cluster numbers from which the cluster is different (Scheffe pairwise test).

*
*%

ns means not significant. Bold numbers indicate best score on that particular practice/ capability.
Structural elements are aligned to the right, infrastructural elements are aligned to the left.

The OVERALL SCORE for each capability is calculated by scaling each of the elements of that capability
and then creating an additive scale (no reliability measures were calculated since we do not expect the

elements to be correlated).
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The distribution of plant missions does not show any association with location (chi-
square is not significant, though it becomes significant when “laggards” are also included). That
is, we did not find any association between particular clusters of plant missions and the regional
location of plants in that cluster. We did find that plants located in Japan and newly
industrialized countries (NIVs) score highest on innovation, engineering, and quality
management practices. However, there is no association between plant missions and capability
scores, We are not suggesting that these results disconfirm the notion of location rationale based
plant missions; in fact, our analysis does not truly measure “location rationale” because of the
difficulties mentioned in section 4.3. Our intent here is to show that the dimension of “plant
capabilities” is a significant determinant of plant missions, which in turn are clearly multi-
dimensional.

Another relevant chi-square test is for the association betweép age of plant and plant
mission. We use four age ranges for the age of the plant — before 1969, 1969-1977, 1978-1986,
and after 1987. The chi-square was not significant, suggesting no association between age and
plant mission. However, when we look only at the plant missions of “new” plants (started after
1989), the chi-square statistic is significant. In particular, we find that these “new” plants were
either “multi-focused” (consistent with our case-study results) or “improvers”. None of these
plants are “innovators” or “laggards”.

6.2 Plant Missions in the Multiplant MNC: An Analysis of Nine Business Units

Our analysis of plant missions within multi-plant MNCs should be viewed as exploratory
because our sample size (43 plants belonging to 9 multi-plant MNCs) is small. From .a
methodological standpoint, the unit of analysis for this section is not the plant but the business
unit of MNCs such as NV Philips, Thomson, Hitachi, and Samsung. Though this gives us
complete data for only nine firms (the other 11 firms are single plant firms), given that very few
researchers have been able to get data from a complete industry segment, these are indeed one of

the most complete and comprehensive set of results to be published (Table 9).
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Table 9 indicates that managers of most of our companies understand the need to have
plants with different missions. As illustrated in this table, most of the multiplant MNCs have
multiple plant missions (the only exception is Japanese MNC # 7), though interestingly, only
firm 5 has all 4 plant missions. Specifically, there is no Japanese firm which has multi-focused or
laggard plants and most Japanese firms have multiple innovator plants (most of which are in
Japan). Of the non-Japanese companies, Firms 1, 6, and 8 are multiplant MNCs in which one of
two clusters - innovators and improvers - is missing. Of the two companies that do not have an
innovator plant (Firms 5 and 7), the European company (Firm 5) has a prototype R&D laboratory
at its corporate headquarters. (For this company, we have interview data but not survey data for
one of its European plants, Europe-1-Europe-B, which was classified as an innovator plant in our
case studies). Our interviews reveal that Firm 7 (a Japanése company) has consciously moved
from an earlier strategy of having "lead" plants to one where every plant leads on some
dimension (“center of excellence"); thus, our analysis classifies these plants as improvers®.

Overall, the results in Table 9 support the existence of plant mission complementarity.

Table 9: Plant Missions in the Multi-plant MNC

Firm | Owner Regions in which Strategic Plant Mission Cluster
plants located Innovator Improver | Truly Multi- Laggards Total
focused Plants
| NIC NICs 1 - 3 - 4
2 NIC NICs 2 2 - - 4
3 Japan Japan, NICs, USA, China 2 2 - - 4
4 Japan Japan, NICs, USA, China 4 1 - - 5
5 Europe | Europe, NIC, USA, China/ Other 0 (1)‘ 3 2 2 7 (8) *
6 NIC NICs, Europe 1 - 2 - 3
7 Japan Japan, NICs, USA, Europe - 5 - - 5
8 Europe Europe, USA, Other 2 - 2 1 6
9 Japan Japan, NICs, USA 3 2 - - 5

Euro(re-l-Eurqpe-B isa é)lant that was included in our case studies. But, due to a change in management, we
could not obtain survey data from it. Our case-based categorization for this plant is indicated in parentheses.

We now explore this notion further by defining and measuring complementarity on a

number of relevant dimensions. Earlier, based on our case studies and industry analysis, we

defined three relevant complementarity measures: “geographic complementarity”, “product

25

These exceptions point to the need to plan for a facility mission, which includes links with R&D labs
(corporate and BU), customers, suppliers, and local institutions (academic, government, labs, etc.).
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complementarity”, and “capability-based complementarity”. Our discussions with managers from
each of the nine MNCs revealed that most of them had adopted a broad strategy, i.e., one that
intended to achieve a balance of quality, innovation, and expanding into new markets. Thus, we
~expect all nine MNCs to display some degree of complementarity on the three dimensions. Table

10 gives the complementarity scores for these nine firms.

Table 10: Complementarity Scores for the Nine MNCs

MNC Product Geographic Capabilities
complementarity complementarity complementarity
(0-1) (1-4) BU-GAP
(0-6)
1 0.67 1 2
2 0.75 1 0
3 0.625 4 2
4 0.875 3 3
5 0.625 4 4
6 0.75 2 4
7 0.875 4 0
8 0.625 3 4
9 0.875 3 0

»  Product complementarity is based on the variety of product sizes — very small (<20”), small (<25”), medium
(<28"), large (>28") - collectively produced by the BU — as a fraction of the variety of tube sizes that would be
desirable based on its business strategy (0-1)

*  Geographic complementarity is based on the number of world regions (e.g., America, Europe, Asia) where the
BU has plants (score of 1 if plants in a single region, 2 if in two regions, etc.; Max = 4)

. C%Fab“mes complementarity is measured by BU-GAP, i.e., the number of context-specific capabilities that the
BU is collectively NOT “highly competent™ at (score of 1 if the BU is “NOT good” on one capability, 2 if
“NOT good” on two capabilities, etc., Max = 6)

We explore the association between complementarity and business unit performance by
looking at the Spearman (rank) correlations (sample size=9). The only business unit level
performance measure we have data for is return on sales (ROS). In addition, we develop a
business unit score for several “internal” performance measures by averaging plant-level data on
productivity (PRODUCTIVITY), internal conformance quality (MAT-QUAL - lower is better),
customer conformance (REJECTS - lower is better), and inter-plant learning (%IDEA - % of
improvement ideas from other business unit plants). “Capabilities complementarity” (reverse
coded from BU-GAP in Table 10) has correlations in the direction expected (significance level in
parentheses):  0.21 (ns) with ROS, 0.31 (ns) with PRODUCTIVITY, -0.29 (ns) with MAT-
QUAL, -0.75 (p=0.02) with REJECTS, and -0.42 (ns) with %IDEA. The negative sign for
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%IDEA is interesting: here, and may point to companies that have low “capabilities
complementarity” trying to collectively learn! “Geographic complementarity” has some
contradictory correlations: 0.30 (ns) with ROS, -0.11 (ns) with PRODUCTIVITY, 0.57
(p=0.10) with MAT-QUAL, -0.41 (ns) with REJECTS, and 0.01 (ns) with %IDEA. The
contradicting correlations (though insignificant, for PRODUCTIVITY, MAT-QUAL) may point
to the existence of a tradeoff between operating performance and the challenge of managing a
geographically disperse business. Finally, “product complementarity” shows no association with
business unit level performance, but does seem to support the focused factory notion of greater
efficiency. The correlations are: 0.1 (ns) with ROS, 0.52 (p=0.10) with PRODUCTIVITY, -0.6
(p=0.06) with MAT-QUAL, -0.45 (ns) with REJECTS, and -0.05 (ns) with %IDEA.

7. Discussion of Results and their Managerial Implications

7.1 How to Define Plant Missions?

Our first proposition is that plant missions are determined as much by plant capabilities,
as they are by location and other criteria. Our arguments as well as our results suggest that both
the traditional industrial organization (product-market position) and core competence (resource-
based) perspectives are relevant. Possibly because of the idiosyncrasies of the picture tube
industry, especially the high transportation costs and import tariffs for picture tubes, our results
provide support for locational advantages, plant focus, and plant capabilities. Nevertheless, our
case studies do indicate that the starting logic of most plants is location-driven: most plant siting
decisions are based on some locational advantage. In the case of color picture tubes, these
happen to be some combination of low labor costs, low transportation costs, and access to
protected markets®. Subsequently, the mission of the plant is shaped dynamically, by some
combination of all three factors, i.e., locational advantages, plant focus, and plant capabilities.

However, our survey data, being cross-sectional, are not adequate to test this conjecture.

% While Ferdows characterizes the strategic reason for a site as either-or (market, technology, or factor costs),
the location rationale for color picture tube plants appears to be some combination of several factors.
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The resource-based view provides insights into current plant missions and the dynamics
of evolving missions that are not obvious from current IO approaches. Our analysis illustrates
that it is possible to develop empirically supported parsimonious models that capture the essence
of current plant missions within an industry. Nevertheless, one of the major challenges for the
resource-based view of strategy remains: it is difficult to test the superiority of the RBV over
alternative hypotheses (Wemerfelt, 1995). Further, a simple characterization of plant missions as
“innovators”, “improvers”, and “multi-focused” (including both “laggards” and “truly multi-
focused”), using a cluster analysis, does not capture the full richness of a manufacturing strategy
driven assignment of plant missions. Nevertheless, it does highlight the fact that different
strategic choices are associated with a different set of practices and manufacturing capabilities. It
also enables us to recognize that over time a plant’s mission is likely to change as a function of
its own capabilities, its “fit” with the rest of the firm’s network of plants, and a host of other
internal and external factors. This observation adds to the managerial and academic usefulness of
Ferdows’ model of international plant missions (Ferdows, 1997).

Our arguments and results provide some responses to managers’ frustration of having to
deal with most managerial problems in a dynamic environment, while academic research is often
concerned with the static problem. Specifically, for a manager responsible for managing a global
network of plants, location decisions stay constant for only a short period of time. Deciding on
plant focus helps, but once that choice is made, few changes are possible. At this stage, a
manager may find it useful to describe a plant’s current capabilities, and try to map out what
future capabilities it may need. An understanding of what skills and resources the plant has, and
its strengths/ weaknesses on specific organizational practices and activities, then serve as a
roadmap for how these future capabilities can be achieved. This indeed is the reason why plant
missions are important.

7.2 Plant Missions, Networks, and Complementarity

Proposition 2 pertains to the assignment of multiple, globally dispersed, and

complementary plant missions within a multiplant MNC. Both our case studies and survey
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results (Tables 4a-b, 9, ;md 10) confirm the existence of multiple and dispersed plant missions
within business units. Our case studies help us understand the manner in which different plant
missions co-exist and interact within a single business unit. Our survey results also support this.
The results in Table 9 show how every MNC, except for company 7, which has gone to a model
of “centers of excellence,” has multiple missions. Furthermore, each of these other seven MNCs
has at least two of the three plant missions that could be considered as candidates for
complementary missions, that is, innovators, improvers, and truly multifocused. These
complementary missions enable the picture tube business unit to deliver on innovation, quality,
and low cost. Table 10 also helps identify and measure other dimensions of complementarity.
The Spearfnan correlations for the complementarity-performance set of variables provide some
support for Proposition 2, though clearly, further research oﬁ these issues is warranted.

Our results ackndw]cdge the influence of a number of other factors on plant missions and
complementarity. For example, our case studies suggest that BU ownership and organizational
structure, as well as proximity of a plant to BU or country subsidiary HQ, influence the manner
in which plant missions are conceptualized. Other influential factors appear to be distance from
R&D centers and competitor plants. While our statistical analysis did not explicitly include these
factors due to limitations of the data, they highlight the need to view plant roles and missions
broadly.

The concept of global networks has been discussed for more than a decade now, and
while MNCs have certainly evolved in their abilities to develop the ability to network,
managerial improvements are still possible. The obvious advice to managers is that they should
ensure that their organizations do network, and share technology and knowledge (see e.g.,
Szulanski, 1997). Our results provide managers with another explicit means of creating
networks. First, the concept of complementary plant missions suggests how managers may go
about designing multi-plant global networks. Further, our informal discussions with managers
have suggested that MNCs now feel the need to be efficient in creating their global networks.

Thus, organizations need to minimize redundancy in their networks, and creating complementary
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plant missions is one way to do so. Further, complementarity can also motivate managers and
functional groups in far-flung plants and facilities to seek out the locations for the
complementary skills, and thus help build stronger global networks.

7.3 Research Shortcomings

We would be remiss not to acknowledge a number of shortcomings, all of which point to
future opportunities for researchers. First and foremost, this is a singl‘e-industry study, and one
where the industry is fairly small in terms of the number of plants and companies. Nevertheless,
we believe that plant missions are best understood within the context of a single industry or
business unit. Since it is difficult to obtain the kind of industry-wide primary data that we have,
our analysis provides insights that would be unattainable through cross-industry studies where
the sample response rate is typically very low.

Second, while the rediscovery of the resource-based view (Prahalad and Hamel, 1990)
took place almost ten years ago, theoretical development of the capability concept is still in its
infancy, and there is a dearth of appropriate definitions and measures for capabilities. Thus, our
identification and analysis of the six sets of “capabilities” are exploratory, non-exhaustive, and
do not necessarily pass the tests of full content and construct validity. The “complementarity”
constructs also suffer froxﬂ a similar shortcoming,

Third, two of the constructs we use for the statistical analysis - plant missions and
location rationale — could be more precise. In both cases, we had to operationalize the constructs
in a less-than-ideal manner. Plant missions are multi-dimensional and difficult to measure;
location rationale is dynamic and a snapshot is incomplete (Karnani et al., 1992). Hopefully,
future research can develop better constructs for these.

Fourth, the business unit level performance measures we use are incomplete — many of
the managers did not provide data on these. Thus, our analysis 6f the complementarity-
performance correlations is not as reliable as we would like.

Finally, from a managerial standpoint, most organizations follow a hierarchical process

for the assignment of plant missions (Leong et al., 1990). Our research design as well as results
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do not take this into consideration while analyzing plant missions, or evaluating the implications

for managers.

8. Conclusions, and Directions for Future Research

In this article we redefine the notion of a capabilities-based plant mission in the global
context, one that goes beyond the use of a location rationale to describe a plant’s mission. We
partially overcome one of the challenges of the capabilities and resource-based view by providing
both case-based and empirical support for the definition of a capabilities-based plant mission. To
highlight this, we summarize the major similarities and differences between the traditiona] and
resource-based approaches to describing plant missions in Table 11. We supplement this
capabilities-based perspective with the notion of complementary plant missions that describes
one way in which plant missions “fit” in a global manufacturing network. Such complementarity
enables a business unit to leverage the existence of regionally dispersed semi-autonomous
focused factories. In our case studies we observe that complementarity creates firm level

competitive leverage, coordination, and knowledge flows among plants.

Table 11: Plant Mission Perspectives Compared

Traditional Emphasis Resource-Based Emphasis

Driven by I0 models that focus on product- | Driven by core competencies: acquisition of

Business market position. Firms aspire to achieve capabilities that provide competitive
Strategy monopolist advantages. Manufacturing assists | advantage that are not easily obtained or

by seeking scale efficiencies and high replicated. Manufacturing may be a core

productivity. competence for the business unit.

Focus on location-specific advantages (input | Global competitive advantage through cross-
Global Strategy | factors, capital, government, market access). | market learning, and network flows of

Manufacturing assists by seeking global scale
efficiencies and market focus.

tangible and intangible resources.
Manufacturing may be a core competence for
the firm.
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Manufacturing
Strategy

Missions are based on one of the dimensions
of plant focus.

Missions are defined top-down, i.c.,
corporate, business unit, and manufacturing
strategy describe plant missions.

Missions result from the use of optimization
models to configure (facility siting and
closure), and to coordinate (through
production planning) plant and distribution
networks. Criteria are almost exclusively

Missions result from a critical balancing of
competitive priorities and core competencies
with explicit consideration of network effects.
Typically diverse but complementary plant
missions that don’t just focus on cost, quality
or delivery.

Plant missions are shaped by corporate and
business unit strategy, but also provide a
feedback loop, i.e., they influence business
unit and manufacturing strategy (see Figure
2).

monetary, and physical flows.

Some conceptual modeling of roles using
location based criteria primarily without
much regard to networking effects.

So little research has been done on the topic of plant roles and missions in global
networks that research possibilities are plentiful. We will highlight only a few. At the broadest
" level, no comprehensive theories, and little solid empirical data analysis appear in the literature.
Both are badly needed given the extensive globalization of manufacturing today. Neither scholars
nor practitioners have well-founded guidelines, theoretical or empirical, for defining, assigning,
evaluating or changing plant missions in global networks. In future research, we also see benefit
in challenging and testing “common sense” assumptions about plant roles. For example, are plant
missions as meaningful in dynamic, turbulent environments and industries as they are in mature,
stable settings? Further, while it appears to be logical from both theoretical and empirical
perspectives, is complementarity of missions a generally accepted practice? Under what
conditions does it work well or poorly? To what extent is it a substitute for, or superior to,
interdependent network relationships and missions involving material flows or other forms of
direct interdependence? How is complementarity best achieved? Some of these questions could
be evaluated through large sample studies across a range of global industries (see Cheng, 1983
for previous evidence on the relationship between interdependence, coordination, and
performance).

The resource-based strategy literature points to another potentially fruitful area for

research. Ferdows and DeMeyer (1990) proposed a “sandcone” model of manufacturing
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capabilities, in which quality is the foundation, and other competitive priorities such as
flexibility, delivery, innovation, and cost come later. One question for global manufacturing is:
How does or should the mission of a plant in a global manufacturing network change to
progressively build such a sandcone of capabilities? The second question emerges from the now-
common taxonomy of manufacturing and strategic business units: innovators, marketeers, and
caretakers (Miller and Friesen, 1977; Miles and Snow, 1978; Miller and Roth, 1994). Once a
number of plants have reached the top of the “sandcone”, what will be their relative toles in a
global manufacturing network?

Finally, our research results indicate the significance of proximity to R&D centers, BU
HQ, etc., in shaping plant missions (also see Bartmess and Cerny, 1993). Due to limitations of
our data, we could not address this issue in this article. But. it leads to a broader set of questions
related to establishing the missions not of a single factory, but of clusters of facilities: a factory,
an R&D lab, key customers, suppliers, and other resources. In addition, given the emerging
significance of a supply chain perspective of operations, the notion of a plant mission needs to be

extended to the whole supply chain, i.e., “beyond the factory walls” (Kim, 1994).
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Appendix 1: Two examples from the global color picture tube industry

Example 1: Sony

Three years ago, the first author had just finished presenting some striking results that
suggested that Sony’s San Diego picture tube plant had a higher performance - on virtually every
manufacturing measure - than two of Sony’s picture tube plants in Japan. While this was counter
to our own expectations, the Vice-President of Manufacturing and other managers walked away
from the seminar feeling quite pleased, especially since our results confirmed Industry Week’s
evaluation of the plant being one of America’s “Best Plants” (Industry Week, 1994). However, a
Japanese strategic planning manager who had just arrived at the San Diego plant from Japan,
invited the first author to his office, and explained the Sony “strategy”:

“Every factory within Sony has a role. For example, our Inazawa (Japan) plant is

constantly investigating new picture tubes, new manufacturing processes, and

new machines. This (San Diego) plant is assigned the role of producing high-

quality tubes for the N. American market. In Europe, before we built the Bridgend

(U.K.) plant, we had thought of acquiring the Nokia (Germany) plant, but it did

not fit with our intended role for it. There are many other examples like this, but

the key point is that the performance of a plant is determined by a combination of

its strategic mission, its market competitiveness, and its manufacturing

capabilities themselves. And, actually, depending on a plant’s assigned mission,

we (at Sony HQ) decide what kind of managers to have, how much “power” to

give them, and what kinds of workforce policies to have. ...... ”

(Source: Author notes, 1995)

Example 2: Samsung

Intriguingly, a similar story was repeated at other picture tube plants we visited,
especially those that were not located in their HQ country. For example, our visit to the Samsung,
Berlin plant revealed a similar issue, which is best captured in a recent INSEAD case (Pycke and

DeMeyer, 1997):

“Meanwhile, the globalization of SDD’s (Samsung Display Devices) CPT
business was gaining momentum. The progression since 1988, when all
production was still based in Korea, was very impressive. The Malaysian plant
became operational in 1991 with the SEB Berlin plant following in 1992. Since
early 1996, Mexico was fully operational, while a Brazilian and two Chinese
plants were under construction. SDD was clearly set to realize its goal of a firm
presence in five regions with a ten nation based production network in less than a
decade. What would be the future role of the Berlin plant within this network of
SDD plants?”

(Source: Pycke and DeMeyer, 1997;
Second author’s field notes, 1994)
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Appendix 2: Industry Background

Picture tubes or cathode ray tubes (CRTs) are the display devices used for television,
computer monitors, radar screens, and medical display screens (such as X-ray or ultrasound
screens), and have been in commercial use since the late 1920s. A mature product, picture tubes
have passed through the basic technology and product life cycles (see Khurana, 1994: Ch. 4 for
an in-depth analysis of the industry).

Today, the main players in this global industry are European, Japanese, and Korean.
There are nearly 70 color picture tube factories and fewer than 30 companies in the world that
manufacture color picture tubes (7 of the 70 factories have started after 1994 when the data for
this study were obtained). Of these, 10 factories are in China and the ex-U.S.S.R. (at the time this
study was initiated in 1992, these facilities were explicitly excluded from the study because of
political and economic turmoil and the consequent inaccessibility of the plants; during 1993-
1995 we were able to obtain data from some of these plants).

The typical manufacturing value chain in the industry consists of three stages: glass and
~ component manufacturing, tube manufacturing, and TV set assembly (followed by the other

value chain activities of distribution, retailing, and after-sales service for TV sets). A few of the
firms are fully vertically integrated, i.e., they have glass, tube, and TV plants. The minimum
economic scale for the three levels is different. Typical plant sizes for glass, picture tubes, and
TV set assembly are 3.5M, 1.5M, and 0.5M, respectively. Given worldwide annual sales of
slightly over 100M units, it is no surprise that there are approximately 25 glass plants (fewer than
10 companies), 70 tube plants (less than 25 companies), and more than 200 TV set assembly
plants (nearly 75 companies) worldwide.

Our analysis of the industry background led us to the following understanding of the
types of coordination that are typical in this industry. First, physical flows are primarily vertical:
they occur between glass and component and tube plants, or tube and TV assembly plants. Given
high shipping costs and import duties, materials flows across regions are limited, though these do
occur (e.g., Sony USA imports 17” tubes from Japan). However, product specialization takes
place, especially at the picture tube level, because with high scale economies few picture tube
factories have the production equipment to efficiently produce more than 4-6 tube sizes. Thus,
there is a clear tradeoff between scale advantages and logistics costs. Second, it is common for
TV assembly plants to source picture tubes from competitor plants located in the same region
(because of the same tradeoffs between scale benefits and logistics costs), though it is limited by
issues of quality, technical standards, and tube cost. Such sourcing arrangements are generally
handled by country subsidiaries with the approval of BU HQ. But this model varies from firm to
firm, and possibly from plant to plant (Ferdows, 1997). Third, for the same set of reasons, across-
plant production coordination of picture tubes, for example, to support production shifting, is
limited (Kogut, 1985b; Cohen and Lee, 1989). Some production coordination does occur at the
TV assembly plant level, mainly for smaller (<21”) TV sets. Finally, coordination of knowledge
flows and technology transfer between R&D labs and plants is common, but plant-to-plant
technology or best practice transfer is limited.
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Appendix 3: Scales Used for Competitive Priorities

The competitive priorities selected for this analysis are overall quality, flexibility, low cost,
product/ process innovation, and future leadership in innovation. Additive scales are used for
quality (QUALITY), innovation (INNOVATION), and future leadership in innovation (LEAD-
INNOVATOR). Single-item scales are used for flexibility (FLEXIBILITY) and low cost (LOW
COST). :

QUALITY is an aggregate construct measured as the average of 5 items, all 5-point Likert scales
with a Cronbach alpha of 0.74:

(i)  Top management emphasis on quality as a key priority;

(ii)  Emphasis on tube design performance;

(i)  Emphasis on conformance quality;

(iv)  Emphasis on factory yields;

and,

(v)  Tube performance in comparison to competitors.

FLEXIBILITY is measured as the extent of tube variety pbssible at the factory (recoded to a 5-
point scale from original data).

LOW COST is a single-item measure based on a comparison of the cost relative to competitors.

New product/ process development capability (DEV. SPEED) is measured as the average of the
frequency of: (i) New tubes or designs; (ii) Product design changes; and, (iii) Process design
changes (the data were converted into two 5-point Likert scales which yielded a Cronbach alpha
score of 0.7).

Leadership in innovation (]NNOVATION) is measured on the basis of whether the factory
general manager had planned or had thought of introducing monitor tubes, LCDs, and/or flat-
panel active matrix screens, or tried to understand the impact these new products/ technologies
would have on his or her factory (recoded to a 5-point scale with a Cronbach alpha of 0.72).
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Appendix 4: Refining the Cluster Analysis

The initial three-cluster solution is presented in Table Ap 1. This table also depicts the
probability that one or more of the cluster means differs from another, for each of the five
competitive priorities. The clusters differ significantly on three of the five competitive priorities.

Table Ap 1: Original Three Cluster Solution

Observed Competitive Strategic Plant Mission _ Cluster Probabiljty
Priority Innovator : Improver Multi-focused of F-ratio
[N=17] [N=17] [N=16]
QUALITY 3.5(2,3) 4.1(1,3) 1.5(1,2) 0.00001
FLEXIBILITY 3.9(2,3) L75(1) 2.3 (1) 0.00001
LOW COST 3.0 2.7 3.06 ns
INNOVATE 3.33(2,3) 2.15(1) 2.06 (1) 0.0003
LEAD-INNOVATOR 0.41 0.29 0.35 ns

Notes: Numbers in parentheses indicate cluster numbers from which cluster is different (Scheffe pairwise test).
ns means not significant. Bold numbers indicate highest score for cluster on that particular priority.

As per the case analysis results in section 5.2, the cluster of plants that we call multi-
focused actually belong to two groups. In one group, the factories are more like Miles and
Snow’s “defenders” in that they lag on most factory performance and management practice
dimensions. At the same time, there are a few factories that are either new or are going through a
transition, and hence, are trying to focus on more than one competitive priority. In other words,
amongst our multi-focused plants, we expect to see some that are truly multi-focused, and others
that are indeed confused and lagging on both effort and performance.

Table Ap 2: Two Types of Multi-focused Plants

Observed Competitive Multi-focused [16]
Priority Truly Multi-focused Laggards

f11] {51
QUALITY 1.8 14
FLEXIBILITY 2.5 16
LOW COST 3.30 24
INNOVATE 2.21 1.73
LEAD-INNOVATOR 0.42 0.20

In order to resolve the issue regarding two kinds of multi-focused plants, we reexamine
the survey data for the multi-focused plants that we had identified during our case studies. We
classify these multi-focused plants into two groups. The plants in the first group place adequate
and almost equal emphasis on most competitive dimensions, including low cost, while those in
the second group place low emphasis on the development of competitive capabilities (we call
these two groups “fruly multi-focused” and “laggards”). We use this criterion to divide the
sixteen multi-focused plants in our survey data into these two groups: eleven truly multi-focused
and five laggards (Table Ap 2).
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