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THE RELATI ONSH P CF | NDUSTRY EVOLUTI ON TO PATTERNS OF
TECHNOLOG CAL LI NKAGES, JO NT VENTURES, AND DI RECT | NVESTMENT

BETWEEN U.S. AND JAPAN

The patterns of technological 1inkages, joint ventures, and direct
i nvestment between U.S. and Japan were predicted for energing, grow ng,
mat uring, and declining industries based on an analysis of the key charac-
teristics of each stage of industry evolution and the costs and benefits of
each form of resource investment. A first nodel predicting peak activity
for technological Ilinkages in emerging industries, joint ventures in grow ng
industries, and direct investnent in maturing industries was supported as
was a second model which custonized prediction for all fornms at each stage
of evolution. Inplications and suggestions for future research are

di scussed.
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Econom c activity between the U S. and Japan has skyrocketed in the
1980's, triggering the need for research on the interconnections that bind
these two major players of the world econonmy. Case studies and business
press coverage of some of the highly visible joint ventures between U S. and
Japanese conpani es such as Numm (Toyota/ General Motors) or Di anondstar
(Chrysler/Mtsubishi) have illum nated the dynam cs of these relationships
(Busi ness Week, July 14, 1986, August, 14, 1989; Phillips, 1989; Roehl &
Truitt, 1987, Weiss, 1987). Aggregate statistics have provided infornation
on the volune of activity (Hergert & Morris, 1988; Rappaport, 1989; U.S.
News and World Report, 1988). And work such as that by Hull, SlIow nski, &
VWarton (1988) on technol ogical |inkages of 21 large conpanies in U S. and
Japan or Tybejee's (1988) study on the formation and configuration of 21
manuf acturing joint ventures between U S and Japan have noved our
understanding of the patterns of activity in certain industrial subsectors
forward

Rel atively unexplored however, is large sanple, systematic
interindustry research that analyzes multiple forns of resource investment
between U.S. and Japan. This type of research could uncover the texture and
variation underlying the overall trends, allow conparative within and
between industry analyses, and enrich our understanding of the context the
mcro process-oriented research is enbedded in. As Contractor and Lorange
recently note (1988:xxvii), "Howto translate these firmlevel observations
into enpirical studies that conmpare industries remains a problent.

This study responds to that need by exploring the patterns of three

different forns of resource investnent between U S. and Japan in industries



at four stages of evolution. More specifically, it analyzes and conpares
the formation rates of technological |inkages, joint ventures, and direct
investment in energing, growing, nmaturing, and declining industries.

Al though previous research has not directly addressed this topic, there
is theoretical and empirical work that is relevant and offers guidance on
different dimensions of this study. Strategic perspectives are useful for
their categorization of the stages of industry evolution, and for their
di scussion of the strategic needs of organizations trying to conpete in
those environments (Harrigan, 1980, 1988; Porter, 1980). Wk in the 1960's
and 1970's grounded in exchange theory, resource dependence, and ecol ogy on
domestic interorganizational relationships is helpful for analyzing
different forms of interorganizational |inkages and their costs and benefits
(Aldrich, 1979; Aldrich & \Wetten, 1981; Levine & White, 1961; Litwak &
Hlton, 1966; Pfeffer & Salancik, 1978). An extension of these theories by
Contractor and Lorange (1988) is useful for classifying forms according to
their degree of interdependence

Transaction cost views provide yet another perspective on the pros and
cons of different forns enphasizing internal governance. Theoretical
di scussion has clarified sone of the trade-offs of joint ventures versus
direct investnent (Mwery, 1988:8-12; WIlianson, 1985). In addition
several recent enpirical studies, although not focusing explicitly on
U. S./Japan interconnections, provide conparative information on specific
i ndustries (Pisano, Russo, & Teece, 1988; Pisano, Shan, and Teece, 1988;
Thomas, 1988).

This study draws on these literatures but also extends them Previous
work in strategy has focused largely on joint ventures, enphasizing the

conpetitive benefits of alliances in inproving the firms strategic posture



in its industry and issues in managing the parent-child-parent relationship
(Harrigan, 1986; Lorange and Probst, 1987; Lyles, 1987). Recent research is
more diverse, often analyzing nultiple forms of linkages, but rarely is
direct investment included for conparisons or U S./Japan connections
isolated (Contractor & Lorange, 1988; Doz, 1988; Hadlik, 1988). Sinilarly,
al though previous exchange, resource dependence and ecol ogi cal work on
interorgani zational forns has focused on a range of different types,

anal yses have tended to be restricted to domestic |inkages (Al drich, 1979
Pfeffer and Sal ancik, 1978). This study analyzes nultiple forns of resource
i nvestnent, focuses exclusively on U S. and Japan, and devel ops a

theoretical basis for predicting the relationship between these various
forns and stage of industry evolution. In addition, it extends the

i ndustry-specific transaction cost research by allowing interindustry
conmparisons while controlling for the time span of the data, the types of

forns anal yzed, and the countries included (US and Japan).

THEORETI CAL BACKGROUND AND DEVELCPMENT

Stages of Industry Evolution

An assunption underlying much of the managenent literature is that
i ndustries evolve. A though issues such as: the duration of each stage of
evol ution; whether industries skip stages; and the exact form and nature of
evol ution continue to be debated and researched, there is consensus that
conceptual i zing industries by stage of evolution nmakes sense (Porter, 1980
275-298; Tushman & Anderson, 1986; Chaganti, 1987). Indeed, research is
often framed according to stage of industry evolution. For exanple, in the

| ast decade a growing research base has been devel oped on mature and



declining industries (Hanmbrick, 1983a, 1983b; Harrigan, 1980; Harrigan
1988; Vasconcell os & Hanbrick, 1989)

Four basic stages of evolution are commonly distinguished. Industries
in the first stage, and labelled the energing stage, operate in environments
characterized by tremendous uncertainty. There are "no rules of the gane".

| ndeed the absence of rules" is the gane and "both a risk and opportunity"
(Porter, 1980:215-216). Technology is in constant flux, causing dramatic
shifts in markets and products. Short production runs and custom tail ored
products are the norm Extrene shortages in trained personnel conpound
uncertainties. Proprietary technology and difficulties in acquiring access
to raw materials and distribution channels create barriers to entry that
must be overcome (O leros, 1986). As a result of these conditions,
relatively few conpanies survive and those that do tend to have high prices
and low profits. Consequently, they constantly search for ways to reduce
risk wi thout overcommitting resources. They need information, skills, and
technol ogy but nust acquire those resources w thout sacificing the
flexibility required to adapt to the technological rollercoaster they face

As technol ogi cal innovation begins to converge around a doni nant design
and user needs becone clearer, the industry shifts from emerging to growth
(Abernathy & Utterback, 1978; More & Tushman, 1982).

In this second stage, products and markets begin to take hold. Demand
has been created and conpanies are battling to attract custoners based on
their technol ogies, the performance of their products and their nmarketing
acunen. Production has shifted from batch to nore standardi zed nmass
production. Process inprovenents take on new inportance. Prices are high.
Profits are good for those who survive, but nergers and deaths are commobn

(Porter, 1980).



As those conpeting gain nore confidence and see their profits
accunul ate, they look for new opportunities. In addition, to inproving
current products> they begin to explore new products, product Iine
extensions, and related diversification. Often, the necessary skills and
resources are not available in-house, so they search for partners wth
simliar interests and conplementary resouces to share costs and |ower
risks. At the same tine, for those conpanies that have accunul ated
capital, new market segnents, often overseas, becone enticing as a neans of
rapidly increasing custoner bases and conpensating for intensifying donestic
conpetition

As the industry experiences the shift fromgrowth to maturity, products
often become nore combdity-like and conpetition for market share becomnes
more fierce. In response, conpanies typically pursue several strategies
They try to cut costs and inprove service through increnental inprovenents
in products and processes (More and Tushnman, 1982). They may renew
interest in technological advancenents and invest nore noney in R&D as they
attenpt to revitalize aging products and manufacturing processes. Research
and devel opment activity nmay al so be triggered by the need to devel op second
generation technologies to carry theminto the future. As price conpetition
escal ates, the search for new customer bases to cultivate also gains added
fervor. Increased regulatory scrutiny and trade restrictions create
additional strain (Porter, 1980)

Al though companies in mature industries have some slack, they nust
invest it wisely to maintain and sustain their position. They need to find
new markets to sell their established products. They need to inprove and

extend both products and processes to sustain profits in the future. They



may engage in related diversification to reduce costs and capitalize on
strengths (Porter, 1980)

Industry shifts frommturity to decline are often pronpted by ngjor
shifts in the external environnent. International conpetition that was not
anticipated, regulatory and |egislative changes, social and denographic
changes, or technol ogical junps nmaking current products and processes
obsol ete are sone common causal factors (Harrigan, 1988; Porter, 1980).
Depending on the underlying causes of decline and the organizations current
resources, strengths and weaknesses, these firnms may decide to pursue
strategies of rapid divestrment, mlking or creating or defending a
particul ar niche or segment (Porter, 1980)

Thus, energing industries are searching for ways to reduce costs and
risks while maintaining flexibility. Growing industries are searching for
partners with conplenentary skills to help them expand markets and broaden
their custonmer base. Mture industries face intense conpetition, need new
markets and need to discover ways to continue innovation in both products
and processes. Declining industries struggle to squeeze what they can out

of their margins and hope to find an area where they can still survive

I nterorgani zational Linkages

Interorgani zational |inkages offer a set of possible tools that may
hel p organi zations cope with the different problems faced at each stage of
evolution (Roberts & Berry, 1985). Interorganizational |inkages are
relations between two or nore organizations fornmed to transfer, exchange

—devel op or produce technology, raw materials, products, or informal ion.

Although terns such as "strategic alliance, collaborative agreement, and
industrial cooperation"” have been used in previous research, neutral terns

such as interorganizational |inkage or relation are used here. These terns



do not assunme that the partners are working together towards nutually shared
goals. They allow for the possibility of conflict, exploitation and
changing interests over tine (Auster, 1987)

I nterorgani zational formis the term used to distinguish different
types of interorganizational |I|inkages. Although precise definitions and
research applications of the concept form have varied anong ecol ogists, the
termformtypically is used as a synonym for organi zational type (Al drich
1979; Hannan & Freenan, 1977; MKel vey, 1982). Many different
i nterorgani zational forms have been created by organizations and the bounds
on the nunber of fornms is only limted by the creativity of the managers
devel opi ng t hem

Theoretically, however, these interorganizational forns can be
categorized along a continuum according to the degree of resource investnment
they require. Hgh resource investment |inkages (hereafter called HRIL'S)
are those linkages requiring a substantial commitnment of noney, technol ogy,
people and trust. Joint ventures, defined as "a new operating or |egal
entity created through a conbination of resources by two legally distinct,
sponsoring firms that share ownership or responsibility for the venture"
(Brahm and Astley, 1988) would be HRIL's. Joint ventures require long-term
conmitnent and trust, a major financial investnment, the construction or
acqui sition of physical space to house the joint venture, equipnment and
technol ogy to produce the output, and managnent time and energy to oversee
and run the venture. Gven this resource investnent, switching costs and
barriers to exit would be high. In transaction cost ternms, HRIL's are
attractive when asset specificity is a conpetitive advantage.

The benefits of HRIL's are that they allow large scale and relatively

qui ck penetration of a new and unfam liar market, access to new skills,



technol ogy, and resources, and the risks and costs are shared. However
with these benefits come costs. Joint ventures have the highest degree of
i nterdependence of all types of interorganizational forms (Contractor &
Lorange, 1988:6). The consequence of this interdependence is that HRIL's
are difficult to form difficult to manage ~ a great deal of tine is spent
on coordination and governance and difficult to termnate. Goals and
interests may conflict. Strategic flexibility may be thwarted
Administrative costs may run high and cross-cultural gaps may create
difficulties mixing American and Japanese production methods and work styles
(Phillips, 1989). In addition, partners may fear that infornmation,
resources and technol ogy shared now may enhance their conpetitor in the
future or that they may be forced to buy from designated sources or sell
through particular distribution channels (Contractor & Lorange, 1988:8, 23).

Low resource investment |inkages (LRU s) would fall at the other end
of the continuum and include linkages such as joint research and devel opment
arrangenents, technol ogi cal exchanges and transfers, and licensing
agreenents. These forms offer shared costs and risks with access to
technol ogy and technol ogi cal knowhow, without tremendous sacrifices in
autonony (H adlik, 1988: p.189-192). The financial investnent required for
these fornms is relatively low LRIL'sS are set up in one of the parent
conmpani es, and typically use enployees already on staff and resources
already available. Thus, unlike HRIL's, LRIL's have much nore flexibilility
and the |inkage can be severed nore easily.

The drawback of LRIL's is that the scope of the relationship is nuch
more narrow. Goals, interests and the future of the relationship are often
uncertain and nore tenuous. As a result, proprietary infornmation or

technol ogy nmay be applied to unauthorized areas and resolving issues such as
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the boundaries of the contract or disaggreenment on design specifications nmay
be extremely time consuming. In addition, economies of scale may be

difficult to achieve because of small scale (H adlik, 1988: 192-195).

Direct Investnent

Al though not an interorganizational |inkage, direct investnent is a
third form of resource investment. It is a form of interconnection that
handl es the flow of economic activity between two countries, although not
managed through an agreenent of organizations based in each country. Direct
i nvestment would be above HRIL's on a continuum of resource investnent from
high to | ow because the financial, managerial, technological and raw
materials of a joint venture are required, yet they are not shared.

Direct investment is a concept that has been used |oosely in the
managenent literature to mean investnent overseas ranging from 10 to 100%
(Kuj awa and Bob, 1988). Following Arpan, Flowers & Ricks (1981), direct
investment is defined here as a 100% ownership of a conpany on foreign soil.
Direct investment is included in these analyses for theoretical reasons and
because of insights gained from quantitative interviews with nanagers
overseeing overseas investnents in the U S. and Japan (Personal interviews,
March, 1989).

Theoretical justification is grounded in discussions such as that of
Mowery (1988:8-12) or Contractor & Lorange (1988: xxvi) where entering a
joint venture is viewed as an alternative judged in ternms of its relative
costs and benefits conpared to direct investnent. For example, Contractor &
Lorange propose that "many of the joint ventures, consortia, and technol ogy
sharing agreements in the eighties were undertaken by preference over a

fully owned subsidiary option" (Lorange & Contractor, 1988:xxvi).
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Further support for including direct investment in this study energed
in qualitative interviews conducted with top nmanagers in Japan and the U. S.
who clearly indicated that they view direct investment as one of a set of
several strategic alternatives they consider when deciding onan
international overseas hook-up (Personal interviews, January through March,
1989).

Direct investnent is ideal when an organization has resources, skills
and technol ogy in-house, knows the foreign market or can hire good people
who do, and when the environment is relatively stable. The advantage of
direct investment versus a joint venture is that all the hassles and
conprom ses energing fromjoint owiership are avoided. That freedom
however, is traded off for sole responsibility for the entire risk and cost
of the investnent. Consequently, a conpany establishing an overseas direct
i nvestment nust have substantial slack, resources, and confidence inthe
future viability of that market and product and in their ability to nanage
foreign suppliers, distributors, personnel, custonms, managerial

expectations, and unions (Root, 1982).

A Contingent Approach to Form and Industry Evolution

The relationship between form of resource investment and industry
evolution can be predicted based on the characteristics of each stage of
evol ution and t he costs and benefits of the three different forns
highlighted in the last several sections.

LRU' s and Stages of Industry Evolution. Organizations in energing
industries are frantically struggling tn find a uiahln tnrhpnlngy nynnnri
whi ch they can build a custonmer base and sustainable range of products.
Faced with tight budgets and turbul ent environments, they search for ways to

reduce risks and costs without surrendering the long-term adaptability they
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need to adjust to technological and market shifts. Low resource investnent
fornms such as technological transfers and exchanges, and joint R&D, would be
extremely attractive under these conditions. They offer a nechanism for
organi zations with little slack to acquire information, expertise and
technol ogy while sharing cost and risk, and w thout a tremendous sacrifice
in flexibility. Mreover, given the need to monitor information in rapidly
changing environments, these forns often act as tentacles for capturing
information at a fairly |ow cost.

In growing industries, the proportion of LRU s conpared to other fornms
is expected to decline as conpanies shift their interest and enphasis away
from technol ogy towards mass production. Having discovered the marketable
technol ogy and products that propelled them into growh, they will invest
less in LRIL's and look for forms of interconnection that will help themto
build their customers bases and product |ine

Maturing industries however, having experienced the negative effects of
overl ooking technology in the growing stages are expected to renew their
interest in LRIL's as they search for new technology to regain their stanina
and for technological process inprovenents to help them cut costs and
i mprove quality.

Declining industries, in their struggle for survival, are expected to
have very low levels of any form of activity, but technological [|inkages may
be attractive because they are affordable and may help sustain nonentum in
the few niches still viable.

Thus, it is predicted that the formation rates of LRIL'S will peak in
emerging industries, decline to medium levels in growing industries, regain
stamna in maturing industries and drop off substantially in declining

i ndustri es.



HRIL's and Stages of Industry Evolution. The formation of HRIL'S is
expected to be low in energing industries because of lack of the necessary
resources and capital and the fear that environmental shifts will make the
joint venture obsolete or non-optimal. Hgh commitnment forms would be
unattractive in these uncertain environments.

Peak activity for HRIL's is expected in growing industries. Conpanies
in growing industries typically have discovered a profitable but narrow
real m of expertise. As conpetition heats up, cost effective ways to
diversify their customer base and product |ine wthout jeopardizing the
capital they worked so hard to build will be particularly attractive. Joint
ventures with conpanies with conplenentary areas of expertise allow the
pursuit of long run interests while sharing costs and risks, reducing
exposure and vulnerability.

In mature industries, sone HRIL activity is likely to continue as a
strategy for gaining skills, resources, and avoiding trade barriers, or as a
prelude to direct investnent. Gven that these conpanies have the capita
and the majority of markets are relatively stable, HRIL'sS remain attractive
in areas where in-house expertise is |lacking. However, the levels of HRIL
activity is expected to have decreased in mature industries relative to the
activity in growi ng industries.

In declining industries, very little activity is expected because
conpanies would lack the financial resources and slack required to set up a
joint venture.

Thus, it is predicted that the formation rates of HRIL'S in energing

industries will be low but sone activity is expected. It is predicted that
HRIL's will peak in growing industries. In maturing industries, the HRIL
rates will be higher than HRIL activity in energing industries because of
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avail able resources, but somewhat |ower than in grow ng industries because
of the attractiveness of direct investnment at that stage. HRIL's, are not
expected in declining industries.

Direct Investment and Stage of Industry Evolution. It would be
expected that direct investments would not be established in energing
industries due to the tremendous resource requirenments and the constraints
of environnmental uncertainties.

Sone direct investments may be created in growing industries in pockets
of the market that seem nore stable but limted capital and expertise wll
constrain nost grow ng conmpanies even in those markets that are beginning to
settle.

Peak activity for direct investment is expected in mature industries
Environments are relatively predictable and |ong-range planning is possible.
Establ i shed conmpanies with substantial slack, diversified skills and
resources will opt for sole ownership and control in those areas where
in-house or acquirable expertise is available. Gven the intensified
domestic conpetition for market share, direct investment will offer a method
for generating demand in new markets where conpetition may be less severe

Declining industries would be expected to be unable to afford direct
investment and thus activity levels would be extrenmely |ow

Thus, direct investnents are not expected to be formed in energing
industries. In growing industries, levels are expected to increase. In
maturing industries, direct investment is expected to clinb to peak |evels
and like HRIL's, direct investment will drop off conpletely in declining
i ndustries.

Based on the discussion above, exact fornulations of expected rates of

formation of each form are not possible. However, by categorizing the
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expected patterns of LRU' s, HRIL's and direct investment into crude |evels
of activity, the relationship between form and evolution can be depicted
graphically. Five levels were chosen: none, low, medium high and peak
Figure 1 shows a graphic representation of the expected relationships
between formand industry evolution based on the predictions delineated in

the three previous sections.

Insert Figure 1 about here

METHODS

I ndustry Sel ection

A content analysis of Industry Qutlooks from Business Week for
1983- 1985, and industry summaries in Asian Business for 1983 to 1985 was
conducted to identify industries at each stage of evolution. Industry
CQutl ooks offers a robust view of each industry. In addition to a discussion
of sales and profits, it provides an overview of the major conpetitive,
econonmic, and political factors in each industry and their expected
consequences. This information is summarized frominterviews with a broad
range of sources including corporate |eaders, business analysts, and
governnent specialists (Industry Qutlooks, 1983; 1984; 1985). In addition
conparabl e industry summaries in Asian Business were anal yzed

1984 and 1985 were content anal yzed because they were the years for
whi ch data was available. 1983 was also content anal yzed under the
assunption that business conditions in the preceeriing year woul d have
affected business decisions in 1984 and 1985. The industries selected to
study were those that could be clearly classified for the years 1984 and

1985. Table 1 provides a distillation of the results. Biotechnol ogy,
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Robotics and New Materials were classified as emerging industries during
1984 and 1985. Conputer and Communications were grow ng industries.
Chemi cal, Auto, Electrical and Machinery were nmature industries and
Textiles, lron and steel were declining industries during those years.
Classification of industries was further validated by a panel of experts

from academ a and industry.

Insert Table 1 about here

Based on the classification in table 1, an ordinal variable for stage
of industry evolution was created where 1 = emerging, 2 = growing, 3 =

maturing, and 4 = declining.

Form

The three organizational forms analyzed were | ow resource investnent
l'inkages (LRU' s), high resource investnment |inkages (HRIL'S) and direct
investment. They were operational!*zed as a trichotonous ordinal variable
where 1 = low resource investment form 2 = high resource investnent form
and 3 = direct investnment. Mre specifically, cases were assigned to each
category as follows: 1 = technol ogical transfers, exchanges and cooperation,
joint research and devel opnent, and managenent exchanges; 2 = joint ventures
with one or nore firms and joint manufacturing, and 3 = direct investment.
The logic behind the scale is that |inkages in the |ow category are easier
to establish and termnate and requires |less conmitment of noney, and other
resources, than t.hp high ratpgnrip<;-—birect investnment was categorized as 3
because as noted previously the resources for establishing a new
organi zation are required but the burden is not shared as with a joint

vent ure.
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Dat a

The data for this study are based on case information conpiled by the
Japanese External Trade Organization on interorganizational relationships
and direct investment that were fornmed in 1984 and 1985 between the U S. and
Japan. Although they draw on nunmerous sources, the bulk of the information
they collect is based on announcements appearing in six newspapers including
Ni non Keizai Shimbun, N kkei Sangyo Shinbun, N kkan Kogyo Shimbun, N non
Kogyo Shimbun, Jiji Fax News, and Kyoda Sogo Sekai Keizai Tsushin. Their
m ssion according the Mnistry of Trade and Industry is to both track and
document the economic activity between the U S. and Japan

The eleven industries chosen based on the industry analysis described
above yielded 179 cases for 1984 and 300 cases in 1985. For each case, the
line of business of the agreenent, the nature of the agreement, the
conmpani es involved, and the date the venture or direct investment was
established was documented. (Qualitative interviews with top nmanagers in
sel ected conpanies in both the U S. and Japan were conducted to supplement

the case information.

Anal ysis and Results

Basi ¢ descriptive information about the data is shown in Table 2. As
the top part of the table indicates, direct investnments were the nmost conmon
formin both years (1984: 42% 1985: 41%, followed by LRU s and then
HRIL's. The distribution of the data was remarkably stable between 1984 and
1985 particularly given that the absolute numbers grew substantially, from
179 in 1984 to 300 in 1985. The bottom part of the table displays
proportion of resource investments by stage of industry evolution. For both

years the greatest activity occurred in maturing industries, followed by
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growing industries, followed by emerging industries and lastly declining
industries. This suggests that the anpunt of resource investnent was
directly related to the degree of slack found in industries at each stage of
evolution. Again, the pattern was remarkably stable between 1984 and 1985,

given the gains in absolute nunbers
Insert Table 2 about here

The Del procedure devel oped by Hildebrand, Laing, and Rosenthal (1974
a; 1974b; 1977) was used to test the predicted relationships between the
three forns of resource investnment and the four stages of industry
evolution. Del is a statistical technique that gauges the strength and
significance of the relationship between two categorical variables based on
specific a priori predictions. The del procedure is ideal for these
anal yses because it allows for both unweighted and weighted predictions to
be tested for each cell in a cross classification matrix. In addition, the
Del technique calculates a sunmary statistic of association that can be
interpreted sinmlilarly to the coefficient of determination in regression
(RZ). It represents the "proportionate reduction in error of knowing the
specific prediction rule over not knowi ng the prediction rule" (Drazin and
Kazanjin 1989:14; Hildebrand, Laing, and Rosenthal, 1974a:171). Tests of
significance can also be calculated with Del. Oher categorical data
techni ques such as Chi square, Cross-Product ratio, Lanbda, and Tau have
much nore limted prediction and testing abilities. Some |ack neasures of
the strength of association, others are only useful for dichotonous

variables. None allow tailored predictions for each cell to be tested



(Bl al ock, 1979; Kazanjian and Drazin, 1989; Hildebrand, Laing, and
Rosent hal , 1974)

The assumptions of del, like many other categorical data analytica
techni ques, are that observations fall into only one category and that the
out cones for observations are independent.

In a Del test based on an unweighted prediction rule, either a1l or 0
is assigned to each cell of a A*B matrix where A represents the first
variable and B represents the second variable. 0 is assigned to "predicted"
cells where a relationship between A and B is expected and 1 is assigned to
the non-predicted "error" cells.

Table 3 displays the cell assignnment for an unweighted prediction rule
based on the expected relationship between the four stages of industry
evolution and the three forms. Peak activity cells were assigned a
predicted 0 and all other cells were assigned a 1 and cal cul ated as error
cells. Since peak activity was predicted for LRU s in energing industries,
for HRIL's in growing industries, and for direct investnents in maturing
industries, those cells were assigned a 0. The remaining cells were

assigned a 1 in this first test.

Insert Table 3 about here

Del and its associated statistics were calculated using BASIC
Fornulas for the calculation of Del are provided in Appendix A  The results
of the Del calulation for both 1984 and 1985 indicate support for the
predictions of peak activity at each stage of industry growh. In 1984,
del =.10 (p <.0001). For 1985, Del was sonewhat more powerful with del= .20

(p <.001). Thus, the unweighted prediction rule reduced the error 10%in



1984 and 20%in 1985. Note that as mentioned earlier, since Del is the
categorical equival ent of Fg, these Dels are analogous to correlation
coefficients of of .32 (V-10) and .45 (V-20) respectively (Hildebrand, Laing
and Rosenthal, 1974)

More sophisticated predictions can also be tested with Del using a
custom zed (weighted) prediction matrix. Rather than assigning 0's to
predicted cells and |'s to error cells, weights (between O and 1) can be
assigned to cells according to the theory underlying the predictions. As
the weighting noves fromO towards 1, the penalties for errors increase
Social science theory is rarely refined enough to assign precise weights as
Hi | debrand, Laing and Rosenthal (1974) note, but crude prediction rules of
expected weighted relationships can be assigned. |f the variance explained
i ncreases, the weighted prediction rule is nore powerful than the unweighted
prediction rule.

Based on the propositions outlined previously and displayed in Figure
1, the following weighted prediction rule was devel oped (see Table 4).

0 (no penalty) was assigned to peak cells for each form as above. .25 (1/4

penalty for errors) was assigned to the cells expected to be at high levels

of activity. This included the LRU's in mature industries and HRIL's in
mature industries. .5 (1/2 penalty for errors) was assigned to the LRIL
cell in growh industries and direct investment in growi ng industries where
medi um levels of activity were expected. .75 (3/4) penalty was assigned to

those cells where low activity |levels were expected including LRIL's in
declining industries and HRIL's in emerging industries. A 1 (full error
penal ty) was assigned to those cells where no activity was expected. Those
cells were the declining industry cells for each form and the direct

investment/emerging industries cell. Note that essentially the scale in the
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graph in Figure 1 has been reversed to fit the required form for Del
analysis. So, for exanple, a cell that was graphed as peak (1.00) in

Figure 1 is now assigned a 0 for the Del analysis.

Insert Table 4 about here

The results of the Del procedure based on custonized predictions for
each cell indicated that the weighted matrix was a somewhat nore powerful
predictor of the relationship between industry evolution and form for both
1984 and 1985. For 1984, the Del increased to .14 (p < .000) and was
significant. For 1985, Del increased to .24 (p <.001) and was significant
Again, it is inportant to note that these results equate to correlation
coefficients of .37 (-/714) and .49 (VT24) respectively. For both 1984 and
1985, additional variation in formation rates by stage of industry evolution
was expl ai ned by the weighted prediction matrix. For both 1984 and 1985

the increase in Del was significant.

Dl SCUSSI ON

Econonmi ¢ interconnections between U S. and Japan are likely to continue
to proliferate in the comng decades. This study contributes both
theoretically and enpirically to a growing body of know edge attenpting to
better understand those |inkages. The theoretical strength of this study
was that it integrated ideas from several theoretical perspectives including
strategy, resource dependence and ecological theory to develop and test a
series of propositions about the relationship of industry evolution to
i nteorgani zational forns and direct investnent. Mich of the previous

research on this topic has worked primarily within one theoretica



perspective. The enpirical strength of this study was that it tested the
patterns of several different forns of interconnections between U S. and
Japan across industries at different stages of evolution. Sone previous
research has examned inter-organizational |inkages in one industry, or small
sanples of joint ventures in nmultiple industries, but studies exanining
direct investnent, joint ventures, and technological |inkages in industries
at four different stages of growth between the U S. and Japan allow
conmparative insights that are not possible when the range of fornms or the

i ndustries exam ned are nore narrow.

The results indicate that overall formation rates were highest in
mature industries. However, this aggregate birth rate obscured distinct
patterns by form and by stage of evolution. The first nodel tested the
predictions of peak rates of each form by each stage of industry evolution
using the Del technique and an unwei ghted prediction matrix. Technol ogi ca
l'inkages were predicted to be highest in energing industries, joint ventures
in growing industries, and direct investment in mature industries
Prediction cells were assigned a 0, all others were assigned a 1. The
predictions were supported and significant for both years with a 10%
reduction in error for 1984 and 20%reduction in error for 1985

In the second nmodel, a nore refined version of the predicted patterns
was tested by assigning weights to the off-diagonal cells according to the
patterns predicted for non-peak but active cells. In the second test, Del
was nmore powerful in both 1984 and 1985 and still significant and the
wei ghted prediction matrix inproved the reduction in error to 14%for 1984
and to 24%for 1985 equivalent to correlation coefficients of .37 and .49

respectively.



These results are fairly powerful given that only the relationship
between three fornms and four stages of evolution were tested. In addition
these findings are consistent with several industry specific studies
conducted on interorganizational |inkages, although these other studies did
not exclusively focus on U S./Japan |inkages. For exanple, Klepper (1988)
anal yzed global |inkages among the initial six producers of robots,
el ectronic control and software specialists, application specialists, and
factory of the future conpanies. CQut of 117 linkages exam ned, less than
10%were HRIL's, thus reinforcing the pattern of LRU s in emerging
industries. (Direct investment was not studied.) In addition, those joint
ventures that were created occurred nostly anong application specialists
(Kl epper, 1988:236-252). Simlarly, Pisano, Shan & Teece's (1988) study of
280 new biotechnology firnms, established between 1976 and 1986, found that
out of 200 randomy selected arrangments only "in a relatively small nunber
of cases" were "relationships formed around equity partnerships or joint
ventures" (1988: 195). The bulk were LRU' s including research and
devel opment arrangements, supply relationships and technol ogical transfers
again showing LRL patterns in an energing industry.

Pi sano, Russo and Teece (1988) study of the telecomrunications industry
found 50%of the linkages were HRIL's (equity, joint ventures or
consortiums) in data collected by researchers at Futoro Organi zzazi one
Ri sorse in Rome between 1982-1985 validating the prediction for grow ng
i ndustri es.

This study was exploratory, however, and its limtations suggest a
nunber of directions for future research. To begin with, this study focused
on formation rates. Mich nore information is needed about factors that

affect the success, survival, decline, transformati on and term nation of
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different forms of |inkages between U S. and Japan. Studies on the life
cycles of joint ventures (Harrigan, 1988: 205-226; Kogut, 1988: 169-186)
shoul d be replicated with data focusing solely on U S. and Japan

Conparisons of life cycles of different interorganizational forms and direct
investment across nultiple industries would also be useful. They would shed
[ight on whether similar patterns persist across different industries and
whether different forns evolve in simlar or different ways.

Second, nmore conplex environnental neasures including trade policies,
regul atory changes, and the political climte between the two countries and
how those factors affect the life cycles of forns would enrich our
understanding substantially. A third avenue would include a deeper
exam nation of the history of relationships between firms that form
i nterorgani zational relationships and how that affects their success and
likelihood of subsequent hook-ups.

Fourth, the results found in this study also raise a number of policy
questions about the aggregate consequences of the patterns of technol ogica
linkages, joint ventures and direct investnent between U S. and Japan.

Those concerned with the U.S. protecting its technological strengths would
want to explore the direction and flow of technol ogy underlying the patterns
of technol ogi cal 1inkages predoninating in high tech emerging industries.
Further research would also be useful on how the joint ventures in grow ng

i ndustries change the conpetitive dynamics of those industries and whet her
those changes fortify or weaken the U S. econony. The patterns in nature
industries also deserve greater attention. Studies need to investigate

whet her the nmassive direct investnent in mature industries by the Japanese
in the U S. cannibalizes those custoner bases or makes U S. conpanies and

their suppliers tighter and leaner. These types of issues are stinulated by



inter-industry studies and reinforce the need for future work at this Ievel
of anal ysis.

Finally, this study used dyadic analyses. Another extremely fruitfu
avenue for future research is the application of network methodol ogy to this
topic so that the webs of relationships that these dyads are enbedded in are
brought to the surface. Previous work on interconnections wthin Japan has
demonstrated the role that networks play in domestic Japanese transactions
(Cerlach, 1987). Research on interconnections between U.S. and Japan is
likely to benefit from adopting the same wi de angle approach. Network
anal yses woul d be expected to contribute significantly to our understanding
of how partners are chosen, what kinds of portfolios of |inkages are
optimal, and the political dynanmics created by interdependences and

different combinations of networks between U S. and Japanese conpani es.
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APPENDI X A

Cal cul ating Del

Val ues of del, and tests of the significance of del were calcul ated

according to the follow ng fornulas:

1 or less for specified error cells and O for predicted cells,

where w. . =
and, P.. = cell probabilities,
and, P. and P:. = marginal probabilities.

The hypothesis V > 0 is tested against normal tables using the

statistic

where V = variance of del, and



FI GURE 1

A Gaphic Depiction of the Predicted Relationship between Form and Stage

of Industry Evolution*



TABLE 1

Key Environnental Factors by Industry: 1983, 1984, 1985"






TABLE 2

Proportions of Resource Investnent by Form by Stage of Evol ution

* N= 179

** N = 300
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TABLE 3
Unwei ghted Prediction Matrix Between

Form and Industry Evol ution*



TABLE 4
Custom zed Prediction Matrix Between

Form and Industry Evol ution*



